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PREFACE

Core progress of clinical gastrointestinal oncology in 2014
It is my great honor and pleasure to introduce the
World Clinical Gastrointestinal Oncology (ISBN 978-09914430-2-4), the most recent addition to the family
of Baishideng Publishing Group Inc publications.
Gastrointestinal (GI) cancer encompasses a variety
of cancer types affecting the structures and functions of
the GI system, including the GI tract and the accessory
organs of digestion, from the esophagus, stomach,
biliary system and pancreas to the small intestine,
large intestine, rectum and anus. GI cancers have
emerged as a significant health concern globally and
continue to present a major challenge to clinical care
providers, as well as healthcare and social systems.
The extensive research efforts of laboratory- and
clinic-based physician scientists have substantially
advanced our understanding of GI cancers and provided
innovative technologies that facilitate the study of
them. The findings from studies to date have led to
exciting breakthroughs in genetics, early diagnosis, and
rationally-designed therapies, collectively offering new
ways of treating or preventing GI cancers.
Despite the significant advances that have been
made, however, much remains to be learned in the
spectrum of GI cancer. Critical elements of research
that have allowed progress in the various fields of
GI carcinogenesis include the availability of cell and
animal models, stem cells and microbiota, as well
as basic and translational research approaches; this
2015 publication of the research reported throughout
2014 will review such advances. This compendium is
intended to provide a comprehensive and in-depth
overview of the current knowledge in GI cancer, with
an emphasis on colorectal, gastric and esophageal
cancers; a primary aim of publishing this collective
information is to help drive scientific developments in
personalized therapeutics and diagnostics.
The collective research findings published in 2014
emphasize the recent progress in-omics technologies
(genomics, proteomics, epigenomics, etc.), diagnosis,
surgery, imaging and treatment. In addition, this

WCGO|www.wjgnet.com

compendium of current knowledge will serve as a useful
resource for readers looking to establish a future of GI
patient care in which all stages-from prevention and
diagnosis to treatment and follow-up-are efficiently
interconnected.
The total 245 articles assembled in this compendium
were selected from the following journals: World Journal
of Gastroenterology, World Journal of Gastrointestinal
Oncology, World Journal of Gastrointestinal Patho
physiology, World Journal of Gastrointestinal Surgery,
and World Journal of Gastrointestinal Pharmacology and
Therapeutics. The authors of these articles come from
35 countries, and represent the diversity in backgrounds
and expertise that exemplify the current movement of
basic and medical research away from a narrow-minded
approach and towards a unified international effort. The
articles are arranged according to subspecialty, with 136
focusing on colorectal cancer, 99 on gastric cancer, and
10 on esophageal cancer.
I am certain that this book will be useful to a broad
range of health professionals, spanning the spectrum
from laboratory-based scientists (such as biologists
and pathologists) to clinical-based researchers and
healthcare practitioners (such as gastroenterologists,
surgeons and oncologists), and including trainees at
various levels (such as doctoral and medical students,
residents, fellows and postdoctoral fellows) as well
as the patients themselves who are interested in
increasing their knowledge in the area of GI cancer.

Maria Gazouli, PhD, Assistant Professor
Maria Gazouli, Basic Medical Science, School of Medicine,
National and Kapodistrian University of Athens, Athens
11527, Greece
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2014 ADVANCES IN ESOPHAGEAL CANCER

Role of stenting in the palliation of gastroesophageal
junction cancer: A brief review
Theodoros E Pavlidis, Efstathios T Pavlidis
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(brachytherapy) have a well-defined role.
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Core tip: The topic is interesting and this manuscript
contains the most recent data briefly highlighting it.
More than half of the patients with gastroesophageal
junction cancer present with inoperable disease at the
time of diagnosis so they need palliative treatment to
relieve dysphagia and its consequences. Stent placement ensures good quality of life during the short survival time but it has some additional specific problems
in this particular location.

Abstract
Gastroesophageal junction cancer has an increasing incidence in western countries. It is inoperable when first
manifested in more than 50% of cases. So, palliation
is the only therapeutic option for the advanced disease
to relieve dysphagia and its consequences in weakened
patients with an estimated mean survival under 6 mo.
This article has tried to identify trends focusing on current information about the best palliative treatment,
with an emphasis on the role of stenting. Self-expanding stent placement, either metal or plastic, is the main
management option. However, this anatomical location creates some particular problems for stent safety
and effectiveness which may be overcome by properly
designed novel stents. The stents ensure a good quality of life and must be preferred over other alternative methods of loco-regional modalities, i.e. , external
radiation, laser thermal or photodynamic therapy. Although stent placement is generally a simple, safe and
effective method, there are sometimes complications,
increasing the morbidity and mortality rate. Bypass
operative procedures have now been abandoned as a
first choice. The stomach instead of the colon must be
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Original sources: Pavlidis TE, Pavlidis ET. Role of stenting in
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INTRODUCTION
Cancer of the gastroesophageal junction has had an increasing incidence over the past thirty years in western
countries and is now the eighth most common malignancy. However, the exact incidence cannot be precisely
assessed because it can be allocated as either gastric or
esophageal cancer. This confusion is not of particular
importance since in both cases the management is the
same. Its prognosis is not good, with a 5 year survival
less than 20% and even less in younger patients under 35
years old[1,2].



February 8, 2015|First Edition|

Pavlidis TE et al . Gastroesophageal Ca palliation

More than half of these patients present with inoperable disease at the time of diagnosis. Hence, they need
palliative treatment in order to alleviate dysphagia and
its further consequences for the life expectancy, given
that the average survival time does not exceed 6 mo[1-4].
Although the kind of palliation must be individualized,
generally stent placement is the first choice. There are
also other alternatives, such as bypass operation, external
radiation, intraluminal radiation (brachytherapy), chemotherapy, laser ablation (thermal Nd: YAG or photodynamic), dilatations, chemical substance injection, mainly
ethanol, as well as nutritional support via a nasoenteric
feeding tube or percutaneous endoscopic gastrostomy[1,4].

However, in patients with one year survival, a loco-regional palliation seems better despite the need for further reintervention. Furthermore, their higher life expectancy is
possibly associated with the application of loco-regional
treatment[4]. According to the aforementioned metaanalysis, the choice of conventional self-expanding stents
vs modern anti-reflux stents has been found to be equally
effective in relieving reflux since there was no difference
between them. There are minimal differences among the
various types of stents with regards to the outcome[4].

COMPLICATIONS OF STENTS
Significant differences have been noted between endoscopic and radiographic stent placements regarding the
short-term complications. They encompass hemorrhage,
pneumonia, exhaustion, heart abnormalities, perforation
and sepsis. The morbidity and mortality rate exceeds 45%
and 9%, respectively[6].
Due to the high frequency of the manifestation of
long-term complications, i.e., stent migration, hemorrhage
and protrusion of gastroesophageal junction mucosa,
opposition to the use of metal stents has been recently
expressed and the individualized design of nitinol stents
in special anatomical conditions has been proposed[8].
The placement of SEMSs for palliative management
of obstruction due to gastroesophageal junction cancer
has often been related to stent migration, as well as with
symptoms of gastroesophageal reflux. The stent placement in this particular location has some additional specific problems compared to proximal esophageal cancer
and therefore it implies less palliation and a higher rate of
complications. Stent migration is more frequent due to
the fact that the distal end of the stent protruding freely
into the stomach fundus cannot be fixed to the wall.
Hemorrhage is even more frequent in such cases. Firstly,
the distal end of the stent may corrode the posterior wall
of the stomach resulting in ulceration and subsequent
bleeding. Secondly, the stent via the gastroesophageal
junction cannot remain straight due to the angle of his,
resulting in high pressure and ulceration with subsequent
bleeding. The stent angulations are mainly responsible
for the lack of significant improvement in the swallow
quality. Moreover, gastroesophageal reflux is particularly
common. Novel stents with specific design have certain
advantages in overcoming those difficulties of the gastroesophageal junction.

STENT PLACEMENT
Endoscopic self-expanding metal stent (SEMS) placement provides a rapid relief of dysphagia and it is currently the most frequently chosen method[3,5,6]. However,
according to the relevant researchers, the recurrence of
dysphagia varies between 22%-50%. This recurrence
may occur due to various reasons, such as tissue growth
in the stent space, stent migration or its obstruction by
bolus. The incidence of cancerous tissue overgrowth via
the stent is 26%-36%, while the non-cancerous granulomatous tissue overgrowth is 20%. The former has been
estimated to occur after 18 wk and the latter after 22 wk
following the stent placement. This tissue overgrowth
can be managed either by thermal ablation or the recently
introduced self-expanding plastic stent (SEPS) placement,
with the advantage of lower cost[3].
The placement of SEMS has also been proposed for
relieving dysphagia due to local recurrence after esophagogastrectomy, in which the mean survival time has been
limited to 4-6 mo or even less[7].
The application of SEMSs does not require dilatation
of the stricture before placement; they are also flexible
and ensure a diameter of patent lumen from 16 to 24 mm.
Dysphagia is staged in 5 grades: (0) Ability to swallow
normal diet; (1) Ability to swallow part of solid diet; (2)
Ability to swallow part of semi-solid diet; (3) Ability to
swallow only liquids; and (4) Complete obstruction. The
indication for stent placement includes grade 3 and 4 or
the presence of tracheobronchial fistula irrespective of
the grade[5].
In a recent meta-analysis on published reports including 1027 patients in 16 randomized controlled trials, it was
concluded that endoscopic placement of self-expanding
stents is the most widely used method for the management of dysphagia in comparison to other alternative
methods of loco-regional modalities, i.e., radiation, laser
thermal or photodynamic therapy. Despite its high cost, it
is a simple and effective method (with minimal invasiveness and discomfort) to ameliorate dysphagia in the vast
majority of patients with a mean survival of no more than
six months. In addition, its superiority is mainly associated
with the fact that, unlike what is commonly observed in
alternative methods, there is no need for re-interventions.
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TYPES OF STENTS
Thus, such stents have been designed, including the antireflux Z mechanism[9]. There are different types available:
(1) Z-stent with the Korean modification (Choo stent)
composed of nitinol or the European version of stainless steel, both covered by polyethylene; and (2) Flamingo
Wallstent (available only in Europe) composed of cobalt
mixture covered by polyurethane specifically designed
for gastroesophageal junction with diameter of either 30
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mm (distal 20 mm) or 24 mm (distal 16 mm). Some other
stent types include Ultraflex composed of a plexus of nitinol wire covered by polyurethane with a diameter of 28
mm (distal 23 mm) or 23 mm (distal 18 mm), Wallstent
Ⅱ composed of cobalt mixture covered by silicone with
a diameter of 28 mm in both ends (20 mm in the middle)
and the latest nitinol stents double layer composition
(inner of polyurethane and outer of uncovered nitinol
wire preventing stent migration). Reflux is prevented by
a glove of polyurethane extended into the stomach[9] or
a membrane into the lower end functioning as a valve[10].
Additionally, there are available novel SEPSs (Polyflex)
consisting of polyester covered by silicone which have
been used with satisfactory results[11].

survival time. The bypass operation must be avoided as a
first choice in these severely affected patients. The gastric
conduit is preferred instead of colon interposition.
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Core tip: Esophageal carcinoma is a serious malignancy
with regards to mortality and prognosis, and is expected to increase in incidence over the next 10 years.
Squamous cell carcinoma is the most common histological type of esophageal cancer worldwide but the incidence of esophageal adenocarcinoma has dramatically
increased in the past 40 years. Esophageal cancer is
staged according to the TNM system. Common imaging
modalities used in staging include computed tomography, endoscopic ultrasound and positron emission
tomography scans. Current treatment options include
multimodality therapy. Including surgery, radiation and
chemotherapy. Tumor markers of esophageal cancer
are an advancing area of research that could potentially
lead to earlier diagnosis.

Abstract
Esophageal cancer is a serious malignancy with regards
to mortality and prognosis. It is a growing health concern that is expected to increase in incidence over the
next 10 years. Squamous cell carcinoma is the most
common histological type of esophageal cancer worldwide, with a higher incidence in developing nations.
With the increased prevalence of gastroesophageal reflux disease and obesity in developed nations, the incidence of esophageal adenocarcinoma has dramatically
increased in the past 40 years. Esophageal cancer is
staged according to the widely accepted TNM system.
Staging plays an integral part in guiding stage specific
treatment protocols and has a great impact on overall
survival. Common imaging modalities used in staging
include computed tomography, endoscopic ultrasound
and positron emission tomography scans. Current treatment options include multimodality therapy mainstays
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INTRODUCTION
Esophageal cancer is considered a serious malignancy
with respect to prognosis and mortality rate. Account-
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ing for more than 400000 deaths worldwide in 2005[1].
Esophageal carcinoma is the eighth most common cancer, and the sixth most common cause of cancer related
deaths worldwide with developing nations making up
more than 80% of total cases and deaths[2]. Over 490000
new cases of esophageal cancer were reported in 2005.
While many other types of cancer are expected to decrease in incidence over the next 10 years by 2025 the
prevalence of esophageal cancer is expected to increase
by 140%[1]. According to the National Cancer Institute, in
the United States there will be approximately 17990 new
cases and 15210 deaths in 2013[3]. Despite many advances
in diagnosis and treatment, the 5-year survival rate for all
patients diagnosed with esophageal cancer ranges from
15% to 20%[4]. The epidemiology of esophageal cancer
in developed nations has dramatically changed over the
past forty years. Forty years ago squamous cell carcinoma (SCC) was responsible for greater than 90% of
the cases of esophageal carcinoma in the United States.
Adenocarcinoma has now become the leading cause of
esophageal cancer in the United States, representing 80%
of cases[5]. In 1975 esophageal adenocarcinoma (EAC)
affected four people per million, in 2001 the rate had increased to twenty-three people per million. Making it the
fastest-growing cancer in United States, according to the
National Cancer Institute[6]. Considerable differences of
incidence of esophageal cancer exist on the basis of geographic and racial differences, which can be linked to differences in exposure to risk factors. This review discusses
epidemiology, pathogenesis, etiology and treatment modalities available for esophageal cancer.

and melanomas may arise in the esophagus.

PATHOGENESIS OF SCC
SCC is the most common type of esophageal cancer
worldwide. The overall incidence increases with age,
reaching a peak in the seventh decade. SCC occurs equally as often in the middle and lower esophagus, with an incidence that is three times higher in blacks in comparison
to whites[11].
Major risk factors include alcohol consumption and
tobacco use. Most studies have shown that alcohol is the
primary risk factor but smoking in combination with alcohol consumption may have a synergistic effect and increase the relative risk. The relative risk in men who used
both heavy tobacco and alcohol was 35.4 in white males
and 149.2 in black males compared to men of the same
race and region who were non-smokers or drinkers[12].
The mechanism of how tobacco and alcohol in combination lead to increased risk of esophageal cancer has
been extensively studied. Alcohol can damage the cellular
DNA by decreasing metabolic activity within the cell and
therefore reduce detoxification function while promoting
oxidation[13]. Alcohol is a solvent, specifically of fat-soluble compounds. Therefore, the hazardous carcinogens
within tobacco are able to penetrate the esophageal epithelium easier[14]. Some of the carcinogens in tobacco include aromatic amines, nitrosamines, polycyclic aromatic
hydrocarbons, aldehydes and phenols.
Other carcinogens, such as nitrosamines found in certain salted vegetables and preserved fish, have also been
implicated in SCC of the esophagus. The pathogenesis
appears to be linked to inflammation of the squamous
epithelium that leads to dysplasia and in situ malignant
change[15].

EPIDEMIOLOGY
Worldwide SCC is the most prevalent histological type
of esophageal cancer, while in certain developed nations
including Australia, Finland, France, United States and
United Kingdom adenocarcinoma of the esophagus predominates[7]. Esophageal cancer incidence and histological type is highly variable based upon geographic location. Incidence rates of SCC of the esophagus have been
reported as high as 100 cases per 100000 annually in an
area referred to as the “Asian esophageal cancer belt” and
this region extends from northeast China to the Middle
East[8]. In the United States the National Cancer Institute
estimates close to 18000 new cases and more than 15000
deaths from esophageal cancer in 2013[3]. From 1975
to 2004, the incidence of EAC among white American
males increased by more than 460% and in the same
period, the incidence among white American females increased by 335%[9].

PATHOGENESIS OF ADENOCARCINOMA
Adenocarcinoma of the esophagus occurs in the distal
esophagus approximately three-fourths of the time[16]
and has a distinct link to gastroesophageal reflux disease
(GERD). Untreated GERD can progress to Barrett’s
esophagus (BE), where the stratified squamous epithelium that normally lines the esophagus is replaced by a
columnar epithelium. The chronic reflux of gastric acid
and bile at the gastroesophageal junction and the subsequent damage to the esophagus has been implicated
in the pathogenesis of Barrett metaplasia[17]. The exact
nature of the metaplasia still remains to be determined.
Diagnosis of Barrett esophagus can be confirmed by
biopsies of the columnar mucosa during an upper endoscopy. According to the requirements set forth by
the United States gastroenterology societies, the biopsy
specimen should contain the characteristic columnar
epithelium metaplasia with goblet cells for a definitive
diagnosis. Barrett esophagus incidence increases with age
and is uncommon in children. It is more common in men
than women and more common in whites in comparison
to Asian or African American populations.

PATHOGENESIS
The two most common histological types of esophageal
carcinoma include SCC and adenocarcinoma. Less than
1% to 2% of all esophageal cancers are sarcomas or
small cell carcinomas[10]. Rarely lymphomas, carcinoids,
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Some studies have shown that the risk of adenocarcinoma of the esophagus may be affected by the extent of
esophagus lined by esophageal metaplasia[18]. The longer
the segment of esophagus affected the higher the risk
of adenocarcinoma. However, given the fact that short
segment esophageal metaplasia is more common in the
general population, many cases of adenocarcinoma occur
in patients with short-segment metaplasia. Less than five
percent of patients diagnosed with adenocarcinoma of
the esophagus had a prior diagnosis of BE[19]. The risk of
developing esophageal cancer is 50-100 times more likely
in those patients with BE[15]. However, a majority of patients with BE will not develop EAC, the annual risk in
patients with BE has been reported as 0.12%[20].
Screening for BE via endoscopy is controversial and
challenging. Currently no definitive screening protocol
has been formulated due to lack of documentation that
screening effects EAC mortality. A large number of patients with BE will not have reflux symptoms therefore
predicting which patients will have BE prior to endoscopy is very challenging. Despite no definitive data for
universal recommendation, most gastroenterological
associations consider endoscopic surveillance “reasonable” and “desirable” in patients with diagnosed BE[21].
The primary goal of surveillance is to identify dysplasia
before it progresses to an invasive malignancy. Current
endoscopic technique consists of four quadrant biopsies
taken every 2 cm in the columnar-lined esophagus for
histological evaluation. The American College of Gastroenterology has recommendation guidelines for how
often surveillance should take place based upon the presence or absence of dysplasia and grade of dysplasia if
present. Surveillance endoscopy is recommended every
2-3 years in patients with no dysplasia. In patients with
low-grade dysplasia, surveillance is recommended every
6 mo for the first year. If the dysplasia has not progressed in the first year, yearly surveillance is applicable.
In patients diagnosed with high-grade dysplasia (HGD),
two alternatives have been proposed. One option is to
continue intensive endoscopic surveillance every 3 mo
until intramucosal cancer is detected. The other alternative is for the patient with HGD to undergo endoscopic
mucosal resection[20]. Although the natural history of
HGD is variable, > 30% of patients with HGD will
develop EAC within 5 years[22]. Due to the high risk of
cancer most patients with HGD are evaluated as if cancer is present.
Another risk factor for EAC is obesity, specifically in
those individuals with predominately abdominal centered
fat distribution. Hypertrophied adipocytes and inflammatory cells within fat deposits create an environment
of low-grade inflammation and promote tumor development through the release of adipokines and cytokines[23].
Adipocytes in the tumor microenvironment supply energy
production and support tumor growth and progression[22].
Long-term prognosis after resection is better for adenocarcinoma compared to SCC. A study by Siewert et
al[24]. Of 1059 patients who underwent resection showed
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the overall 5-year survival rate for the adenocarcinoma
group was 47% in comparison to 37% for the group with
SCC.

ROUTES OF ESOPHAGEAL CANCER
SPREAD
Prognosis in esophageal cancer is greatly dependent on
local invasion as well as spread to regional and distant
structures within the body. Esophageal cancer is notoriously aggressive in nature, spreading by a variety of
pathways including direct extension, lymphatic spread
and hematogenous metastasis. The lack of serosa in the
esophageal wall plays an integral role in the local extension of esophageal cancer. With no anatomical barrier,
the primary tumor is able to extend rapidly into the adjacent structures of the neck and thorax including the thyroid gland, trachea, larynx, lung, pericardium, aorta and
diaphragm[25]. The lymphatic drainage of the esophagus
is extensive. It is drained by two separate lymphatic plexuses, with one lymphatic plexus arising within the mucosal layer and a second plexus arising within the muscular
layer. A majority of the lymphatic fluid from the upper
two-thirds of the esophagus tends to flow upward, and
the lymph from the lower third of the esophagus flows
relatively downward, but all the lymphatic channels of
the esophagus communicate. Therefore, lymphatic fluid
from any portion of the esophagus may spread in either
direction and spread to the intrathorax or intra-abdomenal lymph nodes[26]. Esophageal cancer also spreads
hematogenously,, in order of decreasing frequency, to the
liver, lungs, bones, adrenal glands, kidney and brain. This
method of spread is more common with more advanced
stages of esophageal cancer[27].

STAGING OF ESOPHAGEAL CANCER
The clinical staging of esophageal cancer is assessed
with the widely accepted TNM system developed by the
American Joint Committee on Cancer (AJCC). Pretreatment staging of esophageal cancer will directly affect
overall treatment options available to each patient and
their prognosis, so accurate staging is essential.
T staging of esophageal cancer focuses on identifying
the depth of invasion of the primary tumor. A critical
aspect of T staging focuses on establishing if the primary
tumor has invaded the surrounding mediastinal structures, given that these patients would no longer be considered surgical candidates. Table 1 describes the TNM
system, specifically referring to depth of invasion in T
staging[28]. This aspect of staging is essential in determining stage-specific protocols for treatment (Table 2[28]).
For example, for T3 or T4 tumors the oncology team will
use preoperative chemotherapy or combination radiation and chemotherapy in order to render the primary
tumor resectable by surgical excision. In contrast, T1 or
T2 tumors are treated primarily with surgical resection[29].
Given the importance of T Staging in treatment options
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accuracy improved as the T stage of the primary tumor
increased. Accuracy ranged from 75%-82% for the T1
disease state to 88%-100% for the T4 disease state[41].
EUS is a useful tool in assessing the extent of disease
as well as response to chemotherapy, when the dimensions of the tumor are analyzed as the primary variable.
However, EUS is unreliable for staging esophageal cancer
after neoadjuvant chemoradiation[42]. Other potential limitations of EUS do exist. With any form of ultrasound
the accuracy of the study is operator dependent. Also, in
cases of esophageal cancer where the esophageal lumen
has been narrowed by strictures or stenosis, it may not be
possible to pass the endoscope through to visualize the
entire tumor[30].

Table 1 TNM system, specifically referring to depth of
invasion in T staging
Category
Tis
T1
T2
T3
T4
N0
N1
M0
M1a, M1b

Description
Carcinoma in situ
Tumors invade lamina propria or submucosa
Tumors invade muscularis propria
Tumors invade adventitia
Tumors invade adjacent structures
No regional lymph node metastases
Regional lymph node metastases
No distant metastasis
Distant metastasis

and overall prognosis, many modalities have been utilized
to accurately establish T Stage. These options include
computer tomography (CT), endoscopic ultrasound (EUS)
and 18F-fluorodeoxyglucose positron emission tomography (FDG-PET scan)[30].

N STAGE OF ESOPHAGEAL CANCER
In esophageal cancer, N Staging can be defined by the involvement (N1) or absence of involvement (N0) of periesophageal lymph nodes. Sensitivity and specificity of CT
scans to detect periesophageal lymph node involvement
depends on the size of the lymph nodes. Most studies,
used the common size criteria of 1 cm to define a lymph
node as enlarged. Sensitivity was reported as 30%-60%
while specificity was 60%-80%[43]. An obvious limitation
of CT imaging in the ability to detect nodal involvement,
comes from the possibility that a normal sized lymph
node may contain metastatic foci without an obvious
increase in the size of the lymph node. Also, an enlarged
lymph node does not necessarily mean metastasis, given
that benign enlargement and inflammation may occur[43].
Accuracy to detect N stage by CT imaging was reported
as 46%-58%[39].
EUS has been shown to be more accurate in determining nodal involvement in esophageal cancer, with an
accuracy of 72%-80%[44]. Accuracy has increased greatly
with the use of EUS in combination with United States
guided fine-needle aspiration to evaluate for lymph node
metastasis.
FDG-PET has also been utilized in determining
nodal involvement in esophageal cancer. Assessment of
local and regional lymph nodes for uptake of FDG is
difficult to determine given the intense uptake of FDG
by the primary esophageal tumor. However, PET is quite
useful in detecting distant metastasis, including metastasis to the abdomen and cervical lymph nodes. Sensitivities were reported as high as 90% in distant lymph node
metastasis[45].

T STAGE OF ESOPHAGEAL CANCER
When assessing the esophagus by CT, a basic starting
point to consider is the esophageal wall thickness. A wall
thickness greater than 5mm is considered abnormally
thick[31] given that the distended wall of the esophagus
is usually less than 3 mm[32]. Esophageal wall thickness
asymmetry is a classic but nonspecific CT finding of
esophageal cancer and esophageal wall thickness symmetry should always be considered when evaluating the
esophagus by CT. CT has been shown to be less accurate
when compared to other assessment modalities such as
EUS[33]. CT assessment of the esophagus is also unable to
accurately differentiate between T1, T2 and T3 stages of
the primary tumor invasion. This information is essential
in order to guide stage-specific protocols of treatment.
The most useful aspect of CT imaging in determination
of T status is evaluating if the primary tumor invades
into adjacent structures. Obliteration of the fat planes between the primary tumor and the adjacent structures on
CT would establish the primary tumor as a T4 stage cancer. The sensitivity and specificity of CT to detect mediastinal invasion ranges between 85%-100%[34,35]. It should
be noted that while obliteration of the fat planes between
the primary esophageal tumor and adjacent structures is
usually reliable in the establishment of a T4 stage tumor,
it can occur in patients with prior radiation therapy or cachectic patients.
EUS is now considered the most accurate imagining
modality available to establish T staging of esophageal
cancer. In comparison to CT, EUS is more accurate
to differentiate between T1, T2 and T3 tumors[36]. In
comparing the two imaging modalities, EUS was able to
determine the preoperative T stage 76%-89% in comparison to 49%-59% when CT imaging was utilized[37-39].
This differentiation is essential in guiding stage-specific
treatment protocols and the overall prognosis. Overall
in a study conducted by Rösch[40], EUS was able to correctly stage esophageal cancer 84% of the time, and the
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M STAGE OF ESOPHAGEAL CANCER
Esophageal cancer is notoriously aggressive and invasive
in nature. In fact 20%-30% of patients with esophageal
cancer will have distant metastasis at time of initial diagnosis[27]. The presence or absence of distant metastasis
will be essential in guiding treatment options and in determining operability. Common sites of distant metastasis
include liver, lung and bones[30].
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Table 2 Aspect of staging is essential in determining stage-specific protocols for treatment
Stage

Tumor

Node

Metastasis

Therapeutic options

0

Tis
T1
T2
T3
T1
T2
T3
T4
Any T
Any T

N0
N0
N0
N0
N1
N1
N1
Any N
Any N
Any N

M0
M0
M0
M0
M0
M0
M0
M0
M1a
M1b

Local ablative therapy
Surgery
Surgery

Ⅰ
ⅡA
ⅡB
Ⅲ
ⅣA
ⅣB

Neoadjuvant therapy with or without surgery
Neoadjuvant therapy with or without surgery
Chemotherapy or radiation therapy with or without surgery
Palliative treatment

metastasis, lymph node metastasis, higher clinical stage,
and a shorter survival rate. This study demonstrated the
possibility of using H2 RLN as a serum prognostic factor for ESCC[50]. A Japanese study, investigated the prognostic value of the tumor marker p53 in ESCC. They
observed no correlation between a p53 aberration and
any clinical, pathological, or epidemiology of ESCC[51].
Another study investigated the marker gene, WDR66
through genome-wide expression profiling. Other WD
proteins have been used as tumor markers in other cancers, such as hepatocellular carcinoma. WDR66 has a
higher concentration in ESCC tissue than healthy tissue.
WDR66 was found to have a role in the growth, motility,
and epithelial-mesenchymal transition of ESCC. Poor
survival was noted with high levels of WDR66 in the tumor tissue[52]. In a Chinese study, the gene marker phospholipase A2 group ⅡA (PLA2G2A) was investigated to
determine its usefulness as a prognostic factor of ESCC.
PLA2G2A catalyzes multiple fatty acids, including arachidonic acid and is expressed in colorectal, pancreatic,
prostate, gastric and lung cancer. Low expression of
PLA2G2A in tumor tissue correlated to high-grade tumors, metastasis, increased depth of invasion, lymphatic
invasion, and poorer overall survival rate[53].

In the classification system of metastasis set forth
by the AJCC, distant metastasis can be subdivided into
M1a and M1b. Each of these classifications is crucial in
determining possible treatment options. M1a includes
metastasis to celiac and cervical lymph node groups.
This classification is associated with a better prognosis
compared to M1b. Patients classified as M1a often times
complete a course of neoadjuvant therapy followed by
surgical resection. Patients with M1b include those with
distant site metastasis. This classification usually carries a
worse prognosis given that surgical resection with curative intent is not indicated in these cases[46].
CT is the most commonly used imaging modality to
rule out distant metastasis in patients with esophageal
cancer. The most common areas of distant metastasis
can be quickly assessed using contrast-enhanced CT. Sensitivity for spiral CT to detect masses ≥ 1 cm has been
reported as high as 90%[47].
EUS is limited in its ability to assess for distant metastasis. In general, CT or FDG-PET is preferred over
endoscopic United States for M staging of esophageal
cancer.
FDG PET most distinct role in esophageal cancer
staging is in the detection of distant metastasis. In comparison to CT, PET has been shown to be more accurate
in detecting distant metastasis[48]. One study showed that
PET was able to detect distant metastasis 15% of the
time in patients that were believed to only have primary
esophageal cancer by other imaging modalities[49]. If present, distant metastasis places the patient in M1b category
and surgery with curative intent is no longer recommended. Accurate M staging is imperative in guiding treatment
options.

PROGNOSTIC FACTORS
Platelet count has been used to help determine the prognosis of other cancers because platelets are an integral
component of the inflammation processes. Platelet count
is inversely related to the cancer prognosis, as in a higher
platelet count correlates to a poorer prognosis. The absolute cut off for platelet count as a prognostic factor
has been debated. In one study of ESCC, platelet counts
were higher in patients with large tumors. It was determined that those patients with platelet counts ≤ 205000
had a better 5-year survival rate than patients with platelets > 205000 especially when nodes were involved[54].
Tumor length is used as a prognostic factor in ESCC
but the length cutoff point in predicting survival has
been contested. Researchers in China looked at tumor
length in the elderly population (over 70 years old) and
the cutoff point was calculated to be 4.0 cm. Patients
with a tumor length of ≤ 4.0 cm had a better 5-year survival than those with a tumor length of > 4.0 cm, espe-

TUMOR MARKERS
Serum human relaxin 2 (H2 RLN) is made in the corpus
luteum of females and the prostate of males. It helps
remodel various tissue components such as extracellular
matrix, collagen, and matrix metalloproteinase. There is
supporting evidence that RLN is a tumor growth factor and has been shown in vitro to enhance invasiveness
of breast cancer cells. A study measuring RLN levels in
patients with esophageal SCC (ESCC) discovered that
patients with higher levels of H2 RLN had more distant
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cially with a T3-4 grade or nodal-negative patients[55].
Cancer causes a hypercoagulable state and this environment encourages tumors to grow and produce more
pro-coagulants. D-dimers are the end product of fibrin
and fibrinolysis and have been reported to be associated
with tumor prognosis, tumor stage, lymph node involvement, and overall survival. One study looked at the
plasma D-dimer levels in patients with esophageal cancer
before and after surgery as well as patients without cancer. Their research showed that high levels of D-dimers
in the pre-operative state correlated with a higher tumor
stage and surgery caused more patients to have a hypercoagulable state which shortened their survival time[56].
Nutrition is an important factor that influences patients with esophageal cancer during their perioperative
period. Early enteral nutrition was noted to protect the
intestinal mucosa, improved the nutritional status, and
increased the immune status patients undergoing esophagectomy. Enteral nutrition protected the intestinal mucosa
by maintaining the intestinal barrier against plasma endotoxins[57]. Another study looked at immunonutrition in
patients with head and neck cancer and esophageal cancer
undergoing chemoradiotherapy. Plasma levels of arginine, eicosapentaenoic acid, docosahexaenoic acid, and
nucleotides were measured in patients undergoing chemoradiotherapy, who received either an Immune modulating
Enteral Nutrition formula (IEN) or an isocaloric, isonitrogenous formula, Standard Enteral Nutrition (SEN).
IEN patients had less weight loss, increased antioxidants,
and maintained their functional capacities compared to
those with the SEN formula[58].

ach conduit[60].
Another critical component of esophagectomy is the
lymph node dissection. There is debate about which surgical approach is appropriate based upon access, adequacy
of the lymph node retrieval, and the lymph node dissection[54]. Each surgical technique have different lymph node
retrieval rates based on the surgical exposure of open,
laparoscopic or laparoscopic assisted surgery. Laparoscopic surgery offers less blood loss and more patient comfort
but not as many lymph nodes can be retrieved compared
to the open approach. Placement of a thorascopic port
has been shown to provide more exposure into the chest
cavity allowing for a more thorough dissection. One study
looked at the difference between open and laparoscopic
THE without a thorascopic port and found that while the
open procedure yielded more lymph nodes this did not
affect the patient’s overall prognosis[61].
The differences between transthoracic and THE have
been extensively debated. A meta-analysis of 52 studies
was performed in 2011 comparing the 5 years survival,
postoperative morbidity and mortality between transthoracic and transhiatal esophagectomy. The analysis showed
that transhiatal method is associated with reduced operating time, length of stay in hospital, postoperative respiratory complications, and decreased early mortality. The
transthoracic method is associated with fewer anastomosis leaks, anastomotic strictures, and vocal cord paralysis.
There was no significant difference between transhiatal
and transthoracic method in 5-year survival rates [62].
These findings agree with two previous meta-analysis
conducted in 1999 and 2001[63-64]. This data suggest that
the outcome of the esophagectomy does not depend on
the surgical method chosen but more on the surgeon’s
and hospital’s experience in dealing with these complex
oncological cases[65].
Another treatment option for high grade dysplasia
is esophageal mucosal resection (EMR) or esophageal
mucosal dissection. EMR dissects the esophageal submucosa to better evaluate and stage early carcinoma[66].
It has been suggested the EMR be performed on lesions
with a diameter ≤ 2 cm and only occurs in less than one
third of the esophageal wall circumference. EMR is used
in conjuction with radiofrequency ablation therapy and
cryotherapy ablation to eradicate BE[67]. In one trial, EMR
with radiofrequency ablation eradicated 90% of dysplasia
and metaplasia in patients[68].
One study investigated the hemodynamic changes
during surgery between patients who underwent a transthoracic vs THE and their post-operative changes. It was
found that there was no statistical significance between
transthoracic and THE in their intraoperative hemodynamic changes. However more vasopressors were used
during surgery in patients with transthoracic esophagectomy due to increased hemodynamic liability[69].

TREATMENT
Surgery can be a definitive treatment for Tis, T1 and
some T2 carcinoma of the esophagus. There is some
debate on whether neoadjuvant chemoradiotherapy or
surgery be performed first on T2 esophageal cancer
because staging difficulties[59]. There are different surgical techniques for esophagectomy but the main two are
transhiatal esophagectomy (THE) and transthoracic
esophagectomy. THE does not include a thoracotomy
and instead the stomach is mobilized from the surrounding omentum and blood vessels through a midline supraumbilical incision during the abdominal phase[56]. The
esophagus is removed from a small cervical incision usually on the left side of the neck during the cervical phase.
The transthoracic esophagectomy uses the Ivor Lewis
method, the McKeown Modification (3 hole approach),
or the left transthoracic approach. Surgeons choose the
method based on tumor location and size. The McKeown modification is performed more for middle and
upper esophageal cancer while tumors in the lower third
of the esophagus are best approached using the left
transthoracic approach[56]. The abdominal phase of the
transthoracic esophagectomy is identical to the THE and
the thoracic phase is accomplished with a posterolateral
thoracotomy in the fifth intercostals space. The McKeown modification also includes a cervical phase where
the proximal esophagus can be anastomosed to the stomWCGO|www.wjgnet.com

MEDICAL AND RADIOLOGICAL
TREATMENT
Chemotherapy and radiotherapy are other critical modali10
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ties of treatment along with surgery and are used either
in a neoadjuvant or adjuvant setting. A patient will receive
neoadjuvant chemoradiotherapy for either a T3 or N1
stage disease. According to the 2013 National Comprehensive Cancer Network guidelines of esophageal cancer,
the triple therapy drug regimen include paclitaxel/carboplatin, cisplatin/fluoropyrimidine, and oxaliplatin/fluorouracil. The recommended dose of radiation is 41.4-50.4
Gy[70]. However, one study proposes using chemotherapy
alone to treat patients with locally advanced esophageal
cancer. Their results showed less toxicities and no difference in their five-year survival rate[71].
An article from Cancer Control found that in the
United States, neoadjuvant chemoradiotherapy followed
by esophagectomy for resectable esophageal cancer, had
a better survival rate than those patients treated with
surgery alone[72]. A meta-analysis comparing neoadjuvant
chemotherapy with surgery vs surgery alone showed a
survival increase for those patients who underwent neoadjuvant chemotherapy vs surgery alone[73].
A Japanese study found that patients < 60 years of
age with a hemoglobin ≥ 13 g/dL who underwent preoperative chemoradiotherapy, survived longer than those
patients who did not undergo treatment. Albumin ≥
3.5 g/dL was also associated with prolonged survival[74].
Another study recommends that patients with esophageal
cancer who are non-resectable or who refuse surgery can
still be treated with definitive chemoradiotherapy due to
a 2-year survival rate of 40-55[75]. Another Japanese study
found that patients undergoing triple chemotherapy and
esophagectomy without the prognostic factors of five
or more positive lymph nodes, metastasis to the cervical,
mediastinal and abdominal lymph nodes, stage Ⅲ or Ⅳ
disease, or intramural metastasis had better recurrence
free survival than patients with esophageal cancer and
one of the unfavorable prognostic factors[76].
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Core tip: Esophageal squamous cell carcinoma (ESCC)
is one of the most aggressive malignant diseases.
While surgical resection remains the dominant therapeutic intervention for patients with operable ESCC,
alternative strategies are actively sought to reduce the
frequency of post-operative local or distant disease recurrence. Such strategies are particularly sought in the
preoperative setting. This review discusses the current
knowledge, available data and information regarding
neoadjuvant treatment for operable ESCC.

Abstract
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Squamous cell carcinoma and adenocarcinoma are types
of esophageal cancer, one of the most aggressive malignant diseases. Since both histological types present
entirely different diseases with different epidemiology,
pathogenesis and tumor biology, separate therapeutic strategies should be developed against each type.
While surgical resection remains the dominant therapeutic intervention for patients with operable esophageal squamous cell carcinoma (ESCC), alternative strategies are actively sought to reduce the frequency of
post-operative local or distant disease recurrence. Such
strategies are particularly sought in the preoperative
setting. Currently, the optimal management of resectable ESCC differs widely between Western and Asian
countries (such as Japan). While Western countries
focus on neoadjuvant or definitive chemoradiotherapy,
neoadjuvant chemotherapy followed by surgery is the
standard treatment in Japan. Importantly, each country
and region has established its own therapeutic strategy
from the results of local randomized control trials. This
review discusses the current knowledge, available data
and information regarding neoadjuvant treatment for
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INTRODUCTION
Esophageal cancer is the sixth most common cause of
cancer-related deaths and the eighth most commonly
diagnosed cancer worldwide[1]. The predominant histological types of esophageal cancer are adenocarcinoma
and squamous cell carcinoma[2]. Adenocarcinoma of
the distal esophagus predominates in the West, whereas
squamous cell carcinoma, which tends to localize in the
middle thoracic esophagus, predominates in the East, including Japan. In Western societies, esophageal squamous
cell carcinoma (ESCC) is associated with low socioeconomic status, a history of smoking and drinking, liver
dysfunction, and pulmonary comorbidities[3]. Since both
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randomized study of two-field vs three-field LN dissection reported a significantly higher complication rate in
three-field LN dissection, with no significant differences
in recurrence or survival[10]. On the other hand, some
non-randomized trials have reported a survival advantage
associated with three-field LN dissection[11].
One limitation of surgery is that, at the time of diagnosis, two-thirds of patients with ESCC present with
advanced, inoperable tumor stages and severe comorbidities. Another limitation is that resection margins are clearly defined in (at most) one-third of patients[12]. According
to the Comprehensive Registry of Esophageal Cancer in
Japan, 2006, the 5-year survival rate post-esophagectomy
was 52% for patients with no residual tumor, but decreased to only 14% if residual tumors were present[9]. In
addition, even if tumors were completely resected, the
prognosis was poorer in patients with LN metastasis than
in patients without LN metastasis; the 1-year, 3-year, and
5-year survival rates of patients with LN metastasis were
77%, 45%, and 35%, respectively[9]. These unsatisfactory
outcomes have prompted investigation into multidisciplinary management involving CT, RT, and CRT, especially in the neoadjuvant setting.

histological types present as different diseases in terms
of epidemiology, pathogenesis, and tumor biology, therapeutic strategies should be separately developed for each
histological type.
Although the prognosis for patients with either type
of esophageal cancer is poor, the outlook is worse for
ESCC patients than for those with adenocarcinoma, according to some studies[4,5]. However, a Surveillance, Epidemiology, and End-results (SEER) study of 4753 cases
archived in a database revealed no difference between
the two types[6]. Traditionally, both adenocarcinomas and
squamous cell tumors have been treated by surgical resection; however, high frequencies of systemic and local tumor recurrence have urged investigations into multimodality therapies that combine surgery with radiotherapy
(RT), chemotherapy (CT), and chemoradiotherapy (CRT).
In particular, preoperative therapy has been considered
for both tumor types. In Western countries, operable
esophageal adenocarcinoma is generally treated by neoadjuvant or definitive CRT. While most researchers agree
with this strategy, the optimal therapeutic strategy for
ESCC remains controversial. Recently, the Japan Clinical
Oncology Group study (JCOG9907) demonstrated that
preoperative CT with cisplatin (CDDP) plus 5-fluorouracil
(5-FU) followed by surgery improves the overall survival
of patients with resectable thoracic ESCC[7]. Since then,
preoperative CT followed by radical esophagectomy has
been accepted as the standard therapeutic approach to
resectable cStage Ⅱ/Ⅲ ESCC. This review discusses the
current knowledge, rationale, available data and information regarding neoadjuvant treatment for resectable
ESCC.

STRENGTHS AND LIMITATIONS OF
PREOPERATIVE THERAPY
Preoperative therapies can benefit ESCC patients in multiple ways. First, preoperative therapies can potentially
downstage and degrade tumor size, and thus increase
the possibility of complete resection. Second, they can
eliminate possible hematogenous and/or lymphogenous
micro-metastases from ESCC, and thereby limit postoperative disease recurrence. Third, undamaged blood and/
or lymph vessels may permit more effective drug delivery
to the tumor area.
One limitation of preoperative therapies is that surgical procedures are delayed in non-responders, exposing
these patients to further metastatic spread. If this occurs,
the effectiveness of preoperative therapy may be reduced, increasing postoperative morbidity and mortality.
Currently, however, the relationship between preoperative therapy and postoperative morbidity and mortality
remains controversial. Hirao et al[13] have reported that
preoperative CT of JCOG9907 does not increase the risk
of complications or hospital mortality after surgery for
advanced thoracic ESCC. The meta-analysis conducted
by Kranzfelder et al[14] revealed no evidence of increased
mortality resulting from neoadjuvant CT and CRT. By
contrast, randomized trials conducted by two independent groups did report increased postoperative mortality
rates following neoadjuvant CRT[15,16].

STRENGTHS AND LIMITATIONS OF
SURGICAL RESECTION
Radical esophagectomy with radical lymph node (LN)
dissection is the accepted gold standard for therapeutic
and staging purposes for ESCC patients. Ando et al[8] reported that the survival of Japanese patients undergoing
esophagectomy for advanced ESCC improved from 1981
to 1995, largely because of advances in surgical technique
and perioperative management. In 2006, the Comprehensive Registry of Esophageal Cancer in Japan reported
1-year, 3-year, and 5-year post-esophagectomy survival
rates of 83%, 57%, and 48%, respectively[9]. A German
study analyzing whether ESCC could be successfully
treated by surgery alone indicated a 5-year survival rate
of 30% in primarily resected patients[4]. We of course
acknowledge that these results may be influenced by the
patient selection bias for surgical procedure.
Western and Eastern counties adopt different surgical approaches; Ivor-Lewis type surgery with two-field
LN dissection is preferred in the West, while three-field
LN dissection is the treatment of choice in the East, especially in Japan. Three-field LN dissection may increase
the complete resection rate, but whether this approach
improves the overall survival rate remains uncertain. A
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NEOADJUVANT RT
The main purpose of preoperative neoadjuvant RT is
to improve local control by down-sizing, if not eradicating, tumors in the involved LNs. Table 1 summarizes the
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Table 1 Neoadjuvant radiotherapy treatment and outcomes for esophageal squamous cell carcinoma
Year of publication

Histology

Treatment

n

Median survival (mo)

Launois et al[17]

1981

SCC

Gignoux et al[18]

1987

SCC

Arnott et al[19]

1992

Nygaard et al[20]
Wang et al[21]

1989

SCC

Cao et al[22]

2009

SCC

Chu et al[23]

1994

SCC

77
57
106
102
90
86
48
41
104
102
118
118
40
42

10
12
11
11
8
8

1992

AC/SCC
(36%)
SCC

RT 40 Gy → Surgery
Surgery
RT 33 Gy → Surgery
Surgery
RT 20 Gy → Surgery
Surgery
RT 35 Gy → Surgery
Surgery
RT 40 Gy → Surgery
Surgery
RT 40 Gy → Surgery
Surgery
RT 24-53 Gy → Surgery
Surgery → RT 45-53 Gy

Ref.

5-yr overall survival (%)
10
12
11
10
9
17
211
9
35
30
701
53
10
10

11
11

P
NS
NS
NS
0.080
NS
0.0051
NS

1

3-yr overall survival. AC: Adenocarcinoma; NS: Not significant; RT: Radiation therapy; SCC: Squamous cell carcinoma.

combinations of these drugs[20,26-29] (Table 2). However,
none of these trials conclusively demonstrated the efficacy of neoadjuvant CT for patients with ESCC. Two
large-scale randomized control studies have also been
undertaken on this topic; the United Kingdom Medical Research Council esophageal cancer trial (OEO2)
and Radiation Therapy Oncology Group (RTOG) 8911.
OEO2 recruited 802 esophageal cancer patients to evaluate whether preoperative CT consisting of two cycles of
CDDP and 5-FU followed by surgery improves survival
compared with surgery alone[30]. The survival benefit
was maintained with a HR of 0.84 (95%CI: 0.72-0.98; P
= 0.03); the 5-year survival was 23% for the preoperative CT + surgery group, vs 17% for the surgery group.
Although this study included both adenocarcinoma and
squamous cell carcinoma, the treatment effect was independent of histological type[31]. However, the pattern
of first disease progression was similar between the two
treatment groups, in particular there was no clear trend
toward fewer patients with distant metastases as first
site of relapse in the preoperative CT + surgery group.
The other large-scale study, RTOG8911, enrolled 443
patients with localized esophageal cancer, and compared
the effect of CT plus surgery with that of surgery alone.
This study showed no difference in overall survival between the two patient groups[32]. The reason for these
disparate survival outcomes remains unclear, since both
studies involved CDDP and 5-FU-based CT. However,
a subgroup of the RTOG8911 study who responded
objectively to neoadjuvant CT, when separately analyzed,
showed significantly better survival outcomes than nonresponding patients and all patients randomly assigned
to surgery. Thus, effective CT will positively impact the
survival of patients whose tumors respond to the administered chemotherapeutic agents. Importantly, an updated
meta-analysis, which combined the data of OEO2 and
RTOG8911, has proven that neoadjuvant CT confers a
survival benefit over surgery alone in esophageal adenocarcinoma patients (HR = 0.83; 95%CI: 0.71-0.95; P =
0.01). However, CT supplements exerted no significant
effect on the all-cause mortality of ESCC patients (HR =

results of six phase Ⅲ randomized trials, in which ESSC
patients were treated by surgery supplemented with
neoadjuvant RT or by surgery alone[17-22]. Two trials, conducted by Nygaard et al[20] and Cao et al[22], demonstrated
a higher 3-year survival in the neoadjuvant RT + surgery
group than in the group receiving surgery alone. The other four trials revealed no significant improvement of resectability or overall survival advantage. On the contrary,
some of the studies reported a higher treatment-related
mortality in the neoadjuvant RT + surgery group. One
prospective randomized trial directly compared the therapeutic efficacy of preoperative vs postoperative RT in
ESCC patients. This study found no difference in overall
survival but reported a higher morbidity following preoperative RT[23]. A meta-analysis of 1147 cases, most of
which were SCC, reported a slight trend in favor of neoadjuvant RT after a median follow-up period of 9 years,
but the results were statistically insignificant (HR = 0.89,
95%CI: 0.78-1.01). In this study, the overall reduction in
morbidity was 11% and the absolute survival benefit was
3% and 4% at 2 and 5 years, respectively[24]. In a SEER
study of 1033 cases, 33% of whom presented with squamous cell carcinoma, demonstrated that the median overall survival and cause-specific survival were both significantly greater for patients who received neoadjuvant RT
than for those receiving surgery alone (27 mo vs 18 mo
and 35 mo vs 21 mo, respectively, P < 0.0001)[25]. However, since the SCC patients were not separately analyzed,
the study presents no clear evidence that preoperative RT
improves the survival of patients with potentially resectable ESCC. Thus, at present, preoperative neoadjuvant
RT treatment is not recommended for ESCC patients.

NEOADJUVANT CT
In theory, preoperative CT is expected to down-stage the
tumor prior to surgery, eradicate tumor micrometastases and reduce the risk of distant spread. In the 1990s,
several randomized trials comparing neoadjuvant CT
+ surgery vs surgery alone were conducted on ESCC
patients using CDDP, bleomycin, vindesin, 5-FU, and
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Table 2 Neoadjuvant chemotherapy treatment and outcomes for esophageal squamous cell carcinoma
Year of publication

Histology

Treatment

n

Median survival (mo)

[26]

Schlag

1992

SCC

Nygaard et al[20]

1992

SCC

Maipang et al[27]

1994

SCC

Law et al[28]

1997

SCC

Ancona et al[29]

2001

SCC

Kelsen et al[32]
(RTOG 8911)
Allum et al[31]
(OEO2)
Ando et al[7]
(JCOG9907)

2007

AC/SCC
(47%)
AC/SCC
(31%)
SCC

FU, CDDP → Surgery
Surgery
CDDP, BL → Surgery
Surgery
CDDP, BL, VI → Surgery
Surgery
FU, CDDP → Surgery
Surgery
FU, CDDP → Surgery
Surgery
FU, CDDP → Surgery
Surgery
FU, CDDP → Surgery
Surgery
FU, CDDP → Surgery
Surgery → FU, CDDP

22
24
44
41
24
22
66
69
47
47
213
227
400
402
164
166

10
10
7
7
17
17
17
13
25
24
15
16
17
13

Ref.

2009
2012

5-yr overall survival (%)

P
NS

31
9
311
36
401
13
34
22
19
20
23
17
55
43

NS
NS
NS
NS
< 0.01
0.01

1

3-yr overall survival. AC: Adenocarcinoma; BL: Bleomycin; CDDP: Cisplatin; FU: Fluorouracil; NS: Not significant; SCC: Squamous cell carcinoma; VI:
Vinblastine; JCOG: Japan Clinical Oncology Group study.

0.92; 95%CI: 0.81-1.04, P = 0.18)[33].
Recently, the JCOG9907 study on resectable cStage
Ⅱ/Ⅲ thoracic ESCC demonstrated that survival was significantly improved by preoperative CT with two courses
of CDDP plus 5-FU followed by surgery, compared
with postoperative CT. The 5-year overall survival was
43% and 55% in the postoperative and preoperative
CT groups, respectively (HR = 0.73, 95%CI: 0.54-0.99,
P = 0.04)[7]. The predecessor to this study, JCOG9204,
had compared surgery + postoperative CT with surgery
alone. These results indicate that additional postoperative
CT treatment improved the disease-free survival of the
entire cohort (from 45% to 55%, P = 0.037) and the 5-year
overall survival in patients with LN metastases (52% vs
38% P = 0.041)[34]. Based on these data, preoperative CT
followed by radical esophagectomy has become accepted
in Japan as the standard therapeutic approach to resectable cStage Ⅱ/Ⅲ ESCC. However, we need to acknowledge that the trial design of JCOG9907 had some limitations[35]. In the postoperative treatment group, patients
with LN metastasis negative cancer did not receive CT
because JCOG9204 did not find a benefit for adjuvant
CT in a subset analysis of LN metastasis-negative patients. Thus, this imbalance in treatment arms does not
allow us to conclude that preoperative therapy is superior
to postoperative therapy because not all patients in the
postoperative CT arm received treatment. In addition,
the primary end point of disease free survival was not
met, yet overall survival was in favor of the preoperative
group.
An optimal regimen of neoadjuvant CT against ESCC
has yet to be established. The tumors of patients treated
with neoadjuvant CT are potentially curable by surgery
alone, and may progress to an inoperable stage while
the patient is receiving preoperative CT. Thus, successful adjunct treatment requires a high response rate, or at
least a high disease control rate. On the other hand, since
esophagectomy is an invasive, surgically stressful proce-
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dure, preventing organ dysfunction and worsening of the
patients’ physical condition are also important. Especially,
patients with ESCC frequently present with multiple organ disorders, because they are usually aged patients with
a long-term history of smoking and alcohol use. In Japan, the JCOG9907 study has established a combination
of CDDP and 5-FU as the standard regimen. However,
the therapeutic efficacy of this regimen is by no means
uniformly satisfactory; the response rate varies between
19% and 50%[7,12,26]. Thus, triplet CT, in which another
drug is added to CDDP and 5-FP, has been intensively
explored. A sole drug, docetaxel, has proven to positively
supplement CDDP and 5-FP in randomized control trials. Docetaxel combined with CDDP and 5-FP (DCF
therapy) is now regarded as a standard regimens for gastric or esophagogastric adenocarcinomas[36]. In addition,
DCF is reportedly as effective as induction CT against
head and neck squamous cell carcinoma, whose features
are biologically similar to those of ESCC[37]. Regarding
ESCC, exploratory trials of preoperative CT with DCF
have demonstrated a high response rate (60%)[38,39]. Taken
together, these results indicate DCF as a promising regimen of preoperative CT for ESCC.

NEOADJUVANT CRT
The role of neoadjuvant CRT has been debated for several decades. Various trials have compared the effects of
neoadjuvant CRT in ESCC with those of surgery alone
(Table 3). In most of these trials, CRT adjuvant treatment
conferred no survival benefit; however, these trials can be
criticized for inadequate trial design or small sample size.
The Cancer and Leukemia Group B 9781 reported an
overall survival enhancement in patients receiving neoadjuvant CRT; the 5-year overall survival was 39% in the
neoadjuvant CRT + surgery group (95%CI: 21%-57%),
vs 16% (95%CI: 5%-33%) in the surgery only group. Because this trial attracted few participants, it was closed,
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Table 3 Neoadjuvant chemoradiotherapy treatment and outcomes for esophageal squamous cell carcinoma
Ref.

Year of publication Histology

Nygaard et al[20]

1992

SCC

Le Prise et al[47]

1994

SCC

Apinop et al[48]

2004

SCC

Bosset et al[15]

1997

SCC

Urba et al[49]

2001

Heise et al[50]

2001

AC/SCC
(25%)
SCC

Lee et al[51]

2004

SCC

Burmeister et al[52]

2005

Natsugoe et al[53]

2006

AC/SCC
(35%)
SCC

Tepper et al[54]
(CALGB9781)
Cao et al[22]

2008
2009

AC/SCC
(75%)
SCC

Lv et al[55]

2010

SCC

Van Hagen et al[56]
(CROSS)

2012

AC/SCC
(23%)

Treatment

n

Median survival (mo)

5-yr overall survival (%)

CDDP, BL + 35 Gy → Surgery
Surgery alone
CDDP, FU + 20 Gy → Surgery
Surgery alone
CDDP, FU + 40 Gy → Surgery
Surgery alone
CDDP + 37 Gy → Surgery
Surgery
CDDP, FU, VI + 45 Gy → Surgery
Surgery alone
FU, LV, ET, CDDP + RT→ Surgery
Surgery alone
CDDP, FU + 45 Gy → Surgery
Surgery alone
CDDP, FU + 35 Gy → Surgery
Surgery alone
CDDP, FU + 40 Gy → Surgery
Surgery alone
CDDP, FU + 50 Gy → Surgery
Surgery alone
CDDP, FU, MMC + 40 Gy → Surgery
Surgery alone
CDDP, PTX + 40 Gy → Surgery
Surgery alone
CA, PTX + 41 Gy → Surgery
Surgery

47
41
41
45
35
34
143
139
50
50
33
170
51
50
128
128
22
23
30
26
118
118
80
80
178
188

8
7

171
9
472
47
24
10
7
9
16
30
26
17
553
57
17
13
57
41
39
16
731
53
44
34
47
34

10
7
19
19
17
18
20
14
28
27
22
19

54
23

53
36
49
24

P

NS
NS

NS

NS
NS
0.002
< 0.01
0.040
0.003

1

3-yr overall survival; 21-yr overall survival; 32-yr overall survival. AC: Adenocarcinoma; BL: Bleomycin; CA: Carboplatin; CDDP: Cisplatin; DO: Doxorubicin; FU: Fluorouracil; ET: Etoposide; NS: Not significant; PTX: Paclitaxel; SCC: Squamous cell carcinoma; VI: Vinblastine; CALGB: Cancer and Leukemia
Group B.

and hence is limited by small sample size (56 patients).
Recently, a large-scale randomized trial (CROSS study)
from the Netherlands has shown that preoperative CRT
(carboplatin, paclitaxel, and RT 41.4 Gy) improves survival among patients with potentially curable esophageal
or esophagogastric-junction cancer; the median overall
survival was 49 mo in the CRT + surgery group, vs 24 mo
in the surgery only group. Overall survival was also significantly better in the CRT + surgery group (HR = 0.66;
95%CI: 0.50-0.87; P = 0.003). Importantly, the benefit
of neoadjuvant CRT was confirmed in an SCC subgroup
(HR = 0.45; 95%CI: 0.24-0.84; P = 0.007). In addition,
two meta-analyses have demonstrated that neoadjuvant
CRT can improve the pathological response rate, local
and regional control and the 3-year overall survival, compared with surgery alone[40,41]. In a recent meta-analysis
of 9 randomized trials[14], neoadjuvant CRT delivered a
clearly significant survival benefit to ESCC patients; the
estimates of effect significantly favored neoadjuvant CRT
(HR = 0.81, 95%CI: 0.70-0.95; P = 0.008). Moreover,
neoadjuvant CRT did not alter the post-surgical morbidity and mortality rates.

treated by this approach. To overcome this problem, Japanese health authorities are currently reviewing their therapeutic strategies. In contrast to Japan, Western countries
have adopted CRT as the standard therapeutic strategy.
Whether preoperative CRT with radical surgery is effective for Japanese ESCC patients has yet to be established.
Another promising regimen is preoperative triple-drug
CT (involving docetaxel, CDDP and 5-FU). This background has initiated the JCOG1109 (NExT study) trial,
a three-arm phase Ⅲ trial started in November of 2012.
The aim of this study is to confirm whether docetaxel,
CDDP + 5-FU is superior to CDDP + 5-FU, and whether CDDP + 5-FU is superior to CRT over CDDP + 5-FU,
as preoperative therapies for ESCC[42]. Depending on the
outcome of the JCOG1109 trial, the current ESCC therapeutic strategy might become altered in Japan. Importantly, the phase 2 study for neoadjuvant CRT (docetaxel,
CDDP, 5-FU and concurrent RT) showed promising
results; pathological complete remission (pCR) was found
in 47%, and the 3- and 5-year survival rates were, respectively, 83% and 77% for pCR cases[43].
The limited improvements in treatment outcomes
provided by conventional therapies have prompted us to
seek innovative strategies for ESCC treatment; in particular, molecularly-targeted treatments. However, no promising results have been reported to date. The addition of
an angiogenesis inhibiting drug (bevacizumab) to neoadjuvant CT with CDDP and 5-FU conferred the same
benefit to ESCC patients as CDDP and 5-FU alone, the

FUTURES DIRECTIONS
In Japan, preoperative CT (FU + CDDP) followed by
radical esophagectomy is the standard therapeutic approach to operable ESCC. However, systemic and regional recurrences are relatively common among patients
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latter administered to a historical control group[44]. The
addition of bevacizumab and erlotinib to neoadjuvant
CRT (paclitaxel/carboplatin/5-FU/radiation) similarly
delivered no extra survival benefit to esophageal cancer
patients, nor improved the pathologic complete response
rate over similar regimens[45]. A phase Ⅱ study with cetuximab and radiation therapy for patients with surgically
resectable esophageal carcinomas (Hoosier Oncology
Group G05-92) has shown that cetuximab and radiation
therapy results in a pathologic complete response rate
(67% for squamous cell carcinoma) that seems at least
comparable with that of CT and radiation therapy [46].
Regarding locally advanced ESCC, some phase Ⅲ studies
are now recruiting patients to investigate new CT combinations, especially molecular-targeting reagents such as
panitumumab, gefitinib, and cetuximab.

8

9

10

11

CONCLUSION
Currently, no international consensus on therapeutic
strategy has been established for resectable thoracic
ESCC. Western countries are focusing on neoadjuvant
CRT followed by surgery or definitive CRT, while neoadjuvant CT and subsequent esophagectomy have become
the standard therapeutic strategy in Japan. Many phase Ⅲ
trials, such as JCOG1109, are underway across the globe.
Hopefully, the large datasets generated from these trials
will assist our understanding of preoperative therapy, and
guide the establishment of a universal standard strategy
for resectable ESCC.
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Core tip: Cancer of the gastro-oesophageal junction
is an increasingly common phenomenon. For patients
with operable junctional cancer, the only curative treatment option is surgery, however the optimal peri-operative treatment is controversial. We review the evidence
supporting the use of chemotherapy and chemoradiotherapy in the pre- and postoperative settings for these
patients, and go on to highlight how current research
into the molecular mechanisms underpinning gastrooesophageal cancer may lead to future effective treatment options.

Abstract

Original sources: Smyth EC, Cunningham D. Operable gastrooesophageal junctional adenocarcinoma: Where to next? World
J Gastrointest Oncol 2014; 6(6): 145-155 Available from: URL:
http://www.wjgnet.com/1948-5204/full/v6/i6/145.htm DOI: http://
dx.doi.org/10.4251/wjgo.v6.i6.145

Oesophageal junctional adenocarcinoma is a challenging and increasingly common disease. Optimisation of
pre-operative staging and consolidation of surgery in
large volume centres have improved outcomes, however the preferred adjunctive treatment approach remains
a matter of debate. This review examines the benefits
of neoadjuvant, peri-operative, and post-operative chemotherapy and chemoradiotherapy in this setting in an
attempt to reach an evidence based conclusion. Recent
findings relating to the molecular characterisation of
oesophagogastric cancer and their impact on therapeutics are explored, in addition to the potential benefits
of fluoro-deoxyglucose positron emission tomography
(FDG-PET) directed therapy. Finally, efforts to decrease
the incidence of junctional adenocarcinoma using early
intervention in Barrett’s oesophagus are discussed,
including the roles of screening, endoscopic mucosal
resection, ablative therapies and chemoprevention.

INTRODUCTION
Adenocarcinoma of the oesophagogastric junction
presents an increasingly common dilemma in many affluent countries, and the optimal treatment approach
for patients with resectable disease is a matter of some
controversy[1]. In addition to surgery for their cancer, and
depending on geographical location and physician preference patients may undergo neoadjuvant, peri-operative,
or post-operative chemotherapy, or pre- or post-operative
chemoradiotherapy[2-4]. Unfortunately, despite improvements in staging and patient selection, long term survival
following resection remains relatively poor and further
refinement of treatment paradigms and novel therapeutic
interventions are required. This aim of this review is to
assess the current status of our knowledge on tumours
of the gastroesophageal junction with respect to tumour

© 2015 Baishideng Publishing Group Inc. All rights reserved.
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cin, cisplatin and 5-fluorouracil (5-FU)[5]. Peri-operative
chemotherapy led to a 37% reduction in the risk of
progression following surgical resection and improved 5
year survival from 23% in the surgery alone arm to 36%
in those treated with chemotherapy (HR = 0.75, 95%CI:
0.60-0.93; P = 0.009). In MAGIC one quarter of patients
had tumours of the gastroesophageal junction (GEJ) or
lower oesophagus and subgroup analysis demonstrates
that the greatest benefit was seen in patients with junctional tumours. These results are supported by the results
of the randomised phase Ⅲ FNCLCC/FFCD French
study in which 224 patients were randomised to surgery
alone or peri-operative cisplatin and 5-fluorouracil chemotherapy[6]. The results from this study (in which 75%
of patients had junctional tumours) are remarkably similar to those seen in MAGIC, with an improvement in 5
year overall survival from 24% to 38% (HR = 0.69, P =
0.02) for the interventional arm.
The aim of peri-operative chemotherapy is two-fold;
firstly to downstage the primary tumour with a view to
obtaining an R0 resection, and secondly to treat occult
micro-metastatic disease. The neoadjuvant component
of both MAGIC and the French study improved curative resection rates for patients in both these trials, in
MAGIC 79.3% of chemotherapy patients were curatively
resected compared to 70.3% in the surgery alone arm
(P = 0.03), these figures are 84% and 73% respectively
for the FFCD trial (P = 0.04). That subclinical micrometastases are eliminated is demonstrated by the almost
uniform 35%-37% reduction in disease recurrence which
seen across the two studies.

Table 1 Selected trials of peri-operative therapy for
junctional oesophageal adenocarcinoma
Trial

Year

n
% Junctional
adenocarcinoma
or lower
oesophageal
tumours

Peri-operative chemotherapy
MAGIC[5] 2006 Adenocarcinoma
100%
Lower
oesophageal/GEJ
26%
FNCLCC- 2011 Adenocarcinoma
FFCD[6]
100%
Lower
oesophagus 11%,
GEJ 64%
OEO2[7,8] 2009 Adenocarcinoma
66.5%
Lower 1/3 and
cardia 75%
Pre-operative chemoradiotherapy
Stahl[13]
2009 Adenocarcinoma
100%
GEJ 100%

Treatment

Survival
(%)

Surgery

23.00

Peri-operative
chemotherapy

36.30
(5-year-OS)

Surgery

24

Peri-operative
chemotherapy

38
(5-year-OS)

Surgery

17.10

Neoadjuvant
chemotherapy

23.00
(5-year-OS)

503

224

802

126

Neoadjuvant
27.70
chemotherapy
Neoadjuvant
47.40
chemoradiotherapy (3-year-OS)
Tepper[14] 2009 Adenocarcinoma 56
Surgery
1.79y
75%
Distal
Neoadjuvant
4.48y
oesophagus/GEJ
chemoradiotherapy (median OS)
100%
CROSS[15] 2012 Adenocarcinoma 366
Surgery
44
74%
Distal 1/3
Neoadjuvant
58
oesophagus 57,
chemoradiotherapy (3-year-OS)
GEJ 24%
Post-operative chemoradiotherapy
INT-0116[16] 2001 Adenocarcinoma 556
Surgery
41
100%
Cardia 20%
Adjuvant
50
chemoradiotherapy (3-year-OS)

NEO-ADJUVANT CHEMOTHERAPY
ALONE: IS IT ENOUGH?
Interestingly, a neo-adjuvant chemotherapy alone approach (with no post-operative component) does not
appear to provide the same benefit to patients with
oesophagogastric cancer. In the MRC OE02 study 802
patients with primarily oesophageal cancer (two thirds
adenocarcinoma) were randomised to surgery alone or 2
cycles of cisplatin and 5-FU prior to surgery[7,8]. Although
this study did demonstrate a survival benefit for patients
treated with chemotherapy regardless of histology (5
year survival 23% vs 17%, P = 0.03), these results are not
consistent with the results of the RTOG 8911 trial (n
= 467) in which no difference was seen in the survival
outcomes for a similar group patients treated with preoperative chemotherapy[9]. Consistent with the negative
results of the RTOG 8911 study are those of the smaller
EORTC 40954 trial (n = 144, of whom half were junctional tumours). This study demonstrated an increase in
the R0 resection rate following pre-operative cisplatin
and 5-FU chemotherapy, but no improvement in overall
survival[10]. These somewhat heterogeneous results have
been combined in a meta-analysis which did demonstrate
an improvement in survival for the neoadjuvant chemotherapy approach (HR = 0.90 for neoadjuvant chemotherapy, 95%CI: 0.81-1.00, P = 0.05)[11]. The benefit seen

DFS: Disease free survival; GEJ: Gastroesophageal junction; OS: Overall
survival; SCC: Squamous cell carcinoma.

biology and therapy and to examine how developments
in targeted therapy, radiotherapy, screening, and chemoprevention may improve outcomes for patients with this
disease.

PERI-OPERATIVE CHEMOTHERAPY
In Western populations, many patients presenting with
junctional adenocarcinoma have relatively locally advanced disease at presentation, and whilst there may be
debate regarding the optimal treatment approach, there is
agreement that something more than surgery is required
to increase survival (Table 1). In Europe and selected
United States academic centres, peri-operative chemotherapy is the treatment of choice for these patients. This
choice is based on the United Kingdom MRC MAGIC
trial, which treated over 500 patients with stomach, junctional or oesophageal tumours to either surgery alone or
surgery plus peri-operative chemotherapy with epirubi-
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sis limit interpretation of these interesting results[14].
The publication of the phase Ⅲ randomised CROSS
trial which compared chemoradiotherapy (weekly carboplatin and paclitaxel with 41.4 Gy radiotherapy in 23 fractions over 5 wk) to surgery alone have lead to a paradigm
shift in the treatment of junctional cancers in many institutions[15]. Three hundred and sixty six patients with oesophageal cancer (75% adenocarcinoma, 23% squamous
cell carcinoma, 2% undifferentiated) were randomised, of
whom the majority had tumours of the distal oesophagus
(58%) or gastroesophageal junction (24%). Overall survival results for chemoradiotherapy in CROSS are compelling; survival was 24 mo for surgery alone compared
to 49 mo for chemoradiotherapy (HR = 0.67, P = 0.003).
However, several caveats apply. Firstly, the control arm
in CROSS was surgery alone and the benefits of chemoradiotherapy compared to a contemporary control such
as neoadjuvant chemotherapy are unknown. Secondly, in
the adjusted survival analysis, the benefit of combination
therapy is not significant for adenocarcinoma patients (P
= 0.07), providing evidence that the overall results for the
study were driven by the radiosensitivity of the squamous
cell carcinoma patient population.
Chemoradiotherapy provides a clear advantage over
chemotherapy alone in terms of pathological complete
response and local recurrence. In CROSS 29% of patients overall demonstrated a complete response, however
this was much more common in squamous cell cancers
(49%) than in adenocarcinoma (23%). It is worth noting
however, that although pathological complete response
is an attractive endpoint, it is not necessary in order to
achieve either tumour downstaging or an R0 resection,
and that peri-operative chemotherapy alone can help to
achieve both these endpoints as demonstrated in FNCLCC/FFCD and MAGIC[5,6]. Patients with junctional
adenocarcinoma are also much more likely to harbour systemic micro-metastatic disease, and there is some concern
that the systemic chemotherapy dose in CROSS is insufficient to eliminate these. This concern is highlighted by
the fact that patients in CROSS with N1 or greater staging
at presentation did not appear to benefit from chemoradiotherapy in the adjusted survival analysis (P = 0.21), implying that those at high risk of systemic relapse require a
higher dose of systemic therapy in addition to an effective
local treatment. Ultimately, there is no doubt that chemoradiotherapy is an excellent and frequently curative treatment for squamous cell carcinoma, and perhaps for very
early node negative adenocarcinoma, but for patients with
more locally advanced disease (who comprise the majority of patients seen), the evidence is less robust. A clinical
trial comparing pre-operative chemoradiotherapy to perioperative chemotherapy is underway (NCT01726452) and
may in time give clarification to this important issue.

appears to be due to the adenocarcinoma population
(HR = 0.78, P = 0.014) as no significant difference was
seen in the squamous cell carcinoma analysis. Therefore,
although neoadjuvant chemotherapy alone for junctional
tumours is not as clearly advantageous as treatment given
both pre- and post-operatively, it is a reasonable choice if
patients cannot tolerate post-operative chemotherapy.

NEOADJUVANT CHEMORADIOTHERAPY:
DOES MAXIMISING LOCAL CONTROL
LEAD TO IMPROVED SURVIVAL?
Response rates to radiotherapy are high, and if tumour
downstaging in order to improve operative outcomes is
the aim of therapy then radiotherapy has clearly defined
benefits. However, if long term survival is the goal of
treatment, many studies in junctional adenocarcinoma
provide conflicting results. Analysis of the results of
these studies must be careful, with consideration given
to the external validity or generalizability of the data
presented. Many trials present results based on both
squamous cell carcinoma and adenocarcinoma patients
between whom there are clear biological differences.
Squamous cell carcinoma is exquisitely radiosensitive and
may not require surgical resection if a pathological complete response is obtained following chemoradiotherapy.
Adenocarcinoma is less likely to demonstrate such a
response and will always require surgery in order to maximise the chance of long term survival. As such, caution
must be used when extrapolating results from clinical trials as whole to biologically distinct patient groups.
Older studies of chemoradiotherapy for junctional
cancers demonstrate mixed results. One of the first trials
of neo-adjuvant cisplatin/5-FU based chemoradiotherapy for junctional type adenocarcinoma demonstrated a
significant increase in survival for patients treated with
combined modality therapy compared to those treated
with surgery alone (16 m vs 11 m, P = 0.01)[12]. However,
interpretation of these results should be made with care
as this trial was small (n = 58), patients underwent limited staging by current standards (CXR and abdominal
ultrasound only), and survival was poor in the control
arm of the study. Following this two other small studies
also demonstrated a benefit to this combined modality
approach; the POET study randomised 126 patients with
junctional adenocarcinoma to pre-operative chemotherapy and surgery or to induction chemotherapy followed
by chemoradiotherapy and then surgery[13]. Survival was
numerically improved by the addition of chemoradiotherapy (3 year survival 47% vs 28%, P = 0.07), but the
study was underpowered due to low accrual and this did
not reach statistical significance. CALGB 9781 (75% adenocarcinoma) also utilized a tri-modality approach in its
experimental arm and demonstrated statistically superior
survival for chemoradiotherapy when compared to surgery alone [Overall survival (OS) 4.5 years vs 1.8 years, P
= 0.002], however the small number of patients in this
trial (n = 56) and the lack of histological subgroup analy-
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POST-OPERATIVE ADJUVANT
CHEMORADIOTHERAPY
Post-operative adjuvant chemoradiotherapy is a strategy
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more often adopted for resected gastric cancers in the
United States[16]. In the landmark INT0116 study 556
patients were randomised to no treatment following
surgery or to chemoradiotherapy consisting of 45 Gy
with fluorouracil and leucovorin on a Mayo-type regimen
schedule. A recently published 10 year follow up of this
study demonstrated a long term survival benefit -50% of
patients treated with chemoradiotherapy survived for five
years, compared to 41% who received no further treatment with a 51% reduction in the risk of recurrence and
a 32% reduction in the risk of death attributable to the
interventional arm[17]. Although the majority (80%) of
patients in the Intergroup study had true stomach cancers, approximately 20% had junctional adenocarcinoma,
and for patients who have not undergone pre-operative
treatment, this remains an evidence based treatment option. Of significant concern is the fact that most patients
in this study did not have an adequate surgical resection
(although this is more significant for gastric patients as
opposed to oesophageal), and therefore radiotherapy in
the post operative setting may merely compensate for
insufficient surgery. A second problem with adjuvant
chemoradiotherapy relates to tolerability; post-operative
morbidity associated with gastrectomy is significant, and
preoperative therapy tends to be much more tolerable
to patients than post-operative. For example, in MAGIC
and the FNCLCC/FFCD trials of peri-operative chemotherapy more than 85% of patients completed the
neoadjuvant component of therapy, compared to less
than 50% who complete the post-operative treatment[5,6].
Furthermore, as many patients with junctional adenocarcinoma have relatively bulky tumours which benefit from
downstaging withholding therapy until the post-operative
period may disadvantage the patient if attempting to
achieve a curative R0 resection. Finally, although adjuvant
chemotherapy alone as used in the ACTS-GC and CLASSIC studies provides a well defined survival benefit, these
trials were almost completely composed of patients with
resected gastric cancer, not junctional cancers, and also
conducted in Asian populations with distinct surgical patterns and pharmacogenomic profiles[4,18]. For these reason,
we prefer a pre-operative treatment approach for most
patients with junctional adenocarcinoma if this is possible.

emission tomography-computed tomography (PET-CT)
and laparoscopy (in particular for patients with type Ⅲ
tumours) may prevent futile surgery in up to one fifth
of patients[19]. In order to build on these gains, it will
be necessary to exploit the biology of the disease with
changes in treatment approach to targeted drugs and/or
immunotherapies, strategies which have yielded immense
returns in other malignancies such as melanoma[20-22]. Although gastroesophageal cancer is currently treated as a
single disease entity, this designation is based on anatomy,
not biology and in future treatment paradigms may differ
according to the underlying dysregulated molecular characteristics rather than the spatial location. From an epidemiological perspective, lower oesophageal and junctional
cancers have a distinct set of risk factors, quite separate
from distal gastric cancer. Whereas antral cancers are
endemic in high risk areas, strongly correlated with Helicobacter pylori (H. pylori) infection, associated with poor diet
and high salt intake, proximal cancers do not appear to
be related to H. pylori, but are associated with obesity and
chronic reflux oesophagitis[23-26]. Despite these differences,
junctional and distal tumours both progress through a
predictable path of histological changes en route to a Lauren’s intestinal cancer phenotype and display similar biological behaviours. Ultimately junctional and distal cancers
are more similar in nature to each other than to diffuse
gastric cancer, a disease which when non-hereditary has
no known epidemiological risk factors or precursor lesions, and which has a characteristic pattern of infiltrative
peritoneal spread[27,28].
Molecular characterisation of gastric cancer has moved
forward in recent years, with several groups attempting
to define molecular signatures which may correlate with
Lauren’s pathological classification, provide information
on prognosis or predict response to chemotherapy[29,30].
To date these approaches remain exploratory and require
further validation in larger patient cohorts. Genome wide
sequencing approaches have failed to identify many any
significant driver mutations in oesophagogastric cancer;
mutation rates in most well known oncogenes such as
BRAF, KRAS and PIK3CA are relatively low and therefore it is difficult to determine whether they are associated
with prognosis or response to chemotherapy[31,32]. Interestingly, in one study specifically exploring the genomic
landscape of junctional adenocarcinoma almost half (49%)
of recurrently mutated genes were unique to this tumour
subsite when compared to previously reported mutations
in gastric cancer[33]. Mutations are more frequent in key
tumour suppressor genes such as p53 and ARID1A, but
unfortunately these are currently more difficult to exploit
therapeutically, although potentially actionable activating
mutations have also been documented in genes such as
FGFR4 and HGF[32,33]. Outside the spectrum of activating driver mutations, a significant proportion of gastroesophageal cancers demonstrate predominantly mutually
exclusive amplification of receptor tyrosine kinases which
may be targeted successfully with novel agents[34]. Over
one third of cancers demonstrate amplification of one
of ERBB2, MET, FGFR, KRAS or EGFR, and while it

STRATEGIES TO IMPROVE OUTCOMES:
NOVEL TARGETS, IMAGING AND EARLY
INTERVENTION
Understanding disease biology leads to new targets for
drug development
Despite the fact that oesophagogastric cancer is most
prevalent in the affluent West and frequently in patients
of higher socioeconomic status, survival remains mediocre. Although neoadjuvant or peri-operative therapy
improves survival by over one third, relapse is common[5,6,15]. Interval improvement in outcomes have been
due to stage migration which occurs as a result of improved staging, routine use of pre-operative positron
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phase Ⅲ randomised AVAGAST study for patients with
advanced gastric cancer the addition of bevacizumab to
cisplatin-fluoropyrimidine chemotherapy did not lead to
a benefit in terms of overall survival, significant improvements in response rate and progression free survival were
seen in the experimental arm[47]. As the goal of therapy in
the peri-operative setting is to maximise response rate in
order to achieve an R0 resection, then the addition of bevacizumab to peri-operative chemotherapy would appear
to be a rational choice. This approach has been adopted
in the large United Kingdom MRC ST03 trial, which will
evaluate the addition of bevacizumab to peri-operative
epirubicin, cisplatin and capecitabine chemotherapy
(NCT00450203). This study completed recruitment of
over one thousand patients in late 2013 and preliminary
results are expected within the next two years.

appears that these cancers may be more clinically aggressive, they may also potentially benefit from treatment with
novel targeted drugs[34-36].
Trastuzumab, the monoclonal antibody targeting the
human epidermal growth factor receptor 2 (HER-2)
receptor tyrosine kinase, was the first targeted therapy
do demonstrate efficacy in oesophagogastric cancer,
with an improvement in median overall survival to an
unprecedented 16 mo for patients with advanced HER2
immunohistochemistry (IHC)3+ or IHC2+ fluorescence
in situ hybridisation (FISH) positive tumours treated with
chemotherapy plus trastuzumab[37]. This compares very
favourably to median survival for similar patients treated
with standard chemotherapy regimens which is generally
less than one year[38,39]. In breast cancer, trastuzumab is
associated with increased response rates and improved
surgical outcomes when administered neoadjuvantly,
and is curative in the adjuvant setting[40,41]. It is therefore
a matter of regret that no registration study for trastuzumab was performed in conjunction with peri-operative
chemotherapy for resectable gastroesophageal cancer,
where up to 25% of patients with junctional cancers
(who overexpress HER-2) could benefit[42]. However, for
those who prefer a trimodality approach, a United States
study will assess the benefits of the addition of trastuzumab to a CROSS like regimen of chemoradiotherapy
for patients with resectable HER-2 positive oesophageal
cancer (NCT01196390). The addition of pertuzumab (the
monoclonal antibody inhibitor of HER-2 dimerization)
to trastuzumab therapy has led to significant gains in
overall survival for patients with metastatic breast cancer,
as has the anti-HER2 antibody drug conjugate TDM1,
and both pertuzumab (NCT01774786) and TDM1
(NCT01641939) are currently being evaluated in large,
international randomised trials in HER2 positive gastric
cancer in the first and second line setting respectively[43].
Therefore in future it is hoped it that these may play a
role in the peri-operative setting.
Other potential pathways of interest for patients with
gastroesophageal cancer include targeting angiogenesis,
MET and fibroblast growth factor receptor (FGFR).
Therapies targeting MET and FGFR, although promising
from a preclinical perspective, have limited clinical evidence for efficacy at this stage beyond anecdotal reports
from early phase clinical trials. However, there is substantial evidence to support an anti-angiogenic approach in
operable gastroesophageal cancer. In a placebo controlled
phase Ⅲ randomised trial the anti-VEGFR2 antibody
ramicurumab led to a significant improvement in survival
compared to best supportive care in previously treated
advanced gastric cancer (OS 5.2 m vs 3.8 m HR = 0.78,
P = 0.047)[44]. Interestingly, the benefit seen in terms of
overall survival was comparable to that demonstrated in
randomised studies of cytotoxic therapies in the same
setting[45]. Ramicurumab has also improved survival when
added to paclitaxel in the second line setting resulting
in a median overall survival of an unprecedented 9.63
m for previously treated patients (HR = 0.807, 95%CI:
0.678-0.962; P = 0.0169)[46]. Furthermore, although in the
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IMAGE DIRECTED THERAPY: LARGER
PATIENT COHORTS ARE NEEDED TO
VALIDATE THIS PROMISING BIOMARKER
The routine use of PET-CT is helpful in staging patients
with potentially operable junctional adenocarcinoma
and may decrease the rate of futile surgery by identifying patients with CT-occult metastatic disease[19]. PETCT has the potential to become a useful tool in assessing
early response to treatment in oesophagogastric cancer,
however studies evaluating this as a predictor of response
have been small and lack validation. In the MUNICON I
study of 54 patients with oesophageal cancer who failed
to demonstrate a metabolic response following one cycle
neoadjuvant chemotherapy (defined as ≤ 35% decrease
in SUV) no patient had a histological response and median survival for these patients was significantly worse than
those who had a metabolic response (HR = 2.18, 95%CI:
1.32-3.62, P = 0.002)[48]. In the follow up MUNICON
Ⅱ study patients who failed to demonstrate a metabolic
(PET) response to a single cycle of pre-operative chemotherapy were treated with salvage chemoradiotherapy[49].
Although this did increase the pathological response rate
compared to chemotherapy alone in the previous study
it did not improve the R0 resection rate, and PET-non
responders had almost half the rate of 2 year progression free survival of metabolic responders (64% for PET
responders and 33% for PET non-responders (HR =
2.22, P = 0.035), highlighting the aggressive disease biology of non-responding patients. Unfortunately despite
these intriguing findings the small number of patients in
the MUNICON studies preclude these changing clinical
practice and larger clinical trials will be required in order
to do this; the CALGB group have initiated a study in
which over two hundred patients with junctional adenocarcinoma are randomised induction chemotherapy with
either FOLFOX (oxaliplatin plus fluorouracil) or carboplatin and paclitaxel with interval PET being performed
following three cycles of treatment (NCT01333033).
Patients who fail to respond on PET (≤ 35% reduction
in SUV) will cross over to the alternate treatment arm
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of the study for concurrent chemoradiotherapy. The
primary endpoint of this study is to increase the rate of
pathological complete response in the initial PET nonresponders to 20%, with progression free and overall
survival being secondary endpoints. The UK MRC ST03
study (NCT00450203) which is evaluating the addition
of bevacizumab to peri-operative chemotherapy is also
performing a PET substudy which may provide further
important information on this topic.

into high and low risk patient groups for screening will
be necessary in order to maximise benefits to screened
patients while optimising resource utilization. American Gastroenterological Association Guidelines suggest
screening for Barrett’s neoplasia only in persons with
multiple risk factors such as chronic reflux, hiatus hernia,
age ≥ 50, male sex, white race, elevated body mass index,
and intra-abdominal body fat distribution, and British
Society of Gastroenterology guidelines broadly concur
with these, recommending surveillance in persons with
at least of the above three risk factors, and also in those
with a first degree relative with Barrett’s oesophagus or
oesophageal adenocarcinoma[52,66]. The recommendation
to screen first degree relatives is based on research demonstrating that familial clustering of Barrett’s oesophagus
is not uncommon, with up to 28% first degree relatives
of patients with oesophageal junctional adenocarcinoma
or Barrett’s with high grade dysplasia also demonstrating a Barrett’s mucosa[67,68]. Recent gene wide association
studies have confirmed this genetic propensity with Barrett’s associated loci demonstrated in the MHC and on
Ch16q24[69]. With respect to risk stratification of patients
for consideration of endoscopy, there is some evidence
that the frequency of symptoms of gastroesophageal reflux influences the risk of oesophageal adenocarcinoma
(≥ once per week symptoms odds ratio 4.9 ≥ daily
symptoms odds ratio 7.4), however, as up to 40% of patients with oesophageal cancer have no history of reflux,
focusing solely on symptomatic patients will have limited
benefits with respect to mortality[70,71]. As the potential
morbidity of endoscopic surveillance not insignificant,
novel non-invasive techniques for screening for Barrett’
s have been developed. These include a capsule sponge
(Cytosponge) where the patients ingests a gelatin capsule
containing a mesh which is attached to a string, which is
then withdrawn through the oesophagus collecting cells
which are identified as Barrett’s using an immunohistochemical marker[72]. In a prospective cohort study of 504
patients who had undergone 3 mo or more acid suppression therapy in the previous five years compared to the
gold standard of endoscopic surveillance, the sensitivity
and sensitivity of the Cytosponge were 73% and 94%
for 1 cm or more circumferential length Barrett’s and
90% and 94% for clinically relevant segments of 2 cm
or more. However, given the low incidence of Barrett’s
in the population studied (3%), clearly improved patient
selection for screening is required.

DECREASING CANCER RELATED
MORTALITY WITH EARLY
INTERVENTION
By the time symptoms such as dysphagia become apparent for patients with junctional adenocarcinoma the disease is often well established and frequently not amenable
to surgery. Additionally, for those who are suitable for an
operative approach the morbidity associated with such
invasive surgery and peri-operative therapy is such that
many patients may be excluded from curative treatment
due to co-morbidity or performance status. However,
for the small number of patients who are diagnosed with
early stage cancers endoscopic resection may provide
comparable results to surgical resection with less morbidity[50,51]. For patients with intramucosal carcinoma or high
grade dysplasia with visible lesions endoscopic resection
in a high volume centre is recommended with subsequent
management dictated by the depth of tumour invasion
on pathology[52]. Radiofrequency ablation is recommended for patients with early cancer or high grade dysplasia
with no visible lesions/flat lining and for complete eradication of residual visible Barrett’s oesophagus following
endoscopic mucosal resection[51-55]. Based on randomised
trial data, endoscopic resection of the entire Barrett’s
mucosa does not appear to provide any increased benefit
over endoscopic resection of only visible lesions and radiofrequency ablation of the remainder of visible areas
of Barrett’s[56]. The case for endoscopic intervention is
less clear for patients with low grade dysplasia, although
there is clear evidence that ablative therapies can eradicate
low grade dysplasia, given the low incidence of progression of such lesions to overt malignancy the benefit of
this approach to patients is not definitively proved[52,57-60].
A randomised trial (SUrveillance vs RadioFrequency ablation - SURF) is currently addressing this issue[61].
Based on the non-operative interventions which are
successful in treating Barrett’s oesophagus it has been
suggested that population screening for this condition
could decrease oesophageal cancer related mortality. Although previously the rate of conversion was frequently
estimated at approximately 0.5% annually the true rate
is likely to be less than this[62,63]. Two recently published
large population based studies containing almost twenty
thousand patients between them estimate the risk to be
between 0.12%-0.38% per annum[64,65]. If rates of conversion of Barrett’s oesophagus to oesophageal adenocarcinoma are indeed this low, stratification of patients
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CHEMOPREVENTION
The effects of aspirin therapy on the risk of cancer occurrence have been demonstrated in the multiple observational studies; use of aspirin is associated with a
significantly decreased risk of cancer death in patients
both with and without pre-existing malignancies[73,74]. The
prostaglandin pathway is dysregulated in the development
of oesophageal cancer, as increased expression of cyclooxygenase 2 (COX-2) has been demonstrated in Barrett’
s oesophagus and inhibition of COX-2 activity leads
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to growth inhibition of oesophageal cancer cell lines
in vitro[75,76]. Inhibition of COX-1 (and modification of
COX-2 activity) using high dose (≥ 325 mg/d) aspirin
appears to decrease the risk of developing Barrett’s oesophagus in a case control study (OR = 0.36; P = 0.001),
and a meta-analysis of multiple cohort studies confirms
that aspirin (OR = 0.64, 95%CI: 0.52-0.79) or other
NSAID (HR = 0.65, 95%CI: 0.50-0.85) use is associated
with a lower risk of oesophageal adenocarcinoma[77,78].
The large UK ASPECT trial (NCT00357682) has recruited over 2500 patients with Barrett’s oesophagus
and randomised these to aspirin plus acid suppression
therapy vs acid suppression therapy alone; the results of
this study are eagerly awaited. A further large randomised
worldwide study (Add-Aspirin) will begin recruitment in
2014 to assess whether aspirin given following surgical
resection of oesophageal cancer will decrease the risk of
recurrent disease. Although the epidemiological evidence
for risk reduction due to aspirin is compelling, due to the
lack of randomised data available, the potential toxicity
associated with aspirin use, and potential biases of the
current data, neither the American Gastroenterological
Association nor the British Society of Gastroenterology
recommend routine use of aspirin as a chemopreventative measure for decreasing the risk of Barrett’s or oesophageal adenocarcinoma, although screening patients
for cardiovascular risk factors for which aspirin therapy
may be indicated is warranted[52,67].

diate resection in the absence of response and this widely
available biomarker is currently underutilised. Finally, it
is hoped developments in the field of chemoprevention
using the widely available and inexpensive medications
such as aspirin may decrease the risk of progression of
Barrett’s oesophagus to overt malignancy at low cost and
toxicity.
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in the palliation of dysphagia, but should not be given
concomitantly with chemotherapy or external beam RT.
The role of brachytherapy in multimodality management requires further investigation. On-going studies of
multidisciplinary treatment in locally advanced cancer
include: ZTOG1201 trial (a phase Ⅱ trial of neoadjuvant and adjuvant CRT) and QUINTETT (a phase Ⅲ
trial of neoadjuvant vs adjuvant therapy with quality of
life analysis). These trials hopefully will shed more light
on the future management of esophageal cancer.
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Core tip: Esophageal cancer treatment has evolved
from single modality to trimodality therapy. There are
some controversies of the role, target volumes and
dose of radiotherapy (RT) in the literature over decades. Esophageal brachytherapy is effective in the
palliation of dysphagia, but should not be given concomitantly with chemo or external beam RT. On-going
studies include: ZTOG1201 trial (a phase Ⅱ trial of neoadjuvant and adjuvant chemoradiation) and QUINTETT
(a phase Ⅲ trial of neoadjuvant vs adjuvant therapy).
These trials hopefully will shed more light on the future
management of esophageal cancer.

Abstract
Esophageal cancer treatment has evolved from single
modality to trimodality therapy. There are some controversies of the role, target volumes and dose of
radiotherapy (RT) in the literature over decades. The
present review focuses primarily on RT as part of the
treatment modalities, and highlight on the RT volume
and its dose in the management of esophageal cancer. The randomized adjuvant chemoradiation (CRT)
trial, intergroup trial (INT 0116) enrolled 559 patients
with resected adenocarcinoma of the stomach or
gastroesophageal junction. They were randomly assigned to surgery plus postoperative CRT or surgery
alone. Analyses show robust treatment benefit of adjuvant CRT in most subsets for postoperative CRT. The
Chemoradiotherapy for Oesophageal Cancer Followed
by Surgery Study (CROSS) used a lower RT dose of
41.4 Gray in 23 fractions with newer chemotherapeutic
agents carboplatin and paclitaxel to achieve an excellent result. Target volume of external beam radiation
therapy and its coverage have been in debate for years
among radiation oncologists. Pre-operative and postoperative target volumes are designed to optimize for
disease control. Esophageal brachytherapy is effective
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INTRODUCTION
Over the past 20 years there have been many significant
33

February 8, 2015|First Edition|

Tai P et al . Controversies of radiotherapy in esophageal cancer

C + S vs S: Perioperative chemo without RT
A landmark study confirmed that this treatment improves survival. The 503-patient United Kingdom National Cancer Research Institute Medical Research Council Adjuvant Gastric Infusional Chemo trial is the first
randomized trial to demonstrate a conclusive survival
benefit of perioperative chemo for patients with resectable adenocarcinoma of the stomach, GEJ, and lower
esophagus, compared with surgery alone[5]. Epirubicin,
cisplatin, and infused 5-fluorouracil (ECF) decreased
tumor size and stage and hence significantly improved
progression-free and overall survival. However, infusional
chemo is difficult to administer[6]. In this study, RT is not
required. Opinions arise regarding the relative efficacy of
CRT vs chemo alone in the multimodality management
setting. A multicenters randomized Trial of Preoperative
therapy for Gastric and Esophagogastric Junction Adenocarcinoma from National Cancer Institute of Canada,
European Organization for Research and Treatment of
Cancer (EORTC), and Trans-Tasman Radiation Oncology Group is underway to compare preoperative CRT
using 45 Gray (Gy) with preoperative chemo alone for
GEJ and gastric adenocarcinoma[7]. The chemo regimen
in both arms is ECF or EC Xeloda. The result of this
trial may offer further insight to the above dilemma that
clinicians often have.

changes in the management of esophageal cancer. This
disease has shown remarkable changes in histology of adenocarcinoma on the rise over squamous cell carcinoma,
and in epidemiology with concentration of tumors adjacent to the gastro-esophageal junction (GEJ). Esophageal
cancer has evolved from single modality treatment in the
past to trimodality treatment currently. Radiotherapy (RT)
has been part of the integral management of esophageal
cancer for decades. Greater understanding of the natural
history has influenced the approach to diagnosis and to
treatment options. Appreciation of the need for multidisciplinary approach in treatment planning has reflected
the important role of various treatment modalities. There
are different clinical practices of combined treatments
and controversies often arise. This is aggravated by the
difficulty to conduct large-scale randomized trials since
many patients are elderly with multiple co-morbidities. A
Medline search revealed a limited number of randomized
studies in the past decade. The present article reviews RT
in the multimodality management of esophageal cancer,
with emphasis on the controversy of RT target volume,
and radiation dose. A few examples of the controversies
are listed here in this section.
The challenges to treat elderly patients with esophageal cancers had been reported[1]. During recent years, the
curative potential of RT vs surgery for esophageal cancer
was investigated in randomized trials. A metaanalysis
showed that overall survival (OS) was equivalent between
surgery and definitive chemoradiotherapy (CRT) (HR
= 0.98 95%CI: 0.8-1.2, P = 0.84)[2]. There was a trend
to more cancer related deaths in the definitive RT+/chemotherapy (chemo) arms [HR = 1.19 (0.98-1.44), P =
0.07], predominantly due to a higher risk of loco-regional
progression [HR = 1.54 (1.2-1.98), P = 0.0007] but treatment related mortality was lower in the conservative arms
[HR = 0.16 (0-0.89), P = 0.001]. The similar outcome
in survival suggests that the safer approach of CRT is a
reasonable choice especially in comorbid patients with
esophageal squamous cell carcinoma.
For patients with less advanced esophageal cancer patients, the benefit of neoadjuvant therapy is still unclear.
However, due to the significant under staging of T2 N0
patients (50% in the Johns Hopkins series), the authors
recommend neoadjuvant therapy to all cT2N0 patients
before operation[3].

CRT + S vs S: Does neoadjuvant CRT improve survival?
The use of neoadjuvant CRT has become an increasingly
used treatment approach[8]. Tables 1 and 2 summarizes
the potential benefit of preoperative therapy[9]. A few
key randomized clinical trials of preoperative CRT with
surgery compared to surgery alone are discussed below.
Caution to compare across studies is advised. There is
great variation of RT dose schemes and the optimum
treatment schedule is not clear.
Nygaard et al [10] showed that 3-year survival was
significantly higher in the pooled groups receiving RT
as compared with the pooled groups not receiving RT.
Comparison of the groups having pre-operative chemotherapy with those not having chemo showed no significant difference in survival.
Walsh et al[11] employed two courses of 5-flurouracil
(5-FU), 15 mg/kg daily for five days, and cisplatin, 75
mg/m2 on day 7. This cycle was repeated in week 6. RT
of 40 Gy/15 fractions (f)/3 wk was administered.
Bosset et al[12] with the Fondation Française de Cancérologie Digestive and EORTC Gastrointestinal Tract
Cancer cooperative Group conducted the largest study
of its kind with 282 patients. They gave two courses of
cisplatin, at a dose of 80 mg/m2 on 0 to 2 d before each
course of RT. The target of RT was the macroscopic
tumor and enlarged lymph nodes, if any, surrounded
by 5-cm proximal and distal margins and a 2-cm radial
margin. After a median follow-up of 55.2 mo, no significant difference in OS was observed; the median survival
was 18.6 mo for both groups. Although median or OS

ROLE OF EXTERNAL BEAM RT
Surgery has been considered the standard of care for
stage Ⅰ resectable esophageal cancer with 5 year survival
of 60%-70%, stage Ⅱ 40%, stage Ⅲ 20%[4]. RT will be
discussed in the following sections including its role with
chemo before surgery (abbreviated as S here), after surgery with and without chemo, and whether RT is needed
in the trimodality management: (1) C + S vs S; (2) CRT +
S vs S; (3) S vs S + RT; (4) S vs S + CRT; (5) CRT + S vs S
+ CRT; and (6) CRT + S vs CRT.
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Table 1 Important randomized trials for preoperative chemoradiation n (%)
n

Ref.

Histology

Treatment

R0

pCR Op mortality

MS

3 YS

Sq

S
CB → S
R→S
CB + R → S

-

Locoregional

5 (3.4)
6 (4.0)
4 (2.7)
8 (5.4)

Approximately 0.6 yr
Approximately 0.7 yr
Approximately 0.9 yr
Approximately 0.7 yr

Approximately 9%
Approximately 2%
Approximately 20%
Approximately 18%

-

25%
0%

5 (10.4)
2 (3.7)

32%
6%
P = 0.01
36%
34%
See text
30%
16%

-

failure
Nygaard et al[10], 1992

Walsh et al[11], 1996

113

A

CF + R → S
S

37%
41%
40%
55% (Gp 4 vs
1, P = 0.08)
-

Bosset et al[12], 1997

282

Sq

C+R→S
S

-

26%
0%

17 (12.3)
5 (3.6)

16
11 mo
P = 0.01
18.6 mo
18.6 mo

Urba et al[13], 2001

100

75% A
25% Sq

CFV + R → S
S

90%
90%

28%
0%

1 (2.1)
2 (4)

16.9 mo
17.6 mo NS

Burmeister et al[14], 2005

256

CF + R → S
S

80%
59%

16%
0%

5 (4.8)
6 (5.5)

22.2 mo
19.3 mo

CF + R → S
S

-

33%
0%

0 (0)
1 (3.8)

Tepper et al[15], 2008

Cao et al[9], 2009

van Hagen et al[16], 2012

37% Sq
62% A
1% mixed/
other
56
25% Sq
75% A

366

Sq

CFM → S
R→S
CFM + R → S
S

87%
98%
98%
73%

1.7%
15%
22%
0%

0%
0%
0%
0%

366
T1-3
N0-1
M0

23% Sq
75% A
2% other

JT + R → S
S

92%
69%

29%
0%

6 (4)
8 (4)

35%
30%
See text

4.5 yr
39%
1.8 yr
16%
P = 0.002
5 YS
Approximately 42 mo Approximately 69%
Approximately 42 mo
69%
Approximately 60 mo
74%
Approximately 42 mo
53%
P = 0.013
49.4 mo
58%
24 mo
44%
P = 0.03

19%
42%
P = 0.02
15%
19%

13%
15%
-

-

-: Not reported; A: Adenocarcinoma; B: Bleomycin; C: Cisplatin; F: 5-flurouracil; Gp: Group; J: Carboplatin; M: Mitomycin; MS: Median survival; NS: Nonsignificant; Op: Operative mortality using number of patients actually operated as denominator; pCR: Pathological complete response; R: RT; R0: No residual tumor; S: Surgery; Sq: Squamous cell carcinoma; T: Paclitaxel; V: Vinblastine; YS: Year survival.

Table 2 Pros and cons of pre-operative therapy for esophageal cancer
Pre-op therapy

Pros

Cons

Intact vascular supply allowing for potential improved oxygenation for radiotherapy
Smaller radiotherapy volume
Potential tumor downstaging
Sterilization of tumor bed in preparation for surgery
Improve resectability
Treatment decision based on clinical stage, may over-treat patients
Narrow window for surgical resection post CRT, may increase surgical complications with pre-op CRT
Dysphagia and issue of nutrition support due to tumor and treatment

CRT: Chemoradiation therapy.

17-21, 5-FU 300 mg/m2 per day on days 1-21, and vinblastine 1 mg/m2 per day on days 1-4 and 17-20. The
tumor volume was treated with 5-cm cephalo-caudad
margins and 2-cm radial margins by 1.5 Gy twice daily
to 45 Gy. One patient had a microscopic positive margin
in the surgical specimen and received postoperative RT.
This study did not give postoperative RT for patients
with positive nodes, but would use it for positive margins
of resection.
Burmeister et al[14] used 80 mg/m2 cisplatin intravenously on day 1 followed by 800 mg/m2 per day 5-FU
given intravenously on days 1-4. RT 35 Gy/15 f per
3 wk to the midplane, was started concurrently with

were not significantly different, there was a significant
difference in the proportion of deaths that were due to
esophageal cancer in the 2 groups (87 of 101 patients
who had surgery alone vs 69 of 102 patients who received
combined treatment CRT and surgery, P = 0.002). As
compared with the group treated with surgery alone, the
group treated preoperatively had longer disease-free survival (P = 0.003), a longer interval free of local disease (P
= 0.01), and a higher frequency of curative resection (P
= 0.017). However, there were more postoperative deaths
(P = 0.012) in the group treated preoperatively with CRT.
In the study of Urba et al[13], the preoperative CRT
arm had cisplatin 20 mg/m2 per day on days 1-5 and
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chemo. The results were not statistically significant.
Neither progression-free survival nor OS differed between groups [HR = 0.82 95%CI: 0.61-1.10 and 0.89
(0.67-1.19), respectively]. The CRT + S group had more
complete resections with clear margins than did the surgery-alone group [103 of 128 (80%) vs 76 of 128 (59%),
P = 0.0002], and had fewer positive lymph nodes [44
of 103 (43%) vs 69 of 103 (67%), P = 0.003]. Subgroup
analysis showed that patients with squamous-cell tumours had better progression-free survival with chemoradiotherapy than did those with non-squamous tumours
[HR = 0.47 (0.25-0.86) vs 1.02 (0.72-1.44)]. However, the
trial was underpowered to determine the real magnitude
of benefit in this subgroup.
CALGB 9781 shows the benefit of CRT before surgery despite the closure due to poor accrual[15]. Cisplatin
100 mg/m2 and 5-FU 1000 mg/m2 per day for 4 d on
weeks 1 and 5 concurrent with RT (50.4 Gy/28 f per 5.6
wk) was followed by esophagectomy with node dissection in the trimodality arm. The median survival was 4.48
years vs 1.79 years in favor of trimodality therapy over
surgery alone (exact stratified log-rank, P = 0.002).
Results from a recent multicenter phase Ⅲ randomized trial, Chemoradiotherapy for Oesophageal Cancer
Followed by Surgery Study (CROSS study) showed that
neoadjuvant CRT improved OS compared to surgery
alone in patient with resectable (T2-3N0-1M0) esophageal or GEJ cancers[16]. Median survival was 49 mo in the
neoadjuvant CRT arm and this seems to be the best median survival results achieved in the literature so far (Table
1). The CROSS study used a lower RT dose with newer
chemo agents. The CRT consisted of weekly administration of carboplatin (doses titrated to achieve an area
under the curve of 2 mg/mL per minute) and paclitaxel
(50 mg/m2) for 5 wk and concurrent RT (41.4 Gy/23 f
per 4.6 wk), followed by surgery. The RT volume is also
modest: the planning target volume (PTV) employed a
proximal and distal margin of 4 cm around the gross tumor volume (GTV), and in case of tumor extension into
the stomach, a distal margin of 3 cm was used. A 1.5 cm
radial margin around the GTV was provided to include
the area of subclinical involvement around the GTV and
to allow for tumor motion and set-up variations.
Some patients may refuse to have surgery after a clinical complete response (clinCR) to preoperative CRT.
From the prospective database of MD Anderson Cancer Center, 61 of the 622 trimodality-eligible patients
declined surgery after a clinCR, defined as both endoscopic biopsy showing no cancer and physiologic uptake
by positron emission tomography (PET)[17]. Forty-two
out of the 61 patients were alive at a median follow-up
of 50.9 mo (95%CI: 39.5-62.3). The 5-year overall and
relapse-free survival rates were 58.1% ± 8.4% and 35.3%
± 7.6%, respectively. Of 13 patients with local recurrence
during surveillance, 12 had successful salvage resection.
The authors concluded that although the outcome of 61
patients with clinCR who declined surgery appears reasonable, in the absence of a validated prediction/progno-
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sis model, surgery must be encouraged for all trimodalityeligible patients.
In 2011, Kranzfelder et al[18] published a meta-analysis
which sought to clarify the benefits of neoadjuvant
treatment: there were nine randomized controlled trials
involving neoadjuvant CRT vs surgery, eight involving
neoadjuvant chemo vs surgery. The HR for OS was 0.81
(95%CI: 0.70-0.95, P = 0.008) after neoadjuvant CRT
and 0.93 (0.81-1.08, P = 0.368) after neoadjuvant chemo.
Morbidity (HR = 1.03, P = 0.638) and mortality (HR =
1.04, P = 0.810) rates after neoadjuvant chemo and surgery did not differ from those after surgery alone. However, the 30-d mortality was non-significantly higher with
combined treatment.
S vs S + RT: Postoperative adjuvant RT without chemo
Post-esophagectomy adjuvant RT can reduce local recurrence rate[19,20]. Several randomized trials were performed
comparing surgery plus postoperative RT (PORT) with
surgery alone to clarify the impact of PORT[21,22]. The
majority of the evidence has revealed that PORT may
improve local disease recurrence but does not confer any
survival benefit over surgery alone[23,24]. These trials had
limitations: (1) patients were not stratified by stage hence
unlikely to detect an improvement in survival in those
with high risk features (positive lymph nodes, deeply invading tumors); (2) they often include patients with positive celiac nodes; (3) they include mostly squamous cell
carcinomas; and (4) no chemo were given. Adjuvant RT
can theoretically treat microscopic disease left behind after surgery to increase local control, but cannot eradicate
systemic spread of tumor cells.
Schreiber et al[25] performed a retrospective review
using the American Surveillance Epidemiology and End
Results (SEER) database to analyze whether there was
survival benefit to adjuvant RT in stage T3-4N0M0 or
T1-4N1M0 esophageal cancer who were definitively
treated with esophagectomy. A total of 1046 patients met
the selection criteria; 683 (65%) received surgery alone
and 363 (34.7%) received PORT. For stage Ⅲ esophageal
carcinoma (T3N1M0 or T4N0-1M0), 346 patients underwent surgery alone and 231 patients received PORT.
Use of PORT resulted in an improvement in median
OS from 15 to 19 mo and an improvement in 3-year
OS from 18.2% to 28.9% (P < 0.001), respectively. This
benefit was present for both squamous cell and adenocarcinoma. One limitation of the SEER data is the lack
of information on use of chemo, so the benefit could be
effect of CRT.
S vs S + CRT: Postoperative adjuvant CRT
Some studies[26,27] addressed the impact of PORT with
chemo on node-positive esophageal carcinoma, and
found a survival benefit. The randomized adjuvant CRT
trial, Intergroup trial (INT 0116) enrolled 559 patients
with resected adenocarcinoma of the stomach or GEJ.
They were randomly assigned to surgery plus postoperative CRT or surgery alone[28]. The adjuvant arm used 425
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Table 3 Pros and cons of post-operative therapy for esophageal cancer
Post-op therapy

Pros

Cons

Treatment decision based on true pathologic stage, avoid CRT in patient who may not require it
Accurate assessment of disease extent to allow delineation of disease involvement
Immediate relief of dysphagia due to tumor
Difficulty to delineate RT target volume
Large RT therapy volume and difficulty in RT planning
Potential decrease in oxygenation to tumor bed due to postoperative tissue alteration in vascular supply
Inability to assess RT or chemo tumor response
May preclude the use of postoperative CRT for those patients with reduced functional status postoperatively

CRT: Chemoradiation therapy; RT: Radiotherapy.

mg/m2 of 5-FU, plus 20 mg/m2 of leucovorin per day,
for 5 d, followed by 45 Gy/25 f per 5 wk of daily RT,
with modified doses of 5-FU and leucovorin on the first
4 and the last 3 d of RT. A month after the completion
of RT, two 5-d cycles of 5-FU (425 mg/m2 per day) plus
leucovorin (20 mg/m2 per day) were given 1 mo apart.
Hence a total of 4 mo cycles of adjuvant chemo was
given. Twenty percent of the patients had GEJ adenocarcinoma. Subset analyses show robust adjuvant treatment
benefit in most subsets.

patients treated with same chemo but 65 Gy RT and no
surgery. The median survival was 16 and 15 mo with and
without surgery, respectively. The 2-year survival rate was
40 and 35 mo with and without surgery, respectively. HR
was 0.83 (0.54, 1.23) and was non-significant.
The other trial was performed by Bedenne et al[34].
Their trial randomized 129 patients with advanced squamous cell carcinoma of esophagus for neoadjuvant CRT
of cisplatin, 5-FU, 46 Gy RT followed by esophagectomy, comparing with 130 patients treated with the same
chemo but 66 Gy without surgery. The median survival
was 18 and 19 mo with and without surgery, respectively.
The 2-years survival was 34 and 40 mo with and without
surgery, respectively. The HR was 0.88 (0.59, 1.31) and
was non-significant.
In a Phase Ⅱ trial in Radiation Therapy Oncology
Group (RTOG 0246)[35], definitive CRT employed induction 5-FU (650 mg/m2 per day), cisplatin (15 mg/m2 per
day), and paclitaxel (200 mg/m2 per day) for two cycles,
followed by concurrent CRT with 50.4 Gy/28 f and daily
5-FU (300 mg/m2 per day) with cisplatin (15 mg/m2 per
day) over the first 5 d. Salvage surgical resection was considered for patients with residual or recurrent esophageal
cancer who did not have systemic disease. The study was
designed to detect an improvement in 1-year survival
from 60% to 77.5% (α = 0.05; power = 80%). Only 71%
1-year survival was achieved among the 43 patients enrolled from September 2003 to March 2006.
These trials had low to moderate sample size, short
follow up, and the RT dose in the nonsurgical arm was
above 60 Gy. This was concluded, in the meta-analysis of
Kranzfelder et al[18] that no trials demonstrated a significant survival benefit of definitive CRT compared with
neoadjuvant treatment followed by surgery, however the
likelihood of R0 (no residual tumor) resection was significantly higher after neoadjuvant CRT (HR = 1.15, P =
0.043).
In the specific scenario of T4 esophageal cancers, defined as a tumor that invades neighboring structures (e.g.,
aorta, trachea, bronchus, and lung), are usually considered
inoperable despite recent advances in surgical techniques.
CRT + S is superior to CRT with respect to local control
and short-term survival although CRT-S is associated
with relatively higher perioperative mortality and morbidity[36]. On the other hand, it is sometimes difficult to
achieve local control with CRT and the treatment often

CRT + S vs S + CRT: Preoperative vs postoperative
therapy
Tables 2 and 3 compare the advantages of preoperative vs
postoperative therapy[29,30]. There are no well performed
randomized trials to compare the outcome of pre- against
post-operative therapy with modern treatment staging
and treatment techniques. Neoadjuvant treatments can
be started immediately targeting any micro-metastatic
deposits without allowing time for further cancer growth.
The exact disease staging often cannot be firmly assessed
at the preoperative circumstances.
Further research of the multidisciplinary management for patients with locally advanced esophageal
cancer is warranted. The approach is currently being
explored in two countries: China and Canada. In China
the study has been carried out by investigators of the
ZTOG1201 trial, a multicenter phase Ⅱ trial of neoadjuvant and adjuvant CRT in locally advanced esophageal
cancer (NCT01463501) [31]. In Canada, this is undertaken by investigators of the QUINTETT phase Ⅲ trial
(NCT00907543) of neoadjuvant vs adjuvant therapy in
locally advanced esophageal cancer trial including quality
of life[32]. Results of these trials can potentially provide
further insight on the impact of trimodality therapy on
the management of locally advanced esophageal cancers.
CRT + S vs CRT: Does surgery add to CRT?
The omission of surgery would leave residual disease behind and therefore surgery theoretically should contribute
to treatment success. There were clinical trials comparing neoadjuvant CRT followed by esophagectomy to
definitive CRT. Stahl et al[33] randomized 86 patients with
advanced squamous cell carcinoma of the esophagus for
neoadjuvant CRT of cisplatin, leucovorin, etoposide and
40 Gy RT followed by esophagectomy, compared to 86
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results in fistula formation, though a complete response
to CRT is often associated with better prognosis. Admittedly, the difference in the survival rate between the
two modalities is marginal at long-term follow-up due
to operative morbidity and inadequate control of distant
metastasis in CRT-S. Randomized controlled trials involving large population samples are needed to define the
standard treatment for T4 esophageal cancer.

lowing section will discuss the preoperative and postoperative RT target volumes.
Preoperative and definitive RT
Tai et al[41] noted a great variability in target volume delineation. In the absence of a general consensus guideline,
this could be due to practice variations among oncologists in individual cases. Esophageal cancer can extend
submucosally in the longitudinal direction for a considerable distance. Miller et al[42] reported that in 15% of cases,
microscopic longitudinal spread at greater than 6 cm
from the primary lesion can occur. However, this cannot
become the clinical tumor volume (CTV) since with expansion, the PTV would be very long cranio-caudally.
Recently lean management has been used in health
care. A study from Loyola University Medical Center
indicates the feasibility of applying the “plan-do-checkact” (PDCA) cycle to assess competence in the delineation of individual organs, and to identify areas for improvement[43]. With testing, guidance, and re-evaluation,
contouring consistency can be obtained. The PDCA
approach will ensure more accurate treatments and continual quality improvement.
In RTOG 9405, the initial target volume (50.4 Gy)
encompassed 5 cm margin for the superior and inferior
borders[44]. The lateral, anterior, and posterior borders of
the field were 2 cm or more beyond the borders of the
primary tumor. The tumor size was defined by endoscopic ultrasound (EUS), barium swallow, or computed tomography (CT) scan (whichever was larger). The primary
and regional lymph nodes were included. For tumors of
the cervical esophagus, the supraclavicular lymph nodes
were included. A separate photon or electron boost to
the supraclavicular lymph nodes was allowed to bring the
total dose to 50.4 Gy. Patients randomized to the highdose arm received a cone down of 14.4 Gy to attain a
total dose of 64.8 Gy. The intent of the cone down was
to treat the primary tumor only, not the regional primary
lymph nodes. The superior and inferior borders of the
field were decreased to 2 cm beyond the tumor. The lateral, anterior and posterior borders were the same as the
initial target volume.
Image-guided RT is used in many North American
Centers nowadays. The experience in MD Anderson
Cancer Center showed large (> 1 cm) inter-fractional displacements in the GEJ in the superior-inferior (especially
inferior) direction was not accounted for when skeletal
alignment alone was used for patient positioning[45]. Because systematic displacement in the superior-inferior
direction had dosimetric impact and correlated with
tidal volume, better accounting for depth of breathing is
needed to reduce inter-fractional variability. Patients are
also advised to be nil by mouth 3 h before planning CT
or daily RT so that the stomach is empty.
To summarize (Figure 1A): (1) GTV includes visible
tumor on CT, barium swallow, EUS, and PET scans; (2)
CTV: GTV + 1 cm radially and 3-4 cm longitudinally.
One may edit for anatomic barriers: vertebral bodies, ves-

ROLE OF BRACHYTHERAPY
Esophageal brachytherapy alone is no longer used for
curative situation because it can only effectively treat cancer within 1 cm radius, and unable to reach the adjacent
lymphatic drainage at risk. If external beam RT is not
possible, high dose rate (HDR) brachytherapy 6 Gy for 3
f or 8 Gy for 2 f at 1 cm from the center of the source
axis can palliate dysphagia[37]. It should not be given concomitantly with chemo or external beam RT. The toxicity
was reported by RTOG 92-07 study[38]. This phase Ⅰ/Ⅱ
study planned to give 50 Gy/25 f per 5 wk of external
beam RT followed 2 wk later by brachytherapy (either
HDR 5 Gy during weeks 8, 9, and 10, for a total of
15 Gy, or low-dose-rate 20 Gy during week 8). Chemo
was given during weeks 1, 5, 8, and 11, with cisplatin 75
mg/m2 and 5-FU 1000 mg/m2 per 24 h in a 96-h infusion. The final analysis showed severe toxicity, including
treatment-related fistulas, occurred in 6/49 (12% patients,
14% among those starting brachytherapy) within 7 mo of
brachytherapy.
HDR brachytherapy before external beam RT and
chemo as a boost in the treatment of patients with esophageal cancer was reported to be safe in a single institution study[39]. Further investigation on the role of HDR
brachytherapy boost treatment in multimodality management is needed. Other ways of brachytherapy for esophageal cancer palliation was studied, in the form of self expandable stent loaded with radioactive seeds of low dose
rate brachytherapy. In a single institution small pilot study,
53 patients were randomized to an Ⅰ-125 loaded stent
or a conventional stent[40]. Systemic therapy was allowed
for both the treatment and control group. The benefit
for relief of dysphagia was significant after 2 mo (P <
0.05). The stent restenosis occurred later in the RT stent
group than in the control group (4.75 mo vs 2.00 mo) (P
< 0.05). In RT stent group, median OS was 7 mo (95%CI:
5.0-10.0) and mean OS was 8.3 mo (95%CI: 6.36-10.21).
In control group, median OS was 4 mo (95%CI: 2.0-4.0)
and mean OS was 3.5 mo (95%CI: 2.720-4.16) (P < 0.001,
log-rank test).

TARGET VOLUME OF EXTERNAL BEAM
RT
The ERT treatment volume for esophageal cancer is
controversial. For example, distal esophageal adenocarcinomas at the GEJ may be treated with esophageal cancer
RT portal instead of stomach cancer RT portal. The fol-
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A

B

Figure 1 Radiation field for a lower esophageal cancer. A: Pre-operative with minimal involvement of gastro-intestinal junction: celiac nodes are not covered. Intensity modulated radiotherapy is used. Blue: Gross tumor volume; Green: Clinical target volume; Red: Planning target volume; B: Post- operative with involvement of
gastro-esophageal junction. Intensity-modulated radiotherapy treatment. Blue: Anastomosis; Green: Clinical target volume; Orange: Clinical target volume concomitant
boost, planning target volume not shown.

sels and heart. Supraclavicular nodes are covered for cervical esophagus only. Coeliac nodes are covered for lower
esophageal lesions; (3) PTV: CTV + 1 cm; and (4) Field
borders: generally 2 cm radial, 4-5 cm longitudinal margins. For cervical esophageal tumors, the superior field
border is just below larynx. If celiac nodes to be covered,
the field goes down to the bottom of T12 or L1.

will be 5 cm beyond the previous GTV location. Lateral,
anterior, and posterior borders will be 2 cm beyond the
lateral borders of the tumor bed and regional lymph
nodes, except if tumor bed is close to vertebral body,
CTV will be on the bony surface. For the GEJ primaries,
the celiac nodes (around T12-L1) may need to be included. 36-38 Gy in 28 fractions is delivered including the
anastomosis. The tumor bed only should be boosted (simultaneous boost) to 50.4 Gy/28 f per 5.5 wk, together
with the anastomosis if the margin is close or positive;
and (3) Field borders-superiorly at about T1 to cover the
anastomosis, inferiorly to L2-3 if celiac node needs to be
covered.

Postoperative target volume
In postoperative adjuvant RT, a retrospective study of 72
high-risk patients (T3, T4, nodes positive, with or without margin involvement) treated at the London Regional
Cancer Centre from 1989 to 1999 addressed the controversy whether the anastomotic site needs to be included)[46,47]. Positive/close margins were found in 34 (49%)
patients. Median follow-up was 30.5 mo (range 3.4-116.3
mo). Anastomosis recurrence rates were 29% with small
volume and 0% with extended volume RT (P = 0.041).
Local and regional relapse occurred in 74.2% of patients
treated with small volume RT compared to 15.4% in patients treated with extended volume RT (P < 0.001). After adjusting for resection margin status, the local control
benefit of extended volume RT remained significant (P =
0.003).
To define the target volume, use of PET or PET/CT,
alone or in combination with other methods, may be
better to evaluate how far a tumour has spread (staging),
whether it has responded to treatment (restaging), or
detection of recurrences[48]. However, a German review
of 48 studies found no strong evidence that PET, alone
or in combination with CT, increases survival, improves
quality of life, or results in fewer operations or diagnostic
interventions[49].
To summarize (Figure 1B): (1) CTV: The tumor
bed and the lymphatic drainage at risk (peri-esophageal
lymph nodes and regional lymph nodes). For GEJ, the
celiac nodes (around T12-L1) may need to be included;
(2) PTV: CTV + 1 cm radial and longitudinal margin.
The superior margin of the PTV will include the surgical
anastomotic site (labeled with radio-opaque clips) proximally with 2 cm margin. The inferior margin of the field

WCGO|www.wjgnet.com

EXTERNAL BEAM RT DOSE
FRACTIONATION
Herskovic et al[50] (RTOG 85-01) randomized 121 patients
to either 50 Gy with concurrent (75 mg/m2) and 5-FU
(1 g/m2 per 24 h × 4 d) starting with RT for 4 cycles vs
64 Gy alone (Table 4). At 5 years, 27% of the combined
modality patients were alive vs none of those in the RT
alone group. For the combined modality, 27% patients
had persistent disease and an additional 16% developed
local recurrence, compared to 40% and 24% respectively
in the RT alone group (P < 0.01). The patients who received combined treatment also had fewer distant recurrences (22% vs 38%, P < 0.005). A higher RT dose, 64
Gy, cannot make up for the combined benefit of CRT.
However, severe and life-threatening side effects occurred
in 44 percent and 20%, respectively, of the patients who
received combined therapy, as compared with 25 percent
and 3 percent of those treated with RT alone.
Researchers then started to investigate if high RT
dose combined with chemo can further increase survival.
In the Intergroup 0123 (RTOG 94-05) trial[44] the 218
eligible patients were randomized to 64.8 Gy vs 50.4 Gy
combined with 4 mo cycles of cisplatin and 5-FU. There
was no significant difference in median survival (13.0 mo
vs 18.1 mo), 2-year survival (31% vs 40%), or locoregional
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Table 4 Randomized trials for definitive chemoradiation therapy
n

Histology

Treatment

Herskovic et al[50], 1992

121

88% Sq
12% A

CF + R 50 Gy
R 64 Gy

Minsky et al[44], 2002

218

86% Sq
14% A

CF + R 50.4 Gy
CF + R 64.8 Gy

Ref.

MS
12.5 m
8.9 m
18 m
13 m

2 yr OS
38%
10%
P < 0.001
40%
31% (NS)

Locoregional failure
43%
64%
local recurrence + persistent primary
52%
56%

A: Adenocarcinoma; C: Cisplatin; F: 5-flurouracil; MS: Median survival; NS: Non-significant; R: RT; Sq: Squamous cell carcinoma.

tions for esophageal RT. To reduce complications, RT
treatment modalities used in clinical research studies include 3-dimensional conformal RT (3D-CRT), intensitymodulated RT (IMRT) and proton beam therapy (PBT)[53].
When comparing the three RT modalities in 444 esophageal cancers at different locations, there was a significant
increase in postoperative pulmonary complications for
3D-CRT compared to IMRT and for 3D-CRT vs PBT
but not for IMRT compared to PBT after adjusting for
pre-RT diffusion capacity of the lung for carbon monoxide (DLCO). When mean heart dose and mean lung
dose (MLD) were added to multivariate analysis after
adjusting for pre-RT DLCO and RT modality, the effect
of RT modality was no longer significant, whereas MLD
became the only significant factor for perioperative pulmonary complications.
Another study showed that IMRT compared to 3DCRT resulted in significantly higher OS, loco-regional
control, and non-cancer related mortality rates among
676 esophageal cancer patients[54].
PBT in treatment of esophageal cancer had few severe toxicities, with encouraging pathologic response and
clinical outcomes[55]. It is difficult to justify PBT in esophageal cancers at the present time when there are other
competing technologies available such as IMRT and until
PBT facilities are more readily available as there are few
centers currently in the world.
Another way to reduce complications is volumetric
arc modulation. A study reported the comparison of
RapidArc (RA) against 3DCRT and IMRT techniques
for esophageal cancer[56]. CT scans of 10 patients were
included in the study. Single-arc and double-arc RA plans
were prepared to deliver 54 Gy to the PTV in 30 f. Target
conformity improved with double-arc RA plans compared with IMRT. But RA plans resulted in a reduced
low-level dose bath (15-20 Gy) in the range of 14%-16%
compared with IMRT plans. The average monitor units
needed to deliver the prescribed dose by RA technique
was reduced by 20%-25% compared with IMRT technique. Therefore, volumetric arc modulation is also favored for shorter treatment time on the machine couch.
Similarly, tomotherapy significantly reduced dose to
normal tissues[57]. Mean lung dose was respectively 7.4
and 11.8 Gy (P = 0.004) for tomotherapy and 3D plans.
Corresponding values were 12.4 and 18.3 Gy (P = 0.006)
for cardiac ventricles. Maximum spinal cord dose was respectively 31.3 and 37.4 Gy (P < 0.007) for tomotherapy
and 3D plans.

Table 5 Complications of radiotherapy to esophagus and
their management
Acute complications
Skin erythema: 0.5% hydrocortisone, flamazine cream
Hair loss: no treatment
Mucositis, odynophagia, loss of appetite, fatigue, generalized
weakness, dysphagia, dehydration, malnutrition, intestinal
obstruction: intravenous hydration, xylocaine viscus, feeding tube
Pneumonitis: prednisone, oxygen
Spinal cord L'hermitte sign: no treatment
Larynx hoarseness: prednisone
Fistula/erosion of great vessels, esophageal perforation: consult
thoracic surgeons
Chronic complications
Fibrosis/hyperpigmentation of skin: no treatment
Lung fibrosis: oxygen
Esophageal stricture: begins at 3-4 mo. Incidence: 50 Gy 0.8%, 60 Gy
0.6%; 60 Gy + chemo 12%. Treat by dilatation and/or stent
Peptic ulcer: proton pump inhibitor
Chronic enteritis: anti-diarrhoeal, aminosalicylates, pentoxifylline
and tocopherol, cholestyramine, antibiotics, corticosteroids,
hyperbaric oxygen
Spinal cord myelopathy: hyperbaric oxygen, anticoagulation

failure and locoregional persistence of disease (56% vs
52%) between the high-dose and standard-dose arms. Although 11 treatment-related deaths occurred in the highdose arm compared with 2 in the standard-dose arm, 7
of the 11 deaths occurred in patients who had received
50.4 Gy or less. When comparing the high-dose arm with
the low-dose arm, there was a significant prolongation of
treatment time due to toxicity interruptions, and less 5-FU
delivered doses.
To summarize the studies for esophageal cancer,
when concurrent CRT is used without surgery, 54 Gy is
recommended, although there are no firm data to support this[51]. In postoperative setting, a large elective volume (PTV1) should include the anastomosis even if the
resection margins are adequate, 36-38 Gy in 28 fractions.
The tumor bed should be boosted (simultaneous in field
with the above mentioned PTV) to 50.4 Gy/28 f, as well
as the anastomosis if the margin is close or positive[46,47].
The simultaneous integrated boost used by Yaremko et
al[52] showed excellent result. Boost of tumor bed increases RT dose locally while a lower dose can be given to a
longer clinical target volume.

COMPLICATIONS
Table 5 summarizes the acute and chronic complica-
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to modify therapy. In the CALGB 80803, PET scan nonresponders will cross over to the other chemo regimen[68].

FUTURE RESEARCH
Chemo
An important limitation of RT is its difficulty to encompass longitudinal local extension, lymphatic and nodal
drainage due to normal tissue tolerance. Future research
should focus on better chemo or targeted therapy to
complement RT treatment. Unfortunately, epidermal
growth factor receptors-targeted agents fail to improve
outcomes: Panitumumab in REAL-3 trial[58] or cetuximab
in SCOPE1 trial[59]. Concomitant cetuximab, cisplatin,
irinotecan, and RT were poorly tolerated in the first
North American cooperative group trial (S0414) testing
this regimen for locally advanced esophageal cancer as
treatment-related mortality approached 10%[60].
An on-going study RTOG 1010 examines the role of
trastuzumab (Herceptin)[59]. Arm 1 uses RT (50.4 Gy),
paclitaxel, carboplatin, and trastuzumab, followed by surgery 5-8 wk after completion of RT, then maintenance
trastuzumab, every 3 wk for 13 treatments. Arm 2 does
not have any trastuzumab nor any maintenance drug.
Single agent docetaxel was well tolerated in a phase Ⅱ
study in China[61]. There is an on-going multicenter study
on combination docetaxel, cisplatin and 5-FU in Japan[62].
A trimodal approach, consisting of a single cycle of
induction chemo, CRT containing capecitabine and cisplatin, and surgery, was feasible and effective in patients
with resectable esophageal squamous cell carcinoma[63].
In another study, neoadjuvant concurrent CRT with
capecitabine and oxaliplatin was found to be well tolerated and effective in patients with locally advanced esophageal cancers[64].
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Endoscopic assessment and management of early
esophageal adenocarcinoma
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such as radiofrequency ablation, photodynamic therapy
and cryoablation. Endoscopic therapy should be precluded to patients with no evidence of lymphovascular
invasion. Local tumor recurrence is low after endoscopic therapy and is predicted by poor differentiation of
tumor, positive lymph node and submucosal invasion.
Surgical resection should be offered to patients with
deep submucosal invasion.
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Abstract
Esophageal carcinoma affects more than 450000
people worldwide and the incidence is rapidly increasing. In the United States and Europe, esophageal adenocarcinoma has superseded esophageal squamous
cell carcinoma in its incidence. Esophageal cancer has
a high mortality rates secondary to the late presentation of most patients at advanced stages. Endoscopic
screening is recommended for patients with multiple
risk factors for cancer in Barrett’s esophagus. These
risk factors include chronic gastroesophageal reflux
disease, hiatal hernia, advanced age, male sex, white
race, cigarette smoking, and obesity. The annual risk of
esophageal cancer is approximately 0.25% for patients
without dysplasia and 6% for patients with high-grade
dysplasia. Twenty percent of all esophageal adenocarcinoma in the United States is early stage with disease
confined to the mucosa or submucosa. The significant
morbidity and mortality of esophagectomy make endoscopic treatment an attractive option. The American
Gastroenterological Association recommends endoscopic eradication therapy for patients with high-grade
dysplasia. Endoscopic modalities for treatment of early
esophageal adenocarcinoma include endoscopic resection techniques and endoscopic ablative techniques
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Core tip: This review provides an up-to-date summary
of the recent published studies on the use of endoscopic diagnosis and endoluminal management in patients
with early esophageal adenocarcinoma, including endoscopic mucosal resection and local ablative techniques.
Moreover, the review highlights the significance of this
disease and the rising incidence of adenocarcinoma in
the United States and western world.
Original sources: Hammoud GM, Hammad H, Ibdah JA. Endoscopic assessment and management of early esophageal adenocarcinoma. World J Gastrointest Oncol 2014; 6(8): 275-288
Available from: URL: http://www.wjgnet.com/1948-5204/full/v6/
i8/275.htm DOI: http://dx.doi.org/10.4251/wjgo.v6.i8.275

INTRODUCTION
The incidence of esophageal cancer has been increasing steadily in the United States and the western world,
with a remarkable 7-fold increase in incidence in the last
30 years[1]. In fact, it has been the most rapidly increas-
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ing cancer in white male population[2]. Unfortunately, the
overall 5-year survival for early esophageal adenocarcinoma (EAC) has not improved and remains lower than
15%[3].
According to the National Cancer Institute (NCI), it
is estimated that 17990 new cases of esophageal cancer
will be diagnosed in the United States in 2013, of which
approximately 60% will be adenocarcinomas[4].
The other type of esophageal cancer, esophageal
squamous cell cancer continues to be the predominant
type of esophageal cancer worldwide, but its incidence
has been decreasing in the western countries[5]. Although
genetic factors play a role in the pathogenesis of esophageal adenocarcinoma[6]. The recent dramatic increase in
the incidence of esophageal adenocarcinoma is likely related to increased prevalence of gastroesophageal reflux
disease (GERD)[7], increased obesity[8,9] and Helicobacter
pylori eradication[10,11].
Reflux injury to the lower esophagus resulting in Barrett’s esophagus (BE) seems to be the main precursor for
EAC. This usually begins with inflammation (esophagitis), which could result after a period of time into intestinal metaplasia (BE) with increased risk to progress
to dysplasia and eventually EAC[12]. In addition to acid
reflux, bile acid reflux may also play an important role
in the progression from Barrett esophagus to esophageal adenocarcinoma. Bile acids are synthesized from
cholesterol and down-regulate caveolin-1 in esophageal
epithelial cells through sterol responsive element-binding
protein[13]. Caveolin-1 protects squamous epithelial cells.
Moreover, bile acids increase reactive oxygen species
production and cell proliferation via activation of PIPLCgamma2, ERK2 MAP kinase, and NADPH oxidase
NOX5-S, thereby contributing to the development of
esophageal adenocarcinoma[14].
BE is two to three times more common in men than
in women, and is more common in Caucasians. It is less
common in African American and is extremely uncommon in Asians[15]. The risk of progression to adenocarcinoma in nondysplastic BE appears to be small. A recent
population based study from the Denmark that followed
11028 patients with BE for a median of 5 years reported
an annual risk of EAC of 0.12%[16].
The risk of progression to cancer increases in the
presence of dysplasia and is up to 6% in patients with
high grade dysplasia (HGD)[17].
Risk factors for progression of BE into cancer include low grade dysplasia (LGD), abnormal DNA ploidy
and certain lectin binding patterns. Other biomarkers for
progression include aberrant DNA methylation changes,
expression of microRNAs, as well as overexpression or
loss of expression of p53[18].
Endoscopic therapy with curative intent can only be
undertaken when the risk of lymph node metastasis is
negligible. It is estimated that the rate of lymph node
spread is 0% in case of HGD and 1%-2% in case of intramucosal cancers (IMCs). The rate increases to 22% in
case of submucosal invasion[19,20].
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Table 1 Paris classification of superficial lesions
Type

Lesion

0-Ⅰ
0-Ⅰp
0-Ⅰs
0-Ⅱ
0-Ⅱa
0-Ⅱb
0-Ⅱc
0-Ⅲ

Protruding/polypoid
Pedunculated
Sessile
Non-protruding/non-excavated
Slightly elevated
Flat
Slightly depressed
Excavated

Protruding (0-Ⅰ), depressed (0-Ⅱc) and excavated (0-Ⅲ) lesions have been
identified as carrying a higher risk of submucosal invasion[118].

ENDOSCOPIC DIAGNOSIS OF BE AND
EARLY EAC
The diagnosis of BE is usually suspected on forward
viewing upper endoscopy and is confirmed with histologic examination. Careful examination by high-resolution
forward-viewing white-light endoscopy is recommended[21,22]. In a study by Gupta et al[23] post hoc analysis of an
enriched study population and experienced endoscopists
at tertiary referral centers. The authors showed that Longer time spent inspecting the BE segment (BIT) is associated with increased detection of HGD/EAC. Endoscopists who had an average BIT > 1 min per centimeter
of BE detected more endoscopically suspicious lesions.
Multiple random biopsies should be obtained from the
four quadrants every 2 cm in non-dysplastic BE segments
and every 1 cm if there is suspicion or history of dysplasia (Seattle protocol). Any visible nodule or lesion is usually suspicious for dysplasia or malignancy and should be
sampled separately. Accurate description of the location,
size and endoscopic appearance of the lesion is necessary for planning future therapy. Endoscopic description
of lesions is usually done using the Paris classification of
superficial neoplastic lesions (Table 1), which can help
predict submucosal invasion in the digestive tract[24].
When confirmed histologically, the current standard
of care for BE surveillance involves careful inspection
using high resolution white light endoscopy with random
biopsies of the BE segment according to the Seattle protocol and targeted biopsies of any suspicious areas. Multiple studies have shown that the random biopsy protocol
has low sensitivity for the detection of early neoplastic
changes in BE and has low adherence among endoscopists (50%)[25,26]. Furthermore, a cost-utility analysis by
Gordon et al[27] concluded that the endoscopic surveillance of patients with non-dysplastic BE is unlikely to be
cost-effective for the majority of patients and depends
heavily on progression rates between dysplasia grades
unless new technologies improve the quality adjusted survival benefit from the surveillance[27].
Resorting to a “random” biopsy protocol reflects the
difficulty to recognize early neoplastic changes in BE.
One of the reasons for this is the fact that flat lesions
(such as Paris 0-Ⅱa and 0-Ⅱb lesions, Table 1) are by far
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tical filter to limit the white light illumination to narrow
bands of light wavelengths (blue and green), which is predominantly absorbed by hemoglobin and can highlight
the capillary network. This results in enhancement of the
mucosal vascular and pit patterns and allows visualization
of any subtle mucosal irregularities and alteration in vascular patterns concerning for early neoplastic changes[38].
Using pooled data from five studies, Curvers et al[39]
showed promising results with NBI for detection of early
neoplasia in BE with sensitivity of 97%, specificity of
94% and overall diagnostic accuracy of 96%. However,
other studies showed a much lower accuracy (71%)[40].
Other virtual chromoendoscopy techniques include
Pentax i-Scan and Fujinon intelligent color enhancement.
These techniques use post-acquisition image computer
reconstruction to enhance mucosal and vascular patterns.
At this time, there is little evidence that chromoendoscopy techniques (both dye-based and dye-less) provide improvements in the characterization and detection
of early neoplasia in BE.

Figure 1 Chromoendoscopy with indigo carmine showing dysplastic nodule in a background of Barrett’s mucosa.

the most frequent macroscopic type of neoplastic lesion
in BE, and these lesions are typically hard to detect using
the standard while light endoscopy[28].
Therefore, there has been major development in image enhancement techniques to improve the detection of
early neoplastic lesions in BE. These techniques include
detection techniques “red flag” that cover a wide area and
help detect a suspicious lesion, and characterization techniques that provide detailed information about a specific
area.

Autofluorescence imaging
This technique uses fluorescence radiation following excitation of tissue using light of short wavelengths, which
allows differentiation of neoplastic and normal tissue.
Autofluorescence imaging (AFI) has been shown to significantly improve the detection of neoplasia in BE; however, the false positive rate is very high (up to 80%)[41].
AFI has also been studied in combination with high
resolution endoscopy and NBI, so called Endoscopic
Trimodal Imaging (ETMI). In a multicenter randomized
trial, ETMI improved the targeted detection of early neoplastic lesions compared to standard video endoscopy.
However, the overall histologic yield was not different[42].

DETECTION TECHNIQUES
Dye-based chromoendoscopy
Dye-based Chromoendoscopy consists of spraying the
Barrett’s mucosa with a dye to better evaluate the microarchitecture of the mucosa to detect early neoplastic
changes. Methylene blue was used in the past for this
purpose[29-31]; however, it had largely fallen out of favor
due to many reasons including difficulty of use and concerns on mutagenesis[32,33]. Indigo carmine is a contrast
stain that permeates into the mucosal surface pits and
crevices which helps to accentuate any mucosal irregularities[34] (Figure 1). Since it is not absorbed by cells, it does
not have safety concerns like methylene blue. A study of
80 patients with suspected BE using high magnification
chromoendoscopy with indigo carmine. The yield of intestinal metaplasia (IM) on target biopsies was 97% and
100% for HGD. However, it was not able to distinguish
LGD from non-dysplastic intestinal metaplasia[35].
Acetic acid has also been used and provides magnified
aspect of the mucosal architecture to help differentiate
neoplastic tissue[36]. Curvers et al[37] demonstrated that the
addition of indigo carmine and acetic acid didn’t actually
improve the diagnostic yield for early neoplastic lesions in
BE compared to high resolution white light endoscopy.
Dye-based chromoendoscopy can be labor intensive and
is operator dependent and may prolong the procedure.
Moreover, it has not been shown to consistently improve
the detection of early neoplasia in BE.

Optical coherence tomography and volumetric laser
endomicroscopy
Optical coherence tomography produces high quality
cross-sectional images of the mucosa based on measuring
the rate of backscattering of near-infrared light. This is
usually achieved using a probe that is passed through the
operative channel of the endoscope. Evans et al[43] developed a scoring system for optical coherence tomography
(OCT) and reported a sensitivity of 83% and specificity
of 75% in the detection of early neoplasia in BE.
Volumetric laser endomicroscopy, the second generation from of OCT, was shown to image the esophageal
mucosa at a higher speed and obtain a better quality images[44]. The recent improvements in OCT technology
make it a promising technique that can achieve the goal
of wide field scanning (detection) as well as characterization of a specific area of concern.

CHARACTERIZATION TECHNIQUES
Endoscopic ultrasound
Endoscopic ultrasound (EUS) may play a little role in the
evaluation of patients with HGD or early adenocarci-

Virtual (Dye-less) chromoendoscopy
This includes narrow band imaging (NBI) which uses op-
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noma and is not routinely recommended for evaluation
of flat BE segments with HGD[45,46]. A systematic review
by Young et al[47] showed that the diagnostic accuracy for
EUS staging in early EAC was only 65%. A subsequent
larger meta-analysis showed better accuracy for EUS in
staging T1a and T1b lesions with the area under a receiver operating characteristic curve ≥ 0.93[48]. The use
of high-frequency ultrasound catheter probe (miniprobe)
can provide a significant better T staging than conventional radial EUS; however, the accuracy is low with both
techniques (64% and 49% respectively)[49]. Nevertheless,
the National Cancer Comprehensive Network recommends EUS staging prior to proceeding with mucosal
resection in the setting of esophageal carcinoma.

through the muscularis mucosa layer. Lesions that invade
into the submucosal are labeled SM lesions. SM lesion
can be further divided into SM1 lesions when the lesion
invades into the upper one third of the submucosal, SM2
lesions when the lesion invades the middle third and SM3
lesions when the lesion invades the deep one third of the
submucosal layer[54].
Pathologists should carefully evaluate biopsy or resection specimens of esophageal neoplasms to provide details about tumor depth of invasion, tumor differentiation
(well, moderate and poorly differentiated), lymphovascular invasion and the presence of tumor invasion at the
resection margin. Lymphovascular invasion and poorly
differentiated histology increases the risk of lymph node
metastasis and these patients should ideally be referred
for surgical resection[55].

Confocal laser endomicroscopy
This is an imaging technique that obtains real-time
1000-fold magnified view of the mucosa, and provides
histological information of the target areas (so called
virtual histology). Confocal laser endomicroscopy (CLE)
could be performed using a dedicated CLE endoscope
or miniprobes that can be used with regular large working channel endoscopes (probe-based CLE). A recent
study showed that a combination of CLE and while light
endoscopy increased the sensitivity for detection of early
neoplastic changes compared to white light endoscopy
(76% vs 34%)[50]. Disadvantages to this technique include
that it is expensive, time consuming and requires intensive training.

HGD
HGD is characterized by marked cytological atypia and
distorted architecture. Architectural distortion changes
include marked crypt crowding, crypt budding and
branching. Cytologically, HGD shows cells with marked
nuclear pleomorphism, increased N/C ratio, and an increased number of atypical mitoses, particularly in the
upper levels of the crypts. Goblet and Paneth cells are
usually scarce or absent. Adenomatous (intestinal) dysplasia is the most common subtype but non-adenomatous
(foveolar) dysplasia has also been described[56].
Immunohistochemistry staining could help in the
diagnosis of HGD. Promising markers include p53 and
α-methylacyl coenzyme A racemase but these are not
widely used yet[57,58]. Given the significant intraobserver
and interobserver variability in the diagnosis of LGD and
HGD in BE, most gastrointestinal (GI) societies recommend that a second experienced gastrointestinal pathologist confirm the diagnosis[59]. It is noteworthy that the
Japanese and some European pathologists don’t use the
term HGD and prefer to use the term in situ carcinoma
for these lesions[60].

Spectroscopy
This technique relies on the principle of light interaction
with esophageal mucosa to generate a biochemical profile
that reflects the cellular architecture. Early results appear
to be promising for the real-time detection and diagnosis of esophageal adenocarcinoma with an accuracy of
96%[51]. More recently, Almond et al[52] used a novel probebased endoscopic Raman spectroscopy in ex vivo esophageal tissue samples and showed sensitivity of 86% and
specificity of 88% for detecting early neoplasia in BE.
The above mentioned enhanced imaging techniques
are not widely used in clinical practice due to the limited
diagnostic accuracy, high inter-observer variability and
high cost. It is also unlikely that these techniques will replace standard high resolution white light endoscopy and
random biopsies for surveillance in BE; however, they
could play an important role in further characterization
and grading of suspicious lesions detected during surveillance exams.

Intramucosal carcinoma
IMC invades through the basement membrane to the
lamina propria and the muscularis mucosa. It is characterized by atypical cells or complex glands invading into the
lamina propria. It is extremely important to differentiate
between IMC (or T1a lesion) and carcinoma invading
into the submucosa (T1b) as the distinction carries significant implications for the risk of lymph node metastasis and therapy. Such distinction is often difficult to make
on biopsy specimens and larger resection specimens
such as that resulting from endoscopic mucosal resection
(EMR) are more helpful to distinguish between T1a and
T1b lesions. In one study, 45% of patients had their final
pathological stage changed after EMR compared to preEMR forceps biopsies[61]. It also known that most BE
usually has double muscularis mucosa layer but this has
no impact on the classification or the treatment of Barrett’s adenocarcinoma[62].

Histopathologic diagnosis
Neoplastic changes in BE can be classified as LGD,
HGD, in situ (or intraepithelial) carcinoma, IMC and invasive carcinoma[53].
Mucosal lesions are further divided into M1 lesions (or
in situ carcinoma) when the lesion is limited to the epithelial layer, M2 lesions when the lesion invades the lamina
propria and M3 when the lesion invades into but not
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lesions localized in the tubular esophagus than the gastroesophageal junction. Moreover, the performance of HFP
in assessing submucosal involvement is poor. At this time
EUS and HFP staging technique is inadequate for predicting T1-2N0 disease in esophageal adenocarcinoma[74].

STAGING OF EARLY ESOPHAGEAL
ADENOCARCINOMA
Several modalities have been used to stage esophageal
adenocarcinoma. These include EUS, endoscopic mucosal resection with histological assessment and computed
tomography/positron emission tomography (CT/PET).
EUS and EMR are currently applied as staging tools for
early esophageal adenocarcinoma. Early cancer is defined
as T1sm1, as beyond this point metastases increases from
1% to 10% for T1sm2 based on a recent consensus[63].
Stage T1a malignancies include lesions confined to the
mucosa: M1 (intraepithelial), M2 (lamina propria invasion), or M3 (muscularis mucosa invasion). Submucosal or
T1b malignancies are classified into Sm1 (superficial submucosa invasion), Sm2 (invasion to center of submucosa),
or Sm3 (invasion to deep submucosa). Mucosal (T1a)
malignancies have extremely low risk of local lymph node
progression while submucosal invasion (T1b) markedly
increases the risk of lymph node metastases[64,65].

Endoscopic mucosal resection
Endoscopic mucosa resection (EMR) has taken a central
role in the staging and treatment modality for patients
with early esophageal adenocarcinoma, as it allows the
pathologist to provide tumor-staging information necessary for an appropriate clinical management decision
process. In fact, it is the most accurate staging procedure
to assess depth of invasion if full submucosa is provided
in the specimen. By providing full thickness of the resected submucosa, pathologists are able to provide a clear
histologic depth of the tumor (T staging) and evaluate
for lymphovascular invasion. EMR provides better staging for visible lesions than do biopsies alone. Moreover,
endoscopic mucosal resection may result in changing the
histologic diagnosis in patients with BE with visible and
flat neoplasia. In a multicenter study which evaluated
138 patients with BE-related neoplasia who undergone
endoscopic eradication therapy showed EMR resulted
in a change of the histologic diagnosis in 31.1% patients
(upgrades 10.1%; downgrade 21%) with or without visible lesions[75]. At this time, EMR appears to be superior
to biopsy for diagnosing and staging superficial esophageal tumors and can substantially modify the diagnostic
grade of a lesion. Therefore EMR may facilitate optimal
therapeutic decisions by avoiding undertreatment and
overtreatment based on inaccurate grading and staging[76].

EUS
The clinical utility of EUS for staging patients with BE
and high-grade dysplasia or intramucosal carcinoma prior
to endoscopic therapy has a limited accuracy. The principal role of EUS in evaluating patients with Barrett’s-associated dysplasia is to identify patients who may be candidates for endoscopic ablative therapy such as endoscopic
mucosal resection and/or photodynamic therapy. EUS
has been shown to be superior to computed tomography
or magnetic resonance imaging for preoperative staging
in patients with high-grade dysplasia and carcinoma. EUS
is considered the best tool for T and N staging of esophageal cancer, however, its performance in early Barrett’s
neoplasia is suboptimal for tumor depth assessment. In a
meta-analysis by Puli et al[66] the pooled sensitivity of EUS
in T1 disease was (88.1%), T2 (82.3%), T3 (89.7%) and
T4 (99.2%). EUS can identify nodal spread (N1) or deep
tumor invasion (T3) for which it precludes surgical resection. The risk of nodal involvement in early esophageal
cancer confined to the mucosa (T1a) ranges between 0%
and 3%, and when the lesion extends into the submucosal layer (T1b) this risk approaches up to 30%-50%[67-69].
Tumor size (OR = 1.35 per centimeter, 95%CI: 1.07-1.71)
and lymphovascular invasion (OR = 7.50, 95%CI:
3.30-17.07) were the strongest independent predictors
of lymph node metastasis[70]. In a retrospective analysis
of 135 with HGD (79%) or IMC (21%) who had staging
by EUS. Pathologic lymph nodes or metastases were not
found by EUS. There were no endosonographic abnormalities noted in any patient with non-nodular mucosa
(0/79). However, abnormal EUS findings were present
in 14% with nodular neoplasia (five IMC, three HGD)[71].
For patients with nodular neoplasia, endoscopic mucosal
resection of the nodule with histological examination had
greater utility than staging by EUS. The use of high frequency ultrasound catheter probe (HFP) have been studied in two large studies included 94 and 106 subjects[72,73].
Both studies revealed that HFP is significantly better for
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CT/PET
Early use of PET in the staging of patients with esophageal cancer could facilitate treatment planning and identifying unsuspected distant metastases in up to 20% of
patients with a negative metastatic survey by conventional
staging[77]. Positron emission tomography detects more
distant lymph node and organ metastases compared
with conventional diagnostics, allowing a more accurate
selection of the most appropriate treatment. CT/PET
has inadequate assessment in the superficial esophageal
adenocarcinoma. Moreover, the addition of PET to a
complete EUS examination did not alter regional-node or
celiac-node staging in patients with esophageal cancer[78].
SUVmax ratio was only associated with tumor invasion
depth on CT/PET. A recent study evaluated the use of
CT/PET in early esophageal adenocarcinoma using a
cut-off of 1.48, the sensitivity and specificity of SUVmax
ratio for identification of T1a lesions were 43.3% and
80.9%, respectively[79]. Thus more data is needed on the
role of CT/PET in early EAC.

ENDOSCOPIC MANAGEMENT OF EARLY
ESOPHAGEAL ADENOCARCINOMA
The management of patients with early esophageal cancer
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be informed about the benefits, risks and alternatives of
endoscopic and surgical approach. Initially, endoscopic
mapping of the Barrett’s segment with intestinal metaplasia should be undertaken prior to any endoscopic therapy.
The American Gastroenterological Association (AGA)
recommends endoscopic eradication therapy for patients
with high-grade dysplasia. Risk stratification based on
histopathologic assessment should be performed and
any nodularity seen on white-light forward viewing upper
endoscopy should undergo resection prior to any local
ablative therapy (Figure 1). Lymph node metastasis should
be excluded. Endoscopic therapy appears to be a good
alternative to esophagectomy for patients with low risk
pT1b sm1 EAC, on the basis of macroscopic and histologic analyses[55,80]. Data obtained from the Surveillance
Epidemiology and End Results database of the NCI to
compare cancer-free survival in patients with early esophageal cancer who were either treated with endoscopic
therapy (n = 99) or surgical resection (n = 643) did not
reveal a difference in esophageal cancer-specific mortality
between the two groups[81]. In a population-based analysis,
the use of endoscopic therapy for superficial EAC tended
to increase from 1998-2009 and the long-term survival of
patients with EAC did not appear to differ between those
who received endoscopic therapy and those treated with
surgery[82]. Several curative modalities are available for local treatment of BE with HGD. Among these modalities
are radiofrequency ablation, argon plasma coagulation,
thermal laser therapy, cryotherapy and photodynamic
treatment. Here we review the efficacy and risks of each
modality. Long term outcome of patients with BE and
HGD who underwent endoluminal therapy revealed recurrence of intestinal metaplasia occurs in one-third of
cases and supports continued endoscopic surveillance
even after complete eradication[83].

Figure 2 Barrett's esophagus with nodularity concerning for dysplasia or
malignancy between 1 and 5 o'clock.

A

B

EMR
Endoscopic mucosal resection provided a primary role in
the endoscopic therapy of patients with early EAC (HGD,
T1a). EMR should not be attempted if lymph node invasion is suspected. EMR should be performed by an
expert therapeutic endoscopist. The principle of EMR is
to capture the entire mucosa and submucosa using a suction cup fitted on the tip of the endoscope (Cap-assisted
suck and cut or band and cut technique) or lifting the
submucosa from the muscularis propria through submucosal injection of saline or indigo carmine (freehand
technique). The entire specimen is then excised en bloc using a diathermy snare resection or performing multiband
mucosectomy[84] (Figures 2 and 3). Total en bloc resection
is preferred to reduce risk of recurrence and provide
accurate histologic assessment. The distinct advantage
of EMR over ablative therapy is providing large specimen of resected tissue for histopathologic assessment.
One must understand the limitations of EMR include
the assessment of base and lateral margin of the tumor
resected specimen. The depth of infiltration is better assessed using quantitative micrometric measure in microns

Figure 3 Endoscopic mucosal resection. A: Using Band ligation of Barrette's
esophagus nodule; B: Defect after endoscopic mucosal resection using band
ligation and resection of Barrett's esophagus nodules.

considered for treatment should take place in a specialty
multidisciplinary team including GI pathologist, esophageal surgeon, therapeutic endoscopist, radiologist and oncologist. The endoscopic treatment should commence in
high volume tertiary referral centers with availability and
expertise in the multiple modalities of endoscopic therapy
of BE. Moreover, the center must possess expertise in
the management of complications of each modality. The
British Society of Gastroenterology recommended a
minimum of 30 supervised cases of endoscopic resection
and 30 cases of endoscopic ablation should be performed
to acquire competence in technical skills, management
pathways and complications. Patients with EAC should
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A

B

Figure 4 Barrett's esophagus. A: Ablation of Barrett's esophagus using the circumferential balloon catheter; B: Barrett's esophagus after the first round of ablation
using the circumferential balloon ablation catheter.

doscopic submucosal dissection vs endoscopic mucosal
resection for tumors of the gastrointestinal tract showed
higher en bloc and curative resection rates (OR = 13.87,
95%CI: 10.12-18.99; OR = 3.53, 95%CI: 2.57-4.84) irrespective of lesion size. Subgroup analysis showed higher
en bloc and curative resection rates with ESD for esophageal, gastric, and colorectal neoplasms, and for lesions of
size < 10 mm, 10 mm < 20 mm, and > 20 mm and lower
local recurrence. However, ESD was more time-consuming than EMR and showed high procedure-related bleeding and perforation rates (OR = 2.20, 95%CI: 1.58-3.07;
OR = 4.09, 95%CI: 2.47-6.80). Similarly, in a previous
study evaluating the role of ESD in comparison to EMR
in 171 lesions ≤ 20 mm of esophageal cancer (168 were
squamous-cell carcinoma and 3 were adenocarcinoma),
the curative resection rate of ESD was 97% significantly
higher than endoscopic mucosal resection cap-assisted
(87%)[92]. However, EMR would be an alternative to lesions < 15 mm in diameter. One must note that ESD
in the esophagus has been associated with perforation
rates of 2% to 5% and stricture rates between 5% and
17.2%[90,93]. More data is needed to evaluate the utility of
ESD for early esophageal adenocarcinoma in the United
Stated.

of the depth of submucosal invasion from the bottom
of muscularis mucosae. This is deemed to be more accurate than classifying tumor invasion based on depth
of submucosal involvement (sm1, sm2, and sm3) as the
entire submucosa may not be available in the specimen
of all cases[85]. EMR can also be performed in patients
with early esophageal adenocarcinoma with previous antireflux surgery[86]. Risk of recurrence after EMR appears
low. In one study evaluating 22 patients (16 with HGD),
82% had no evidence of HGD or cancer after a median
follow-up of two years[87]. Another long-term follow up
study carried in 7 patients for more than 10 years, in 43
for 5-10 years, in 31 for 3-5 years and in 66 for less than
3 years after endoscopic resection. Of the 11 patients
who died during the follow up, 10 died of other diseases,
only 1 of recurrence of tumor. The 5-year survival rate
was 96.2% for early-stage esophageal cancer[88]. Risks of
EMR include bleeding, perforation and stricture formation which can occur in up to 37% of cases[61].
Endoscopic submucosal dissection
Endoscopic submucosal dissection is an advanced endoscopic procedure to resect early gastrointestinal neoplasms. It is technically more difficult, carries a high risk
when used to treat early esophageal tumors and currently
is not widely available in the United States. Studies have
been published and reported its efficacy and safety in patients with early EAC[86,89]. In a phase Ⅱ study of endoscopic submucosal dissection for superficial esophageal
neoplasms to assess the efficacy and safety of endoscopic
submucosal dissection (ESD) in 56 lesions, the en bloc resection rate and R0 resection rate were 100% and 94.6%,
respectively. The median treatment time for completing
the procedure was 69 min (24-168 min)[90]. The rates of
adverse events during and after ESD were 22.2% and
53.8%, respectively, but most events were mild. Another
study evaluated ESD in combination with radiofrequency
ablation in 30 patients with biopsy-proven mucosal adenocarcinoma. Endoscopic follow-up (median 17 mo)
showed complete remission of neoplasia in 27/28 (96.4%)
patients who underwent successful ESD using waterjetassisted system[90]. A Meta-analysis by Cao et al[91] of en-
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Radiofrequency ablation
Radiofrequency ablation of BE with HGD is the most
commonly used therapy, which has been shown to produce reproducible superficial injury in the esophagus
(Figure 4). Its ease of use and better safety profile makes
it a favorable therapy for flat lesions with HGD. The system generator is capable of delivering 10 to 12 J at a setting of 40 W/cm² with a depth of ablation between 500
and 1000 mm. Two delivery systems are currently available in use. A 3-cm-long balloon ablation catheter (HALO
360) intended to treat long-segment circumferential BE,
and an endoscope-mounted targeted device (HALO 90)
to treat short segments and tongues of BE. In a recent
large series of 335 patients with BE and neoplasia (72%
with HGD, 24% with IMC, 4% with low-grade dysplasia)
in the United Kingdom who underwent RFA for BErelated neoplasia. The authors found that by 12 mo after
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treatment, dysplasia was cleared from 81% of patients.
Shorter segments of BE respond better to radiofrequency ablation (RFA)[94]. In another study of 70 patients
who were treated. Seventy-four per cent had dysplasia (44
LGD, 8 HGD). Complete response was accomplished
in 81% of patients[95]. A United Kingdom registry that
follows the outcomes of 335 patients with BE who have
undergone RFA for neoplasia and received endoscopic
mucosal resection if nodules are found revealed HGD
was cleared from 86% of patients, all dysplasia from
81%, and BE from 62% at the 12-mo time point, after
a mean of 2.5 (range, 2-6) RFA procedures[94]. Of interest, endoscopic mucosal resection before RFA did not
provide any benefit. Moreover, RFA appears to have a
higher rate of complete histologic resolution response in
comparison to photodynamic therapy (PDT) without any
serious adverse events and was less costly than PDT for
endoscopic treatment of Barrett’s dysplasia[96]. Complications of RFA include chest and cervical pain, abdominal
pain, dysphagia and stricture formation. Subsquamous
neoplasia have been reported to develop after RFA for
BE[97]. Currently, RFA is reserved for patients with BE
with high-grade dysplasia with no visualized nodules. Its
application for patients without dysplasia is debatable giving risks of complications and cost[98].

plished with passing a probe through the working channel of the endoscope. The general setting for ablation
of Barrett’s mucosa is a high power setting 60-90 W at
1-2 L/min. Earlier study showed complete eradication
of HGD and in situ adenocarcinoma was achieved after a
mean number of 3.3+/-1.5 V. Argon plasma coagulation
(APC) sessions in (80%)[103]. In a randomized controlled
trial of 35 patients who received ablation of BE with
multipolar electrocoagulation (16) vs argon plasma coagulation (19), the authors concluded complete reversal of
BE can be maintained in approximately 70% of patients,
irrespective of the technique[104]. Similarly, previous studies showed similar outcome with eradication of BE and
restoration of squamous epithelium[105]. However, progression to HGD can still occur despite APC ablation[106].
Thus APC is effective ablative therapy for BE but the
long term benefits are unknown. More data is needed on
its use in early EAC.
Cryotherapy
Cryoablation is a relatively new technique with studies focusing on high-grade dysplasia and early-stage cancer in
high-risk patients. It has an acceptable safety profile, and
early results show response in a significant number of
patients in whom other modalities have failed[107]. Its ease
of use and lower chance of complication make it an attractive procedure. Although cryoablation is a non-tissue
acquiring procedure that requires liquid nitrogen spray
application it is not devoid of potential risk of gastric
perforation due to gas insufflation. Data on its use in early EAC is limited. In a multicenter, retrospective cohort
study of 79 patients with esophageal carcinoma in whom
conventional therapy failed, refused and/or were ineligible for conventional therapy[108]. The study included all
T staging and showed complete response of intraluminal
disease in 31 of 49 subjects (61.2%), including 18 of 24
(75%) with mucosal cancer with an overall follow up of
10.6 months. No serious adverse events were reported.
A recent study by Gosain et al[109] evaluated 32 patients
with BE-HGD of any length who were treated with liquid nitrogen spray cryotherapy every 8 wk until complete
eradication of HGD and intestinal metaplasia. Complete
eradication of HGD achieved in 100% (32/32), and IM
in 84% at 2-year follow-up. Recurrent HGD occurred in
18% with HGD. BE segment length ≥ 3 cm was associated with a higher recurrence of IM but not HGD. No
serious adverse events occurred although stricture was
seen in 9% of cases. Thus, cryoablation therapy appears
comparable to other treating modality in BE and in early
EAC, spray cryotherapy appears to have a unique role,
eliminating mucosal cancer in 75% of patients[110].
A recent meta-analysis of seven studies involving
870 patients who underwent endotherapy (n = 510) or
surgery (n = 360) concluded that endotherapy has similar
efficacy to surgery but with lower adverse event rates.
However, endotherapy was associated with a higher neoplasia recurrence rate[111]. Limitation to this study included
small number of retrospective studies and different types

Photodynamic therapy
Photodynamic therapy has been used to photochemically
eliminate abnormal mucosa. Porfimer sodium (POR)
PDT use has been limited by serious side effects including
prolonged cutaneous photosensitivity and stricture formation. In a randomized phase Ⅲ trial using POR and photodynamic therapy for ablating HGD in conjunction with
omeprazole, POR PDT appears to be an effective therapy
for ablating HGD in patients with BE and in reducing
the incidence of esophageal adenocarcinoma[99]. PDT is
associated with increased risks of stricture formation and
of buried intestinal metaplasia or malignancy underneath
neosquamous epithelium. In a study by Weiss et al[100] on
17 patients treated with PDT. High-grade dysplasia or
early adenocarcinoma was completely eliminated in nine
of 60% patients. Complications included stricture, sunburn, urticaria, small pleural effusions, esophageal spasm
and transient atrial fibrillation. A recent randomized controlled trial of 5-Aminolaevulinic acid (ALA) vs Photofrin
photodynamic therapy for high-grade dysplasia arising in
BE showed no difference in complete reversal of HGD
between the two groups. On sub-group analysis for BE ≤
6 cm, complete reversal of HGD was significantly higher
with ALA-PDT than Photofrin-PDT. Strictures and skin
photosensitivity were significantly more common after
treatment with Photofrin-PDT than ALA-PDT (33% vs
9% and 43% vs 6%, respectively, P < 0.05)[101].
Argon plasma coagulation
Argon plasma coagulation is a noncontact thermal tissue coagulation in which argon gas provides the medium
for the delivery of an electric current[102]. This is accom-
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tinal cancers worldwide, owing to its rapid development
and fatal prognoses in most cases. Major risk factors
for EAC include BE, GERD, smoking, and obesity. Improved survival is achievable when the disease is confined
to the more superficial mucosal layers and treated. Endoscopic luminal therapy is feasible and proven useful in
BE with HGD and early esophageal adenocarcinoma.

Multidisciplinary team approach

Local ablative therapy (preferable RFA)
Endoscopic resection for staging
EUS has limited role
Endoscopic resection followed by RFA of BE and
surveillance endoscopy
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INTRODUCTION
Nearly 500000 patients are diagnosed with esophageal
cancer worldwide yearly, and its incidence has nearly
doubled in North America over the last 2 decades[1]. Adenocarcinoma is now the most common cell type in the
western hemisphere followed by squamous cell cancer[2].
For locoregional disease, surgery has been the mainstay of therapy with 5-year survival rates ranging from
10%-40% and distant metastasis being the most common
mode of treatment failure[3]. Radiation therapy alone has
been evaluated for local control and, in one large series
3-year survival was only 6%[4]. Chemotherapy for locally
advanced esophageal cancer has a response rate of 45%
to 75% in numerous studies but relapse rates are high
and long-term survival rates are very low.
Use of chemotherapy with or without radiation therapy
before surgery has several theoretical benefits. It may improve baseline dysphagia, the most common symptom on
presentation. It can help downstage the tumor, which may
increase resection rates, and can treat micro-metastatic disease that is not detected on imaging studies. It has the potential to indicate the biologic behavior of the tumor by its
response to treatment that may help guide further therapy.
The role of multi-modality treatment as a way to
achieve higher long-term survival rates has been debated
for many years. The roles of chemotherapy and radiation
therapy to improve surgical results remain controversial;
randomized trials have shown mixed results. This review
will examine the data and survival rates for using pre-

Abstract
Esophageal cancer is increasing in incidence more than
any other visceral malignancy in North America. Adenocarcinoma has become the most common cell type.
Surgery remains the primary treatment modality for
locoregional disease. Overall survival with surgery alone
has been dismal, with metastatic disease the primary
mode of treatment failure after an R0 surgical resection. Cure rates with chemotherapy or radiation therapy
alone have been disappointing as well. For these reasons, over the last decade multi-modality treatment
has gained increasing acceptance as the standard of
care. This review examines the present data and role of
neoadjuvant treatment using chemotherapy and radiation therapy followed by surgery for the treatment of
esophageal cancer.
© 2015 Baishideng Publishing Group Inc. All rights reserved.

Key words: Neoadjuvant therapy; Esophageal cancer;
Esophagectomy; Chemotherapy
Core tip: This review evaluates the current literature on
the use of neoadjuvant chemotherapy with or without
radiation therapy for the treatment of locally advanced
esophageal cancer. Major randomized controlled trials
and co-operative group studies have been evaluated.
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operative chemotherapy and radiation therapy, alone or in
combination, in the management of localized esophageal
cancer.

NEOADJUVANT RADIATION THERAPY
In a trial of 96 patients by Kelsen et al[10], patients were
assigned to preoperative radiotherapy or chemotherapy.
The morbidity and mortality of surgery following preoperative treatment was no different compared to historical
controls of surgery alone but there was no survival benefit of preoperative treatment. Another randomized trial
of 176 patients comparing preoperative radiation (20 Gy
in 10 treatments) followed by surgery vs surgery alone[11]
showed no benefit of radiotherapy with overall 5-year
survival of 13%. In a Scandinavian trial of 186 patients,
Nygaard et al[12] showed an improved 3-year survival in
patients receiving preoperative radiotherapy compared to
patients undergoing surgery alone or chemotherapy and
surgery.
A meta-analysis has not shown a statistically significant survival benefit for preoperative radiation[13]. At a
median follow-up of 9 years, the survival benefit at 2 and
5 years was 3% and 4% respectively (P = 0.062). Thus
neoadjuvant radiation therapy alone cannot be advocated
for the management of esophageal cancer.

NEOADJUVANT CHEMOTHERAPY
In a study by Boonstra et al[5], 169 patients with squamous
cell cancer were randomized to 2-4 cycles of cisplatin and
etoposide followed by surgery or surgery alone. Median
overall survival in the two groups was 16 and 12 mo respectively. The 5-year survival in the chemotherapy group
was 26% vs 17% in the surgery alone group (P = 0.03,
hazard ratio 0.71; 95%CI: 0.51-0.98). Contrary to this
study result, a large North American Intergroup 113 trial
failed to show a survival benefit for three cycles of preoperative cisplatin/5-FU followed by surgery and two
additional cycles of cisplatin/5-FU compared to surgery
alone[3]. Both squamous and adenocarcinoma patients
were included. With a study size of 440 patients, overall
survival in each group was 20% and there was no benefit
of chemotherapy seen in resection rates, local failure, or
distant metastasis.
In a much larger study by the Medical Research
Council Oesophageal Cancer Working group[6], 802 patients were randomized to two cycles of cisplatin/5-FU
followed by surgery vs surgery alone. Median and 2-year
survivals were improved in the chemotherapy group (16.8
mo vs 13.3 mo-difference 107 d; 95%CI: 30-196, and
43% vs 34%-difference 9%; 95%CI: 3-14, respectively).
The curative resection rate was improved marginally from
55% to 60%. The MAGIC trial, performed in the United
Kingdom[7], further reinforced the findings seen in the
Medical Research Council study. A total of 503 patients
with distal esophageal, GE junction and gastric adenocarcinoma were randomized to three cycles of pre and postoperative cisplatin/5-FU/epirubicin or surgery alone.
Overall survival in the chemotherapy group was significantly better (36% vs 23%, P = 0.009), but fewer than one
third of the patients in this study had distal esophageal
adenocarcinoma. In a French study[8] of 224 patients
randomized to 2-3 cycles of preoperative cisplatin/5-FU
followed by surgery vs surgery alone, there was a significantly improved R0 resection rate (84% vs 73%, P = 0.04),
5-year disease free survival (34% vs 21%, P = 0.003), and
5-year overall survival (38% vs 24%, P = 0.02) following
chemotherapy.
The data published in these studies are quite heterogeneous. Some studies have both squamous and
adenocarcinoma patients while some have only adenocarcinoma patients. The chemotherapy drugs and regimens
vary between studies as well. In a meta-analysis of 12
randomized trials in which pre-operative chemotherapy
was used, the 5-year overall survival benefit was only 4%[9].
The benefit was somewhat smaller for squamous cell cancer compared to adenocarcinoma (4% vs 7%). Thus, the
available data do not suggest that the use of neoadjuvant
chemotherapy significantly improves survival.
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NEOADJUVANT CHEMORADIOTHERAPY
(COMBINED THERAPY, TRIMODALITY
THERAPY)
Neither preoperative radiation therapy nor chemotherapy
alone in the neoadjuvant setting have been proven beneficial based on the trials[5,7-9] performed. This may be
related to the low complete pathologic response rates,
mostly between 2.5%-4%. The improvement in R0 resection and overall survival has been limited as well. Most
patients who undergo surgical resection die from distant
metastatic disease in spite of an R0 resection. Considering these results and for the reasons listed earlier in this
review for using neoadjuvant therapy, combination therapy with all three modalities has been utilized to try to
improve overall outcomes. We will first review the studies
looking at trimodality therapy vs surgery alone.
Trimodality therapy vs surgery alone
Bosset et al[14] randomized 282 patients to preoperative
cisplatin and concurrent radiation or surgery alone. Although the curative resection rate was higher with combined therapy (81% vs 69%), disease-free survival was
improved (HR 0.6, 95%CI: -0.4-0.9, P = 0.003), and risk
of local recurrence decreased (HR 0.6, 95%CI: -0.4-0.9, P
= 0.01), there was no difference in overall survival. This
may at least in part be due to higher than expected treatment related mortality in the chemo-radiation arm (12%
vs 4%). This study only included patients with squamous
cell cancers, and radiation was given using a split-dose
technique.
Burmeister et al[15] in an Australian study randomized
256 patients to one cycle of cisplatin/5-FU and radiation
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followed by surgery or to surgery alone. R0 resection was
achieved in 80% of the patients in the combined therapy
group vs 59% in the surgery alone arm. However, the
overall survival was no different between the two groups.
Patients with adenocarcinoma had a decreased rate of
complete pathologic response and were more likely to
have disease progression during the follow-up period.
In a study from the University of Michigan[16], 100
patients were randomized to preoperative cisplatin/5FU/vinblastine plus radiation or to surgery alone. There
was a significant decrease in the rate of local recurrence
with combined therapy (19% vs 42%, P = 0.03) and a
trend towards improved survival at 3 years (30% vs 16%,
P = 0.15). In an Irish study of 113 patients, Walsh et al[17]
showed a significant improvement in overall survival at 3
years (32% vs 6%) with preoperative cisplatin/5-FU/radiation followed by surgery vs surgery alone. All patients
in this study had adenocarcinoma but the extremely poor
3-year survival in the surgery alone arm (6%) could not
be explained. In 2012, a multi-institutional phase Ⅲ study
(CROSS trial)[18] evaluated the benefit of induction therapy using carboplatin/taxol/41Gy radiation vs surgery
alone. Only a quarter of the patients had squamous histology. There was an anastomotic leak rate of 22%-30%
in each arm. Median survival was 49 mo in the combined
therapy arm compared to 24 mo in the surgery arm (P =
0.003). The overall 5-year survival was much improved
in the combined therapy arm (47% vs 34%, P = 0.03).
Patients with squamous histology derived a larger benefit.
An updated analysis[19] of this group of patients showed
a lower local recurrence rate (34% vs 14%, P < 0.001) and
lower risk of peritoneal carcinomatosis (14% vs 4%, P <
0.001) following neoadjuvant chemoradiation and that
squamous cell carcinoma was an independent prognostic
variable in the surgery alone group.

management of esophageal cancer.

CONCLUSION
The three mainstays of treatment for esophageal cancersurgery, chemotherapy, and radiation therapy result in
poor overall survival and high relapse rates when used
alone. Preoperative combination therapy offers several
theoretical advantages but for stage 1 and 2 esophageal
cancers, there is, as of now, no convincing evidence that
neoadjuvant chemoradiation is of any benefit. Neoadjuvant chemoradiotherapy achieves the highest complete
pathologic response rates, R0 resection rates, and improves 3-5 years survival rates in patients with locally advanced esophageal cancer. The addition of neoadjuvant
radiotherapy to preoperative chemotherapy may facilitate
a better complete surgical resection via its effect on the
periphery of the tumor. Squamous cell cancer and adenocarcinoma appear to have similar disease-free and overall
survival rates following neoadjuvant chemoradiotherapy.
Further randomized, prospective trials will be required to
build on these early studies to try to improve the prognosis of patients with this terrible disease.
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Core tip: To achieve individualization of neoadjuvant
therapy for locally advanced esophageal cancers, predictive biomarkers are urgently needed. Biomarker
development using multimodal approaches, including
gene expression profiling, single nucleotide polymorphisms, microRNAs, proteomics, immunohistochemistry,
serum biomarkers and conventional blood tests, seem
promising. Independent validation studies will establish
novel prognostic modalities based on molecular biomarkers. Progress of predictive modalities and further
studies on the molecular background of patients with
a poor prognosis will facilitate the development of new
effective therapies for patients resistant to the present neoadjuvant therapy. Prognostic stratification of
patients will promote efforts toward novel therapeutic
strategies.

Abstract
Neoadjuvant therapy has been proven to be extremely
valuable and is widely used for advanced esophageal
cancer. However, a significant proportion of treated
patients (60%-70%) does not respond well to neoadjuvant treatments and develop severe adverse effects. Therefore, predictive markers for individualization of multimodality treatments are urgently needed
in esophageal cancer. Recently, molecular biomarkers
that predict the response to neoadjuvant therapy have
been explored in multimodal approaches in esophageal
cancer and successful examples of biomarker identification have been reported. In this review, promising candidates for predictive molecular biomarkers developed
by using multiple molecular approaches are reviewed.
Moreover, treatment strategies based on the status of
predicted biomarkers are discussed, while considering
the international differences in the clinical background.
However, in the absence of adequate treatment options
related to the results of the biomarker test, the usefulness of these diagnostic tools is limited and new effective therapies for biomarker-identified nonresponders to
cancer treatment should be concurrent with the progress of predictive technologies. Further improvement
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INTRODUCTION
Esophageal cancer is the fifth most common cause of
cancer-related death for men and the eighth for women
worldwide[1]. Despite the use of modern surgical tech-
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niques in combination with radio- and chemotherapy,
early recurrence is common and the overall 5-year survival
rate remains below 40%[2]. Consequently, there is a great
interest in multimodal approaches to the treatment of
esophageal cancer and neoadjuvant chemotherapy, alone
or in combination with chemoradiotherapy (CRT), is becoming the standard approach of care in locally advanced
esophageal cancers. Randomized trials of different neoadjuvant therapy protocols have been conducted in patients
with locally advanced cancers. Meta-analyses of those
randomized trials have revealed only modest survival advantages, except in the case of patients who achieved a
complete histopathological response and seemed to highly
benefit from a neoadjuvant regimen[3-9]. However, a significant proportion (60%-70%) of treated patients did not
respond well to these treatments and experienced severe
adverse effects[8,10]. In addition, nonresponsive patients
may lose the option of surgical resection after ineffective
chemotherapy[11] and the prognosis of nonresponders
has been found to be inferior to that for patients treated
by surgery alone[12]. While there is an obvious correlation between the response and prognosis, the response
to chemotherapy or radiotherapy is variable, even when
patients are at the same clinical stage. Thus, an accurate
risk stratification of cancer patients for therapy is of paramount importance for avoiding potential morbidity due
to ineffective treatment and prevention of further disease
progression. With this background, identification of predictive markers would allow accurate risk stratification and
individualization of multimodality treatment for patients
with locally advanced esophageal cancer[13].
In recent years, molecular biomarkers that can predict the response to neoadjuvant therapy in esophageal
cancer have been investigated by using multidimensional
approaches. Global expression transcriptomics and
proteomics studies allow for simultaneous screening of
several thousand molecules and knowledge-based methodologies such as immunohistochemistry are focused
on a specific molecule or pathway. These approaches
are based on their own unique principles and the performance of predictive molecular biomarkers developed
by using each approach seems to be equally promising.
Here, we have reviewed the current status of molecular biomarkers predictive for response to neoadjuvant
therapy in esophageal cancer. We have focused on predictive markers that can be used to analyze pretreatment
samples such as diagnostic biopsies or serum specimens
obtained before neoadjuvant treatment. These biomarkers will help avoid unnecessarily invasive treatments. We
have summarized promising candidates for predictive
molecular biomarkers in esophageal cancer according to
the type of development modality.

microarray has been considered as one of the most powerful tools for understanding the biological characteristics of malignancies. Microarray-based gene expression
profiling generates quantitative expression data for thousands of genes, which can be further analyzed by various
bioinformatics approaches to identify the most informative genes relevant to cancer prognosis. In particular, the
gene expression signatures determined by microarrays
have been used to predict the response to neoadjuvant
treatment among cancer patients[14].
Maher et al[15] investigated gene expression profiles
in a cohort comprising 13 patients who were the most
responsive or resistant to a standard combination of
chemotherapy and radiation therapy. The authors identified five genes (EPB41L3, RNPC1, RTKN, STAT5B and
NMES1) as predictive biomarkers by using DNA microarrays and validated the results by qRT-PCR, confirming
that the expression level of five genes could be used to
predict the response to neoadjuvant CRT in esophageal
cancer with 95% accuracy. Luthra et al[16] profiled pretreatment endoscopic cancer biopsies from 19 patients using
an AffymetrixU133A Chip (Santa Clara, CA) and noted
correlation of the molecular profiles with pathological response to neoadjuvant treatments. The authors reported
that the expression levels of three genes (PERP, S100A2
and SPRR3) helped discriminate between patients with
complete histopathological response and those resistant
to treatment, with high sensitivity (86%) and specificity (85%). Schauer et al[17] performed microarray analysis
in 47 patients who had a locally advanced esophageal
adenocarcinoma (AC) and had undergone neoadjuvant
chemotherapy with cisplatin, leucovorin and 5-fluorouracil, followed by resection. The authors found that the
gene encoding the ephrin B3 receptor showed the most
prominent differential expression between responders
and nonresponders and validated these results by immunohistochemistry. Motoori et al[18] performed comprehensive gene expression profiling of pretreatment biopsy
samples from 25 patients with esophageal squamous cell
carcinoma (SCC) to identify expression patterns predictive for cisplatin-based neoadjuvant chemotherapy. Their
system consisted of 199 most informative genes and had
the prediction accuracy of 82%. Duong et al[19] performed
microarray analysis for 46 esophageal cancer patients,
that is, 21 SCC and 25 AC patients for whom neoadjuvant CRT had been recommended. Their study was
based on two-color competitive hybridization to a cDNA
array printed at the Peter MacCallum Cancer Centre Microarray Core Facility[19] and identified a 32-gene classifier
that could be used to predict a response to neoadjuvant
CRT in SCCs, whereas a negative predictive profile was
observed for AC patients.
These examples suggest that gene expression profiling is a powerful tool to identify gene sets for selection
of optimal and personalized therapy for patients with
esophageal cancer. In breast cancer, mRNA expression
signatures strongly predictive of metastasis have been
identified and a novel prognostic test for assessing the

MOLECULAR BIOMARKERS FOR RESPONSE PREDICTION
Gene expression profiling
High throughput technology such as gene expression
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risk of metastasis and benefits of chemotherapy has
been introduced in clinical settings. This test, named
MammaPrint, effectively identifies breast cancer patients with a high risk of recurrence after local treatment
alone[20]. The Oncotype DX assay (Genomic Health,
Redwood, CA) is another test aimed at better discerning
breast cancer patients who would benefit from chemotherapy and those who can safely avoid it. By using the
Oncotype DX, we measured the status of 21 genes and
could predict the benefits of chemotherapy and the rate
of cancer recurrence in 10 years[21]. Similar diagnostic
predictive tests are desired for esophageal cancer; however, in this case, different prognostic biomarkers have
been identified by using similar technical platforms. The
results of these studies need further validation in order
to forward their clinical application.

in other genes involved in nucleotide excision repair
should be investigated for further understanding of the
pathogenesis of esophageal cancer.
Clinical applications of SNP testing in cancer are
quite realistic. In other types of cancer, the cancer genomics research on SNP variation has provided clinical
applications. For example, genetic polymorphisms of the
UGT1A1 gene would affect inter-individual variations in
the toxic response to irinotecan by altering the bioavailability of the irinotecan active metabolite SN-38[32,33].
Genetic testing for the presence of the UGT1A1*28
allele has been approved by the FDA and has become
available in hospitals. Similar tests for genetic polymorphisms in esophageal cancer would be extremely useful
and validation studies for the predictive potential of
SNPs would promote their introduction in clinics.

Single nucleotide polymorphisms
In the process of generating a draft sequence of the
human genome, it has become clear that the extent of
genetic variation is much larger than previously estimated[22,23]. The most common sequence variation in the
human genome is the stable substitution of a single base
called single-nucleotide polymorphism (SNP). By definition, SNP has a minor allele frequency of greater than
1% in at least one population[24]. Most SNPs are silent
and do not alter gene expression or function. The cancer
genomics research on SNP variation provides an opportunity for the detection of molecular biomarkers predictive of the response to cancer therapy[25].
Wu et al[26] investigated the association between SNPs
in multigenic cascades involved in radiation and chemotherapy-dependent responses and clinical outcomes
for esophageal cancer patients. The authors applied the
pathway-based approach to examine the impact of a
comprehensive SNP panel on clinical outcomes in 210
esophageal cancer patients and found that among the
genes involved in DNA base excision repair, the variant alleles R399Q in the XRCC1 gene were significantly
associated with the absence of complete pathological
response and poor survival. Warnecke-Eberz et al [27]
investigated a panel of selected gene SNPs to predict responses to neoadjuvant radiochemotherapy in 52 esophageal cancer patients. The authors showed that SNP of
C118T in the ERCC1 gene and the rarely occurring AA
genotype of the XRCC1 gene were predictive of therapy
response. Both ERCC1 and XRCC1 genes are components of the nucleotide excision repair pathway that
protects the integrity of the genome by removing a wide
variety of DNA lesions including inter- and intra-strand
crosslinks caused by platinum agents or radiation [28].
These SNPs in ERCC1 appeared to have functional
significance because a low intra-tumoral expression of
the ERCC1 protein was found to be strongly associated
with a major pathological response[29,30]. Moreover, Brabender et al[31] reported that ERCC1 RNA expression in
peripheral blood could be a predictor of the response to
neoadjuvant therapy. Functional contribution of SNPs

MicroRNAs
MicroRNAs (miRNAs) are short (19-24 nucleotides)
noncoding RNA sequences involved in the regulation
of gene expression via the inhibition of mRNA translation[34,35]. Many lines of evidence suggest that miRNAs
exist stably in tissues and body fluids and play a key role
in various biological processes, including carcinogenesis.
Aberrant miRNA expression has been shown to correlate with the inhibition of tumor suppressor genes or inappropriate activation of oncogenes. Recent studies have
shown that the abnormal miRNA expression patterns
frequently detected in esophageal cancers have strong
prognostic values[36-39]. The predictive utility of miRNAs
has also been demonstrated by global expression studies.
Odenthal et al [40] assessed miRNA profiles of responders and nonresponders to neoadjuvant therapy for
esophageal cancer in order to identify possible predictive markers. The authors found that the pre-therapeutic
intra-tumor expression of miR-192 and miR-194 was
significantly associated with the histopathological response of esophageal SCCs to multimodal therapy. Using pretreatment biopsy specimens, Ko et al[41] showed
that the miRNA expression profile was significantly
different between groups with and without complete
pathological response. Among the 71 differentially
regulated miRNAs, five showed the difference of more
than two-fold; these included miR-296 [42], which has
recently been shown to be of prognostic significance
in esophageal cancer. The inhibition of miR-296 also
resulted in the increased chemosensitivity of esophageal
cancer cells to standard chemotherapeutic agents such as
5-fluorouracil and cisplatin[42]. Tanaka et al[43] investigated
the serum levels of miR-21, miR-145, miR-200c and let7c by qRT-PCR in 64 esophageal cancer patients treated
with neoadjuvant chemotherapy. The authors revealed a
significant correlation of miR-200c high expression with
poor response to chemotherapy. The possible prognostic
utility of miR-200c was also reported by Hamano et al[44],
who in a study of 98 patients found that miR-200c was
involved in resistance to chemotherapy. Lynam-Lennon
et al[45] demonstrated that resistance to radiation was sig-
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nificantly associated with the downregulation of miR-31
and that the ectopic re-expression of miR-31 considerably restored radiosensitivity of the resistant cells. The
authors also showed that miR-31 expression was markedly reduced in patients with poor pathological response
to neoadjuvant CRT, whereas the expression of the miR31-regulated DNA repair genes significantly increased[45].
Clinical application of miRNAs as predictive biomarkers is quite feasible because miRNAs are relatively
stable and their expression levels can be quantitatively assessed by qRT-PCR. Currently, several clinical trials have
already been approved by the FDA to evaluate the value
of serum miRNAs in therapeutic response prediction
(http://clinicaltrials.gov). Clinical trials evaluating serum
miRNAs include the search for predictors of therapeutic response in ovarian carcinoma and miRNA profiling
of breast cancer in patients undergoing neoadjuvant or
adjuvant treatment[46]. Further functional studies would
hopefully validate the functional relevance of miRNAs
in esophageal cancer and result in diagnostic and novel
therapeutic approaches.

and C3a were significantly associated with favorable response to treatments. The leave-one-out cross-validation
analysis revealed that these serum proteins could predict
the response to neoadjuvant CRT with a sensitivity and
specificity of 78.6% and 83.3%, respectively.
Although there are various reports about biomarker
candidates identified by proteomics studies, only a few
of them have been proven to be clinically useful[55] because of the lack of independent validation studies.
However, the prognostic utility of protein biomarkers
has been successfully validated for gastrointestinal stromal tumors in extensive multi-institutional studies[56].
Further validation studies will promote the clinical application of promising protein biomarkers for esophageal
cancer.
Immunohistochemistry
By focusing on functionally important molecules or
pathways, discovery of biomarker candidates can be performed effectively. Global expression studies based on
statistical data may not be able to identify functionally
important genes and proteins because expression levels
do not always reflect functional activity. In this sense, a
knowledge-dependent approach such as immunohistochemistry has unique advantages over the other methods
for expression assessment because it allows for the analysis of a large number of formalin-fixed and paraffinembedded tissue sample archives and provides detailed
spacious information not available by other methods.
Immunohistochemistry has been successfully used for
hypothesis-driven biomarker discovery[57].
Solid tumors are driven and managed by a small
population of cancer stem cells (CSCs), tumor-initiating
cells or cancer stem-like cells[58-61]. Among these cells,
CSCs are found to be more resistant to treatment[62,63];
therefore, CSC markers have been considered promising
candidates for predictive biomarkers. Previous reports
have demonstrated the importance of CSC markers including growth factor receptors, tumor suppressor genes
and DNA-repair pathway factors in malignant features
of esophageal cancer cells. Smit et al[64] investigated the
expression of CSC markers, in vitro growth of spheroids, sensitivity to radiation and in vivo growth of several
esophageal cancer-derived cell sub-populations. The
authors found that the CD44+/CD24- subpopulation
of esophageal cancer cells exhibited a higher proliferation rate and sphere forming potential and was more
radioresistant in vitro than unselected or CD44+/CD24+
cells. In a study of the archival pre-neoadjuvant CRT
biopsy material from esophageal AC patients (N = 27),
CD44+/CD24- cells could only be identified in 50%
(9/18) of poor responders to neoadjuvant CRT, but
never (0/9) in complete responders. These results warrant further investigation into the possible clinical utility
of CD44+/CD24- phenotype as a predictive biomarker
for the response to CRT in patients with esophageal
cancer.
Human epidermal growth factor receptors 1 and 2

Proteomics
The proteome is a functional translation of the genome.
The genomic aberrations in cancer cells are translated to
the proteome determining cancer phenotypes and regulating tumor behavior. Because proteins are the main
executioner biomolecules, which influence the molecular
pathways in normal and tumor cells, proteomic markers are closer and more relevant to cancer initiation and
progression than other biomarkers. Proteomic studies
can therefore generate unique data related to cancer phenotypes. Many lines of evidence have demonstrated the
discordance between mRNA and protein expression[47-49].
In addition, DNA sequence and mRNA expression cannot accurately predict post-translational modifications
such as phosphorylation and glycosylation, which play a
key role in regulating the malignant behavior of cancer
cells. Taken together, proteomic studies can provide
valuable information for biomarker identification in various cancers[50-52].
Aichler et al[53] analyzed proteomic changes associated with response to chemotherapy by MALDI imaging mass spectrometry using pre-therapeutic biopsy
samples of 23 esophageal ACs. Proteins related to clinical response were identified by liquid chromatographytandem mass spectrometry (LC-MS/MS). The authors
discovered that clinical response to cisplatin was associated with the defects in the mitochondrial respiratory
chain of cancer cells caused by the loss of specific cytochrome c oxidase subunits. Maher et al[54] examined the
proteomic profiles of serum samples by using surfaceenhanced laser desorption/ionization time-of-flight
(SELDL-TOF) mass spectrometry and validated the
results with an enzyme-linked immunosorbent assay. By
comparing pre-treatment serum samples from 16 poor
responders and 15 good responders, the authors found
that higher serum levels of complement factors C4a
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(EGFR and HER2/neu) are known to be involved in
malignant transformation and tumor growth. Yamamoto
et al[65] assessed the expression of EGFR, HER2/neu,
HER3, Ki-67 and p53 by immunohistochemistry in 37
esophageal SCC patients treated with neoadjuvant chemotherapy and found that EGFR expression correlated
with pathological response to neoadjuvant chemotherapy. Akamatsu et al[66] reported similar findings in 34 patients who had esophageal SCC and were receiving neoadjuvant CRT, i.e., positive staining for HER2/neu was
found to be associated with CRT resistance. In contrast,
Arsenijevic et al[67] and Schena et al[68] found no statistically significant difference between EGFR and HER2/
neu expression and the clinical response to neoadjuvant
CRT. Further verification studies are necessary to clarify
the role of EGFR and HER2 expression in the response
of esophageal cancer patients to CRT.
The tumor suppressor gene p53, which is involved
in cell cycle regulation, apoptosis and DNA repair, has
been identified as an important molecular factor in
the response to neoadjuvant therapy in patients with
esophageal cancer[69]. However, the predictive value of
p53 status for chemotherapy response in esophageal
cancer patients has not been established. Kitamura
et al [70] performed a study involving 95 patients with
esophageal SCC and showed that p53 protein expression
was significantly associated with increased sensitivity to
neoadjuvant CRT. In contrast to these findings, Shimada
et al[71] demonstrated that p53 protein expression was
negatively associated with histopathological response to
chemotherapy, whereas other similar studies did not find
any predictive value for p53 in multimodality therapy for
esophageal cancer[67,72]. Zhang et al[73] conducted a metaanalysis of 28 studies comprising 1497 cases to elucidate
the correlation of p53 status with the response to chemotherapy-based treatment. The authors concluded that
patients with low expression of wild-type p53 had higher
rates of complete pathological response to neoadjuvant
CRT. The clinical significance of p53 as a predictive biomarker for the treatment of esophageal cancer should
be further evaluated.
DNA repair pathways are essential for the cell responses to DNA damage induced by CRT. Aberrant
regulation of DNA repair proteins is frequently reported
in cancers and the reduced expression of these proteins
correlated with poor prognosis in esophageal cancers[74-76]. Alexander et al[77] assessed major DNA repair
proteins such as XPF, FANCD2, PAR, MLH1, PARP1
and phosphorylated MAPKAP kinase 2 in 79 patients
with esophageal cancer by tissue microarray. The authors
showed that higher scores for MLH1 and lower scores
for FANCD2 were significantly associated with pathological response to neoadjuvant CRT on multivariable
analysis.
Expression of heat-shock proteins (HSPs) and glucose-regulated proteins (GRPs) can be induced in cells
following exposure to different insults, allowing cells to
survive stress conditions. The regulation and expression
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of these proteins have an important impact on the biology of esophageal cancer with respect to prognosis[78]
and response to chemotherapy[79]. Slotta-Huspenina et
al[80] assessed HSPs and GRPs by reverse phase protein
arrays (RPPAs), immunohistochemistry and quantitative
RT–PCR in pretherapeutic biopsies of 90 patients with
esophageal AC. The authors showed that low expression
of HSP90, HSP27 and p-HSP27(Ser15, Ser78, Ser82) and high
expression of GRP78, GRP94, HSP70 and HSP60 were
significantly associated with pathological response to
neoadjuvant chemotherapy.
Even with the advances in modern technologies, the
emergence of new biomarkers for esophageal cancer
has been relatively slow because biomarker discovery has
been generally hypothesis-driven and depended on investigation of individual genes or proteins. Data-driven
approaches such as global expression studies provide a
considerable number of biomarker candidates and once
their functional and clinical significance is established,
they are worth validating by immunohistochemistry. Immunohistochemistry is an established clinical examination method and further validation studies on biomarker
candidates confirmed by immunohistochemistry should
be relatively easily performed. A possible utility of these
candidate proteins as predictive biomarkers for neoadjuvant CRT should be further validated.
Serum biomarkers with response to treatments
The hypothesis-driven approach is used to examine serum proteins, which have been previously established as
biomarkers but have not been considered as predictive
biomarker candidates. Serum samples can be obtained
by a minimally invasive procedure at a relatively low cost
and thus can be repeatedly examined. There are several
reports that conventional serum biomarkers could be
predictive in esophageal cancer.
Makuuchi et al[81] examined the expression levels of
84 cytokines in serum samples obtained from 37 esophageal SCC patients treated with neoadjuvant CRT. They
found that the level of serum soluble IL-6 receptor was
significantly higher in 30 patients who failed to achieve a
complete histological response, thereby revealing a correlation between serum IL-6 receptor levels and the histological response to neoadjuvant CRT. These observations suggest that persistent systemic inflammation can
be a possible mechanism of resistance to CRT therapy
in esophageal cancers.
Brabender et al[82] assessed thymidylate synthetase and
dihydropyrimidine dehydrogenase RNA expression in
the peripheral blood of 29 patients who had esophageal
cancer and had been treated with neoadjuvant CRT. The
authors showed that high thymidylate synthetase expression was associated with a minor response to neoadjuvant treatment, while there was no significant association
between dihydropyrimidine dehydrogenase and treatment response. They also reported that the specificity
of response prediction reached 100% when the levels of
thymidylate synthetase and dihydropyrimidine dehydro-
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genase were assessed simultaneously.
Only a few serum biomarkers have been examined
for predictive utility in cancers and it is challenging to
investigate the rest of them. Such an examination does
not require significant sample volumes and it is quite feasible to examine multiple serum biomarkers in identical
cohorts. Serum biomarkers can be routinely examined in
the clinical setting and their application to the prediction
of treatment responses seems to be quite promising.

predictive tools that are more effective than single
markers. This approach should be achieved by linking
the biomarker components to stratified patient information. The diagnostic kit may be developed such that it
gets a local makeover to adjust for variations in clinical
therapeutic approaches. The effectiveness of response
prediction depends on therapeutic strategies, including
the surgical procedure and neoadjuvant therapy, and the
clinical background of patients with esophageal cancer.
For example, neoadjuvant chemotherapy with cisplatin
plus 5-fluorouracil is the current standard treatment for
locally advanced esophageal cancer in Japan[86], while
neoadjuvant CRT with cisplatin plus 5-fluorouracil is the
standard in Western countries[87]. In Japan, a three-arm
Phase Ⅲ trial started in November 2012 to confirm the
superiority of docetaxel and cisplatin plus 5-fluorouracil over cisplatin plus 5-fluorouracil and the superiority
of cisplatin plus 5-fluorouracil with CRT over cisplatin
plus 5-fluorouracil as neoadjuvant therapy for esophageal SCC[88]. If neoadjuvant chemotherapy is combined
with radiation therapy, the prediction kit should include
the biomarkers associated with sensitivity to radiation,
such as RNA-binding protein RNPC1[89]. On the other
hand, if the combination chemotherapy regimen includes docetaxel, a docetaxel-specific biomarker, such as
RPN2[90], should be present. In addition, a predominant
histological type of esophageal cancer has been found to
exhibit region-dependent differences. Thus, SCC is the
predominant histological type of esophageal carcinoma
worldwide; however, in Australia, the United Kingdom,
the United States, and some Western European countries
(e.g., Finland, France, and the Netherlands), the incidence
of esophageal AC now exceeds that of SCC[91,92]. In a
study on 8562 patients who underwent surgical resection, Merkow et al[93] found that the only factor predictive
of pathological complete response was SCC histology.
The response pattern to neoadjuvant therapy is different
in each histological type[94]. Thus, to increase the specificity of response prediction, different molecules can serve
as biomarkers depending on histological type. Any article
clubbing two diseases together is not appropriate. Surgical procedures are also different in each country. Surgical options for the resection of esophageal carcinoma
include the following: trans-hiatal esophagectomy and
trans-thoracic approaches, such as Ivor Lewis esophagectomy (abdominal and right thoracic approach also called
the Lewis-Tanner approach), the three-incision modified
McKeown esophagectomy (involving laparotomy, right
thoracotomy, neck anastomosis, and left thoracotomy)
and the left thoraco-abdominal approach[95-101]. In Japan
and several other countries, extended lymphadenectomy is a common procedure, but this is not the case
elsewhere[102-104]. In conclusion, because the sensitivity
and specificity of response prediction vary according to
regional differences in therapeutic strategies and clinical
background, it may be necessary to customize a prediction kit for each country rather than to adopt a universal
prediction strategy.

Common blood tests
Data obtained by common blood tests can be an indicator of response to neoadjuvant therapy. It is noteworthy
that, although serum examination may lack specificity
and sensitivity, its combination with common blood tests
can provide predictive stratification of esophageal cancer patients for chemotherapy.
Sato et al[83] investigated the correlation between the
pre-therapeutic neutrophil to lymphocyte ratio (NLR)
and pathological response to neoadjuvant chemotherapy
in patients with advanced esophageal cancer. The authors showed that the pretreatment NLR (< 2.2/ ≥ 2.2)
was significantly correlated with pathological response:
the pathological response rates were 56% and 21% in
patients with the NLR < 2.2 and NLR > 2.2, respectively. Similar results were reported by Noble et al[84], who
examined the correlation of blood-borne inflammatory
and nutritional markers with response to neoadjuvant
chemotherapy in radically treated esophagogastric cancer
patients. The authors demonstrated that only serum albumin (P = 0.037) had a predictive value for the pathological response to chemotherapy and that a higher NLR
was associated with poor overall survival. In contrast,
Hsu et al[85] reported that none of the clinical parameters,
including blood profiles, images and baseline tumor
characteristics, predicted the response to CRT.
Cancer always unfolds on a background of chronic
inflammation and it is an interesting idea that inflammatory markers can also serve as prognostic biomarkers
for cancer therapy. On the other hand, parameters of
systemic inflammation can be confounding factors in
a cancer biomarker study. Stricter sample stratification
for biomarker studies and extensive independent validation by independent researchers may distinguish true
biomarkers from the confounding factors. The results
obtained by current studies seem to be promising and
further validation will confirm the prognostic utility of
candidate biomarkers for clinical applications (Table 1).

TREATMENT STRATEGY BASED ON THE
STATUS OF PREDICTIVE BIOMARKERS
As described above, a number of molecules have
emerged as predictive candidate biomarkers for the
treatment of esophageal cancers and will hopefully result in establishment of biomarkers for routine clinical
use. By combining several promising markers in a crossmodality manner, we may be able to develop versatile
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Table 1 Molecular biomarkers for predicting the response to neoadjuvant therapy in esophageal cancer
N

Histology

Neoadjuvant therapy

Sensitivity Specificity PPV

NPV

Accuracy Ref.

13

91%

NA

NA

95%

[15]

86%

85%

75%

92%

85%

[16]

89%

84%

89%

84%

87%

[17]

199 genes

25

Squamous-100%

68%

93%

88%

79%

82%

[18]

32 genes

46

Squamous-46%
Adeno-54%

CRT; 5-FU and cisplatin,
40.05-44 Gy
CRT; 5-FU, docetaxel and
irinotecan, 50.4 Gy
CT; 5-FU, cisplatin and leucovorin
CT; 5-FU, cisplatin and adriamycin
CRT; 5-FU and cisplatin, 35-50
Gy

100%

47

Squamous-23%
Adeno-77%
Squamous-11%
Adeno-84%
Adeno-100%

100%

67%

55%

100%

76%

[19]

CRT; 5-FU, cisplatin and pacli- NA
taxel, RT (NA)
CRT; 5-FU and cisplatin, 36
54/5%
Gy

NA

NA

NA

NA

[26]

67/100%

80/100% 37/59%

58/60%

[27]

NA

NA

NA

NA

NA

[40]

NA

NA

NA

NA

NA

[41]

68%

62%

53%

75%

64%

[43]

NA

NA

NA

NA

NA

[44]

NA

NA

NA

NA

NA

[45]

Modality/biomarker
Gene expression profiling
5 genes (EPB41L3, RNPC1,
RTKN, STAT5B, and NMES1)
3 genes (PERP, S100A2, and
SPRR3)
Ephrin B3 receptor

19

Single nucleotide polymorphisms
XRCC1 R399Q
210 Squamous-17%
Adeno-83%
ERCC1 C118T/XRCC1 A194G 52 Squamous-60%
Adeno-40%
MicroRNAs
miR-192, miR-194
8
Squamous-25%
Adeno-75%
HS-240, has-miR-296, has25 Squamous-20%
miR-141, has-miR-31, HS-217
Adeno-80%
Serum miR-200c
64 Squamous-100%
miR-200c

98

Squamous-91%

miR-31

19

Squamous-5%
Adeno-95%

CRT; 5-FU and cisplatin, 40
Gy
CRT; cisplatin and irinotecan,
50.4 Gy
CT; 5-FU, cisplatin and adriamycin or docetaxel
CT; 5-FU, cisplatin and adriamycin
CRT; 5-FU and cisplatin, 40.05
Gy

Adeno-100%

CT; 5-FU and cisplatin

50%

93%

82%

74%

71%

[53]

Squamous
and adeno; NA

CRT; 5-FU and cisplatin, 40-44 79%
Gy

83%

NA

NA

81%

[54]

27
37

Adeno-100%
Squamous-100%

50%
93%

100%
55%

100%
58%

50%
92%

67%
70%

[64]
[65]

HER2/neu

34

Squamous-100%

69%

71%

60%

79%

71%

[66]

p53 (wild-type)

1497 Squamous-91%
Adeno-9%
79 Squamous-27%
Adeno-71%
90 Adeno-100%

CRT; NA
CT; 5-FU, cisplatin and
docetaxel
CRT; 5-FU and cisplatin or
leucovorin, 39.6-40 Gy
CRT or CT (meta-analysis)

NA

NA

NA

NA

NA

[73]

CRT; 5-FU, cisplatin and/or
20%
paclitaxel, 45-64.8 Gy
CT; 5-FU, cisplatin or oxalipla- 61%
tin

100%

100%

22%

35%

[77]

63%

53%

70%

62%

[80]

CRT; 5-FU and cisplatin, 40
Gy
CRT; 5-FU and cisplatin, 36
Gy

NA

NA

NA

NA

NA

[81]

20%

100%

100%

36%

45%

[82]

CT; 5-FU and cisplatin
CT; cisplatin, epirubicin and
5-FU or capecitabine,
or epirubicin and oxaliplatin

71%
NA

66%
NA

56%
NA

79%
NA

68%
NA

[83]
[84]

Proteomics
Mitochondrial respiratory chain 69
complexes
C4a, C3a
31
Immunohistochemistry
CD44+/CD24EGFR

MLH1, FANCD2
Heat-shock proteins and
glucose-regulated proteins
Serum biomarker
Serum soluble interleukin-6
receptor
Thymidylate synthetase and dihydropyrimidine dehydrogenase
Common blood tests
Neutrophil-to-lymphocyte ratio
Albumin

37

Squamous-100%

29

Squamous-34%
Adeno-66%

83 Squamous-84%
246 Squamous-13%
Adeno-86%

PPV: Positive predict value; NPV: Negative predict value; Squamous: Squamous cell carcinoma; Adeno: Adenocarcinoma; CRT: Chemoradiotherapy; CT:
Chemotherapy; 5-FU: 5-fluorouracil; NA: Not available.

Pathological nonresponders to neoadjuvant therapy
for esophageal cancer demonstrate no survival benefits
compared to patients treated with primary esophagectomy[12]. Factors predicting the response to neoadjuvant
therapy may help to reduce the number of unnecessarily treated patients and lead to the investigation of
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new and more effective therapeutic strategies for the
unresponsive group. However, if there are no effective
therapies for nonresponders, predicting the response to
neoadjuvant therapy is tantamount to abandoning nonresponders to their fate. Further improvement in outcomes for the patient with esophageal cancer cannot be
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achieved without improvement of the prognosis of nonresponders. Therefore, the development of new effective
therapies for nonresponders concurrently with progress
in predictive methodology is necessary. Recently, novel
therapeutic approaches, such as new targeted strategies,
epigenetic therapeutics, monoclonal antibody therapy
and carbon-ion radiotherapy, are being developed[105-107].
Although initially many of these studies involved patients with metastatic disease, these therapies are now
being increasingly investigated in the preoperative setting
as components of multimodality therapy[105]. The efficacy of targeted agents for neoadjuvant therapy of patients with esophageal cancer has yet to be established in
previous and ongoing clinical trials[106]. Additional trials
to examine new targeted agents have been performed.
Further improvement of the prognosis of esophageal
cancer patients can be achieved through the introduction
of these novel therapeutic approaches in practice, which
provides prognostic improvement for nonresponders
identified by predictive biomarkers.

predicting responses to neoadjuvant therapy. The reported biomarkers seem to be promising because they have
been developed based on clinical research and their predictive performance has been examined by using clinical
samples. Further validation and functional evaluation will
increase the reliability of these biomarkers. Combined
use of the reported biomarkers may increase prognostic
performance and this concept is worth further research.
Prognostic modalities should be tailored to specific
clinical therapeutic approaches that differ according
to individual cases. The development of new effective
therapies for nonresponders can be hoped for with the
progress in predictive techniques. Further understanding
of the molecular mechanisms underlying the resistance
to CRT in cancers can be achieved by investigating the
functional effects of biomarkers on the malignant properties of tumor cells and such efforts will pave the way
to novel therapeutic strategies.
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for any predictive biomarkers in esophageal cancer and
this issue requires further analysis.

3

4

5

6

7

8

9

10

CONCLUSION
We have reviewed the current status of biomarkers in
esophageal cancer, especially focusing on the utility for

WCGO|www.wjgnet.com

70

Jemal A, Bray F, Center MM, Ferlay J, Ward E, Forman
D. Global cancer statistics. CA Cancer J Clin 2011; 61: 69-90
[PMID: 21296855 DOI: 10.3322/caac.20107]
Rice TW, Rusch VW, Apperson-Hansen C, Allen MS,
Chen LQ, Hunter JG, Kesler KA, Law S, Lerut TE, Reed
CE, Salo JA, Scott WJ, Swisher SG, Watson TJ, Blackstone
EH. Worldwide esophageal cancer collaboration. Dis
Esophagus 2009; 22: 1-8 [PMID: 19196264 DOI: 10.1111/
j.1442-2050.2008.00901.x]
Urschel JD, Vasan H. A meta-analysis of randomized controlled trials that compared neoadjuvant chemoradiation
and surgery to surgery alone for resectable esophageal
cancer. Am J Surg 2003; 185: 538-543 [PMID: 12781882 DOI:
10.1016/S0002-9610(03)00066-7]
Kaklamanos IG, Walker GR, Ferry K, Franceschi D, Livingstone AS. Neoadjuvant treatment for resectable cancer of
the esophagus and the gastroesophageal junction: a metaanalysis of randomized clinical trials. Ann Surg Oncol 2003;
10: 754-761 [PMID: 12900366]
Malthaner RA, Wong RK, Rumble RB, Zuraw L. Neoadjuvant or adjuvant therapy for resectable esophageal cancer: a
systematic review and meta-analysis. BMC Med 2004; 2: 35
[PMID: 15447788 DOI: 10.1186/1741-7015-2-35]
Fiorica F, Di Bona D, Schepis F, Licata A, Shahied L, Venturi
A, Falchi AM, Craxì A, Cammà C. Preoperative chemoradiotherapy for oesophageal cancer: a systematic review and
meta-analysis. Gut 2004; 53: 925-930 [PMID: 15194636]
Greer SE, Goodney PP, Sutton JE, Birkmeyer JD. Neoadjuvant chemoradiotherapy for esophageal carcinoma: a metaanalysis. Surgery 2005; 137: 172-177 [PMID: 15674197 DOI:
10.1016/j.surg.2004.06.033]
Gebski V, Burmeister B, Smithers BM, Foo K, Zalcberg J,
Simes J. Survival benefits from neoadjuvant chemoradiotherapy or chemotherapy in oesophageal carcinoma: a metaanalysis. Lancet Oncol 2007; 8: 226-234 [PMID: 17329193 DOI:
10.1016/S1470-2045(07)70039-6]
Xu XH, Peng XH, Yu P, Xu XY, Cai EH, Guo P, Li K. Neoadjuvant chemotherapy for resectable esophageal carcinoma: a
meta-analysis of randomized clinical trials. Asian Pac J Cancer Prev 2012; 13: 103-110 [PMID: 22502650]
Nguyen NP, Krafft SP, Vinh-Hung V, Vos P, Almeida F,
Jang S, Ceizyk M, Desai A, Davis R, Hamilton R, Modarresifar H, Abraham D, Smith-Raymond L. Feasibility of
tomotherapy to reduce normal lung and cardiac toxicity for
distal esophageal cancer compared to three-dimensional

February 8, 2015|First Edition|

Uemura N et al . Predictive biomarkers in esophageal cancer

11

12

13

14
15

16

17

18

19

20

21

22

radiotherapy. Radiother Oncol 2011; 101: 438-442 [PMID:
21908064 DOI: 10.1016/j.radonc.2011.07.015]
Blencowe NS, McNair AG, Davis CR, Brookes ST, Blazeby
JM. Standards of outcome reporting in surgical oncology:
a case study in esophageal cancer. Ann Surg Oncol 2012;
19: 4012-4018 [PMID: 22820935 DOI: 10.1245/s10434-0122497-x]
Dittrick GW, Weber JM, Shridhar R, Hoffe S, Melis M, Almhanna K, Barthel J, McLoughlin J, Karl RC, Meredith KL.
Pathologic nonresponders after neoadjuvant chemoradiation for esophageal cancer demonstrate no survival benefit
compared with patients treated with primary esophagectomy. Ann Surg Oncol 2012; 19: 1678-1684 [PMID: 22045465
DOI: 10.1245/s10434-011-2078-4]
Vallböhmer D, Hölscher AH, DeMeester S, DeMeester
T, Salo J, Peters J, Lerut T, Swisher SG, Schröder W,
Bollschweiler E, Hofstetter W. A multicenter study of survival after neoadjuvant radiotherapy/chemotherapy and
esophagectomy for ypT0N0M0R0 esophageal cancer. Ann
Surg 2010; 252: 744-749 [PMID: 21037429 DOI: 10.1097/
SLA.0b013e3181fb8dde]
Quackenbush J. Microarray analysis and tumor classification. N Engl J Med 2006; 354: 2463-2472 [PMID: 16760446
DOI: 10.1056/NEJMra042342]
Maher SG, Gillham CM, Duggan SP, Smyth PC, Miller N,
Muldoon C, O’Byrne KJ, Sheils OM, Hollywood D, Reynolds JV. Gene expression analysis of diagnostic biopsies
predicts pathological response to neoadjuvant chemoradiotherapy of esophageal cancer. Ann Surg 2009; 250: 729-737
[PMID: 19801928 DOI: 10.1097/SLA.0b013e3181bce7e1]
Luthra R, Wu TT, Luthra MG, Izzo J, Lopez-Alvarez E,
Zhang L, Bailey J, Lee JH, Bresalier R, Rashid A, Swisher
SG, Ajani JA. Gene expression profiling of localized esophageal carcinomas: association with pathologic response to
preoperative chemoradiation. J Clin Oncol 2006; 24: 259-267
[PMID: 16344314 DOI: 10.1200/JCO.2005.03.3688]
Schauer M, Janssen KP, Rimkus C, Raggi M, Feith M,
Friess H, Theisen J. Microarray-based response prediction in esophageal adenocarcinoma. Clin Cancer Res 2010;
16: 330-337 [PMID: 20028767 DOI: 10.1158/1078-0432.
CCR-09-1673]
Motoori M, Takemasa I, Yamasaki M, Komori T, Takeno
A, Miyata H, Takiguchi S, Fujiwara Y, Yasuda T, Yano M,
Matsuura N, Matsubara K, Monden M, Mori M, Doki Y.
Prediction of the response to chemotherapy in advanced
esophageal cancer by gene expression profiling of biopsy
samples. Int J Oncol 2010; 37: 1113-1120 [PMID: 20878059
DOI: 10.3892/ijo_00000763]
Duong C, Greenawalt DM, Kowalczyk A, Ciavarella ML,
Raskutti G, Murray WK, Phillips WA, Thomas RJ. Pretreatment gene expression profiles can be used to predict
response to neoadjuvant chemoradiotherapy in esophageal
cancer. Ann Surg Oncol 2007; 14: 3602-3609 [PMID: 17896157
DOI: 10.1245/s10434-007-9550-1]
van ‘t Veer LJ, Dai H, van de Vijver MJ, He YD, Hart AA,
Mao M, Peterse HL, van der Kooy K, Marton MJ, Witteveen
AT, Schreiber GJ, Kerkhoven RM, Roberts C, Linsley PS,
Bernards R, Friend SH. Gene expression profiling predicts
clinical outcome of breast cancer. Nature 2002; 415: 530-536
[PMID: 11823860 DOI: 10.1038/415530a]
Paik S, Shak S, Tang G, Kim C, Baker J, Cronin M, Baehner
FL, Walker MG, Watson D, Park T, Hiller W, Fisher ER,
Wickerham DL, Bryant J, Wolmark N. A multigene assay
to predict recurrence of tamoxifen-treated, node-negative
breast cancer. N Engl J Med 2004; 351: 2817-2826 [PMID:
15591335 DOI: 10.1056/NEJMoa041588]
Lander ES, Linton LM, Birren B, Nusbaum C, Zody MC,
Baldwin J, Devon K, Dewar K, Doyle M, FitzHugh W, Funke
R, Gage D, Harris K, Heaford A, Howland J, Kann L, Lehoczky J, LeVine R, McEwan P, McKernan K, Meldrim J, Mesi-

WCGO|www.wjgnet.com

23

71

rov JP, Miranda C, Morris W, Naylor J, Raymond C, Rosetti
M, Santos R, Sheridan A, Sougnez C, Stange-Thomann N,
Stojanovic N, Subramanian A, Wyman D, Rogers J, Sulston J,
Ainscough R, Beck S, Bentley D, Burton J, Clee C, Carter N,
Coulson A, Deadman R, Deloukas P, Dunham A, Dunham
I, Durbin R, French L, Grafham D, Gregory S, Hubbard T,
Humphray S, Hunt A, Jones M, Lloyd
C, McMurray A,
Matthews L, Mercer S, Milne S, Mullikin JC, Mungall A,
Plumb R, Ross M, Shownkeen R, Sims S, Waterston RH,
Wilson RK, Hillier LW, McPherson JD, Marra MA, Mardis
ER, Fulton LA, Chinwalla AT, Pepin KH, Gish WR, Chissoe SL, Wendl MC, Delehaunty KD, Miner TL, Delehaunty
A, Kramer JB, Cook LL, Fulton RS, Johnson DL, Minx PJ,
Clifton SW, Hawkins T, Branscomb E, Predki P, Richardson
P, Wenning S, Slezak T, Doggett N, Cheng JF, Olsen A, Lucas S, Elkin C, Uberbacher E, Frazier M, Gibbs RA, Muzny
DM, Scherer SE, Bouck JB, Sodergren EJ, Worley KC, Rives
CM, Gorrell JH, Metzker ML, Naylor SL, Kucherlapati RS,
Nelson DL, Weinstock GM, Sakaki Y, Fujiyama A, Hattori
M, Yada T, Toyoda A, Itoh T, Kawagoe C, Watanabe H,
Totoki Y, Taylor T, Weissenbach J, Heilig R, Saurin W, Artiguenave F, Brottier P, Bruls T, Pelletier E, Robert C, Wincker
P, Smith DR, Doucette-Stamm L, Rubenfield M, Weinstock
K, Lee HM, Dubois J, Rosenthal A, Platzer M, Nyakatura G,
Taudien S, Rump A, Yang H, Yu J, Wang J, Huang G, Gu J,
Hood L, Rowen L, Madan A, Qin S, Davis RW, Federspiel
NA, Abola AP, Proctor MJ, Myers RM, Schmutz J, Dickson
M, Grimwood J, Cox DR, Olson MV, Kaul R, Raymond C,
Shimizu N, Kawasaki K, Minoshima S, Evans GA, Athanasiou M, Schultz R, Roe BA, Chen F, Pan H, Ramser J,
Lehrach H, Reinhardt R, McCombie WR, de la Bastide M,
Dedhia N, Blocker H, Hornischer K, Nordsiek G, Agarwala
R, Aravind L, Bailey JA, Bateman A, Batzoglou S, Birney E,
Bork P, Brown DG, Burge CB, Cerutti L, Chen HC, Church
D, Clamp M, Copley RR, Doerks T, Eddy SR, Eichler EE,
Furey TS, Galagan J, Gilbert JG, Harmon C, Hayashizaki Y,
Haussler D, Hermjakob H, Hokamp K, Jang W, Johnson LS,
Jones TA, Kasif S, Kaspryzk A, Kennedy S, Kent WJ, Kitts P,
Koonin EV, Korf I, Kulp D, Lancet D, Lowe TM, McLysaght
A, Mikkelsen T, Moran JV, Mulder N, Pollara VJ, Ponting
CP, Schuler G, Schultz J, Slater G, Smit AF, Stupka E, Szustakowski J, Thierry-Mieg D, Thierry-Mieg J, Wagner L, Wallis J, Wheeler R, Williams A, Wolf YI, Wolfe KH, Yang SP,
Yeh RF, Collins F, Guyer MS, Peterson J, Felsenfeld A, Wetterstrand KA, Patrinos A, Morgan MJ, de Jong P, Catanese
JJ, Osoegawa K, Shizuya H, Choi S, Chen YJ; International
Human Genome Sequencing C. Initial sequencing and analysis of the human genome. Nature 2001; 409: 860-921 [PMID:
11237011 DOI: 10.1038/35057062]
Venter JC, Adams MD, Myers EW, Li PW, Mural RJ, Sutton
GG, Smith HO, Yandell M, Evans CA, Holt RA, Gocayne JD,
Amanatides P, Ballew RM, Huson DH, Wortman JR, Zhang
Q, Kodira CD, Zheng XH, Chen L, Skupski M, Subramanian
G, Thomas PD, Zhang J, Gabor Miklos GL, Nelson C, Broder
S, Clark AG, Nadeau J, McKusick VA, Zinder N, Levine AJ,
Roberts RJ, Simon M, Slayman C, Hunkapiller M, Bolanos R,
Delcher A, Dew I, Fasulo D, Flanigan M, Florea L, Halpern A,
Hannenhalli S, Kravitz S, Levy S, Mobarry C, Reinert K, Remington K, Abu-Threideh J, Beasley E, Biddick K, Bonazzi
V, Brandon R, Cargill M, Chandramouliswaran I, Charlab R,
Chaturvedi K, Deng Z, Di Francesco V, Dunn P, Eilbeck K,
Evangelista C, Gabrielian AE, Gan W, Ge W, Gong F, Gu Z,
Guan P, Heiman TJ, Higgins ME, Ji RR, Ke Z, Ketchum KA,
Lai Z, Lei Y, Li Z, Li J, Liang Y, Lin X, Lu F, Merkulov GV,
Milshina N, Moore HM, Naik AK, Narayan VA, Neelam B,
Nusskern D, Rusch DB, Salzberg S, Shao W, Shue B, Sun J,
Wang Z, Wang A, Wang X, Wang J, Wei M, Wides R, Xiao
C, Yan C, Yao A, Ye J, Zhan M, Zhang W, Zhang H, Zhao
Q, Zheng L, Zhong F, Zhong W, Zhu S, Zhao S, Gilbert D,
Baumhueter S, Spier G, Carter C, Cravchik A, Woodage T,

February 8, 2015|First Edition|

Uemura N et al . Predictive biomarkers in esophageal cancer

24
25

26

27

28

29

30

31

Ali F, An H, Awe A, Baldwin D, Baden H, Barnstead M,
Barrow I, Beeson K, Busam D, Carver A, Center A, Cheng
ML, Curry L, Danaher S, Davenport L, Desilets R, Dietz S,
Dodson K, Doup L, Ferriera S, Garg N, Gluecksmann A,
Hart B, Haynes J, Haynes C, Heiner C, Hladun S, Hostin
D, Houck J, Howland T, Ibegwam C, Johnson J, Kalush F,
Kline L, Koduru S, Love A, Mann F, May D, McCawley S,
McIntosh T, McMullen I, Moy M, Moy L, Murphy B, Nelson
K, Pfannkoch C, Pratts E, Puri V, Qureshi H, Reardon M,
Rodriguez R, Rogers YH, Romblad D, Ruhfel B, Scott R, Sitter C, Smallwood M, Stewart E, Strong R, Suh E, Thomas R,
Tint NN, Tse S, Vech C, Wang G, Wetter J, Williams S, Williams M, Windsor S, Winn-Deen E, Wolfe K, Zaveri J, Zaveri
K, Abril JF, Guigo R, Campbell MJ, Sjolander KV, Karlak
B, Kejariwal A, Mi H, Lazareva B, Hatton T, Narechania A,
Diemer K, Muruganujan A, Guo N, Sato S, Bafna V, Istrail S,
Lippert R, Schwartz R, Walenz B, Yooseph S, Allen D, Basu
A, Baxendale J, Blick L, Caminha M, Carnes-Stine J, Caulk
P, Chiang YH, Coyne M, Dahlke C, Mays A, Dombroski M,
Donnelly M, Ely D, Esparham S, Fosler C, Gire H, Glanowski S, Glasser K, Glodek A, Gorokhov M, Graham K, Gropman B, Harris M, Heil J, Henderson S, Hoover J, Jennings
D, Jordan C, Jordan J, Kasha J, Kagan L, Kraft C, Levitsky
A, Lewis M, Liu X, Lopez J, Ma D, Majoros W, McDaniel J,
Murphy S, Newman M, Nguyen T, Nguyen N, Nodell M,
Pan S, Peck J, Peterson M, Rowe W, Sanders R, Scott J, Simpson M, Smith T, Sprague A, Stockwell T, Turner R, Venter
E, Wang M, Wen M, Wu D, Wu M, Xia A, Zandieh A, Zhu
X. The sequence of the human genome. Science 2001; 291:
1304-1351 [PMID: 11181995 DOI: 10.1126/science.1058040]
Risch NJ. Searching for genetic determinants in the new
millennium. Nature 2000; 405: 847-856 [PMID: 10866211
DOI: 10.1038/35015718]
Glinsky GV. Integration of HapMap-based SNP pattern
analysis and gene expression profiling reveals common SNP
profiles for cancer therapy outcome predictor genes. Cell
Cycle 2006; 5: 2613-2625 [PMID: 17172834]
Wu X, Gu J, Wu TT, Swisher SG, Liao Z, Correa AM, Liu J,
Etzel CJ, Amos CI, Huang M, Chiang SS, Milas L, Hittelman
WN, Ajani JA. Genetic variations in radiation and chemotherapy drug action pathways predict clinical outcomes in
esophageal cancer. J Clin Oncol 2006; 24: 3789-3798 [PMID:
16785472 DOI: 10.1200/JCO.2005.03.6640]
Warnecke-Eberz U, Vallböhmer D, Alakus H, Kütting F,
Lurje G, Bollschweiler E, Wienand-Dorweiler A, Drebber U, Hölscher AH, Metzger R. ERCC1 and XRCC1 gene
polymorphisms predict response to neoadjuvant radiochemotherapy in esophageal cancer. J Gastrointest Surg 2009;
13: 1411-1421 [PMID: 19421825 DOI: 10.1007/s11605-0090881-z]
Houtsmuller AB, Rademakers S, Nigg AL, Hoogstraten
D, Hoeijmakers JH, Vermeulen W. Action of DNA repair
endonuclease ERCC1/XPF in living cells. Science 1999; 284:
958-961 [PMID: 10320375]
Kim MK, Cho KJ, Kwon GY, Park SI, Kim YH, Kim JH,
Song HY, Shin JH, Jung HY, Lee GH, Choi KD, Kim SB.
ERCC1 predicting chemoradiation resistance and poor
outcome in oesophageal cancer. Eur J Cancer 2008; 44: 54-60
[PMID: 17976974 DOI: 10.1016/j.ejca.2007.09.006]
Schneider S, Uchida K, Brabender J, Baldus SE, Yochim J,
Danenberg KD, Salonga D, Chen P, Tsao-Wei D, Groshen S,
Hoelscher AH, Schneider PM, Danenberg PV. Downregulation of TS, DPD, ERCC1, GST-Pi, EGFR, and HER2 gene
expression after neoadjuvant three-modality treatment in
patients with esophageal cancer. J Am Coll Surg 2005; 200:
336-344 [PMID: 15737843 DOI: 10.1016/j.jamcollsurg.2004.1
0.035]
Brabender J, Vallböhmer D, Grimminger P, Hoffmann AC,
Ling F, Lurje G, Bollschweiler E, Schneider PM, Hölscher
AH, Metzger R. ERCC1 RNA expression in peripheral blood

WCGO|www.wjgnet.com

32

33

34
35

36

37

38

39

40

41

42

43

72

predicts minor histopathological response to neoadjuvant
radio-chemotherapy in patients with locally advanced cancer of the esophagus. J Gastrointest Surg 2008; 12: 1815-1821
[PMID: 18769985 DOI: 10.1007/s11605-008-0668-7]
Ando Y, Saka H, Ando M, Sawa T, Muro K, Ueoka H, Yokoyama A, Saitoh S, Shimokata K, Hasegawa Y. Polymorphisms of UDP-glucuronosyltransferase gene and irinotecan
toxicity: a pharmacogenetic analysis. Cancer Res 2000; 60:
6921-6926 [PMID: 11156391]
Minami H, Sai K, Saeki M, Saito Y, Ozawa S, Suzuki K,
Kaniwa N, Sawada J, Hamaguchi T, Yamamoto N, Shirao
K, Yamada Y, Ohmatsu H, Kubota K, Yoshida T, Ohtsu A,
Saijo N. Irinotecan pharmacokinetics/pharmacodynamics and UGT1A genetic polymorphisms in Japanese: roles
of UGT1A1*6 and *28. Pharmacogenet Genomics 2007; 17:
497-504 [PMID: 17558305]
Bhatti I, Lee A, Lund J, Larvin M. Small RNA: a large
contributor to carcinogenesis? J Gastrointest Surg 2009; 13:
1379-1388 [PMID: 19373515 DOI: 10.1007/s11605-009-0887-6]
Wightman B, Ha I, Ruvkun G. Posttranscriptional regulation of the heterochronic gene lin-14 by lin-4 mediates temporal pattern formation in C. elegans. Cell 1993; 75: 855-862
[PMID: 8252622]
Guo Y, Chen Z, Zhang L, Zhou F, Shi S, Feng X, Li B, Meng
X, Ma X, Luo M, Shao K, Li N, Qiu B, Mitchelson K, Cheng
J, He J. Distinctive microRNA profiles relating to patient
survival in esophageal squamous cell carcinoma. Cancer Res
2008; 68: 26-33 [PMID: 18172293 DOI: 10.1158/0008-5472.
CAN-06-4418]
Hu Y, Correa AM, Hoque A, Guan B, Ye F, Huang J, Swisher SG, Wu TT, Ajani JA, Xu XC. Prognostic significance of
differentially expressed miRNAs in esophageal cancer. Int
J Cancer 2011; 128: 132-143 [PMID: 20309880 DOI: 10.1002/
ijc.25330]
Mathé EA, Nguyen GH, Bowman ED, Zhao Y, Budhu A,
Schetter AJ, Braun R, Reimers M, Kumamoto K, Hughes
D, Altorki NK, Casson AG, Liu CG, Wang XW, Yanaihara
N, Hagiwara N, Dannenberg AJ, Miyashita M, Croce CM,
Harris CC. MicroRNA expression in squamous cell carcinoma and adenocarcinoma of the esophagus: associations
with survival. Clin Cancer Res 2009; 15: 6192-6200 [PMID:
19789312 DOI: 10.1158/1078-0432.CCR-09-1467]
Akagi I, Miyashita M, Ishibashi O, Mishima T, Kikuchi K,
Makino H, Nomura T, Hagiwara N, Uchida E, Takizawa
T. Relationship between altered expression levels of
MIR21, MIR143, MIR145, and MIR205 and clinicopathologic features of esophageal squamous cell carcinoma. Dis
Esophagus 2011; 24: 523-530 [PMID: 21453382 DOI: 10.1111/
j.1442-2050.2011.01177.x]
Odenthal M, Bollschweiler E, Grimminger PP, Schröder W,
Brabender J, Drebber U, Hölscher AH, Metzger R, Vallböhmer D. MicroRNA profiling in locally advanced esophageal
cancer indicates a high potential of miR-192 in prediction
of multimodality therapy response. Int J Cancer 2013; 133:
2454-2463 [PMID: 23649428 DOI: 10.1002/ijc.28253]
Ko MA, Zehong G, Virtanen C, Guindi M, Waddell TK,
Keshavjee S, Darling GE. MicroRNA expression profiling
of esophageal cancer before and after induction chemoradiotherapy. Ann Thorac Surg 2012; 94: 1094-1102; discussion
1102-1103 [PMID: 22939244 DOI: 10.1016/j.athoracsur.2012.
04.145]
Hong L, Han Y, Zhang H, Li M, Gong T, Sun L, Wu K,
Zhao Q, Fan D. The prognostic and chemotherapeutic value
of miR-296 in esophageal squamous cell carcinoma. Ann
Surg 2010; 251: 1056-1063 [PMID: 20485139 DOI: 10.1097/
SLA.0b013e3181dd4ea9]
Tanaka K, Miyata H, Yamasaki M, Sugimura K, Takahashi
T, Kurokawa Y, Nakajima K, Takiguchi S, Mori M, Doki Y.
Circulating miR-200c levels significantly predict response to
chemotherapy and prognosis of patients undergoing neoad-

February 8, 2015|First Edition|

Uemura N et al . Predictive biomarkers in esophageal cancer

44

45

46
47

48

49
50

51
52
53

54

55

56

57

juvant chemotherapy for esophageal cancer. Ann Surg Oncol
2013; 20 Suppl 3: S607-S615 [PMID: 23838916 DOI: 10.1245/
s10434-013-3093-4]
Hamano R, Miyata H, Yamasaki M, Kurokawa Y, Hara J,
Moon JH, Nakajima K, Takiguchi S, Fujiwara Y, Mori M,
Doki Y. Overexpression of miR-200c induces chemoresistance in esophageal cancers mediated through activation of the Akt signaling pathway. Clin Cancer Res 2011;
17: 3029-3038 [PMID: 21248297 DOI: 10.1158/1078-0432.
CCR-10-2532]
Lynam-Lennon N, Reynolds JV, Marignol L, Sheils OM,
Pidgeon GP, Maher SG. MicroRNA-31 modulates tumour
sensitivity to radiation in oesophageal adenocarcinoma. J
Mol Med (Berl) 2012; 90: 1449-1458 [PMID: 22706599 DOI:
10.1007/s00109-012-0924-x]
Zhang J, Zhao H, Gao Y, Zhang W. Secretory miRNAs as
novel cancer biomarkers. Biochim Biophys Acta 2012; 1826:
32-43 [PMID: 22440944 DOI: 10.1016/j.bbcan.2012.03.001]
Chen G, Gharib TG, Huang CC, Taylor JM, Misek DE, Kardia SL, Giordano TJ, Iannettoni MD, Orringer MB, Hanash
SM, Beer DG. Discordant protein and mRNA expression in
lung adenocarcinomas. Mol Cell Proteomics 2002; 1: 304-313
[PMID: 12096112]
Varambally S, Yu J, Laxman B, Rhodes DR, Mehra R, Tomlins SA, Shah RB, Chandran U, Monzon FA, Becich MJ, Wei
JT, Pienta KJ, Ghosh D, Rubin MA, Chinnaiyan AM. Integrative genomic and proteomic analysis of prostate cancer reveals signatures of metastatic progression. Cancer Cell 2005; 8:
393-406 [PMID: 16286247 DOI: 10.1016/j.ccr.2005.10.001]
Gygi SP, Rochon Y, Franza BR, Aebersold R. Correlation
between protein and mRNA abundance in yeast. Mol Cell
Biol 1999; 19: 1720-1730 [PMID: 10022859]
Uemura N, Nakanishi Y, Kato H, Saito S, Nagino M, Hirohashi S, Kondo T. Transglutaminase 3 as a prognostic biomarker in esophageal cancer revealed by proteomics. Int J
Cancer 2009; 124: 2106-2115 [PMID: 19142970 DOI: 10.1002/
ijc.24194]
Hanash SM, Pitteri SJ, Faca VM. Mining the plasma proteome for cancer biomarkers. Nature 2008; 452: 571-579
[PMID: 18385731 DOI: 10.1038/nature06916]
Cox J, Mann M. Is proteomics the new genomics? Cell 2007;
130: 395-398 [PMID: 17693247 DOI: 10.1016/j.cell.2007.07.032]
Aichler M, Elsner M, Ludyga N, Feuchtinger A, Zangen V,
Maier SK, Balluff B, Schöne C, Hierber L, Braselmann H,
Meding S, Rauser S, Zischka H, Aubele M, Schmitt M, Feith
M, Hauck SM, Ueffing M, Langer R, Kuster B, Zitzelsberger
H, Höfler H, Walch AK. Clinical response to chemotherapy
in oesophageal adenocarcinoma patients is linked to defects
in mitochondria. J Pathol 2013; 230: 410-419 [PMID: 23592244
DOI: 10.1002/path.4199]
Maher SG, McDowell DT, Collins BC, Muldoon C, Gallagher WM, Reynolds JV. Serum proteomic profiling reveals that
pretreatment complement protein levels are predictive of
esophageal cancer patient response to neoadjuvant chemoradiation. Ann Surg 2011; 254: 809-816; discussion 816-817
[PMID: 22005152 DOI: 10.1097/SLA.0b013e31823699f2]
Fung ET. A recipe for proteomics diagnostic test development: the OVA1 test, from biomarker discovery to FDA
clearance. Clin Chem 2010; 56: 327-329 [PMID: 20110452 DOI:
10.1373/clinchem.2009.140855]
Kondo T, Suehara Y, Kikuta K, Kubota D, Tajima T, Mukaihara K, Ichikawa H, Kawai A. Proteomic approach toward
personalized sarcoma treatment: lessons from prognostic
biomarker discovery in gastrointestinal stromal tumor.
Proteomics Clin Appl 2013; 7: 70-78 [PMID: 23281253 DOI:
10.1002/prca.201200085]
Taylor CR, Levenson RM. Quantification of immunohistochemistry--issues concerning methods, utility and semiquantitative assessment II. Histopathology 2006; 49: 411-424
[PMID: 16978205 DOI: 10.1111/j.1365-2559.2006.02513.x]

WCGO|www.wjgnet.com

58

59

60

61

62

63

64

65

66

67

68

69

70

71

73

Al-Hajj M, Wicha MS, Benito-Hernandez A, Morrison SJ,
Clarke MF. Prospective identification of tumorigenic breast
cancer cells. Proc Natl Acad Sci USA 2003; 100: 3983-3988
[PMID: 12629218 DOI: 10.1073/pnas.0530291100]
Zhu L, Gibson P, Currle DS, Tong Y, Richardson RJ, Bayazitov IT, Poppleton H, Zakharenko S, Ellison DW, Gilbertson
RJ. Prominin 1 marks intestinal stem cells that are susceptible to neoplastic transformation. Nature 2009; 457: 603-607
[PMID: 19092805 DOI: 10.1038/nature07589]
O’Brien CA, Pollett A, Gallinger S, Dick JE. A human colon
cancer cell capable of initiating tumour growth in immunodeficient mice. Nature 2007; 445: 106-110 [PMID: 17122772
DOI: 10.1038/nature05372]
Vermeulen L, De Sousa E Melo F, van der Heijden M, Cameron K, de Jong JH, Borovski T, Tuynman JB, Todaro M,
Merz C, Rodermond H, Sprick MR, Kemper K, Richel DJ,
Stassi G, Medema JP. Wnt activity defines colon cancer stem
cells and is regulated by the microenvironment. Nat Cell Biol
2010; 12: 468-476 [PMID: 20418870 DOI: 10.1038/ncb2048]
Phillips TM, McBride WH, Pajonk F. The response of
CD24(-/low)/CD44+ breast cancer-initiating cells to radiation. J Natl Cancer Inst 2006; 98: 1777-1785 [PMID: 17179479
DOI: 10.1093/jnci/djj495]
Todaro M, Alea MP, Di Stefano AB, Cammareri P, Vermeulen L, Iovino F, Tripodo C, Russo A, Gulotta G, Medema
JP, Stassi G. Colon cancer stem cells dictate tumor growth
and resist cell death by production of interleukin-4. Cell
Stem Cell 2007; 1: 389-402 [PMID: 18371377 DOI: 10.1016/
j.stem.2007.08.001]
Smit JK, Faber H, Niemantsverdriet M, Baanstra M, Bussink
J, Hollema H, van Os RP, Plukker JT, Coppes RP. Prediction
of response to radiotherapy in the treatment of esophageal
cancer using stem cell markers. Radiother Oncol 2013; 107:
434-441 [PMID: 23684587 DOI: 10.1016/j.radonc.2013.03.027]
Yamamoto Y, Yamai H, Seike J, Yoshida T, Takechi H, Furukita Y, Kajiura K, Minato T, Bando Y, Tangoku A. Prognosis of esophageal squamous cell carcinoma in patients
positive for human epidermal growth factor receptor family
can be improved by initial chemotherapy with docetaxel,
fluorouracil, and cisplatin. Ann Surg Oncol 2012; 19: 757-765
[PMID: 21947696 DOI: 10.1245/s10434-011-2071-y]
Akamatsu M, Matsumoto T, Oka K, Yamasaki S, Sonoue
H, Kajiyama Y, Tsurumaru M, Sasai K. c-erbB-2 oncoprotein expression related to chemoradioresistance in esophageal squamous cell carcinoma. Int J Radiat Oncol Biol Phys
2003; 57: 1323-1327 [PMID: 14630269 DOI: 10.1016/S03603016(03)00782-X]
Arsenijevic T, Micev M, Nikolic V, Gavrilovic D, Radulovic
S, Pesko P. Is there a correlation between molecular markers
and response to neoadjuvant chemoradiotherapy in locally
advanced squamous cell esophageal cancer? J BUON 2012;
17: 706-711 [PMID: 23335529]
Schena M, La Rovere E, Solerio D, Bustreo S, Barone C, Daniele L, Buffoni L, Bironzo P, Sapino A, Gasparri G, Ciuffreda L,
Ricardi U. Neoadjuvant chemo-radiotherapy for locally advanced esophageal cancer: a monocentric study. Tumori 2012;
98: 451-457 [PMID: 23052161 DOI: 10.1700/1146.12639]
Vallböhmer D, Lenz HJ. Predictive and prognostic molecular markers in outcome of esophageal cancer. Dis
Esophagus 2006; 19: 425-432 [PMID: 17069584 DOI: 10.1111/
j.1442-2050.2006.00622.x]
Kitamura K, Saeki H, Kawaguchi H, Araki K, Ohno S, Kuwano H, Maehara Y, Sugimachi K. Immunohistochemical
status of the p53 protein and Ki-67 antigen using biopsied
specimens can predict a sensitivity to neoadjuvant therapy
in patients with esophageal cancer. Hepatogastroenterology
2000; 47: 419-423 [PMID: 10791203]
Shimada Y, Watanabe G, Yamasaki S, Maeda M, Kawabe
A, Kaganoi JI, Itami A, Fukumoto M, Kanda Y, Imamura M.
Histological response of cisplatin predicts patients’ survival

February 8, 2015|First Edition|

Uemura N et al . Predictive biomarkers in esophageal cancer

72

73

74

75

76

77

78

79

80

81

82

83

in oesophageal cancer and p53 protein accumulation in pretreatment biopsy is associated with cisplatin sensitivity. Eur
J Cancer 2000; 36: 987-993 [PMID: 10885602]
Sarbia M, Ott N, Pühringer-Oppermann F, Brücher BL. The
predictive value of molecular markers (p53, EGFR, ATM,
CHK2) in multimodally treated squamous cell carcinoma
of the oesophagus. Br J Cancer 2007; 97: 1404-1408 [PMID:
17940507 DOI: 10.1038/sj.bjc.6604037]
Zhang SS, Huang QY, Yang H, Xie X, Luo KJ, Wen J, Cai
XL, Yang F, Hu Y, Fu JH. Correlation of p53 status with the
response to chemotherapy-based treatment in esophageal
cancer: a meta-analysis. Ann Surg Oncol 2013; 20: 2419-2427
[PMID: 23515910 DOI: 10.1245/s10434-012-2859-4]
Kishi K, Doki Y, Yano M, Yasuda T, Fujiwara Y, Takiguchi
S, Kim S, Higuchi I, Monden M. Reduced MLH1 expression
after chemotherapy is an indicator for poor prognosis in
esophageal cancers. Clin Cancer Res 2003; 9: 4368-4375 [PMID:
14555508]
Nam TK, Lee JH, Cho SH, Chung IJ, Ahn SJ, Song JY, Yoon
MS, Chung WK, Nah BS. Low hMLH1 expression prior to
definitive chemoradiotherapy predicts poor prognosis in
esophageal squamous cell carcinoma. Cancer Lett 2008; 260:
109-117 [PMID: 18053639 DOI: 10.1016/j.canlet.2007.10.026]
Uehara H, Miyamoto M, Kato K, Cho Y, Kurokawa T, Murakami S, Fukunaga A, Ebihara Y, Kaneko H, Hashimoto H,
Murakami Y, Shichinohe T, Kawarada Y, Itoh T, Okushiba
S, Kondo S, Katoh H. Deficiency of hMLH1 and hMSH2
expression is a poor prognostic factor in esophageal squamous cell carcinoma. J Surg Oncol 2005; 92: 109-115 [PMID:
16231369 DOI: 10.1002/jso.20332]
Alexander BM, Wang XZ, Niemierko A, Weaver DT, Mak
RH, Roof KS, Fidias P, Wain J, Choi NC. DNA repair biomarkers predict response to neoadjuvant chemoradiotherapy in esophageal cancer. Int J Radiat Oncol Biol Phys 2012; 83:
164-171 [PMID: 22000749 DOI: 10.1016/j.ijrobp.2011.05.033]
Langer R, Feith M, Siewert JR, Wester HJ, Hoefler H. Expression and clinical significance of glucose regulated
proteins GRP78 (BiP) and GRP94 (GP96) in human adenocarcinomas of the esophagus. BMC Cancer 2008; 8: 70 [PMID:
18331622 DOI: 10.1186/1471-2407-8-70]
Langer R, Ott K, Specht K, Becker K, Lordick F, Burian M,
Herrmann K, Schrattenholz A, Cahill MA, Schwaiger M,
Hofler H, Wester HJ. Protein expression profiling in esophageal adenocarcinoma patients indicates association of heatshock protein 27 expression and chemotherapy response.
Clin Cancer Res 2008; 14: 8279-8287 [PMID: 19088045 DOI:
10.1158/1078-0432.CCR-08-0679]
Slotta-Huspenina J, Wolff C, Drecoll E, Feith M, Bettstetter M, Malinowsky K, Bauer L, Becker K, Ott K, Höfler H,
Becker KF, Langer R. A specific expression profile of heatshock proteins and glucose-regulated proteins is associated
with response to neoadjuvant chemotherapy in oesophageal
adenocarcinomas. Br J Cancer 2013; 109: 370-378 [PMID:
23839491 DOI: 10.1038/bjc.2013.319]
Makuuchi Y, Honda K, Osaka Y, Kato K, Kojima T, Daiko H,
Igaki H, Ito Y, Hoshino S, Tachibana S, Watanabe T, Furuta
K, Sekine S, Umaki T, Watabe Y, Miura N, Ono M, Tsuchida
A, Yamada T. Soluble interleukin-6 receptor is a serum biomarker for the response of esophageal carcinoma to neoadjuvant chemoradiotherapy. Cancer Sci 2013; 104: 1045-1051
[PMID: 23648090 DOI: 10.1111/cas.12187]
Brabender J, Metzger R, Vallböhmer D, Ling F, Neiss S,
Bollschweiler E, Schneider PM, Hölscher AH, Grimminger
PP. Roles of thymidylate synthase and dihydropyrimidine dehydrogenase expression in blood as predictors of
response to multimodal therapy in esophageal cancer.
Surgery 2012; 151: 306-312 [PMID: 21982526 DOI: 10.1016/
j.surg.2011.07.018]
Sato H, Tsubosa Y, Kawano T. Correlation between the pretherapeutic neutrophil to lymphocyte ratio and the patho-

WCGO|www.wjgnet.com

84

85

86

87

88

89

90

91

92

93

94

95

96

74

logic response to neoadjuvant chemotherapy in patients
with advanced esophageal cancer. World J Surg 2012; 36:
617-622 [PMID: 22223293 DOI: 10.1007/s00268-011-1411-1]
Noble F, Hopkins J, Curtis N, Kelly JJ, Bailey IS, Byrne JP,
Bateman AC, Bateman AR, Underwood TJ. The role of systemic inflammatory and nutritional blood-borne markers
in predicting response to neoadjuvant chemotherapy and
survival in oesophagogastric cancer. Med Oncol 2013; 30: 596
[PMID: 23690267 DOI: 10.1007/s12032-013-0596-6]
Hsu PK, Chien LI, Huang CS, Hsieh CC, Wu YC, Hsu WH,
Chou TY. Comparison of survival among neoadjuvant
chemoradiation responders, non-responders and patients
receiving primary resection for locally advanced oesophageal squamous cell carcinoma: does neoadjuvant chemoradiation benefit all? Interact Cardiovasc Thorac Surg 2013; 17:
460-466 [PMID: 23728085 DOI: 10.1093/icvts/ivt216]
Ando N, Kato H, Igaki H, Shinoda M, Ozawa S, Shimizu H,
Nakamura T, Yabusaki H, Aoyama N, Kurita A, Ikeda K,
Kanda T, Tsujinaka T, Nakamura K, Fukuda H. A randomized trial comparing postoperative adjuvant chemotherapy
with cisplatin and 5-fluorouracil versus preoperative chemotherapy for localized advanced squamous cell carcinoma
of the thoracic esophagus (JCOG9907). Ann Surg Oncol 2012;
19: 68-74 [PMID: 21879261 DOI: 10.1245/s10434-011-2049-9]
Almhanna K, Shridhar R, Meredith KL. Neoadjuvant or
adjuvant therapy for resectable esophageal cancer: is there
a standard of care? Cancer Control 2013; 20: 89-96 [PMID:
23571699]
Nakamura K, Kato K, Igaki H, Ito Y, Mizusawa J, Ando N,
Udagawa H, Tsubosa Y, Daiko H, Hironaka S, Fukuda H,
Kitagawa Y. Three-arm phase III trial comparing cisplatin
plus 5-FU (CF) versus docetaxel, cisplatin plus 5-FU (DCF)
versus radiotherapy with CF (CF-RT) as preoperative
therapy for locally advanced esophageal cancer (JCOG1109,
NExT study). Jpn J Clin Oncol 2013; 43: 752-755 [PMID:
23625063 DOI: 10.1093/jjco/hyt061]
Hötte GJ, Linam-Lennon N, Reynolds JV, Maher SG. Radiation sensitivity of esophageal adenocarcinoma: the contribution of the RNA-binding protein RNPC1 and p21-mediated
cell cycle arrest to radioresistance. Radiat Res 2012; 177:
272-279 [PMID: 22214381]
Kurashige J, Watanabe M, Iwatsuki M, Kinoshita K, Saito
S, Nagai Y, Ishimoto T, Baba Y, Mimori K, Baba H. RPN2
expression predicts response to docetaxel in oesophageal
squamous cell carcinoma. Br J Cancer 2012; 107: 1233-1238
[PMID: 22955852 DOI: 10.1038/bjc.2012.396]
Lepage C, Rachet B, Jooste V, Faivre J, Coleman MP. Continuing rapid increase in esophageal adenocarcinoma in
England and Wales. Am J Gastroenterol 2008; 103: 2694-2699
[PMID: 18853967 DOI: 10.1111/j.1572-0241.2008.02191.x]
Pohl H, Welch HG. The role of overdiagnosis and reclassification in the marked increase of esophageal adenocarcinoma incidence. J Natl Cancer Inst 2005; 97: 142-146 [PMID:
15657344 DOI: 10.1093/jnci/dji024]
Merkow RP, Bilimoria KY, McCarter MD, Chow WB, Ko
CY, Bentrem DJ. Use of multimodality neoadjuvant therapy
for esophageal cancer in the United States: assessment of
987 hospitals. Ann Surg Oncol 2012; 19: 357-364 [PMID:
21769460 DOI: 10.1245/s10434-011-1945-3]
Bollschweiler E, Metzger R, Drebber U, Baldus S, Vallböhmer D, Kocher M, Hölscher AH. Histological type of
esophageal cancer might affect response to neo-adjuvant
radiochemotherapy and subsequent prognosis. Ann Oncol
2009; 20: 231-238 [PMID: 18836090 DOI: 10.1093/annonc/
mdn622]
Pennathur A, Luketich JD. Resection for esophageal cancer:
strategies for optimal management. Ann Thorac Surg 2008;
85: S751-S756 [PMID: 18222210 DOI: 10.1016/j.athoracsur.20
07.11.078]
Pennathur A, Zhang J, Chen H, Luketich JD. The “best op-

February 8, 2015|First Edition|

Uemura N et al . Predictive biomarkers in esophageal cancer
eration” for esophageal cancer? Ann Thorac Surg 2010; 89:
S2163-S2167 [PMID: 20494003 DOI: 10.1016/j.athoracsur.201
0.03.068]
97 Hagen JA, DeMeester SR, Peters JH, Chandrasoma P, DeMeester TR. Curative resection for esophageal adenocarcinoma: analysis of 100 en bloc esophagectomies. Ann Surg
2001; 234: 520-530; discussion 530-531 [PMID: 11573045]
98 Orringer MB, Marshall B, Iannettoni MD. Transhiatal esophagectomy: clinical experience and refinements. Ann Surg
1999; 230: 392-400; discussion 400-403 [PMID: 10493486]
99 Altorki N, Kent M, Ferrara C, Port J. Three-field lymph
node dissection for squamous cell and adenocarcinoma of
the esophagus. Ann Surg 2002; 236: 177-183 [PMID: 12170022
DOI: 10.1097/01.SLA.0000021583.51164.F4]
100 Swanson SJ, Batirel HF, Bueno R, Jaklitsch MT, Lukanich
JM, Allred E, Mentzer SJ, Sugarbaker DJ. Transthoracic
esophagectomy with radical mediastinal and abdominal
lymph node dissection and cervical esophagogastrostomy for esophageal carcinoma. Ann Thorac Surg 2001; 72:
1918-1924; discussion 1918-1924 [PMID: 11789772]
101 Visbal AL, Allen MS, Miller DL, Deschamps C, Trastek VF,
Pairolero PC. Ivor Lewis esophagogastrectomy for esophageal cancer. Ann Thorac Surg 2001; 71: 1803-1808 [PMID:
11426751]
102 Hiranyatheb P, Osugi H. Radical lymphadenectomy in
esophageal cancer: from the past to the present. Dis Esophagus 2013 Jun 24; Epub ahead of print [PMID: 23796327 DOI:

10.1111/dote.12091]
103 Wong J, Weber J, Almhanna K, Hoffe S, Shridhar R, Karl R,
Meredith KL. Extent of lymphadenectomy does not predict
survival in patients treated with primary esophagectomy. J
Gastrointest Surg 2013; 17: 1562-1568; discussion 1569 [PMID:
23818125 DOI: 10.1007/s11605-013-2259-5]
104 Stiles BM, Nasar A, Mirza FA, Lee PC, Paul S, Port JL, Altorki NK. Worldwide Oesophageal Cancer Collaboration
guidelines for lymphadenectomy predict survival following neoadjuvant therapy. Eur J Cardiothorac Surg 2012; 42:
659-664 [PMID: 22491667 DOI: 10.1093/ejcts/ezs105]
105 Akutsu Y, Yasuda S, Nagata M, Izumi Y, Okazumi S, Shimada H, Nakatani Y, Tsujii H, Kamada T, Yamada S, Matsubara H. A phase I/II clinical trial of preoperative shortcourse carbon-ion radiotherapy for patients with squamous
cell carcinoma of the esophagus. J Surg Oncol 2012; 105:
750-755 [PMID: 22012645 DOI: 10.1002/jso.22127]
106 Forde PM, Kelly RJ. Chemotherapeutic and targeted strategies for locally advanced and metastatic esophageal cancer. J Thorac Oncol 2013; 8: 673-684 [PMID: 23591158 DOI:
10.1097/JTO.0b013e31828b5172]
107 Toomey PG, Vohra NA, Ghansah T, Sarnaik AA, PilonThomas SA. Immunotherapy for gastrointestinal malignancies. Cancer Control 2013; 20: 32-42 [PMID: 23302905]
108 Saijo N. Critical comments for roles of biomarkers in the
diagnosis and treatment of cancer. Cancer Treat Rev 2012; 38:
63-67 [PMID: 21652149 DOI: 10.1016/j.ctrv.2011.02.004]
P- Reviewer: Goenka MK, Kim GH, Scherer A S- Editor: Ji FF
L- Editor: Roemmele A E- Editor: Lu YJ

WCGO|www.wjgnet.com

75

February 8, 2015|First Edition|

WCGO

World Clinical
Gastrointestinal Oncology

2015 First Edition
bpgoffice@wjgnet.com

ISBN 978-0-9914430-2-4
© 2015 Baishideng Publishing Group Inc. All rights reserved.

2014 ADVANCES IN ESOPHAGEAL CANCER

Epidemiological studies of esophageal cancer in the era of
genome-wide association studies
An-Hui Wang, Yuan Liu, Bo Wang, Yi-Xuan He, Ye-Xian Fang, Yong-Ping Yan
EC. Human genome epidemiology is a new branch of
epidemiology, which leads the epidemiology study from
the molecular epidemiology era to the era of genome
wide association studies (GWAS). Here we review the
epidemiological studies of EC (especially ESCC) in the
era of GWAS, and provide an overview of the general
risk factors and those genomic variants (genes, SNPs,
miRNAs, proteins) involved in the process of ESCC.

An-Hui Wang, Bo Wang, Yong-Ping Yan, Department of Epidemiology, School of Public Health, Fourth Military Medical
University, Xi’an 710032, Shaanxi Province, China
Yuan Liu, Clinic of Xi’an Communication College, Xi’an
710106, Shaanxi Province, China
Yi-Xuan He, Ye-Xian Fang, Medical Student of Fourth Military Medical University, Xi’an 710032, Shaanxi Province,
China
Author contributions: Wang AH contributed to the conception, design, editing and revision of the manuscript; Liu Y, He
YX and Fang YX contributed to drafting the article; Wang B
and Yan YP contributed to manuscript review and revision.
Correspondence to: An-Hui Wang, Associate Professor,
Department of Epidemiology, School of Public Health, Fourth
Military Medical University, No. 169 Changle West Road, Xi’
an 710032, Shaanxi Province, China. wanganhui@hotmail.com
Telephone: +86-29-84774871 Fax: +86-29-84774876
Received: January 27, 2014 Revised: April 17, 2014
Accepted: May 31, 2014
Published online: February 8, 2015

© 2015 Baishideng Publishing Group Inc. All rights reserved.

Key words: Esophageal cancer; Epidemiology; Genome
wide association study; Single nucleotide polymorphism; MicroRNA
Core tip: Epidemiological study methods advance as the
science and technique progress. In the era of genome
wide association studies (GWAS), human genome epidemiology (HuGE) provide a great chance for epidemiologists and clinical scientists to explore the cause of
disease and evaluate genomic biomarkers for diagnosis
or prognosis. More and more epidemiological studies
use GWAS methods to analyze genomic variants and
the association with esophageal cancer. Here we review
epidemiological studies of esophageal cancer in the era
of GWAS, and briefly introduce the case-control study
and cohort study methods in HuGE studies.

Abstract
Esophageal cancer (EC) caused about 395000 deaths
in 2010. China has the most cases of EC and EC is the
fourth leading cause of cancer death in China. Esophageal squamous cell carcinoma (ESCC) is the predominant histologic type (90%-95%), while the incidence of
esophageal adenocarcinoma (EAC) remains extremely
low in China. Traditional epidemiological studies have
revealed that environmental carcinogens are risk factors
for EC. Molecular epidemiological studies revealed that
susceptibility to EC is influenced by both environmental
and genetic risk factors. Of all the risk factors for EC,
some are associated with the risk of ESCC and others
with the risk of EAC. However, the details and mechanisms of risk factors involved in the process for EC are
unclear. The advanced methods and techniques used in
human genome studies bring a great opportunity for researchers to explore and identify the details of those risk
factors or susceptibility genes involved in the process of
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Tobacco use (tobacco smoking, tobacco chewing, etc.)
is a predominant risk factor for EC, especially ESCC.
Alcohol drinking can also increase the risk of EC. Alcohol drinking is more likely to increase the risk of ESCC.
People exposed to both tobacco use and alcohol had the
risk of EC much more than those exposed to smoking
or drinking alone. The risk of ESCC increased as the
quantity of alcohol intake increased. The association between alcohol drinking and an increased risk of EC was
more likely observed in Asian populations than in others[5]. Alcohol consumption and cigarette smoking are
risk factors for ESCC in China and Japan[6,7].
Overweight or obesity is associated with a higher risk
of EAC. A diet with more fruits or/and vegetables is reported to reduce the risk of EC. On the contrary some
diet habit may raise the risk for EC. Drinking very hot
liquids frequently may increase the risk of ESCC. Overeating is the risk factor for EAC.
Infection with human papillomavirus (HPV) is associated with a number of cancers. HPV infection has
been observed in about one-third of EC patients in Asia
and South Africa.
Risk factors for EC varied among different countries,
which may explain in part by the social-economic difference. The risk factors for EC are different between
high- and low-incidence areas[6]. A study in Kashmir[8]
recruited 703 cases and 1664 controls and found an inverse association between tooth cleaning and ESCC risk.
A study based on a network of Italian and Swiss casecontrol studies found that a family history of oral and
pharyngeal cancer was associated with an increased risk
for EC[9]. In China individuals with a family history of
EC were found to have an increased risk for EC[10]. The
Miyagi Cohort Study found that people who drink one
or more cups of coffee per day compared with those
who did not drink have a lower risk of EC and oral pharyngeal cancer[11]. The major risk factors for EC are summarized in Table 1.

Table 1 Major risk factors for esophageal cancer
Risk factor

Ref.

Fan et al[12], Oze et al[7]
Oze et al[13], Fan et al[12],
Islami et al[5]
Drinking hot tea or soup at high temperature Wu et al[14]
Food mutagens
Yokokawa et al[15],
Zhang et al[16]
Family history
Turati et al[9], Gao et al[17]
Nutritional deficiency
Tran et al[18]
Poor oral hygiene/ESCC
Dar et al[8]
Coffee consumption2
Naganuma et al[11]
HPV infection
Li et al[19], Cui et al[20]
Obesity
Chen et al[21]
Cigarette smoking (tobacco use)
Alcohol drinking (alcohol consumption)1

Alcohol consumption depends on the quantity of alcohol intake; 2Coffee
consumption: reverse relation. ESCC: Esophageal squamous cell carcinoma.
1

in 2010[1]. The incidence rate and mortality rate varied
among different geographic and ethnic populations.
China has the most cases of esophageal cancer. EC is
the fourth leading cause of cancer associated death in
China. Esophageal squamous cell carcinoma (ESCC) is
the predominant histologic type (90%-95%), while the
incidence of esophageal adenocarcinoma (EAC) remains
extremely low in China.
Traditional epidemiological studies have identified
that environmental carcinogens play a critical role in
the process of EC. Molecular epidemiological studies
revealed that susceptibility to EC is associated with both
genomic and non-genomic factors and the interaction
between genomic and non-genomic factors. Of all the
factors, some are associated with ESCC and others with
EAC. Human genome epidemiology (HuGE) is denoted
as “an emerging field of inquiry that uses systematic applications of epidemiologic methods and approaches in
population-based studies of the impact of human genetic variation on health and disease”[2]. HuGE emerged
after the sequencing of human genome was accomplished[3,4]. The characteristic of HuGE is the techniques
applied in studies, especially the technique of DNA
microarray chips used in genome-wide association studies (GWAS). These techniques can compare millions of
SNPs between genome DNA from cases and controls.
In this review we focus on the epidemiological studies
of EC in the era of GWAS.

GENERAL VIEW OF EPIDEMIOLOGY IN
THE EAR OF GWAS
Epidemiology studies in the era of GWAS are characterized by large sample size and the use of the technique
of microarray. HuGE has advanced to the stage of
GWAS[22-26]. Table 2 shows the genomic variants identified to be associated with ESCC. Some of those genetic
variants were confirmed in other populations and some
others were not identified in other populations. GWAS
in China showed that variants in several chromosome
regions conferred an increased risk of EC, but only genetic variants in alcohol-metabolizing genes were risk
factors for ESCC in Japanese[6,22-26]. A 2-step GWAS including 1070 cases and 2836 controls identiﬁed that single nucleotide polymorphisms (SNPs) rs671, rs1229984,
alcohol consumption, and tobacco use were risk factors
for ESCC[23].
Genetic polymorphisms can affect the susceptibility

GENERAL RISK FACTORS FOR EC
The incidence of EC is associated with age. More than
85% of EC patients were diagnosed at an age more than
55 years old. The incidence of EC in males is higher
than that in females. Esophageal reflux disease (GERD)
is a risk factor of EAC. GERD is also a risk factor for
Barrett’s esophagus (BE), and BE is associated with
an increased risk for EC. Asian, especially Chinese, are
more like to have an onset of EC than other populations.
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Table 2 Genomic variants identified to be associated with esophageal squamous cell carcinoma
Loci associated with ESCC

Method/design

PLCE1 (10q23 rs227422) and C20orf54 (20p13)
ALDH2 (4q21-23, rs671) and ADH1B (12q24, rs1229984)
PLCE1 (10q23 rs2274223)
ALDH2 (4q23, rs671) and ADH1B (12q24.11–13, rs1229984)
5q11 (rs10052657) 21q22 (rs2014300), 6p21 (rs10484761), 10q23
(rs2274223), and 12q24 (rs2074356, rs11066280)
CYP1A1 A2455G polymorphism(Ile/Val, rs1048943)

GWAS
GWAS
GWAS
GWAS
GWAS
Meta-analysis

CYP1A1/CYP2E1
(MTHFR) C677T and A1298C polymorphisms with ESCC
rs1014867 polymorphisms in FAT4 gene
Interleukin 1B rs16944
CHRNA5-A3-B4 rs667282 TT/TG
rs1494961, rs1229984 and rs1789924, and rs671
Genetic variants in DNA repair pathway genes/(EGFR) signaling
pathway
Sex hormone metabolic genes
Chromosome 1 open reading frame 10 (C1orf10)

(13 case-control studies)
Case-control study
Meta-analysis
(15 case-control studies)
Case-control study
Case-control study
Case-control study
Case-control study
Case-control study
Case-control study
Case-control study

Case sample size Control sample size

Ref.

1077
1070
2115
1071
2031
1881

1733
2836
3302
2762
2044
3786

Wang et al[22]
Cui et al[23]
Abnet et al[24]
Tanaka et al[25]
Wu et al[26]
Shen et al[27]

565 /482
3213

468/466
4354

Wang et al[28]
Fang et al[29]

2139
380
866
2139
1942

2273
380
952
2273
2111

Du et al[30]
Zheng et al[31]
Wang et al[32]
Gao et al[33]
Li et al[34], Li et al[35]

1026
991

1452
984

Hyland et al[36]
Zhang et al[37]

ESCC: Esophageal squamous cell carcinoma; GWAS: Genome wide association studies; PLCE1: Phospholipase C epsilon 1; C20orf54: Chromosome 20 open
reading frame 54; ADH1B: Alcohol dehydrogenase; ALDH2: Acetaldehyde dehydrogenase.

indicate that genomic factors, none-genomic factors and
their interactions can predict who are at high risk for
ESCC. In contrast to association with a risk of ESCC in
Asians, the PLCE1 rs2274223 and RFT2 13042395 SNPs
were not associated with a risk of EC in Dutch Caucasians[40]. GWAS also identified three SNPs (rs10419226
in CRTC1, rs11789015 in BARX1 and rs2687201 near
FOXP1) that were associated with a risk of EAC and
BE[41].

to EC. Cytochrome P450 1A1 (CYP1A1) enzyme is a
member of the CYP superfamily and prone to mutation,
and an association between CYP1A1 enzyme activity and
the risk of developing EC was revealed[38]. A meta-analysis uncovered that the A2455G polymorphism (Ile/Val,
rs1048943) was a risk factor for EC[27]. By combining the
technique of DNA microarray and epidemiology data
of EC patients living in North or South China, the polymorphisms of CYP1A1 and CYP2E1 were studied[28].
In South area there was a significant association between
CYP1A1 m2 polymorphism and EC. In North area there
were significant associations between CYP2E1 Pst I and
CYP2E Rsa I polymorphisms and EC. A significantly
increased risk of ESCC was identified for smokers with
the methylenetetrahydrofolate reductase (MTHFR) 677T
allele[29]. MTHFR 677T and MTHFR 1298C conferred
an increased risk for ESCC in Chinese population than in
other populations. Four SNPs (rs1014867, rs12508222,
rs1039808 and rs1567047) in FAT4 as potential risk factors for EC were studied[30]. The T allele of rs1014867
(Pro4972Ser) was associated with a reduced risk for EC[30].
The functional IL1B rs16944G > A polymorphism might
be associated with the risk of ESCC and IL3 rs2073506
G > A polymorphism was a risk factor for ESCC with
higher TNM stages[31]. CHRNA5-A3-B4 rs667282 TT/
TG genotypes were risk factors of ESCC in Chinese[32].
In China, a case-control study including 2139 cases and
2,273 controls was carried out to evaluate the associations
of six reported SNPs (rs1494961, rs1229984, rs1789924,
rs971074, rs671 and rs4767364) with risk of ESCC. Results indicate that rs1494961, rs1229984, rs1789924, and
rs671 may be used as biomarkers for ESCC[33]. Based on
the SNPs identified in GWAS, 25 SNPs, 4 non-genomic
factors (sex, age, tobacco use and alcohol drinking) and
their associations with ESCC risk were studied[39]. Results
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GENOMIC VARIANTS IN PATHWAY
GENES AND THEIR ASSOCIATIONS WITH
EC
A GWAS aimed to explore the DNA repair pathway
genes as risk factors for ESCC and GC was carried
out[34]. One thousand six hundred and seventy-five SNPs
were genotyped in cases (ESCC, GC) and controls from
Shanxi and Linxian[34]. The DNA repair pathway genes
were found to be risk factors for ESCC. CHEK2 was
significantly associated with ESCC. Li et al[35] explored
3443 SNPs in genes involved in the EGFR signaling
pathway in a study including 1942 ESCC cases, 1758 GC
cases, and 2111 controls. Gene-level analyses found that
GNAI3, CHRNE, PAK4, WASL, and ITCH were associated with a risk of ESCC[35]. A study analyzed 797 SNPs
in 51 sex hormone metabolic genes in 1026 cases and
1452 controls[36]. Six genes including SULT2B1, CYP1B1,
CYP3A7, CYP3A5, SHBG and CYP11A1 were identified
as risk factors for ESCC[36]. Chromosome 1 open reading
frame 10 (C1orf10), which is involved in heat shock and
ethanol response, is either absent or down-regulated in
ESCC tissues. Six strongly linked SNPs in a region of 7
kb were observed in a case-control study[37]. Compared

78

February 8, 2015|First Edition|

Wang AH et al . Epidemiological studies of esophageal cancer in GWAS era

10a and MiR-205 were observed as potential specific
biomarkers for ESCC (Table 3)[45].
Kan and Meltzer [46] reviewed miRNAs in BE and
EAC. They surmised the following: (1) miRNA profiles
were different between BE and EAC; (2) miR-196a is
overexpressed in EAC tissues and is favorable to EAC
cell survival; miR-196a might be a biomarker during
the carcinogenesis from BE to EAC; and (3) the miR106b-25 polycistron is involved in EC progression via
suppression of p21 and Bim. The potential role of miRNAs in GC and EC and the mechanisms of action have
been reviewed previously[47].
MiRNAs participate in the process of carcinogenesis by affecting the expression of genes to regulate cell
apoptosis, proliferation and invasion. Some miRNAs
have been proved to be associated with the characteristics of cancer or the survival time of patients, and those
miRNAs might be valuable as biomarkers for diagnosis
or prognosis prediction. A greater understanding of
functions of miRNAs in EC could provide more details
about the mechanisms of carcinogenesis (Table 4)[44,47,48].
A study explored the expression of miRNAs in
ESCC and found that 15 miRNAs were down-regulated[48]. Four miRNAs (miR-145, miR-30a-3p, miR-133a
and miR-133b) were decreased in ESCC and might
act as tumor suppressors. Three miRNAs (miR-133b,
miR-133a and miR-145) can directly inhibit FSCN1
expression, which might decrease the risk for ESCC[48].
A hospital based case-control study including 380 cases
and 380 controls was carried out to observe the association of SNPs in miRNAs with genetic susceptibility to
ESCC[49]. Female individuals or people who never smoke
or drink have a lower risk for ESCC if they carry MiR196a2 rs11614913 T > C[49]. Zhang et al[50] reported that
up-regulation of miR-203 in EC cells can significantly
increase apoptosis and decrease miR-21 expression.
MiR-203 overexpression can also inhibit cell invasion,
migration and proliferation, and may act as a tumor suppressor in EC.

Table 3 MicroRNA expression and their associations with
[45]
esophageal squamous cell carcinoma
MiRNA

Compared to normal
esophageal tissue

Proved targets

miR-10a

Decreased

miR-21
miR-93
miR-129
miR-203
miR-205

Increased
Increased
Increased
Increased/ decreased
Decreased/increased

miR-375

Decreased

HOXA3, HOXB1, HOXB3
HOXD4, HOXD10
PCDCD4, NFIB, PTEN, TPM1
FUSA, E2F1, TP53, INP1
LATS2
ABL1, TP53INP1, SOCS3
ZEB1, ZEB2, E2F5, HER3,
ERBB3, PRKCE, LRP1
PDK1

with -1139GG, -1139CC genotype was a risk factor for
ESCC[37].
The HuGE progressed form the discovery of novel
genes or SNPs to the functional or mechanistic study of
those genes or SNPs. Moreover, HuGE studies try to
screen some of those genes, SNPs or miRNAs that are
clinical treatment targets or biomarkers for diagnosis or
prognosis. A low mtDNA copy number variant (CNV)
was a risk factor for EAC[42]. A case-control study was
carried out to analyze the relationship between SNPs
(rs17417407, rs2274223 and rs22744224) in PLCE1
and susceptibility to ESCC[43]. Rs2274223G was identified to be a risk factor for ESCC, and rs2274224G was
observed as a favorable factor for ESCC[43]. Phenotypes
for rs17417407T, rs2274223G and rs2274224G were
observed as risk factors for ESCC. Genomic polymorphisms in PLCE1 can affect the risk of ESCC in Chinese population exposed to tobacco smoking[43].
Zhang et al[37] found that there was an interaction between the -1139G/C genotype in C1orf10 and smoking,
which increases the risk of ESCC. An HPV gene chip
was used to detect HPV genotypes in 183 EC cases and
89 controls[20]. The frequency of seven HPV genotypes
(16, 18, 35, 52, 6, 11, 43) in EC tissues was higher (31.7%)
than that in controls (9.0%, P < 0.001), indicating that
HPV infection was a risk factor for EC in Kazakh population. Moreover, heterozygote rs2274223 in PLCE1 was
associated with an increased risk of HPV infection[20].

CLINICAL RESEARCH OF GENOMIC BIOMARKERS FOR EC
EC is a disease with a poor prognosis[51]. It is urgent to
identify valuable biomarkers involved in the diagnosis,
progress or therapy targets for ESCC. Qi[52] reviewed the
proteins, identified by proteomics, which were associated
with the process of ESCC. The mechanisms of action
of the proteins identified by proteomics and involved in
the progress of ESCC were also discussed[53].
Loss of chromosome 19p is one of the most frequent allelic imbalances in ESCC. Down-regulation of
DIRAS1 was associated with a poor survival rate. About
50% of ESCC cases had down-regulation of DIRAS1,
and this down-regulation was associated with unfavorable clinical characteristics such as lymph node metastasis and low survival rate[53]. A GWAS observed the
relationship between SNPs and the survival of ESCC

MICRORNAS AND THEIR ASSOCIATIONS
WITH EC
MicroRNAs (miRNAs) are non-coding RNAs that
modulate the translation of RNAs. MiRNAs have been
involved in cancer initiation and development. Different miRNAs show differential expression levels in
EC tissue or EC cell lines. The levels of miR-145 and
miR-143 were decreased in ESCC tissues. An inverse association between miR-143 expression levels and cancer
invasion or metastasis was identified[44]. Results showed
that miR-143 may act as a suppressor in the process of
ESCC. MiRNA microarray technique can be used to explore the profiles of miRNAs in ESCC cell lines. MiR-
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ously discussed in detail[62]. The great majority of GWAS
conducted to date have used the case-control design, in
which genome or SNPs were compared between tissues
from esophageal cancer patients or esophageal cancer
free controls[22,26]. Other risk factors for EC were also
investigated and analyzed to search for the genetic and
environmental factors influencing EC. Case-control design not only allows to study multiple factors that might
associate with disease, but also permits a more detailed
evaluation of risk factor exposure, such as tobacco use,
alcohol drinking, occupational, HPV infection, family
history of EC or dietary history. However, there are several biases that are related with the selection of cases and
controls. If cases can be representative of all persons
who develop EC, the bias from case selection in a casecontrol study is limited. However, cases in most of the
case-control studies are often hospital based, typically
through review of medical records, and those with early
death have great chance not to be included, leading to
survival bias. Theoretically, controls should be representative of all persons at risk for EC. In fact, selecting controls in a case-control study is the most difficult aspect.
The evaluation of risk factor exposure should avoid bias,
which is related to measuring exposures. Case-control
studies are often easier and cheaper to conduct than cohort studies.
The major merit of the cohort study is that recall
bias is controlled by collecting exposure prior to disease
outcome. Cases identified in cohort are incident and free
of survival bias. Results of cohort studies can be used to
explain the cause of disease. The disadvantages of cohort studies include the requirement of large sample size
if the incidence of disease is low, expensive cost for genomic test, and long term follow-up[63]. Due to reasons
of cost and efficiency fewer GWAS use cohort study
design. More and more case-control studies were carried
out with large sample sizes, to explore the genomic and
environmental risk factors for EC[23,25].
GWAS use high-throughput microarray technologies to analyze genetic SNPs, miRNAs or proteins and
evaluate their association with disease or with clinical
utilities (biomarkers for diagnosis or prognosis). Since
2005, more than 100 loci for more than 40 diseases have
been discovered and confirmed. Many SNPs were first
observed to be associated with disease risk. GWAS have
some advantages in identifying genetic variants associated with disease. GWAS also have some limitations,
including type Ⅰ and type Ⅱ errors and biases due to
poor representative of participants. Two step or multistep GWAS are recommended in epidemiological casecontrol studies.

Table 4 Common miRNA expression profiles in esophageal
[47]
cancer
ESCC

EAC

Up-regulated Down-regulated

Up-regulated

Downregulated

miR-21
miR-155
miR-93
miR-129

miR-21
miR-28
miR-3a-5p
miR-143-145 cluster
miR-192
miR-194
miR-215

Let-7c
miR-203
miR-205
miR-23a
miR-27a
miR-27b
miR-31
miR-99a
miR-100

Let-7c
miR-1
MiR-99a
miR-100
miR-133a
miR-143-145 cluster
miR-203
miR-375

ESCC: Esophageal squamous cell carcinoma; EAC: Esophageal adenocarcinoma.

patients[54]. Results showed that SLC39A6 overexpression was associated with a shorter period of survival,
which indicated that SLC39A6 might be a target for
ESCC therapy[54]. HOTAIR, a well-known long noncoding RNA, has been reported to associate with ESCC.
It was found that HOTAIR was overexpressed in ESCC
compared to normal esophageal tissues[55,56]. Overexpression of HOTAIR was associated with poorer prognosis.
The HOTAIR ⁄WIF-1 axis was identiﬁed to play an
important role in cell metastasis and might be a target
for ESCC therapy. PIK3CA mutations in ESCC are associated with longer survival, suggesting its role as a
prognostic biomarker[57]. Proteomic methods were used
to evaluate proteins as potential biomarkers for ESCC[58],
and 33 proteins overexpressed and 14 proteins downregulated in ESCC were identified[58]. The expression of
fos related antigen 1 (Fra-1) was identified as an unfavorable factor for prognosis[59]. The effect of SNPs of
long intergenic non-coding RNAs on ESCC was studied
by Wu et al[60]. 52 SNPs were studied in 1493 ESCC cases
and 1553 controls in China[60]. Compared with the AA
genotype of rs11752942, AG and GG reduced the risk
of ESCC. Rs11752942G allele could significantly downregulate the expression level of lincRNA-uc003opf.1[60].
These results indicated that rs11752942 in lincRNAuc003opf. 1 exon was a biomarker for susceptibility to
ESCC. Sakai et al[61] reviewed the most recent studies on
miRNAs in EC and/or BE. Four miRNAs were identified as diagnostic biomarkers and five miRNAs were
supposed to be valuable biomarkers for diagnosis and
prognosis. The progress in miRNAs identified in EC is
exciting, but there is still a lot of work to be done before
those miRNAs can be used as biomarkers for diagnosis,
efficacy evaluation or prognosis prediction.

CONCLUSION

EPIDEMIOLOGICAL STUDY DESIGN IN
THE ERA OF GWAS

The flood of GWAS findings from case-control studies
has led to the increasing need for subsequent confirmation and functional studies in experimental systems to
identify the biological mechanisms of the association be-

The advantages and disadvantages of case-control and
cohort studies in the era of GWAS have been previ-
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tween genomic variants and EC. Epidemiological studies
of EC in the era of GWAS have explored the genomic
variants affecting signaling, epigenetic regulation, RNAs,
proteins and pathways involved in cell proliferation or
invasion. However, much work remains to be done including identifying the biomarkers for screening, efficacy
evaluation and prognosis prediction. In the future, more
and more epidemiological studies will take the advantages of population-based, very large sample-sized GWAS.
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increasing gastric ghrelin secretion, induction of both
low-grade systemic inflammation by factors secreted
by adipose tissue and the metabolic syndrome with
insulin-resistance. Obesity is associated with enhanced
secretion of leptin and decreased secretion of adiponectin from adipose tissue and both increased leptin
and decreased adiponectin have been shown to be independent risk factors for progression to EAC. Leptin and
adiponectin have a set of mutually antagonistic actions
on Barrett’s cells which appear to influence the progression of malignant behaviour. At present no drugs are
of proven benefit to prevent obesity associated EAC.
Roux-en-Y reconstruction is the preferred bariatric
surgical option for weight loss in patients with reflux.
Statins and aspirin may have chemopreventative effects
and are indicated for their circulatory benefits.

Abstract

Core tip: Excess adipose tissue, particularly visceral
obesity, is an important risk factor for esophageal adenocarcinoma (EAC). The mechanisms involve both
the promotion of gastro-esophageal reflux and refluxindependent mechanisms. Abnormal secretion of the
adipokines leptin and adiponectin from adipose tissue
in obesity may promote the development of EAC. Increased leptin levels are an independent risk factor for
EAC and leptin enhances proliferation and invasion and
inhibits apoptosis in Barrett’s cell lines. Relative adiponectin deficiency is an independent risk factor for EAC
and adiponectin blocks the cancer promoting effects of
leptin in experimental models. Obesity may influence
EAC development via adipokine secretion.

© 2015 Baishideng Publishing Group Inc. All rights reserved.

Key words: Adipose; Body mass index; Reflux; Barrett’s
esophagus

In recent decades there has been a dramatic rise in the
incidence of esophageal adenocarcinoma (EAC) in the
developed world. Over approximately the same period
there has also been an increase in the prevalence of
obesity. Obesity, especially visceral obesity, is an important independent risk factor for the development of
gastro-esophageal reflux disease, Barrett’s esophagus
and EAC. Although the simplest explanation is that
this mediated by the mechanical effects of abdominal
obesity promoting gastro-esophageal reflux, the epidemiological data suggest that the EAC-promoting effects
are independent of reflux. Several, not mutually exclusive, mechanisms have been implicated, which may
have different effects at various points along the refluxBarrett’s-cancer pathway. These mechanisms include a
reduction in the prevalence of Helicobacter pylori infection enhancing gastric acidity and possibly appetite by
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(synonymous to visceral and abdominal adiposity) is
measured using waist-to-hip ratio (WTHR), waist circumference and anterior-posterior abdominal diameter
(cm); and imaging such as visceral adipose tissue area (m2)
(VATA) or volume (m3) as determined by computerised
tomography or magnetic resonance imaging. While BMI
is a simple measure of overall adiposity that is practical
for large epidemiological studies, it is crude and does
not necessarily reflect the varying proportions of fat and
lean (non-fat) mass or body fat distribution. Measures
of central obesity have been demonstrated to vary substantially within a narrow range of BMI, whilst central
obesity itself is a combination of subcutaneous obesity
around the abdomen and mesenteric adipose tissue.
Furthermore, as body composition changes with age,
and height decreases, for example through kyphosis and
loss of vertebral height, BMI may be overestimated in
older participants[7]. Imaging modalities used to quantify
fat distribution, can precisely estimate the size of body
fat compartments. However, they are less suitable for
large scale prospective studies: they are often performed
at diagnosis rather than for preceding time points and
could therefore underestimate associations depending
on weight loss associated with the diagnosis; and their
use requires convenience sampling for controls (e.g., patients undergoing investigation for other reasons), and
therefore may be less representative of the population
under study. These are important considerations when
appraising the evidence on the risk of reflux, Barrett’s
esophagus and EAC with adiposity.

Available from: URL: http://www.wjgnet.com/2150-5330/full/
v5/i4/534.htm DOI: http://dx.doi.org/10.4291/wjgp.v5.i4.534

INTRODUCTION
Esophageal adenocarcinoma is a health problem of increasing global health significance. The overall prognosis
of esophageal adenocarcinoma (EAC), the most prevalent form of esophageal cancer in the developed world,
is dismal, with a 5-year survival of 15%-20% at best[1]. At
the same time the incidence of this cancer has increased
dramatically, by approximately 600% in the last 30 years,
leading some commentators to call this an epidemic[2]. A
detailed understanding of the pathogenic mechanisms
leading to this malignancy is required to enable the development of strategies for both prevention and treatment.
Over a similar period the prevalence of obesity has increased in the developed world and this increase in obesity has been linked with increased risks of several cancers,
including oesophageal adenocarcinoma (OAC)[3,4]. Over
the last 30 years rates of obesity have been increasing
steadily, most obviously in the United States and Western
Europe[5] but also in lower and middle income countries[6]. Estimates from The World Health Organisation
suggest that 12% of the world’s population aged over 20
years old is now obese which equates to approximately
500 million adults. It is estimated that 10% of men and
14% of women are obese by standard criteria. This has
doubled from the 1980s[6].
Well-designed epidemiological investigations have
been instrumental in detecting and defining the association between obesity and EAC. Relevant features of the
association have been explored in detail to determine
features of causality and to help clarify the potential implicated mechanisms through which obesity may act. This
review summarises relevant recent observational data on
the association between measures of obesity and risk of
EAC, gastro-esophageal reflux and Barrett’s esophagus;
and experimental data of plausible mechanisms contributing to carcinogenesis and explores where and how interventions may reduce the burden of this disease.

OBESITY AND RISK OF ESOPHAGEAL
ADENOCARCINOMA
The association between measures of obesity and risk
of OAC has been extensively examined in epidemiological investigations. The most striking evidence for a
potential causal association between adiposity and risk
of this cancer is the wealth of consistent data to suggest
the association is among the strongest than for any other
malignancy with evidence of a biological gradient[4]. A
systematic review of prospective studies from Europe,
Australia and the Asia-Pacific region, that measured BMI
at baseline and followed participants until the development of incident cancer (hence supporting a temporal
relationship), included 1315 male cases of OAC and 735
female cases, demonstrated the magnitude of the association in men was stronger than for any other malignancy,
from 16 sites; and in women was only second to endometrial from 19 sites. The strength of the associations
(per increase in BMI by 5 kg/m2) was almost the same
in both genders (RR = 1.52, 95%CI: 1.33-1.74 for men;
RR = 1.51, 95%CI: 1.31-1.74 for women) with minimal
heterogeneity. This implies the association between BMI
and risk of EAC is consistent between well-designed prospective studies, further supporting the causality, and that
sex-specific differences in the incidence of EAC are likely
unrelated to adiposity as measured by BMI. Interestingly,

CLINICAL MEASURES OF
ADIPOSITY AND METHODOLOGICAL
CONSIDERATIONS IN RELEVANT
OBSERVATIONAL RESEARCH
The World Health Organization definition for overweight and obesity is abnormal or excessive fat accumulation that may impair health. Adiposity has been
quantified in observational research relevant to this topic
using a number of measures including anthropometric
measurements and imaging. Overall adiposity is commonly measured using body mass index (BMI) [weight
(kg) per height squared (m 2)], and central adiposity
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for squamous cell carcinoma, the most common histological type of esophageal cancer worldwide, in both men
and women, risk was significantly reduced with increased
BMI, more strongly than for any of the included malignancies[4]. A recent meta-analysis of five observational
studies, including four prospective studies[8-11] and one
case-control study[12], reported a significant association
between abdominal obesity (as a composite measure of
VATA, WHR, AC and abdominal diameter) and risk of
EAC (adjusted OR = 2.51; 95%CI: 1.56-4.04)[13]. Indeed,
the effect of abdominal obesity, as measured by WHR
or AD, on risk of OAC has been reported to be independent of BMI[8,10]. This implies a role of abdominal
obesity in the pathogenesis EAC over and above general
obesity. Furthermore, the association between general or
central adiposity and risk of EAC has been demonstrated
to persist despite inclusion of plausible confounders in
multivariable analyses, including: symptomatic reflux,
physical activity, smoking, and intakes of total energy, red
meat, fruit and vegetables[10].
Although the available cohort studies have not clearly
shown that visceral adiposity is associated with an increased risk of invasive neoplasia in patients with Barrett’
s esophagus, two recent studies have suggested that increased visceral fat tissue[14] or total abdominal obesity[15]
are associated with the progression to high-grade dysplasia. Equally a recent meta-analysis including measures of
central adiposity at least 5 years before the diagnosis of
EAC showed a significant increased risk of cancer with
central obesity[13]. Given our understanding of the biology of Barrett’s esophagus, these data do suggest that
central obesity promotes cancers in patients with Barrett’s
esophagus.

mechanisms are likely at play as obesity is strongly associated with risk of EAC, independent of symptomatic
reflux. A recent well-conceived Swedish population-based
case-control study, which included 189 incident cases of
EAC and 816 population-based controls, demonstrated
the effect sizes for overweight BMI categories (> 25 kg/
m2) verses underweight BMI category (< 25 kg/m2) on
risk of EAC were not significantly different in adjusted or
unadjusted models for severity, frequency or duration of
reflux[21]. This study demonstrated significant synergy between BMI and reflux, most strikingly for frequency (for
more than 3 times per week), but also for severity and duration of reflux, on risk of EAC. Other epidemiological
studies have also demonstrated the reflux-independent
effects of BMI[8,22-24] and abdominal obesity[8] on the risk
of EAC, however, It should be noted these studies rely
on the reporting of symptomatic reflux and do not necessarily reflect the actual amount of acid reflux.
It might be the location of the fat rather than pure
BMI that is important. Abdominal obesity, rather than
excess weight has been suggested as the true association
of the increase in GORD. The association between BMI
and GORD was attenuated when adjusted for waist circumference suggesting BMI has its affect by increasing
abdominal obesity[25].
Although one large cross-sectional study found no
association between GERD and waist circumference or
waist: hip ratio[26], a considerable body of research suggests that an enlarged waist circumference increases the
risk of erosive oesophagitis[27-29]. A Korean study of 5329
subjects reported an association between abdominal
visceral adipose tissue volume, but not BMI or waist circumference, and erosive esophagitis[30]. Visceral adipose
tissue has been assessed by CT scan and high levels of
visceral adipose tissue were significantly associated with
the duration of GERD symptoms[31]. The association is
most obvious in the white population, which could help
explain the high levels in the developed world. It is not
associated with black or Asian ethnicities[20].

OBESITY AND RISK OF GASTROESOPHAGEAL REFLUX
A commonly proposed mechanical explanation for the
associations between obesity and EAC is through the following sequence: increased abdominal adiposity leading
to increased intra-abdominal pressure, then consequent
reflux predisposing to Barrett’s esophagus and then
EAC[16]. While either abdominal or central adiposity has
been associated with each of these “steps”[7,17-19] it has
not been possible so far to empirically demonstrate this
whole sequence to be causal[17]. Measures of central obesity appear strongly associated with symptomatic reflux,
independent of BMI, in a dose-dependent manner[20].
However, in patients with reflux, for each kg/m2 increase
in BMI, while both intra-gastric pressure and gastroesophageal pressure gradient (GEPG) rise[18]; increments
in GEPG are not associated with acid exposure as determined by 24-h pH monitoring. Therefore, obesity does
not appear to promote reflux through a purely mechanical means, which suggests alternative obesity-induced
mechanisms of esophageal dysfunction are operating.
While increased reflux could feasibly contribute to the
increased risk of EAC observed in obese persons, other
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ADIPOSITY AND RISK OF BARRETT’S
ESOPHAGUS
In a recent pooled analysis from the BEACON consortium, including 1102 cases of long segment BE (>
3 cm) and 1400 population-based controls from four
case-control studies, increasing waist circumference was
significantly associated with risk of BE, independent of
BMI (OR = 1.87, 95%CI: 1.22-1.32) for the highest vs
lowest quartile), with evidence of a significant biological
gradient (OR = 1.16, 95%CI: 1.02-1.32, per 5 cm increase in waist circumference)[19]. The effect sizes for the
association between waist circumference and risk of BE
were similar in both men and women and were almost
unchanged after adjustment for symptomatic reflux.
A meta-analysis reported that BMI per se was not
associated with BE[32] but that increased waist circumference that confers a two-fold risk for BE[33]. Further
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studies have reported similar findings as to the effect of
visceral obesity on the risk of BE but have also shown an
inverse relationship with glutofemoral obesity[34,35]. This
could be due to the less metabolically active nature of
glutofemoral adipose tissue which further supports the
theory it is distribution of adipose tissue, not just overall
increase in weight or the excess fat tissue that is a risk
for BE. Recent studies have shown that even abdominal
obesity is too crude a tool: it appears to be the visceral
(mesenteric) component rather than the subcutaneous
component that is the most important risk factor for
BE[31,36].
Furthermore, the preponderance of BE in men is
not explained by differential risk in men and women according to BMI alone. Although waist circumference
increased the risk of BE in male and females, the association in females but not males is attenuated when adjusted
for GORD symptoms[37]. It is possible that non-reflux
related mechanisms contribute more to development of
BE in males and these extra mechanisms could explain
the higher male prevalence of BE. Abdominal subcutaneous fat was not associated with the development of BE,
whereas visceral adiposity was[14].
The pathogeneses of GERD, BE and cancer are
complex and multifactorial[38]. It is important to note that
symptoms of GERD are fairly uniformly distributed
globally (albeit generally less prevalent in Eastern countries compared to Western or Middle Eastern[38]) but the
burden of erosive esophagitis, Barrett’s esophagus and
adenocarcinoma becomes increasingly concentrated in
white males in the Western world[38]. Whilst this has an
important correlation with exactly the group with the
greatest increase in visceral obesity, it does limit the global generalizability of the data; whilst the links between
obesity and GERD are generally consistent worldwide,
the majority of the epidemiological data related to obesity, Barrett’s and cancer, are from this most prevalent
group and it is possible, although unproven that other
factors may be more important in other racial groups or
geographical areas.

plausibly act through a number of pathways (e.g., exercise
and diet). There is evidence that weight loss secondary
to lifestyle, dietary changes or surgery is associated with
a reduction in symptomatic reflux[39]. Ascribing causality to obesity on the risk of EAC can therefore only be
determined through comprehension of the available epidemiological data on the key features of the association,
which are consistent with a causal relationship, and an
appraisal of laboratory data.

MOLECULAR MECHANISMS
Whilst the pathogenesis of EAC is not fully defined, increasingly the molecular changes are being understood[40].
Detailed discussion of the cellular and molecular changes
leading to the development and persistence of the clone(s)
of cells which give rise to initially Barrett’s Esophagus and
the later progression in some cases to adenocarcinoma
are outside the scope of this review[41,42] but it seems clear
that reflux of gastro-duodenal contents is involved in the
initiation, perpetuation and progression of the esophageal changes. However there must be other factors also
driving these changes. As reviewed above, there are considerable epidemiological data linking various markers of
obesity with the development of EAC and several, not
mutually exclusive, biologically plausible mechanisms will
be explored (Figure 1). However exactly how these mechanisms associated with obesity interact to promote EAC
remains unclear, but exploration of these mechanisms is
likely to be fruitful in order to explore new treatment and
preventative therapies.

POSSIBLE MECHANISMS LINKING
OBESITY WITH ESOPHAGEAL
ADENOCARCINOMA
The association is by chance
It is first necessary to consider that the association is
merely chance and that obesity does not directly contribute to the pathogenesis of EAC. There have generally
been parallel increases in obesity and EAC in the last few
decades, and as discussed previously, obesity (especially
abdominal visceral obesity) is clearly a risk factor for
Barrett’s esophagus and EAC[43]. Some inconsistencies in
the data deserve further comment: there have been dramatic rises in the incidence of EAC incidence Australia
and Denmark but with much more modest changes in
obesity. The epidemic of EAC in the United Kingdom
appeared to start about 10 years before that in the United
States, yet the United Kingdom was about 10 years behind the United States in the increase in obesity rates[2].
Despite these uncertainties, the vast the majority of the
epidemiology showing obesity as a risk factor of EAC is
compelling and obesity is also associated with the risk of
many other cancers. There is biological plausibility and
the relative risk of EAC with obesity is higher than other
cancers, all suggesting that the association is real even if

WEIGHT LOSS AND RISK OF EAC
Unsurprisingly, to date there are is no significant body
of literature on the effect of interventions to promote
weight loss as a means to reduce the risk of BE or EAC.
At a general population level the age-standardized incidence of EAC is relatively low (approximately 12 per
100000 per year in the United Kingdom)[2] and therefore
a randomised controlled trial would require an unfeasibly large sample size to empirically demonstrate this. A
clinical trial to determine whether or not a weight loss
programme could reduce the risk of EAC in a group at
higher risk of progression, such as those with known BE,
may be more feasible. However, such a clinical trial would
be problematic in interpretation as causality could not be
attributed to obesity (or lack of) per se, but ascribed to the
intervention designed to promote weight loss, which may
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Increased gastroesophageal reflux

Increased leptin
Gastro-esophageal
reflux
Lifestyle and
dietary factors
Barrett’s esophagus
Reduced H. pylori
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Esophageal
adenocarcinoma

Insulin resistance and
increased IGF-1

Decreased
adiponectin

Figure 1 Possible mechanisms linking obesity with the development of esophageal adenocarcinoma. There are several potential and not mutually exclusive
mechanisms that could link obesity and esophageal adenocarcinoma. Adipose tissue can exert both mechanical and endocrine effects that could enhance gastroesophageal reflux and progression to adenocarcinoma. Decreased H. pylori could promote both gastro-esophageal reflux by increasing gastric acidity and increase
body mass by enhancing production of the gastric appetite-stimulating peptide ghrelin.

obesity is not the sole driver of EAC[3].

kar et al[15] reported that the increased risk of progression
to EAC associated with a high WTHR was only seen in
male “never smokers” and not in male regular smokers.
In a case-control study of endoscopy patients smoking
was a risk factor for the development of BE: there was
a suggestion that the risk associated with smoking was
higher in the more obese (in those with BMI > 30, OR
= 5.6, 95%CI: 1.7-18.3) than those of lower body weight
(BMI < 30, OR = 3.0, 95%CI: 1.5-6.1)[46], but these were
not statistically significant differences. Other studies have
failed to show any interaction[23,51] or have not specifically
explored any possible interaction[48,49,52]. The decline in
the prevalence of smoking has occurred over the same
period as EAC has increased and smoking would not
explain the racial differences in EAC incidence. Thus
although cigarette smoking itself seems to be a risk factor for BE and progression to EAC, there are insufficient
data to implicate smoking as direct line between markers
of obesity and development of EAC.
Although moderate-severe exercise acutely can precipitate gastro-esophageal reflux, regular exercise is associated with a lower rate of erosive oesophagitis and also
protects against obesity[53]. It is possible certain dietary
substances may promote both obesity and relaxation of
the lower esophageal sphincter (LOS) so promoting reflux disease and EAC. Although there are few convincing
data implicating any specific dietary constituents, several
possibilities exist: it seems a high calorie content of meals

Lifestyle or dietary factors associated with obesity
increase the risk of EAC
It is possible that specific dietary or lifestyle factors associated with obesity promote EAC development. There
are many potential individual variables in but no data specifically implicating any one factor. Smoking, for instance,
is a risk factor for both Barrett’s esophagus and progression to EAC[44,45] and lifestyle choices associated with significant obesity may be associated with greater proclivity
to smoking but smoking is associated with a lower body
mass, including patients with BE[46]. There is a complex
and not completely understood inter-relationship between
smoking, obesity, Barrett’s esophagus and cancer. Whilst
smoking does seem to be a consistent risk factor for progression to EAC[47], the effects on the development of
BE are rather more variable; positive[46] and negative[48,49]
associations have been reported and a meta-analysis concluded that being an “ever-smoker” was associated with
an increased risk of BE when compared to populationbased (OR = 1.42, 95%CI: 1.15-1.76) or non-GERDcontrols (OR = 1.44, 95%CI: 1.20-1.74) but not GERDcontrols (OR = (1.18, 95%CI: 0.75-1.86)[50]. In one study
the positive association between EAC and smoking was
removed after adjusting co-variables[51]. There are very
limited data examining the combination of measures of
obesity and smoking of the risks of BE and EAC. Hardi-
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was seen with CagA negative strains or between H. pylori
and esophageal squamous cancer[70].
Changes in dyspeptic symptoms could underlie the
weight gain but a more direct link between these two has
been postulated via the role of gastric ghrelin. Ghrelin is
a peptide hormone produced in, and secreted from, the
P/D1 cells in the gastric body. Ghrelin stimulates appetite. H. pylori infection is associated with lower levels of
gastric mucosa ghrelin and these mucosal levels increase
after H. pylori eradication[71,72]. Hence it possible that
lower levels of H. pylori infection are directly linked to
obesity by increasing appetite. Whilst this is an attractive
hypothesis and serum ghrelin levels have been shown
increase after successful H. pylori eradication[73], this link
between H. pylori status and circulating ghrelin has not
be found consistently[74,75] to reliably increase after H.
pylori eradication and higher plasma ghrelin levels have
themselves been associated with both a lower incidence
of erosive oesophagitis (possibly by enhancing gastric
emptying [76] and also protection against esophageal
adenocarcinoma[77]. However, more in keeping with this
hypothesis high plasma ghrelin levels have been shown to
be positively associated with the development of Barrett’s
esophagus[76]. The time course of H. pylori prevalence is
not completely consistent with the changing epidemiology of EAC. The prevalence of H. pylori had been falling steadily throughout the 20th century well before the
upsurge in EAC[69] and the increase in EAC incidence in
Sweden seemed to begin in the early 1990s, well after the
discovery and active treatment of H. pylori. The beginning of the upsurge in EAC in the United Kingdom began in the 1960s, well before the discovery of H. pylori.
Hypothesizing that decreased gastric H. pylori infection
as a direct cause of both obesity and EAC is also unable to explain the clear gender and racial differences in
EAC[2] Therefore H. pylori infection and gastric ghrelin
seem not be major contributors to the link between obesity and EAC but these potential mechanisms do outline
the potential importance of factors influencing both appetite and mucosal biology.

independently of fat content is most likely to provoke
reflux[54] and chocolate promotes LOS-relaxation[53]. EAC
is also associated with increased meat intake and reduced
fruit and vegetable intake[55] and there are many other putative dietary components that could directly or indirectly
promote EAC development in obese patients.
Increased gastro-esophageal reflux as the link between
obesity and EAC
The link between EAC and fat tissue is much stronger
for visceral obesity than overall obesity[43]. Perhaps the
most obvious pathogenic link is that the visceral fat tissue exerts mechanical effects on the upper GI tract to
promote gastro-esophageal reflux directly and hence the
Barrett’s-cancer sequence indirectly. There are considerable experimental data showing that acid and/or bile
exert effects on the esophageal epithelium that would be
expected to promote cancer (including stimulation of
proliferation, inhibition of apoptosis, generation of free
radicals[56-58], hence factors that provoke reflux would be
expected to enhance the development and progression of
Barrett’s esophagus. There are some data to support this
hypothesis: obesity is indeed associated with an increased
prevalence and severity of reflux[59-61] and also with size
of hiatus hernia[62], greater esophageal acid exposure[25],
and increased transient lower esophageal relaxations[63].
However it seems likely that visceral fat tissue exerts both
direct and indirect effects on the promotion of esophageal carcinogenesis, the majority of the data show that
obesity is associated with Barrett’s oesophagus and/or
EAC independently of measures of reflux[21,31,64,65].
A separate factor or factors have increased EAC and
obesity
One alternative hypothesis is that a separate factor or
mechanism has promoted both obesity and EAC independently of each other. There are some data implicating Helicobacter pylori (H. pylori) infection in this situation.
Infection of the stomach with H. pylori, particularly the
CagA positive strains that provoke more intense gastric
mucosal inflammation is inversely associated with both
erosive esophagitis and BE[66]. The most plausible explanation for this is that infection and the resulting inflammation of the gastric body leads to a reduction in gastric
acid secretion due to either local cytokine production[67]
or more irreversible process due to the subsequent development of gastric atrophy[68]. Thus H. pylori infection
would be associated with less reflux severe reflux disease
due to relatively decreased gastric acid secretion. The
prevalence of H. pylori infection has fallen, whilst the
incidence of EAC has increased[69] over the last century.
Weight gain is common after H. pylori eradication and
hence a reduced prevalence of H. pylori could directly
provoke more severe reflux disease and an overall increase in body mass. In a recent meta-analysis infection
with CagA positive H. pylori was associated with a significantly lower risk of esophageal adenocarcinoma 0.74
(95%CI: 0.57-0.97), although no significant relationship
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Meta-inflammation and the metabolic syndrome
Adipose tissue is now recognised as a complex metabolically-active tissue, which secretes a variety of mediators that can have effects throughout the body. These
mediators can conveniently, if rather simplistically be
grouped into two: those relatively specific for adipose tissue, generally called adipokines or adipocytokines which
include several important mediators including leptin,
adiponectin, resistin and omentin, these are generally
primarily involved in energy balance homeostasis and
a second group of systemic cytokines that can be produced by a variety of tissues not limited to fat cells[3,78,79].
Most commentators now accept that obesity is a state of
chronic low-grade, systemic inflammation, also termed
“meta-inflammation”. This is predominantly caused by
the secretion of a variety of pro-inflammatory mediators
by the fat tissue. These include tumour necrosis factor-α
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Receptors expressed on Barrett’s
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Inhibition of cell proliferation
Amelioration of the anti-apoptotic effect
of growth factors including leptin
Inhibition of invasion and migration
Activation of PTP1B
Activation of AMPK
Inhibition of STAT3 and AKT
Reduced MMP expression

Receptors expressed on Barrett’s esophagus
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Figure 2 Effects of the adipokines leptin and adiponectin on Barrett’s esophagus and esophageal adenocarcinoma. Obesity, more specifically visceral obesity, is associated with increased serum leptin and decreased serum adiponectin levels. Leptin and adiponectin have a set of antagonistic pathophysiological actions
on Barrett’s esophageal and adenocarcinoma cells.

including free fatty acids, TNF-α, leptin and resistin[81,82]
and reduced secretion of adiponectin[83]. Insulin stimulates the production of IGF-1 and decreases production of the major serum proteins which bind insulin
and IGF-1, insulin growth factor binding proteins 1
(IGFBP-1) and 3 (IGFBP-3)[84]. The overall effect is to
increase the bioavailable levels of IGF-1. Both insulin
and IGF-1 can bind to the insulin growth factor receptor
complex, stimulating pathways that promote cellular proliferation. In a Barrett’s cohort this insulin resistance has
been associated with progression to adenocarcinoma[43].
Insulin and IGF-1 are mitogenic for many tissues, including Barrett’s esophageal cells, which express IGF-1 receptors[85]. IGF-1 receptor expression is increased in EAC
specimens resected from viscerally obese patients[86].
However the available data are conflicting on the role of
IGF-1 and insulin as risk factors for malignant progression in BE. An increase in risk of cancer or BE have
been reported[84,86], but other studies have failed to demonstrate any association between the metabolic syndrome
and the risk of EAC [43] or between serum IGF-1 or
IGFBP3 (the predominant serum binding protein) levels
and progression of Barrett’s[87].

(TNF-α), IL-1, IL-6, IL-8, interferon-β, MCP-1, VEGF
and it is believed these mediators contribute not only to
the development of the metabolic syndrome, with resulting insulin resistance and the related complications but
also the increased risk of many cancers associated with
obesity[79]. Systemic inflammation is recognised as a classical precursor to cancer, it is not completely understood
how this systematic inflammatory state promotes cancer
although, simplistically, many of these mediators promote cell proliferation, inhibit apoptosis and stimulate
angiogenesis, all of which would be expected to promote
cancer.
Faecal calprotectin, which is a marker of luminal
inflammation, is increased in obesity [80]. There is an
increased incidence of most gastrointestinal cancers associated with this obesity-induced inflammatory state[3],
but the relative risk of EAC is higher than other cancers.
Exactly how this meta-inflammation promotes EAC in
the face of what would seem to be more severe and prolonged esophageal inflammation driven separately by acid
and bile reflux is uncertain, although it again underlines
the potential effects of circulating fat-derived mediators.
The meta-inflammation associated with obesity is associated with insulin resistance and increased circulating
concentrations of both insulin and insulin growth factor-1 (IGF-1). This increase in insulin-related factors is at
least partly driven by the secretions from metabolicallyactive visceral adipose tissue. As discussed above, a feature of obesity, and more specifically visceral obesity, is
increased levels of inflammatory cytokine and mediators,
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Adipokines as effectors of the esophageal mucosal
changes
These general inflammatory changes may be important
in the development of EAC, but the specific role of
adipokines is attracting considerable attention. Leptin
and adiponectin have been examined in some detail and
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it is possible they are a direct mechanistic link between
obesity and progression to EAC (Figure 2). There are
other adipokines such as resistin and omentin[88]: there no
cell line or in vitro mechanistic studies examining the effects of these on esophageal tissues and there is a single
epidemiological study showing that circulating resistin
levels were higher in those with gastro-esophageal reflux
disease than either Barrett’s esophagus or controls[83] but
further studies are required.

nase B/Akt and extra-cellular signal related kinase (ERK)
cascades. The p38 MAP kinase pathway is also activated
in a JAK2-independent manner downstream of the leptin
receptor. The NF-kB pathway is activated, predominantly
via upstream Akt activation. Inhibitor studies have shown
that the ERK, Akt, NF-kB and p38 pathways are all essential to the proliferative and anti-apoptotic effects of
leptin. Co-ordinated activation of these pathways leads to
enhanced expression of the cyclo-oxygenase-2 (COX-2)
gene. This in turn enhances prostaglandin E2 (PGE2)
production. PGE2 leads to by transactivation of the epidermal growth factor receptor (EGFR) and subsequent
EGFR-dependant activation of the mitogen activated
protein kinase cascades and late activation of c-Jun
N-terminal kinase. As well as stimulating the initial steps
in the pathway, leptin increases mRNA expression of the
EGFR ligands and heparin binding EGF (HB-EGF) in
EAC cells and immunoneutralisation of these growth
factors blocks the proliferative effects of leptin, confirming their role in the pathway[95].
A separate JAK2-dependant pathway leading activation of signal transducer and activator of transcription
3 (STAT3) is also stimulated by leptin in EAC cells. Activated STAT3 also essential to the proliferation, antiapoptotic and pro-invasive effects of leptin[98].
The experimental data show that leptin is able to
stimulate malignant behaviour in Barrett’s cells bearing
the leptin receptor and thus may be a direct link between
obesity and progression to EAC. As discussed previously,
obesity seems to promote the development of Barrett’s
oesophagus and EAC through both reflux-dependent and
independent mechanisms. Epidemiologically this combination of obesity and reflux is associated with a cancer
risk significantly greater than either alone or when summated[21,31,43,64,65]. There are interesting parallels in the experimental cell models. The combination of exposure to
leptin (as a model for obesity) and transient acid exposure
(as a model of transient acid reflux) produced significantly
greater (and synergistic) cell proliferation and reduction in
apoptosis in EAC cell lines[56]. This acid-leptin combination resulted in synergistic activation of the Akt and ERK
signalling cascades, without any further increases in leptinreceptor expression, COX-2 expression, PGE2 production and phosphorylation of either p38 MAP kinase or
the EGFR[56]. In vivo, esophageal acid exposure enhances
MAP kinase activation and mucosal proliferation[100] and
increased AKT activation is associated with decreased
apoptosis and progression to high grade dysplasia and
cancer[101] Therefore it is possible that the continued exposure to the high levels of serum leptin seen in obese subjects enhances the response of Barrett’s mucosa to even
physiological acid reflux and promotes malignant change.
In addition to adipocytes, leptin is also synthesised
and secreted by chief cells in the gastric body and can be
detected in gastric juice. The function of this luminallysecreted leptin is unclear but it is possible it is a physiological regulator of mucosal integrity or nutrient absorption. Therefore esophageal mucosa is potentially exposed

LEPTIN
Leptin is the archetypal adipokine. It is secreted as a 16
kDa protein from fat cells and serum levels are proportionate to body fat mass, as might be expected from it
playing an important role as a regulator of appetite, energy metabolism and body weight. In the vast majority of
obese subject, serum levels are significantly elevated and
leptin deficiency is very rare cause of human obesity, in
contrast to the gross obesity of the naturally occurring
ob/ob leptin-deficient mouse[89]. It is thought that a degree of hypothalamic hyposensitivity to leptin is a more
important cause of clinical obesity[90]. Many studies have
reported that increased leptin levels are an independent
risk factor for many cancers including breast, colorectal,
prostate, ovarian, lung and endometrial[91]. Leptin levels
have be an shown to be an independent risk factor for
the development of Barrett’s oesophagus[65,76,83], one
study showed this effect was seen in male and not females[92] but another study confirmed this association in
females[93]. Increased leptin levels have been shown to be
an independent risk factor for progression to cancer in a
cohort of patients with Barrett’s esophagus[43]. Consistent
with these data suggesting that leptin could directly affect the esophagus, leptin receptor expression has been
detected in non-dysplastic Barrett’s cell lines, esophageal adenocarcinoma cell lines, Barrett’s esophagus and
EAC[94-97]. One study has reported an association between
increased leptin-receptor expression and more advanced
stage in EAC[96].
Leptin promotes malignant behaviour in experimental
esophageal cell line models. Leptin signals via the leptin
receptor and increases proliferation, inhibits apoptosis, and
stimulates migration and invasion. This is accompanied by
the production of the matrix metalloproteinases (MMPs)
MMP-2 and MMP-9 which are involved in invasion[94,98]. In
a separate study, conditioned media from visceral adipocytes stimulated production of MMP-9 from esophageal
adenocarcinoma cell lines and there is a clear association
between in vivo MMP-9 production by EAC tissues and visceral obesity[99], suggesting that fat-derived mediators can
influence esophageal epithelial behaviours, although the
latter study did not confirm a specific role of leptin.
The cell signalling pathways involved in these leptininduced effects have been well described[94,98]. Binding of
leptin to the full-length receptor stimulates phosphorylation of the receptor-associated JAK2 tyrosine kinase
which subsequently leads to activation of the protein ki-
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to both circulating leptin and that in gastric refluxate,
again suggesting some point of convergence between
reflux-dependant and -independent mechanisms. Further studies are required into the possible role of gastric
leptin however the presence of Barrett’s oesophagus has
been associated with increased levels of gastric fundic
leptin[102].

cer cell lines. Adiponectin inhibits leptin-induced proliferation, inhibits leptin-induced invasion and migration
and ameliorates the anti-apoptotic effect of leptin. Inhibition of AdipoR1 with RNA interference prevented
these effects. Downstream of AdipoR1, these effects
are mediated by 5’-AMP activated kinase (AMPK),
which ultimately leads to blunting of leptin signalling
via inhibition of the Akt pathway[110]. Further detailed
studies have shown these inhibitory effects are mediated
by the activation of the relatively non-specific protein
tyrosine phosphatase PTP1B. Adiponectin leads to increases in both PTP1B mRNA and protein expression
and also a separate activation of PTP1B enzyme activity.
Activation of this tyrosine phosphatase inhibits signalling via the leptin receptor. These experimental models
provide a basis to explain how leptin, adiponectin and
acid may interact at the cellular level to promote either
the promotion or persistence of Barrett’s epithelium or
malignant behaviour in cancer cells and how obesity can
remotely influence the risk so EAC[98]. Although speculative at this stage, this potential mechanism of adiponectin via PTP1B could have wider importance. PTP1B
is a relatively non-specific phosphatase and would also
be expected to inhibit signalling via other pathways that
are believed to be important in driving malignant behaviour in Barrett’s epithelium, such as EGFR ligands,
IL-6 and bile acids or even those pathways leading to
cdx2 expression, which are believed to be central to the
development of the Barrett’s phenotype[41,114,115]. Hence
relative adiponectin deficiency in obesity could contribute to the development and progression of Barrett’s
esophagus at many steps.
The different types of adipose tissue have different
hormonal effects. As discussed previously EAC and
Barrett’s are most clearly associated with abdominal
rather than general obesity[31]. Even within this abdominal obesity there are variable contributions from the
separate visceral and subcutaneous fat tissues. More
specifically, excess visceral fat being specifically associated with Barrett’s esophagus. Gluteofemoral fat (“hips”)
(which is subcutaneous fat) does not seem to be a specific risk factor of BE and may even be protective[34] It is
thought gluteofemoral and subcutaneous fat is even less
metabolically active and has less effect on progression
of Barrett’s oesophagus. In light of this, it is believed
that visceral, rather than subcutaneous, fat is usually the
predominant source of circulating adiponectin[116-118] and
this might explain how reduction in adiponectin secretion from visceral fat probably specifically contributes
to the Barrett’s-carcinoma sequence.

ADIPONECTIN
Adiponectin, a 30 kDa protein, is the predominant protein secreted by adipocytes. Unlike leptin, adiponectin
secretion falls as obesity increases and so obesity is characterised by relative adiponectin deficiency. The exact
mechanisms causing this inverse relationship between
fat mass and adiponectin secretion are unclear[103]. As
might be expected, in general the effects of adiponectin
are to oppose those of leptin and relative adiponectin
deficiency has been implicated in the pathogenesis of
the metabolic syndrome and its complications, including
systemic inflammation. In general low systemic adiponectin levels have been associated with an increased risk
of many cancers (including breast, colorectal, prostate,
endometrial and gastric)[104]. Comparison between studies is complicated by the various circulating forms of
adiponectin, which may have different biological actions
and are detected in different assays[105]. Adiponectin is secreted as a full-length monomer (f-adiponectin) than then
aggregates into both low- molecular and high-molecular
weight oligomers. A truncated form (globular adiponectin (g-adiponectin)) is also found, this is at least partly
formed by breakdown of full-length adiponectin by enzymes released in inflammation and circulating levels may
not accurately reflect tissue levels of g-adiponectin[106].
There at two specific cell surface adiponectin receptors:
AdipoR1 which appears to be relatively globular adiponectin specific and AdipoR2 which has equal affinity for
globular and full length adiponectin[107]. Adiponectin may
also be able to exert cellular effects by binding to, and inhibiting the action of, HB-EGF[108].
Data are available to support relative adiponectin deficiency in the promotion of EAC (Figure 2). AdipoR1
and AdipoR2 are expressed on both non-dysplastic and
neoplastic Barrett’s epithelium[97,109,110]. Circulating adiponectin levels have been shown to be inversely associated with the risk of both Barrett’s oesophagus[83,93,111],
and erosive oesophagitis[112]. Increased levels of lowmolecular weight adiponectin and a high low-molecular
weight/total adiponectin ratio have been shown to be
independently associated with a reduced risk of developing Barrett’s esophagus in patients with gastro-esophageal
reflux disease[113].This relationship has not been seen in
all studies[92]. Perhaps more convincingly low serum levels
of adiponectin have been reported to be an independent
risk factor for neoplastic progression in a cohort of Barrett’s patients[43].
In a variety of experimental studies adiponectin has
been shown to exert anti-cancer effects in Barrett’s can-
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IMPLICATIONS FOR THERAPY
The fact that obesity is a risk factor for both BE and
EAC is established. This is already being translated into
the clinical arena: for example the British Society of
Gastroenterology guidelines now suggest that screening
and case finding for Barrett’s esophagus be considered
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logues[126] and leptin-receptor antagonists[127] is continuing
but these are some way off clinical use.
Metformin seems to have some potential as a chemopreventative agent in the context of obesity-associated
EAC. Metformin is a direct activator of AMPK kinase
and exerts potentially useful anti-cancer effects[128]. In
Barrett’s cell line studies, the inhibitory effects of adiponectin are also mediated via activation of AMPK[110]. In
case-control studies, metformin use is associated with a
reduced incidence of many cancers including esophageal
cancer[129]. Metformin is inexpensive, has a low incidence
of side effects and could be promising chemopreventative agent, although more studies specifically in EAC are
needed.
There appear to be more data to recommend aspirin
and statins (HMG-CoA reductase inhibitors) as the most
appropriate potential chemopreventative agents to reduce
the incidence of EAC associated with, or indeed without
obesity. Several lines of experimental data show that cyclooxygenase inhibitors, such as aspirin, reduce malignant
behaviours such as proliferation and apoptosis-inhibition
in EAC and non-neoplastic Barrett’s cells lines. Non-specific and COX-2 selective inhibitors block the effects of
leptin in cell line models[130-132]. Definitive conclusions on
the preventative effects of aspirin may have to wait until
the UK AspECT trial has reported[120]. Observational
studies and meta-analyses show that aspirin use is associated with a reduced incidence of both Barrett’s esophagus
and EAC[133,134]. Statins exert potent anti-cancer effects in
EAC cells line models. By inhibiting the post-translational
modification (prenylation) of small signalling G protein
of the Ras/Rho family and so ameliorating pro-carcinogenic signalling from growth factor receptors, statins inhibit cell growth and induce apoptosis[135]. Experimentally
the effect of inhibition of the COX-2/PGE2 pathway, by
using a variety of small molecule COX-inhibitors, inhibition of microsomal PGES-1 or RNA interference, and
the effect statins were additive[131,135]. A similar magnitude
of reduced risk has been reported in two separate metaanalyses of Barrett’s cohorts, where the combination
of COX-inhibitor and statin was associated with a 85%
reduction in EAC incidence[133,136]. Statins may also have
beneficial effects by increasing increase serum adiponectin levels[124]. It is probably premature to advocate aspirin
and statin therapy as primary preventative therapy for all.
It is essential to consider that cardiovascular disease and
not EAC is predominant cause of death in Barrett’s cohorts and hence that statins and aspirin should be utilised
for the beneficial effects on circulatory diseases pending
further clarification of the chemopreventative actions[131].

in males with reflux symptoms and at least two other
risk factors (Caucasian, obesity, smoker), this has the
advantage of detecting premalignant cases of Barrett’
s esophagus that may be amenable to surveillance and
endoscopic therapies if required[119]. A broader question
is how may our understanding of the pathophysiological
links between obesity and EAC be translated into useful
therapeutic gains for prevention or treatment?
The mechanisms linking obesity and esophageal are
undoubtedly complex and likely multifactorial and are
likely to differ depending on the histological stage of the
esophageal mucosa. Experimental and epidemiological
studies support a role of the adipokines leptin and adiponectin in the progression to EAC but further mechanistic
and clinical studies are still required. At the present time,
these pathophysiological insights have suggested several
new areas of therapy.
Although it is accepted that gastro-esophageal reflux
plays a central role in the pathogenesis of BE and EAC
and appears to accentuate the risks associated with obesity, profound acid suppression with either proton pump
inhibitors or anti-reflux surgery have not conclusively
been shown to have chemopreventative effects. The large
United Kingdom AspECT trial comparing placebo, aspirin and standard- and very high dose-esomeprazole in a
randomized trial may provide clarity on this issue when
data become available[120].
At both a population and individual level weight loss
with dietary and behavioural modifications remains the
first line approach for obese patients. Gastric bands tend
to accentuate reflux and for those patients with reflux
symptoms and significant obesity[121], a Roux-en-Y gastric
bypass appears to be the preferable procedure, although
it cannot be advocated purely to prevent esophageal cancer. Interestingly, as well as a reduction in body mass and
visceral fat, and reducing symptoms from gastro-esophageal reflux, this procedure is associated with potentially
beneficial metabolic effects including higher serum adiponectin[39,122].
There may yet be some developments in therapies
aimed to improve the metabolic/endocrine profile of adipose tissue that may translate into useful clinical interventions. Antagonists of CB1 receptors, such as rimonabant
reduce visceral fat[123] and the PPAR-α agonists such as
rosiglitazone enhance adiponectin release from visceral
fat[118]. Unfortunately at the present time the adverse effects; psychiatric problems with rimonabant and bladder
cancer and the increased cardiovascular mortality with
PPAR-α agonists preclude their wider use. A variety of
other agents have been shown to usefully increase serum
adiponectin levels: these include PPAR-α agonists, inhibitors of the renin-angiotensin system, calcium channel
modulators and some beta-receptor antagonists[124] and
various phyochemical such as catechin[125]. All these deserve further study, although at this time, data are limited
and these drugs and their effect on adipokine profiles
have not been investigated in the context of esophageal
disease[124]. Preclinical development of adiponectin-ana-
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CONCLUSION
Overall a large amount of epidemiological data shows
that obesity is likely to be causally associated with esophageal adenocarcinoma. This cancer is strongly associated
with an increase in BMI, in fact more so than for other
cancers. There are also strong associations between mea-
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sures of adiposity and gastro-esophageal reflux including
the more serious sequelae, reflux esophagitis and Barrett’s
esophagus. Abdominal, and in particular visceral, obesity
is likely to play a key role in its pathogenesis though both
reflux-dependent and -independent mechanisms. Leptin
and adiponectin are adipokines secreted by visceral fat
cells and both an increased serum leptin decreased serum
adiponectin have been reported to be risk factors for
progression to EAC. Experimentally, leptin enhances,
and adiponectin inhibits malignant behaviour in Barrett’s
cell lines, consistent with these mediators having a direct
role in the pathogenesis of EAC. No specific chemopreventative strategies are of proven benefit, but appropriate
weight loss in overweight subjects seems appropriate. Aspirin and statins seem to have the most potential as chemopreventative actions and should be utilized in patients
with Barrett’s esophagus according to the cardiovascular
risk profile.
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Core tip: Gastric neuroendocrine tumors (GNETs) comprise distinct tumor entities that have been classified on
the basis of pathogenesis and histomorphologic characteristics into 4 types that differ in biological behavior
and prognosis. To plan the correct management and
optimal therapeutic approach in patients with GNETs,
it is essential to obtain an adequate clinical evaluation and assessment of the pathological features of
the tumor. Development of new gene markers as well
as effective drugs is expected for the better diagnosis,
prognosis and treatment of GNETs.

Abstract
Gastric neuroendocrine tumors (GNETs) are rare lesions characterized by hypergastrinemia that arise from
enterochromaffin-like cells of the stomach. GNETs consist of a heterogeneous group of neoplasms comprising
tumor types of varying pathogenesis, histomorphologic
characteristics, and biological behavior. A classification
system has been proposed that distinguishes four types
of GNETs; the clinicopathological features of the tumor,
its prognosis, and the patient’s survival strictly depend
on this classification. Thus, correct management of
patients with GNETs can only be proposed when the
tumor has been classified by an accurate pathological
and clinical evaluation of the patient. Recently developed cancer therapies such as inhibition of angiogenesis or molecular targeting of growth factor receptors
have been used to treat GNETs, but the only definitive
therapy is the complete resection of the tumor. Here
we review the literature on GNETs, and summarize the
classification, clinicopathological features (especially
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INTRODUCTION
Gastric neuroendocrine tumors (GNETs) are rare tumors, occurring in 1 to 2 cases/1000000 persons per
year, and accounting for 8.7% of all gastrointestinal neuroendocrine tumors[1]. However, over the last 50 years,
the incidence of GNETs has increased in most countries,
in part because of better awareness and more widespread
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Table 1  Features of gastric neuroendocrine tumors
Type Ⅰ GNET
Proportion of GNETs
Tumor features

Type Ⅱ GNET

Type Ⅲ GNET

Type Ⅳ GNET

Proliferation (Ki67)
Immunohistochemistry

70%-80%
5%-6%
14%-25%
Usually multiple, small (1-2 cm), Usually multiple, small (1-2 Single, large (> 2 cm, mean 5.1
polypoid or intramucosal
cm), polypoid
cm)
2%-5%
10%-30%
50%-100%
< 0.5%
< 5%
Well-differentiated: 25%-30%,
poorly differentiated: 75%-87%
< 2%
< 2%
> 2%
CgA, NSE, VMAT 2 positive
CgA positive
CgA negative

Histology

Mitoses (absent or occasionally)

Risk of metastases
Tumor-related death

mitoses < 1 per 2 HPFs

Mitoses > 1 per HPF

Rare
Single, large (largest 16 cm)
100%
100% (Mean survival of
6.5-14.9 mo)
> 30%
Synaptophysin, NSE, PGP9.5
positive;
CgA negative
Severe grade 3 histology

GNET: Gastric neuroendocrine tumor; CgA: Chromogranin A; NSE: Neuron specific enolase; VMAT: Vesicular monoamine transporter; HPF: High power field.

use of upper gastrointestinal endoscopy[2]. Gastric neuroendocrine carcinoma has also been recently reported in a
patient with long-term use of a proton pump inhibitor[3].
GNETs are classified into four types, based on pathogenesis and histomorphologic characteristics; these types
differ in biological behavior and prognosis[4-6], ranging
from benign to highly malignant biological behavior and
extremely poor prognosis[7]. Novel strategies for treating
GNETs have been developed recently.

exocrine tumors[17]. Well-differentiated tumors generally
originate from ECL cells that are located in the corpus/
fundus mucosa of the stomach, and represent the major
proliferative target of gastrin, which is considered to be
the main stimulus for the growth both of type Ⅰ and
type Ⅱ GNETs. On the contrary, type Ⅲ and type Ⅳ
GNETs are “gastrin-independent”.

CLINICOPATHOLOGICAL FEATURES
Type Ⅰ GNET
Seventy to eighty percent of gastric GNETs are
type Ⅰ tumor and they are usually less than 10 mm in
diameter, multiple, mostly related to chronic atrophic gastritis, and localized in the gastric fundus or body[18]. The
histological features show a typical GNET, a trabecular
or solid arrangement. Tumor cells are monomorphic and
medium sized, of regular shape with round nuclei. Mitoses are either absent or are seen occasionally. Tumor extension is limited to the mucosa or submucosa. The gastrin-dependent GNETs are consistently associated with
generalized proliferation of endocrine cells in the extratumoral fundic mucosa. A histopathological classification
has been formulated for the spectrum of proliferative
lesions presented by fundic endocrine cells of hypergastrinemic patients; it arranges type Ⅰ tumors in a sequence
presumed to reflect the temporal evolution of the process and the increasing oncologic risk for patients [19].
Diagnosis of GNETs requires efficient histopathological,
biochemical and diagnostic imaging analyses[20-22].
Most type Ⅰ tumor cells are strongly positive for
endocrine markers such as chromogranin A (CgA),
neuron-specific enolase (NSE), and vesicular monoamine
transporter 2, which characterize the cells as histamineproducing cells. Once the diagnosis of a type Ⅰ GNET
is suspected, determination of CgA expression can be
helpful. However, the concentration of CgA correlates
with the number of ECL cells; thus, a pathologically high
CgA concentration is neither pathognomonic nor essential for the diagnosis of type Ⅰ GNET. The proliferation
marker MKI67 is typically expressed in less than 2% of
the tumor cells. Patients are usually asymptomatic, with
diagnosis usually occurring during gastroscopy. Destruc-

CLASSIFICATION
The four GNET subgroups are listed in Table 1. Classification is based primarily on their clinicopathological features[4-6]. Type Ⅰ GNET is mostly related to chronic atrophic gastritis, reflected by the presence of multiple small
neoplasms; it has an excellent prognosis after resection[8,9].
Because of its low metastatic potential, type Ⅰ GNET is
the most benign type, with death from metastatic disease
reported in only three patients out of 724 cases reviewed;
however, despite their generally benign course, the malignant potential of type Ⅰ GNET should not be ignored
when planning the medical workup of these patients[10].
Type Ⅱ GNET is histologically similar to type Ⅰ, and is
usually associated with MEN1 syndrome or ZollingerEllison syndrome[11-13]. It is also usually considered to be
benign, with a low risk of malignancy[14]. Type Ⅲ GNET
is a solitary sporadic tumor that quite often infiltrates the
muscularis propria and serosa; it is usually not associated
with other gastric conditions or hypergastrinemia and
frequently presents as a large lesion, greater than 10 mm
in size, which is well-differentiated, and is accompanied
by angioinvasion and lymph node and liver metastases,
resulting in a poor prognosis[15]. Type Ⅳ GNET is an uncommon tumor, and usually is single, large, poorly differentiated, and highly malignant; it is typically accompanied
by vascular invasion and metastases, and has an extremely
poor prognosis[16].
Types Ⅰ to Ⅲ GNETs are comprised of enterochromaffin-like (ECL) cells, while type Ⅳ consists of other
types of endocrine cell tumors (that secrete serotonin,
gastrin, or adrenocorticotrophic hormone), poorly differentiated endocrine carcinomas, and mixed endocrine-
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tion of parietal cells from longstanding chronic atrophic
gastritis may lead to reduced intrinsic factor secretion and
consequently to an impaired resorption of vitamin B12;
thus, vitamin B12 deficiency and hyperchromic macrocytic anemia are often associated with autoimmune atrophic
gastritis and hypergastrinemia[23].
Type Ⅰ GNET is very rarely metastatic (5% to local
lymph nodes; less than 2% showing distant metastases),
with no related deaths and a reported long-term survival
rate of 100%[23-25]. Thus, initial staging is recommended.
Endoscopic ultrasound can be helpful to demonstrate
localized disease, i.e., lack of submucosal infiltration,
while an upper abdominal computed tomography (CT)
scan could aid in detecting metastatic hepatic disease[26].
Depending on the size and number of the lesions, endoscopic tumor resection is the treatment of choice[27].
Netazepide (YF476) is a potent and highly selective
cholecystokin 2 receptor antagonist of the benzodiazepine class[28]. It is an orally active, highly selective and
competitive antagonist of gastrin receptors[29]. Netazepide
is a tool used to study the physiology and pharmacology
of gastrin, and merits application in patients, to assess its
potential to treat gastric acid-related conditions and the
trophic effects of hypergastrinemia[30]. Although repeated
doses of netazepide lead to tolerance with regard to the
drug’s effect on pH, the accompanying increase in plasma
gastrin is consistent with continued inhibition of acid
secretion by antagonism of the gastrin receptor and by
gene up-regulation[31]. It was reported that treatment of
GNET type Ⅰ with YF476 results in regression of the
tumor and normalization of serum chromogranin A[32].
Ravizza et al[25] recommend use of endoscopic/histological examination to follow patients with type Ⅰ GNET,
along with an annual abdominal ultrasound scan; and
that endoscopic ultrasonography, CT and somatostatin
receptor scintigraphy be reserved for lesions with a diameter greater than 10 mm, or when clinically indicated
to plan an adequate endoscopic/surgical resection of the
lesions. However, despite their generally benign course,
type Ⅰ GNET may have malignant potential, a finding
that should be considered when planning the medical
workup of these patients[10].

which include nuclear polymorphism, hyperchromasia,
prominent nuceoli, and a slight increase in mitotic count,
< 1 per 2 high power fields (HPFs). Small regions of
necrosis may also be visible[34]. The diagnosis is usually
made by gastroscopy. In addition to endoscopic resection, the somatostatin analogue octreotide induces tumor
regression and a marked decrease in plasma gastrin levels;
the medical approach plays a key role in the management
of patients with type Ⅱ GNET, because of the presence
of multiple tumors that are not amenable to endoscopic
excision[35].
Type Ⅲ GNET
Fourteen to twenty-five percent of GNETs are classified
as type Ⅲ, and are non-gastrin dependent, large (> 2 cm,
mean 5.1 cm), usually occur singly, and grow from the
gastric body/fundus in the context of a normal (nonatrophic) surrounding mucosa[36]. Type Ⅲ GNET is considered to be an aggressive cancer, associated with deep
invasion and metastases, and has a poor prognosis. Typically, more than 2% of tumor cells express the proliferation marker MKI67 but are negative for CgA. Histologically, this type of tumor is characterized by large, poorly
defined, solid aggregates or diffuse sheets of round or
spindle-shaped cells. Abundant mitoses are detected (> 1
per HPF)[37], and focal necrosis is common. Ultrastructural studies document the presence of endocrine granules.
Whenever possible, surgical resection and lymph node
dissection are the treatment of choice[38]. Depending on
local growth characteristics of malignant type Ⅲ tumors,
this could include extended radical surgery including gastric resection and regional lymphadenectomy[39].
Type Ⅳ GNET
Type Ⅳ GNET is uncommon, large, poorly differentiated tumors that occur singly and are highly malignant[36].
The largest known type Ⅳ GNET was reported by
Bordi et al[39] to be 16 cm. In most cases, type Ⅳ GNET
shows lymphoinvasion, angioinvasion, and deep wall
invasion at the time of diagnosis. Poorly differentiated
type Ⅳ GNETs display a severe histology, with a prevalent solid structure, abundant central necrosis, and severe cytological atypia with frequent atypical mitoses and
high levels of MKI67 (> 30). CgA is normally absent or
expressed only focally, consistent with the rare electrondense granules observed ultrastructurally, while synaptophysin and the cytosol markers NSE and PGP9.5 are
diffusely and strongly expressed[37]. Although rare, the
poorly differentiated type Ⅳ GNETs deserve particular
attention owing to their aggressive nature and extremely
poor prognoses - mean survivals of 6.5 to 14.9 mo have
been reported[36].
Surgical resection is the most appropriate form of
treatment for this type of tumor. Multi-drug chemotherapy is promising, but remains to be evaluated in larger
clinical studies[40]. Type Ⅳ GNET demands an aggressive
surgical approach followed by chemotherapy and multimodality adjuvant therapy[41].

Type Ⅱ GNET
Five to six percent of GNETs reportedly are type Ⅱ
tumors, which occur as a result of a gastrin-secreting
neoplastic tissue in Zollinger-Ellison syndrome. Clinically,
type Ⅱ GNET behaves similarly to the type Ⅰ tumors
described above, with small (1-2 cm), multiple, and well
differentiated lesions. The proliferation marker MKI67 is
expressed in < 2% of the tumor cells. Endocrine markers such as CgA are increased in type Ⅱ GNET, but
this may be due to other manifestations of a GINET[19].
Type Ⅱ GNET is usually limited to the mucosa and/or
submucosa, with metastases seen in ten to thirty percent,
and tumor-related death in less than 5% of cases, according to the literature[33]. Tumors show moderately enlarged
lobules and trabeculae, and moderate cellular atypia,
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significant correlation was found between the expression
of cyclin D1 and any clinicopathological variables. Results from Agaimy and colleagues indicate a prognostic
relevance for cyclin E and P53 immunoreactivity: cyclin E
may be an independent prognostic factor from the 2010
WHO Classification, and it should be evaluated in further
studies[46]. In a study cohort of GNETs, it was reported
that positive rates of neuroendocrine markers were 40%
for chromogranin A, 60% for synaptophysin, 60% for
CD56, 40% for neuron-specific enolase, and 100% for
p53 protein[41]. Table 2 summarizes new tissue and serum
tumor markers for specific diagnostics and prognostics
of GNETs.

Table 2   New tissue and serum tumor markers for specific
diagnostics and prognostics of gastric neuroendocrine tumors
  Ref.

Giandomenico et al[42]
Mia-Jan et al[43]
Agaimy et al[44]
Mori et al[45]

Case

Hormones, amines
and peptides for
specific diagnostic and
prognostics of GNETs

Expression

15
2
1
51

CD133
ISL1
c-kit
Cyclin E

20% positive
Complete loss
Overexpression
Independent
prognostic factor
Prognostic
relevance
40% positive
60% positive
60% positive
40% positive

Cyclin E and P53
Namikawa et al[41]

5

Chromogranin A
Synaptophysin
CD56
Neuron-specific enolase
p53 protein

TREATMENTS DEVELOPMENT
The only curative therapy for GNETs is the complete resection of the tumor. Regardless of type, endoscopic resection is recommended as an initial treatment of NETs
that are not yet at the advanced stages; if this is not possible, minimally invasive surgery that involves wedge resection should be considered as an alternative. However,
while endoscopic submucosal dissection (ESD) or local
resection can be performed in early stage tumors, radical
surgery with lymph node dissection is recommended for
all advanced GNETs[47,48]. The present study indicates
that because of complete resection, ESD may reasonably
serve as a radical treatment for GNETs when lesions are
within the existing criteria. In addition, endoscopic treatment can be also considered in patients with a high risk
of perioperative complications due to age or advanced
comorbidity: for example, if other contraindications to
major surgery exist, ESD would be the treatment of
choice, even when lesions are little beyond the existing
criteria[2].
Complete surgical resection is associated with better
long-term survival[49]. Many case series have recently been
published that advocate antrectomy as a means of gastrin
suppression in type Ⅰ GNET[50,51]. While there is universal consensus on the use of surgical treatment of type Ⅲ
GNET, current options for type Ⅰ and Ⅱ GNETs include simple surveillance, endoscopic polypectomy, surgical excision with or without surgical antrectomy, or total
gastrectomy[52].
Chemotherapy is a palliative option for patients with
type Ⅳ GNET, and is reserved for those with significant
symptoms related to advanced disease, or with a poor
prognosis ( related to poor tumor differentiation, rapid
disease progression, or progression on somatostatin analogues)[53]. Response rates to single-agent chemotherapy
are low, so combination chemotherapy regimens are most
commonly administered. Interferon-α (IFN-α) is also
effective in decreasing symptoms associated with secretion of peptides by the tumor in 30%-70% of patients
with GNETs. However, the onset of effect of IFN-α
is delayed, and adverse effects (including fever, fatigue,
weight loss, and anorexia) may be significant and are
dose dependent. Combination chemotherapy, such as

100% positive

GNET: Gastric neuroendocrine tumor; ISL1: Islet-1.

NEW TISSUE AND SERUM TUMOR
MARKERS FOR SPECIFIC DIAGNOSTICS
AND PROGNOSTICS OF GNETS
Tumor biomarkers or molecular markers that predict
patient outcome are being discovered for increasing
numbers of tumors. Tumor markers that are specific for
GNETs include Histamine, Gastrin, gastrin-releasing
peptide, Ghrelin, and Obestatin[42]. Mia-Jan et al[43]. evaluated the expression of CD133 in GNETs (n = 15) and
found that it was strongly expressed in about 20% of
GNETs. It is expressed in poorly differentiated as well as
in well-differentiated GNETs. The human insulin gene
enhancer-binding protein islet-1 (ISL1) is a transcription
factor involved in the differentiation of the neuroendocrine pancreatic cells and recent studies have identified
it as a marker for well-differentiated pancreatic neuroendocrine neoplasms. Agaimy et al[44] showed that ISL1 is
expressed in endocrine cells of the normal stomach and
colorectal tissue, in contrast to with the complete loss of
this protein in some gastrointestinal neuroendocrine carcinomas (n = 2), similar to the distribution of this protein
in normal and neolpastic pancreatic tissues. In addition,
Mori et al[45] report the presence of focal neurondocrine
differentiation and diffuse c-kit overexpression in a case
of gastric undifferentiated carcinoma: immunohistochemistry shows that the tumor cells are diffusely positive
for cytokeratin, vimentin, and c-kit, and focally positive for
CgA and synaptophysin. These authors hypothesized that
c-kit overexpression in these tumor cells can be attributed
to neuroendocrine differentiation. To characterize the
expression of the proteins cyclin D1, cyclin E and P53
in gastroenteropancreatic neuroendocrine tumors and
assess their prognostic impact, tumor specimens from 68
patients (including 51 cases of gastric tumor origin, with
a complete follow-up) were studied immunohistochemically for cyclin D1, cyclin E and P53 expression, but no
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Table 3  Summary of medical treatments for patients with gastric neuroendocrine tumors
Type Ⅰ GNET
Resection

Simple surveillance, endoscopic
polypectomy, surgical excision
associated with or without
surgical antrectomy, total
gastrectomy

Type Ⅱ GNET

Type Ⅲ GNET

Simple surveillance, endoscopic Radical surgery
polypectomy, surgical excision
associated with or without
surgical antrectomy, total
gastrectomy

Chemotherapy

Combination chemotherapy:
Etoposide + cisplatin (CDDP)/
carboplatin octreotide and
pasireotide (SOM230);
Somatosatin analogues;
CDDP + CPT-11
117Lu- and 90Y-labelled somatostatin analogues;
Selective internal radiation
therapy

Targeted
radio therapy

Biological therapy
Molecular
targeted therapy

Type Ⅳ GNET
Radical surgery

Interferon-α
Inhibition of angiogenesis or molecular targeting of growth factor receptors, including sunitinib and imatinib

GNET: Gastric neuroendocrine tumor.

that inhibits VEGFR, is generally well tolerated[69]. Imatinib, another tyrosine kinase inhibitor that selectively
inhibits PDGFR, was also tried in patients with various
NETs without any objective responses, and causing significant toxicity[70].New diagnostic techniques have led
to increasingly early recognition of early gastrointestinal
NETs. Most patients with early, well differentiated NET
can be treated conservatively, and followed by endoscopic surveillance. Note that patients with (previous)
NET/carcinoid disease have a 15%-25% risk for second
malignancies in the breast, prostate, colorectum[71]. Such
carcinomas demand an aggressive surgical approach followed by chemotherapy and multimodal adjuvant therapy,
and randomized, prospective clinical trials that include
a search focused on MKI67 labeling index are required
to demonstrate an unequivocal survival advantage for
patients who receive chemotherapy or radiation therapy
after resection of NETs[41]. Table 3 summarizes medical
treatment for patients with GNETs.

etoposide+cisplatin (CDDP)/carboplatin, is a useful
medical treatment for unresected NET, and the somatostatin analogues octreotide and pasireotide (SOM230)
reportedly provide the benefit of hormonal symptom
control as well as suppression of tumor growth[49]. Somatostatin, a naturally occurring regulatory hormone that
binds to somatostatin receptors and inhibits tumor secretion of regulatory peptides, is another palliative treatment[54-56]. Although there are no standard chemotherapy
regimens for GNETs that use these receptors, treatment
with CDDP plus irinotecan (CPT-11) is effective against
this disease, with an overall response rate of 75% and a
progression-free survival of 212 d[34,41,57].
Patients with type Ⅳ GNET have reportedly benefitted from targeted radiotherapy. Recently, the effect of
177Lu-octreotate (177Lu), administered in repeated doses
of 100-200 mCi, with intervals of 6-9 wk up to a final
cumulative dose of 600-800 mCi, was investigated in 131
patients with GNETs. The shorter range for 177Lu in tissues may indicate that this isotope is better for treatment
of smaller tumors, while 90Y might be more suitable
for larger ones[58-64]. Since metastases often are of varying size, the best option may be to combine 117Lu- and
90Y-labelled somatostatin analogues. Targeted irradiation
therapy involving the use of selective internal radiation
therapy, which has been used in patients with primary hepatocellular cancer and metastatic colorectal cancer, was
recently tried in patients with GNETs: preliminary results
are encouraging, but further studies are warranted[58,65,66].
Grin reports that anti-Helicobacter pylori drugs may be
helpful in treating patients with duodenal gastrinoma
with multiple GNETs secondary to chronic Helicobacter
pylori-induced gastritis[67].
Novel principles for treating cancer patients, such
as inhibition of angiogenesis, or molecular targeting of
growth factor receptors[68], have been developed recently.
For example sunitinib, an oral tyrosine kinase inhibitor
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CONCLUSION
GNETs comprise distinct tumor entities that have been
classified on the basis of pathogenesis and histomorphologic characteristics into 4 types that differ in biological
behavior and prognosis. To plan the correct management and optimal therapeutic approach in patients with
GNETs, it is essential to obtain an adequate clinical
evaluation and assessment of the pathological features
of the tumor. Patients who are diagnosed with NETs
early and accurately have a greater chance for complete
cure. Over the past two decades, there has been a major
turnover in diagnostic methods. In a word, development
of new gene marker as well as effective drugs is expected for the better diagnosis, prognosis and treatment of
GNETs.
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Core tip: This review highlights the unusual finding of
low prevalence of gastric cancer despite high prevalence of Helicobacter pylori in India and its probable
causes including diet and genetic variations as seen in
Indian patients. This finding is attributed to increased
genetic resistance in addition to a vegetarian diet rich
in antioxidants.
Original sources: Misra V, Pandey R, Misra SP, Dwivedi M.
Helicobacter pylori and gastric cancer: Indian enigma. World J
Gastroenterol 2014; 20(6): 1503-1509 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v20/i6/1503.htm DOI:
http://dx.doi.org/10.3748/wjg.v20.i6.1503

Abstract
Helicobacter pylori (H. pylori ) is a gram negative micro-

aerophilic bacterium which resides in the mucous linings
of the stomach. It has been implicated in the causation
of various gastric disorders including gastric cancer. The
geographical distribution and etiology of gastric cancer
differ widely in different geographical regions and H.
pylori , despite being labeled as a grade Ⅰ carcinogen,
has not been found to be associated with gastric cancer in many areas. Studies in Asian countries such
as Thailand, India, Bangladesh, Pakistan, Iran, Saudi
Arabian countries, Israel and Malaysia, have reported a
high frequency of H. pylori infection co-existing with a
low incidence of gastric cancer. In India, a difference in
the prevalence of H. pylori infection and gastric cancer
has been noted even in different regions of the country
leading to a puzzle when attempting to find the causes
of these variations. This puzzle of H. pylori distribution
and gastric cancer epidemiology is known as the Indian
enigma. In this review we have attempted to explain
the Indian enigma using evidence from various Indian

WCGO|www.wjgnet.com

INTRODUCTION
It has been 30 years since the discovery of Helicobacter
pylori (H. pylori) in 1983 by Australian physicians Robert
Warren and Berry Marshal[1] In view of the various epidemiological studies worldwide, the International Agency
of Cancer classified H. pylori as a Class Ⅰ carcinogen
for gastric cancer in 1994[2]. Since then the bacterium is
thought to be one of the causative factors in the development of gastric cancer.
H. pylori is a gastric pathogen that colonizes approximately 50%-60% of the world’s population[3]. Infection
with H. pylori causes chronic inflammation and significantly increases the risk of developing duodenal and gas-

109

February 8, 2015|First Edition|

Misra V et al . H. pylori and gastric cancer

tric ulcer disease and gastric cancer. H. pylori infection is
the strongest known risk factor for gastric cancer, which
is the second leading cause of cancer-related deaths
worldwide[4].
Studies in Asian countries such as Thailand, India,
Bangladesh, Pakistan, Iran, Saudi Arabian countries, Israel and Malaysia, have reported a high frequency of H.
pylori infection co-existing with a low incidence of gastric
cancer[5-8].
This review aims to explain this Indian enigma
through various studies performed in past two decades in
different parts of the country.

gastric cancer frequency approximately 4 times higher
than that in northern parts of the country[9,15]. A high incidence of gastric cancer in both males (50.6%) and females
(23.3%) has been reported from Mizoram[16]. Non-vegetarian foods, particularly fish, are very common in the east
Indian diet, which is also spicy with more salts. Pickled
food, high rice intake, spicy food, excess chili consumption, consumption of high-temperature foods, smoked
dried salted meat, use of soda and consumption of dried
salted fish have emerged as significant dietary risk factors
for gastric cancer[17-21]. The diet in south India is similar to
that in eastern parts with rice, fish, excess spice and salt
commonly eaten providing an explanation for the higher
incidence of gastric cancer in these regions.
In contrast, the north Indian diet is mainly wheatbased and a greater proportion of people are vegetarian
with a high intake of fruits and spices like turmeric[22,23]
and garlic[24,25] which are known to have anti-cancerous
properties. Dietary habits, especially high intake of curcumin and a vegetarian diet, could be one explanation for
the Indian enigma[26,27].

EPIDEMIOLOGY
Over past few decades there have been many studies related to gastric cancer which showed marked geographical variations with high risk areas in Japan, China, Eastern
Europe, and some countries in Latin America. Low risk
regions are North America, India, Philippines, Africa,
some parts of Western Europe and Australia[9].
Various epidemiological studies in India have shown
a high incidence of gastric cancer in South India as
compared with North India[10]. The prevalence of H.
pylori infection is high (49.94%-83.30%) in India, but the
incidence of gastric cancer is comparatively low indicating mixed results for the association between H. pylori
and gastric cancer. Human epidemiological studies have
shown mixed results with a definite association between
H. pylori and gastric cancer in approximately 50% patients,
and a negative relationship in the remaining patients[11,12].
In North India the prevalence of H. pylori in patients
with gastric carcinoma was assessed and correlated with
gross appearance and histological types[13]. The prevalence of H. pylori in controls was slightly higher than that
in the patient group (80% vs 78%). Diffuse type gastric
cancer was more common than intestinal type and the
prevalence of H. pylori was greater in diffuse type gastric
cancer than in intestinal type (86% vs 68%). A significant association between H. pylori and grades of gastritis
was noted (P < 0.01) in controls as well as in the patient
group, but failed to show a significant association with
tumor grade, intestinal metaplasia, site of tumor and age
of patient. It was inferred that the prevalence of H. pylori
infection is not directly associated with the pathogenesis
of gastric cancer, but may act as a co-carcinogen by damaging the mucosa and thereby making it more susceptible
to the effects of a carcinogen.
Quigley et al[14] in their review stated that human epidemiological studies have produced mixed results with an
association between H. pylori and gastric cancer in 50%
patients, while the remaining patients showed a negative
relationship.

H. PYLORI STRAINS IN INDIA
The study of H. pylori genomics began in August 1997
with the publication of the complete genome of Helicobacter pylori 26695, which was cultured from a gastritis
patient in the United Kingdom[2,28]. Recent technological advancement has made sequencing of the genome
more accessible and less costly resulting in a rapid increase in the number of H. pylori isolates sequenced,
including some of the important laboratory strains[29].
Up to March 2013, 43 complete genomes and 198 draft
genome sequences had been deposited in GenBank for
public access, and the federated genomic databases are
still growing.
Based on the country of origin of the source patient:
18 were from North and South America, 14 from Far
East Asia (Japan/South Korea/China), 11 from Europe,
10 from Malaysia, six from Africa, four from India, and
one from Australia. Based on available data of the complete genomes in GenBank, the average size of an H.
pylori genome was estimated to be 1.62 Mb (1.51-1.71
Mb) with a gastric cancer (GC) content of 38.92%
(38.4%-39.3%). The average H. pylori genome was predicted to consist of 1590 (1429-1749) open-reading
frames encoding 1532 (1382-1707) proteins[29].
Between 2012 and 2013, two H. pylori strains were
isolated from duodenal ulcer patients in Bangalore
(NAB47) and Delhi (NAD1) in India[10]. Based partly
on these conventions, Indian H. pylori isolates have been
shown to have European origins[11] and are widely held
to be mostly innocuous or only mildly pathogenic, unlike
their highly virulent Far East Asian counterparts (which
may be linked to the high incidence of gastric cancer). It
is certain that these genomes representing Indian patients
will rekindle our understanding of the genetic makeup

Dietary variation in the Indian population
Diet plays an important role in gastric carcinogenesis. In
India, southern and eastern parts of the country have a
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and evolutionary relationships of this pathogen in India.

marked for duodenal ulcer, and the ratio of duodenal
to gastric ulcer declined from 2.7 in 1988 to 1.1 in 2008.
The epidemiology of PUD in India may have changed
in the past two decades with the incidence of duodenal
ulcer declining more rapidly than that of gastric ulcer[40].
In a recent review it was concluded that H. pylori is
the primary cause of duodenal ulcer supported by strong
evidence in the literature linking H. pylori etiologically to
duodenal ulcer and reports on eradication therapy of H.
pylori in preventing relapse of uncomplicated and complicated duodenal ulcer[41].

MULTIPLE STRAINS AT THE SAME SITE
H. pylori exhibits conspicuous genetic diversity as evidenced by an apparently unlimited number of unique
strains that differ in genome size, gene order, genetic
content, and allelic profiles[12]. H. pylori exhibits more
frequent recombination events with heterologous strains
than any other known bacterial species[13]. Microarray and
nucleotide sequence analysis of strains isolated longitudinally from the same patient imply that this recombination
is a continuous event[14,30].
Studies from Europe and Western countries showed
that almost all strains of H. pylori isolated from different
sites in the stomach of individual patients show homogeneous DNA profiles. In contrast, Mexican and Chinese
populations are infected with genetically heterogeneous
strains with high infection rates. In India, the prevalence
of H. pylori infection is high[8,24,31] and the chances of
infection and re-infection of strains in a single host is
relatively high as compared to Western populations. In
addition, a similar trend in heterogeneity of strains has
been shown in the Indian continent[32]. Genetic exchanges
among mixed bacterial populations may generate a more
competitive strain to adapt to a particular host thereby
propagating a more virulent strain. In India, the prevalence of H. pylori infection is much higher as compared to
the most western countries and almost all infected cases
were found to carry multiple H. pylori strains[32].

GC
GC is the third most common cancer in India and the
second leading site of cancer occurrence world-wide.
The incidence of GC is 4 times higher in South India
than in North India[42]. An understanding of the molecular mechanism of gastric carcinogenesis and its relationship to H. pylori improved in the last decade. Most studies
showed either no or a negligible effect of H. pylori in gastric carcinogenesis in India.
Misra et al[42] studied the effect of H. pylori on the
proliferative activity of gastric epithelium by studying AgNOR counts, but found no significant difference in normal controls, inflammatory lesions and cancer, concluding that H. pylori has no direct effect on the proliferative
activity of gastric epithelium. A prospective study reported the association of microsomal epoxide hydrolase exon
3 Tyr113His and exon 4 His139Arg polymorphisms with
gastric cancer in India and concluded that 113Tyr-139Arg
was associated with GC in the presence of H. pylori, in
its absence, it appeared to be protective. However, exon
3113His was associated with GC even in the absence
of H. pylori infection[43]. The role of cytochrome P450
(CYP), a polymorphic carcinogen-activating enzyme,
CYP2E1, CYP1A2 (rs762551), and CYP1A1 (rs4646903)
polymorphisms in association with H. pylori infection in
gastric carcinogenesis was studied and it was found that
the presence of CYP2E1 (96-bp insertion) is associated
with increased risk of GC even in the absence of H. pylori. CYP1A2 CC or CT is associated with a reduced risk
of GC[44]. Another study showed that p53 gene mutation
was present in 4.6% of the study population. This mutation was significantly higher in GC when compared with
PUD and non-ulcer dyspepsia (NUD), and was independent of H. pylori infection indicating a role for p53 gene
mutation in gastric carcinogenesis, independent of H.
pylori infection. K-ras gene mutation was not seen in GC
and PUD in Indian patients[45].
Repression of Runt-related transcription factor 3
(Runx3) gene, a tumor suppressor gene, has been shown
to be involved in H. pylori-associated gastric carcinogenesis and cancer development[46]. The study was undertaken to investigate Runx3 intronic T/A polymorphism
(rs760805) in H. pylori-infected patients and uninfected
controls of the Tamil Nadu region, South India. In addition, Runx3 gene expression, HK alpha (H, K-ATPase)

PEPTIC ULCER DISEASE
Researchers have reported the role of H. pylori infection
in the pathogenesis of peptic ulcer and stomach cancer
in India, and some have reported no association between
stomach cancer and H. pylori infection[33-39]. In a recent
study of 190 peptic ulcer patients, 35 stomach cancer
patients, and 125 controls, the author concluded that
H. pylori infection is associated with peptic ulcer disease.
Lower socioeconomic status, consumption of restaurant
food, meat, nonfiltered water, and smoking are risk factors for H. pylori. Consumption of meat, fish, and a family history of peptic ulcer are risk factors for peptic ulcer.
Consumption of chili, peppers and concurrent parasite
infestation appears to be protective against H. pylori[38].
The epidemiology of peptic ulcer disease (PUD) in
India differs from that in the West. It may have undergone a change with recent improvements in hygiene and
availability of potent antisecretory and ulcerogenic drugs.
In a time trend study of H. pylori infection and PUD, the
frequencies of duodenal and gastric ulcer disease in study
groups were compared. Of the 30,216 patients (mean
age: 41.7 ± 12.7 years, 34% females) during the six study
periods, 2360 (7.8%) had PUD. The frequencies of both
duodenal ulcer and gastric ulcer declined from 1988 to
2008, i.e., from 12% to 2.9% and from 4.5% to 2.7%,
respectively (P < 0.001 for each). The decline was more
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gene expression and the methylation status of the Runx3
CpG island were determined. Neither significant repression of Runx3 and HK alpha genes nor methylation
were detected in positive patients, suggesting a lack of
involvement of this tumor suppressor as a risk factor in
H. pylori-associated gastric carcinogenesis in the South
Indian population studied.
Tobacco-smoking was found to be an important
risk factor for the high incidence of stomach cancer in
Mizoram. Meiziol (local cigarette) smoking was a more
important risk factor than other tobacco related habits.
Polymorphisms of GSTM1 and GSTT1 genes appeared
to be effect modifiers. Persons habituated to tobacco
smoking and/or tuibur habit had an increased risk of
stomach cancer if they carried the GSTM1 null genotype
and GSTT1 non-null genotype[47].
CagL is a pilus protein of H. pylori that interacts with
host cellular α5β1 integrins through its arginine-glycineaspartate (RGD) motif, guiding proper positioning of the
T4SS and translocation of CagA[48]. Deletion or sequence
variations of CagL significantly diminished the ability of
H. pylori to induce secretion of interleukin (IL)-8 by the
host cell[49]. In a primary study, prevalence of H. pylori
infection in the study population was found to be 52.5%.
Most of the isolates were CagL genopositive (86.6%),
and all had the RGD motif in their amino acid sequences. D58 and K59 polymorphisms in CagL-genopositive
strains were significantly higher in GC patients (P < 0.05).
Combined D58K59 polymorphism was associated with a
higher risk of GC (3.8-fold) when compared to NUD. It
was concluded that H. pylori CagL amino acid polymorphisms, such as D58K59, are correlated with a higher risk
of GC in the Indian population[50].

system, and the activity of various MMR proteins such
as hMLH1, PMS1, PMS2, hMSH2 and hMSH6 is significantly reduced in the presence of H. pylori infection.
An inverse relationship between microsatellite instability
(MSI) and CagA protein has also been reported suggesting that other factors are also responsible for MSI in GC
in addition to the bacterium CagA protein[57]. H. pylori
induces genomic instability of (CA) n repeats in mice
resulting in impairment of MMR machinery and generating a transient mutator phenotype making the gastric
epithelia susceptible to aggregation of genetic instability leading to gastric carcinogenesis[58]. Some researchers contradict the above findings and suggest that both
H. pylori negative and positive tumors showed the same
amount of MSI in GC, and even after eradication of the
bacterium there were no changes in chromosomal aberrations[59]. This suggested that H. pylori infection may act as
a synergistic factor in GC, but not a direct factor causing
carcinogenesis by altering gene expression.
A detailed characterization of a functionally unknown
gene (HP986) which was detected in isolates from patients with peptic ulcer and gastric carcinoma was performed. Expression and purification of recombinant
HP986 (rHP986) revealed a novel, approximately 29
kDa protein in biologically active form that was associated with significant levels of humoral immune response
in diseased individuals (P < 0.001). In addition, it was
reported that rHP986 induced significant levels of tumor necrosis factor (TNF)-α and IL-8 in cultured human macrophages concurrent with the translocation of
nuclear transcription factor-κB (NF-κB). Furthermore,
rHP986 induced apoptosis of cultured macrophages
through a Fas mediated pathway. Dissection of the underlying signaling mechanism revealed that rHP986 induces both TNFR1 and Fas expression leading to apoptosis. These authors further demonstrated the interaction
of HP986 with TNFR1 through computational and
experimental approaches. Independent pro-inflammatory
and apoptotic responses triggered by rHP986 may possibly work as a survival strategy to gain a niche through
inflammation and to counter the activated macrophages
to avoid clearance[60,61].
Analysis of the p53 codon 72 SNP in 372 biopsy
samples from our center revealed that in the North Indian normal population the p53 Arg/Arg (40.59%) and
Pro/Arg variant (33.66%) were higher as compared to the
p53 Pro/Pro variant (25.75%). Gastritis and gastropathy
had a similar distribution, whereas gastric cancer, GU and
DU cases showed a decrease in the Arg/Arg variant and
an increase in the Arg/Pro and Pro/Pro variant. It was
also found that the presence of the p53 Pro allele along
with a decrease in the Arg/Arg allele is associated with a
small, but non-significant increase in the risk of gastric
lesions, suggesting that p53 (Arg), is more effective in
protecting stressed cells from neoplastic development
than p53 (Pro). These findings are in accordance with
Mantovani et al[62] and Bergamaschi et al[63]. We also found
that the p53 (Arg) (Pro/Arg) variant is higher in normal

MOLECULAR PATHOGENESIS OF H.
PYLORI INFECTION
CD4+ T helper cells (Th) are recognized as a key component of the adaptive immune response to extracellular bacteria and a dominant component of immune
responses to H. pylori[51-53]. H. pylori evokes a weaker Th17
response, followed by a dominant and more persistent
Th1 response that is paralleled by an immunoregulatory
CD4+ T cell response characterized by T regulatory cells
slowly accumulating at the beginning of the infection,
reaching the highest level at 30 d post-infection which is
sustained over time[54].
A close relationship between plasma malondialdehyde
(MDA) and nitric oxide (NO) levels was found with gastric histopathology and genotypes of H. pylori in South
India. Levels of MDA and NO were higher in subjects
infected with genotype-1 of H. pylori than those with
other genotypes suggesting more precise interaction of
highly virulent strains of H. pylori in eliciting severe tissue
damage[55]. Another study from South India reported that
H. pylori infection may increase the expression of c-H-ras
p21 early in the process of gastric carcinogenesis[56].
H. pylori infection has a negative effect on the MMR
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subjects. Variation in apoptotic index also correlated with
a change in the pattern of the Arg/Arg allele in various
diseases showing that this allele may prevent carcinogenic
changes by stimulating apoptosis of damaged epithelial
cells. This may be the reason for the low incidence of
gastric cancer in North India despite a relatively higher
incidence of H. pylori infection (Under Publication).

13
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CONCLUSION

16

In conclusion, the Indian enigma is a variation in the
prevalence of H. pylori infection and gastric cancer in
different zones. The incidence of gastric cancer in the
Indian continent cannot be attributed to infection by H.
pylori only, other factors such as diet, tobacco and socioeconomic status may also have a role.
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Core tip: Surgery remains the only curative therapy of
localized gastric cancer, while perioperative and adjuvant chemotherapy, as well as chemoradiation, can
improve outcome. Cisplatin and fluoropyrimidine-based
chemotherapy, with addition of trastuzumab in human
epidermal growth factor receptor 2 positive patients, is
the widely used treatment in stage Ⅳ patients. Secondline chemotherapy after progression in patients with
good performance status represents a good option.

Abstract

Original sources: Orditura M, Galizia G, Sforza V, Gambardella V,
Fabozzi A, Laterza MM, Andreozzi F, Ventriglia J, Savastano B,
Mabilia A, Lieto E, Ciardiello F, De Vita F. Treatment of gastric
cancer. World J Gastroenterol 2014; 20(7): 1635-1649 Available
from: URL: http://www.wjgnet.com/1007-9327/full/v20/i7/1635.
htm DOI: http://dx.doi.org/10.3748/wjg.v20.i7.1635

The authors focused on the current surgical treatment
of resectable gastric cancer, and significance of periand post-operative chemo or chemoradiation. Gastric
th
cancer is the 4 most commonly diagnosed cancer and
the second leading cause of cancer death worldwide.
Surgery remains the only curative therapy, while perioperative and adjuvant chemotherapy, as well as chemoradiation, can improve outcome of resectable gastric
cancer with extended lymph node dissection. More
than half of radically resected gastric cancer patients
relapse locally or with distant metastases, or receive
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and the second leading cause of cancer death worldwide.
Gastric cancer generally remains asymptomatic for a long
time and is early detected more commonly in Japan and
South Korea, due, at least in part, to active screening programs. Despite increased incidence, Asian gastric cancer
patients have a better prognosis than Western patients,
probably due to an active screening program or to a more
aggressive therapeutic approach. Surgery remains the only
curative therapy, while perioperative and adjuvant chemotherapy, as well as chemoradiation, can improve outcome
of resectable gastric cancer with extended lymph node
dissection. No clear superiority of one strategy over
another has emerged, all contributing to a gain of 15%
in survival over surgery alone; thus, head-to-head comparisons would be required. Unfortunately, more than
half of radically resected gastric cancer patients relapse
locally or with distant metastases, or receive the diagnosis
of gastric cancer when tumor is disseminated; therefore,
median survival rarely exceeds 12 mo, and in metastatic
setting, 5-years survival is less than 10%. Cisplatin and
fluoropyrimidine-based chemotherapy, with addition of
trastuzumab in human epidermal growth factor receptor
2 (HER2) positive patients, is the widely used treatment
in stage Ⅳ patients fit for chemotherapy. Recent evidence
supports the use of second-line chemotherapy after progression in patients with good performance status. Biological therapies are among the new frontiers of research
in the treatment of gastric cancer; increased survival with
trastuzumab in patients with HER2-positive and with ramucirumab in second line has been indeed recorded.

negative horizontal margin, negative vertical margin, and
no lymphovascular infiltration [ly(-), v(-)][5]. The above
rules (so called standard criteria) were followed for many
years by endoscopists with excellent results[6]. However,
more recently, remarkable improvements in technical
management allowed to extend such indications to more
advanced forms of early gastric cancer (expanded criteria). Currently, ESD is also indicated in differentiated, ≤
3 cm, PT1a, UL(+) tumors, or undifferentiated, ≤ 2 cm,
PT1a, UL(-) tumors, or differentiated, ≤ 3 cm, PT1b (but
with submucosal invasion ≤ 500 μm from the muscularis mucosae)[5]. Although close follow-up surveillance
remains essential, within these criteria ESD has recently
been shown to be a feasible and effective method for
treating early gastric cancer[2,7,8].
Minimally invasive access, namely laparoscopic gastric
surgery, was initially devised for benign esophago-gastric
diseases and is currently standard option for hiatal hernia
repair and achalasia[9]. Due mainly to technical difficulties
and oncological concerns, the laparoscopic access was
initially confined to treatment of distal-sided early gastric cancer not requiring total gastrectomy and enlarged
lymphadenectomy[10,11]. Following reports of satisfactory
oncological adequacy for laparoscopic surgical treatment of colorectal cancer, the laparoscopic approach
has been gradually extended to also include advanced
gastric cancer requiring total gastrectomy with radical
lymphadenectomy. Although data are still controversial, a
number of studies have shown laparoscopic approach in
the treatment of advanced gastric cancer to be feasible,
safe, and oncologically adequate[3,12]. Recently, robotassisted gastrectomy has been shown to offer potential
advantages over conventional laparoscopy with regard to
lymphadenectomy and digestive restoration[13].
Whatever the approach (open or laparoscopic), there
is no doubt that surgery remains the only potentially
curative treatment for all T1b to T4 gastric cancers, and
after failure of endoscopic resection[14]. The most important and still debated issues are represented by extent of
resection and role and extension of lymphadenectomy.
In case of gastric cancer involving the fundus and/or
the body of the stomach, the vast majority of surgeons
perform total gastrectomy since proximal gastric resection is flawed with a significant rate of postoperative
complications[15]. On the contrary, controversy has long
been in place about extension of resection and importance of histologic subtype (namely, intestinal or diffuse
according to the Lauren’s classification)[16] in case of
cancer of the antrum. Several years ago total gastrectomy
was hypothesized to offer oncological advantages over
subtotal distal resection in terms of wider lymphadenectomy and effective removal of multicenter neoplastic
foci, particularly frequent in histologically proven undifferentiated or diffuse subtype carcinomas[17]. However, at
the end of the last century, two European trials showed
no differences in overall survival rates between total and
subtotal distal gastrectomy - provided extension of the
proximal margin of the resection into healthy tissue, thus

SURGERY
Ever since surgery has played a crucial role in the treatment of gastric cancer[1]. In the last decades, two new
technical advances have revolutionized treatment methodology, namely endoscopic resection and minimally
invasive access[2,3].
In Eastern countries, detection of early gastric cancer, i.e., tumors confined to mucosa (T1a) or submucosa
(T1b) with a low rate of nodal metastasis, has become
increasingly common due to extensive screening programs; thus, early gastric cancer currently represents a
large percentage of newly diagnosed tumors in Japan and
South Korea[4]. Several years ago early gastric cancer was
deemed to be radically treated with endoscopic resection, with no need for extensive abdominal manipulation.
However, horizontal and vertical margin invasion, and
particularly the risk of nodal involvement, had to be immediately considered to avoid true oncological disasters.
Initially, endoscopic mucosal resection, or, even better,
endoscopic submucosal dissection (ESD), were indicated
as standard treatment for differentiated-type adenocarcinoma without ulcerative findings UL(-) (depth of invasion clinically diagnosed as T1a and diameter ≤ 2 cm).
Accordingly, resection was judged as curative when all
of the following conditions were fulfilled: en-bloc resection, size ≤ 2 cm, differentiated-type on histology, PT1a,
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ensuring adequate clearance of the margins - and correctly performed lymphadenectomy (see below)[17,18] in
the latter procedure. Currently, there is general agreement
that subtotal distal resection should be considered the
standard of care for cancer of the antrum. The Japanese
Gastric Cancer Association (JGCA), formerly known as
the Japanese Research Society for Gastric Cancer, has
recently stated that “a proximal margin of at least 3 cm
is recommended for T2 or deeper tumors with an expansive growth pattern (Types 1 and 2) and 5 cm is recommended for those with infiltrative growth pattern (Types
3 and 4)”, thus finally ending a long-standing debate[5].
Controversy over the extent of lymphadenectomy in
the treatment of gastric adenocarcinoma has persisted
for decades. There has been very little disagreement that
at least a D1 lymphadenectomy (namely lymph node
stations from 1 to 7 according to the JGCA’s classification) should be performed[19]. However, in Japan, a D2
lymphadenectomy (namely D1 lymphadenectomy plus
node stations 8a, 9, 10, 11d, 11p, and 12a) has been
recommended as standard practice since the 1960s[20];
since Eastern surgeons strongly believe that a D2 lymphadenectomy significantly improves long-term results
and overall survival rates[5]. On the contrary, in Western
countries the majority of surgeons continue to perform a
D1 (or even a D0, i.e., a lymphadenectomy less than D1)
resection. This is mainly due to the results of two European randomized trials carried out in the 1990s which
failed to demonstrate a survival benefit for D2 over
D1 lymphadenectomy[21,22]. However, these two studies
have been strongly criticized for significant differences
between the two groups analyzed. Indeed, almost 50%
of patients in the D2 group did not undergo resection
of 12a node station. In addition, patients undergoing
splenectomy and/or pancreatectomy as part of a D2
resection had high rates of post-operative morbidity
and mortality, thus confounding the results and obscuring statistical differences between the two groups[14,23].
However, a large number of subsequent retrospective
studies has shown a correlation between better outcome
and lymphadenectomy extended beyond the boundaries
of a D1 resection, with dismal long-term survival rates
when positive nodes are found beyond the boundaries
of a D2 resection, thus suggesting progression of gastric
adenocarcinoma to a systemic disease when spreading
is beyond D2 nodes[24]. Furthermore, the Dutch D1D2
trial[25], after a median follow-up of 15 years, reported on
a significant benefit of D2 lymphadenectomy over D1
lymphadenectomy in terms of locoregional recurrence
and survival. D2 lymphadenectomy fulfills the AJCC
Cancer Staging Manual, which recommends a minimum
of 16 lymph nodes be examined, results in lower rates
of loco-regional recurrence[26], and, ultimately, improves
overall survival[23,27]. It is particularly evident when splenectomy and/or pancreatectomy are spared (so-called
D1+ lymphadenectomy) thus decreasing post-operative
complications rates[5]. A recent meta-analysis including
12 randomized controlled trials involving 3573 patients,
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with survival analyses from 1332 patients, has shown no
significant differences in overall survival between D1 and
D2. However, subgroup analysis of patients without splenectomy and/or pancreatectomy indicated a clear trend
for longer overall survival and a significant better diseasefree survival rate for D2 compared to D1 patients[14].
These data strongly suggested that D2 lymphadenectomy
with spleen and pancreas preservation should be recommended as the standard surgical approach to resectable
gastric cancer.
In Western countries a substantial percentage of gastric cancer patients presents with unresectable disease. In
such cases, the role of non-curative gastric resection, excluding the cases with signs of gastric outlet obstruction
or uncontrolled bleeding, remains controversial[28]. On the
one hand, resection allows reduction of tumor burden
and cancer-related complication rates, but it is associated
with significant perioperative mortality and morbidity
and may delay start of chemotherapy[29]. On the other
hand, simple operative exploration without resection may
expose patients to severe tumor complications[30]. Pending large, randomized, prospective studies, no definitive
evidence supporting either one strategy exists. However,
all single series provide evidence for chemotherapy to
improve survival rates and to decrease the incidence of
tumor-related complications[31].
Peritoneal carcinosis is the most common type of recurrence in advanced gastric cancer, particularly in undifferentiated or with infiltrating growth pattern tumors[32].
When possible, complete cytoreductive surgery and hyperthermic intraperitoneal chemotherapy (HIPEC) have
been shown to be the best option for a disease that is otherwise incurable[33]. Recently, in high risk gastric cancers,
that is, tumors suspected to have serosal invasion and/or
poor histologic differentiation, analysis of liquid from
peritoneal lavage has been suggested to be crucial to individuate free tumor cells in the abdominal cavity in order
to tailor more effective treatments[34]. This is a new fascinating frontier in the management of gastric cancer[35].
Preliminary results of potentially curative gastric resection
of the primary tumor and HIPEC in patients without
overt peritoneal carcinosis despite detection of free tumor
cells in the peritoneal lavage are encouraging[36,37].
The last challenge in the treatment of gastric cancer is represented by liver metastases. Until few years
ago their detection was considered synonymous with
generalized neoplastic disease, thus contraindicating
curative treatment[38,39]. There is no doubt that gastric
cancer shows a very aggressive biology with high and
early propensity to spread through lymphovascular vessels and peritoneal serosa, thus liver-only deposits are
an uncommon event[40]. However, even when this occurs, better survival rates have been demonstrated to be
achievable with aggressive treatment. Curative hepatic
resection of liver-limited metastases, particularly single
liver metastases less than 5 cm in size, has been associated with significantly superior 5-year overall survival
and median survival rates than those obtained with sys-
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Table 1 Meta-analyses of adjuvant chemotherapy for resectable gastric cancer
Ref.

Year

Trials (n )

Patients (n )

OR/HR for death (95%CI)

Hermans et al[71]
Earle et al[57]
Mari et al[56]
Panzini et al[58]
Janunger et al[61]
Zhao et al[72]
Liu et al[73]
GASTRIC group[62]

1993
1999
2000
2002
2002
2008
2008
2010

11
13
21
17
21
15
19
17

2096
1990
3658
3118
3962
3212
4599
3838

0.88 (0.78-1.08)
0.80 (0.66-0.97)
0.82 (0.75-0.89)
0.72 (0.62-0.84)
0.84 (0.74-0.96)
0.90 (0.84-0.96)
0.85 (0.80-0.90)
0.82 (0.76-0.90)

temic chemotherapy alone[41,42]. Radiofrequency ablation
may represent a valid alternative to surgical resection in
liver metastasis with Ø ≤ 3 cm or for patients unfit for
major hepatic surgery[43]. Finally, delivery of high doses
of cytotoxic agents to liver tumors through the hepatic
artery with minimal systemic side effects may be an effective strategy for control of multiple liver metastases
or in order to shrink liver deposits prior to subsequent
surgical resection or radiofrequency ablation[44].

alone (HR = 0.82; 95%CI: 0.76-0.90, P = 0.001). The
estimated median survival was 4.9 years (95%CI: 4.4-5.5)
in the surgery-only group vs 7.8 years (95%CI: 6.5-8.7) in
the group of treated patients. However, no standard CT
regimen has been defined in this setting.
Mono-chemotherapy with fluoropyrimidines has
been tested in the Asian ACTS-GC trial by Sakuramoto
et al [63] 1059 stage Ⅱ-Ⅲ gastric cancer patients were
randomized to receive S-1, an oral fluoropyrimidine containing tegafur, gimeracil and oteracil potassium, as postoperative therapy (two oral doses of 40 mg per square
meter per day for 4 wk followed by 2 wk of rest for 1
year), or surgery alone. A statistically significant advantage in terms of 3-year survival was observed in the chemotherapy arm (80.1%, 95%CI: 76.1-84.0) vs the surgery
arm (70.1%, 95%CI: 65.5-74.6), with a good tolerability
for S-1 and a low incidence of G3-4 toxicities (anorexia
6%, nausea 3.7%, diarrhea 3.1%). A similar advantage
was also recorded in the following 5-year survival analysis (72.6% vs 61.4%, HR = 0.65; 95%CI: 0.53-0.81).
However, these results were limited by patient selection,
thus needing to be confirmed in a more heterogeneous
population. Furthermore, the use of S-1 in Western
countries could be limited by pharmacokinetic factors.
Tegafur (5-fluorouracil pro-drug) pharmacokinetic is
indeed limited by polymorphisms in cytochrome P-450
2A6, and, consequently, 5-fluorouracil plasma concentrations are more likely to be elevated in patients from
Western countries[64].
Furthermore, in the CLASSIC phase Ⅲ trial led by
Bang et al[65], 1035 patients with stage Ⅱ-ⅢB gastric
cancer were randomly assigned to receive adjuvant chemotherapy with 8 cycles of capecitabine (1000 mg per
square meter twice daily for 2 wk in a cycle of 21 d) plus
oxaliplatin (130 mg per square meter every 21 d), so called
XELOX, or surgery alone. After a median follow-up of
about 34 mo, 3-year disease-free survival rates were 74%
and 59% in the surgery plus chemotherapy and surgery
only group, respectively (HR = 0.56; 95%CI: 0.44-0.72, P
< 0.0001). Grade 3 or 4 toxicities were recorded in 56%
of patients in the chemotherapy arm (nausea 65.7%,
neutropenia 60.5%, anorexia 59.3%). At the 15th ESMO
World Congress in Gastrointestinal Cancer (July 2013),
data from the 5-year follow-up of the CLASSIC trial
demonstrated a 34% reduction in the risk of death in the
XELOX arm, higher than the reduction previously reported after three years of follow-up[66].

ADJUVANT THERAPIES
Although complete resection of cancer (R0) and extended lymph node dissection (D2) are the only curative
treatments for gastric cancer, a high rate of locoregional
as well as distant recurrences has been reported. The site
of recurrence is locoregional in 19%-42% of cases, peritoneal in 21%-72%, and distant in 18%-49%. A survival
benefit has been observed from the addition of chemotherapy or chemoradiotherapy to surgery alone, while
no benefit has been obtained with adjuvant radiotherapy
alone[28,45-47].
Adjuvant chemotherapy
In the last decades, several phase Ⅲ trials have investigated the role of adjuvant chemotherapy vs surgery
alone, but conflicting results have been obtained. These
differences can be explained by the large heterogeneity
of patients enrolled, the small number of series, the different surgical accuracy, and the different chemotherapy
regimens used[48-54]. We also investigated in a randomized,
multicenter, phase Ⅲ trial the efficacy and safety of epirubicin, leucovorin, 5-fluorouracil and etoposide combination (ELFE regimen) as adjuvant therapy for radically
resected gastric cancer patients. After a 5-year followup, the ELFE regimen was not shown to improve overall
survival when compared to surgery alone[55].
In order to obtain more reliable results, several metaanalyses (Table 1) and two recent phase Ⅲ trials have
been carried out, conclusively establishing a statistically
significant benefit for chemotherapy in terms of overall
survival and recurrence rate[56-62].
A recent meta-analysis performed by the GASTRIC
group[62], including 3838 patients from 17 different trials
of adjuvant chemotherapy, concluded for a modest but
statistically significant benefit with the use of adjuvant
post-operative chemotherapy with respect to surgery
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Adjuvant XELOX might represent a valid strategy in
curable gastric cancer Asian patients. Currently, there is
no doubt on the survival benefit derived from adjuvant
chemotherapy in radically resected gastric cancer for
stage ≥ T2 or N+ according to United States, European,
and Italian guidelines[67-69], although further phase Ⅲ trials
are required to assess which regimen is optimal for both
Western and Eastern populations.
The utilization of HIPEC as adjuvant setting in patients at high risk for carcinomatosis is very interesting.
The results of various clinical studies indicated that
HIPEC could potentially allow for a better prognosis in
patients who underwent resection for advanced gastric
cancer playing a role in the prevention of peritoneal
local-regional recurrence despite R0 resection. However
because of small number of trials, further study about
this matter are warranted[70].

tro-intestinal (33%). Although this treatment approach is
considered to be standard therapy in the United States,
it has not gained wide acceptance in Europe because
of concerns about abdominal chemoradiation toxicity
and the quality of surgery performed; indeed, 54% of
enrolled patients received a sub-optimal lymph-node dissection (D0-D1). In order to clarify this issue, a subgroup
analysis published in 2002 revealed that the survival benefit of adjuvant chemo-radiotherapy remained similar in
the D0 and D1 lymph-node dissection groups, while survival benefits in the D2 dissection group were doubtful.
Therefore, radiation therapy can be useful to compensate
inadequate surgery, by improving local control of disease
and reducing local relapses (19% vs 29%)[77,78].
The results of the phase Ⅲ ARTIST trial have been
recently published[79]. 458 patients with D2 resected gastric cancer were randomly assigned to receive adjuvant
XP (capecitabine 2000 mg per square meter on days 1 to
14 and cisplatin 60 mg per square meter, repeated every
3 wk) or XP/XRT/XP (capecitabine 2000 mg per square
meter on d 1 to 14 and cisplatin 60 mg per square meter,
repeated every 3 wk followed by 45 Gy radiations plus
capecitabine 1650 mg per square meter for 5 wk followed
by 2 additional cycles of XP). With a median follow-up
of 53.2 mo, the adjuvant chemoradiotherapy arm did not
obtain a significant advantage over the chemotherapy
alone arm, with 3-year disease-free survival rates of
78.2% and 74.2% in the XP/XRT/XP arm and in the
XP arm (P = 0.0862), respectively. Of note, in a subgroup analysis of 396 patients with positive pathologic
lymph nodes, a statistically significant prolonged diseasefree survival was recorded in the chemoradiation arm
(estimated 3-year disease-free survival rate of 77.5%) as
opposed to the XP-alone arm (3-year disease-free survival: 72.3%, P = 0.0365). This improvement in disease-free
survival was mainly due to radiation-induced decreased
regional lymph node recurrence. Most common G3-G4
toxicities in chemo- and chemoradiation arms were respectively: neutropenia (40.7% and 48.4%), nausea (12.4%
and 12.3%), and vomiting (3.5% and 3.1%). In the ARTIST-2 trial this promising role of chemoradiotherapy vs
chemotherapy alone in patients with node positive gastric
cancer is still being evaluated.
Recently, Zhu et al[80] have published data from a trial
carried out in the Chinese population. Specifically, 380
patients with D2 resected gastric cancer were randomized to receive adjuvant chemotherapy alone vs adjuvant chemoradiation therapy with intensity-modulated
radiotherapy (IMRT). A significant difference in DFS
in patients with positive nodes and in the whole population as well was observed. The marked effect on diseasefree survival in this trial as opposed to the ARTIST trial
was probably due to inclusion of patients with more
advanced disease, especially in terms of lymph nodes involvement, and to the use of IMRT.
These results still need to be reproduced in the Western population and will be defined by the ongoing CRITICS trial (see below)[81].

Adjuvant chemoradiation
Considering the high rate of local recurrence in gastric cancer, combined treatment with radiation therapy and sensitizing 5-fluorouracil or capecitabine has been compared with
chemotherapy or surgery alone in several trials.

The addition of post-operative radiation to adjuvant
chemotherapy has been firstly studied in a prospective
randomized trials by Dent et al[74], Moertel et al[75], and the
British Stomach Cancer Group[45]. Data from this studies did not show a survival benefit for patients receiving
adjuvant therapy, however, because of their small accrual,
heterogeneous cohort, unstandardized surgery and radiotherapy, and 5-fluorouracil dosage, it is difficult to draw
conclusions from these studies.
An important role was played by the Gastrointestinal
Cancer Intergroup phase Ⅲ Trial (INT 0116)[26]: 566 patients were randomized to receive surgery alone or adjuvant chemoradiation consisting of 5-fluorouracil (425 mg
per square meter daily) plus leucovorin (20 mg per square
meter daily) for 5 d and radiation (4500 cGy of radiation,
180 cGy per day, given 5 d per week for 5 wk), followed
by 2 cycles of 5-fluorouracil (425 mg per square meter
daily for 5 d) plus leucovorin (20 mg per square meter
daily for 5 d) for one month. After a median follow-up of
5 years, the chemoradiation group achieved a significant
advantage in overall survival (36 mo vs 27 mo, P < 0.005)
and in progression-free survival (HR = 1.52; 95%CI:
1.23-1.86, P < 0.001). The advantage in the chemoradiotherapy-treated group has been recently confirmed at the
10-year follow up (disease free survival HR = 1.51; P <
0.001; overall survival HR = 1.32; P < 0.004)[76]. Local recurrence occurred in 29% of patients in the surgery alone
group and in 19% in the chemoradiation group; regional
relapse was reported in 72% of patients in the surgery
alone group and in 65% of the patients in the chemoradiation group; distant metastases were observed in 18%
of relapsing patients in the surgery alone group and in
33% of patients in the chemoradiation group. Of note,
treatment was burdened by high toxicity, with the most
common G3 toxicities being hematologic (54%) and gas-
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The employment of a triplet in a chemoradiation
regimen has also been recently investigated by the Intergroup Trial CALGB 80101 (presented as abstract at
the 2011 ASCO Annual Meeting)[82]. From April 2003 to
May 2009, 546 patients with resected gastric or gastroesophageal cancer patients were randomized to receive
1 cycle of 5-fluorouracil (425 mg per square meter
daily) plus leucovorin (20 mg per square meter daily)
for 5 d/mo, followed by 45 Gy (1.8 Gy/d) and concurrent 5-fluorouracil (200 mg per square meter daily CI
throughout radiotherapy), followed by 2 additional cycles
of 5-fluorouracil/leucovorin (arm A) or 1 additional
cycle of ECF (epirubicin 50 mg per square meter on day 1,
cisplatin 60 mg per square meter on day 1, and 5-FU 200
mg per square meter CI d 1-21) followed by 45 Gy (1.8
Gy/d) and concurrent 5-fluorouracil (200 mg per square
meter daly CI throughout radiation therapy), followed by
2 cycles of reduced dose of ECF (epirubicin 40 mg per
square meter on day 1, cisplatin 50 mg per square meter
on day 1, and 5-FU 200 mg per square meter daily C.I. d
1-21) (arm B). Median survival was 37 mo in arm A and
38 mo in arm B (HR = 1.03, 95%CI: 0.80-1.34, P = 0.80).
Three-year overall survival was 50% in arm A and 52%
in arm B, respectively. 3 year-DFS was 46% in arm A and
47% in arm B. Grade 4 toxicities were: 40% arm A vs
26% arm B (P < 0.001). Specifically, neutropenia (53% vs
48%), diarrhea (15% vs 7%), and mucositis (15% vs 7%)
for arms A and B, respectively, were the most frequent.
We also assessed, in a pilot study published three
years ago, the safety of adjuvant chemoradiotherapy in
patients with stage Ⅲ or Ⅳ radically resected gastric cancer. Treatment with FOLFOX regimen plus radiotherapy
was safe, and, after a 3-year follow-up, both disease-free
and overall survival rates were shown to be substantially
better than those observed in untreated patients[83].
Finally, European and Italian guidelines encourage
use of adjuvant chemoradiotherapy in patients with high
risk of local relapse (stage T2 with histopatological risk
factors, T3-4, N+) and in patients not receiving adequate
lymphadenectomy (< D2) or are R1 after surgery[68,69].
Necessarily, the planning of radiotherapy fields requires experience and a quality control system. Radiotherapy is influenced by its confirmation in 3D (3D-CRT)
or IMRT, and these technologies have been shown to
reduce toxicities. A total radiation dose of 45 Gy is set
to run in 25 fractions of 1.8 Gy. The delimitation of volumes must meet the guidelines established by RTOG and
EORTC and include tumor bed, celiac lymph nodes, and
para-aortic nodes.

This approach has been demonstrated to obtain
downstaging of gastric cancer, increase in curative resections, and improvement of disease-free and overall
survival in randomized clinical studies (MAGIC, FFCD
9703, and EORTC 40954). Currently, all guidelines recommend this approach for patients with locally advanced
gastric cancer.
The use of radiation alone or in combination with
chemotherapy in the preoperative setting is still controversial and more data from adequate powered randomized trial are needed.
Neoadjuvant chemotherapy
The role of neoadjuvant chemotherapy in gastric cancer, gastro-esophageal junction and lower esophageal
adenocarcinoma has evolved in the past decade from
disappointingly negative trials to a favorable one[61]. Indeed, in the first Dutch randomized controlled trial of
neoadjuvant chemotherapy, 56 patients with apparently
operable gastric cancer were randomized to receive preoperatively 4 cycles of 5-fluorouracil, doxorubicin and
methotrexate (FAMTX) followed by surgery or surgery
alone. The rate of curative resection favored the surgery
alone group, and in the latest update, the median survival
since randomization was 18 mo in the FAMTX group vs
30 mo in the surgery alone group (P = 0.17); moreover,
preoperative chemotherapy was associated with a negative effect[84].
In Europe, perioperative chemotherapy has been promoted on the basis of the MAGIC[85] and FFCD9703[86]
randomized trials. The former, performed in the United
Kingdom, enrolled 503 patients with resectable adenocarcinoma of the stomach, esophagogastric junction, or
lower esophagus cancer (25% had lower esophageal or
gastro-esophageal junction cancer) to either perioperative
chemotherapy and surgery (250 patients) or surgery alone
(253 patients).
Chemotherapy consisted of 3 preoperative and 3
postoperative cycles of ECF: intravenous epirubicin (50
mg/m2) and cisplatin (60 mg/m2) on day 1 and a continuous intravenous infusion of 5-fluorouracil (200 mg/m2
per day for 21 d). Curative resection rates were 69.3%
and 66.4% in the perioperative and in the surgery group,
respectively. There was a greater proportion of stage T1
and T2 tumors and less advanced nodal disease in the
perioperative group.
The perioperative chemotherapy group had a higher
likelihood of overall survival (HR for death = 0.75;
95%CI: 0.60-0.93, P = 0.009; 5-year survival rate: 36% vs
23%) and progression-free survival (HR for progression
= 0.66; 95%CI: 0.53-0.81, P < 0.001). Although 90.7%
of patients completed preoperative chemotherapy, only
103 of 208 (49.5%) who completed preoperative therapy
and surgery also received postoperative treatment.
A similar benefit emerged from the French FFCD
9703 trial, in which 224 patients were randomly assigned
to 2 or 3 cycles of preoperative chemotherapy with infusional 5-fluorouracil plus cisplatin (CF) followed by

NEOADJUVANT (PERIOPERATIVE)
TREATMENT
Neoadjuvant chemotherapy for gastric cancer aims at
downstaging disease, increasing the rate of curative resection, and eradicating undetectable micrometastases. In
addition, pre-surgical patients usually have better performance status and can tolerate treatments better.
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surgery and adjuvant CF chemotherapy, or surgery alone.
Of note, 75% of all patients had adenocarcinoma of the
distal esophagus or of the gastro-esophageal junction.
The R0 resection rate was significantly better in the perioperative arm compared to the surgical resection alone
arm (84% vs 73%, P = 0.04). Differences in the 5-year
disease-free survival and the 5-year overall survival rate
were 13% (34% vs 21%, P = 0.0033) and 14% (38% vs
24%, P = 0.021), respectively, in favor of neoadjuvant
therapy.
Recently, the European EORTC 40954 trial[87] assessed the efficacy of preoperative cisplatin, 5-fluorouracil, and leucovorin in gastric and gastro-esophageal
cancer patients. This study needed 282 events to detect
with 80% power an improvement in median survival
from 17 mo with surgery alone to 24 mo with neoadjuvant therapy. The trial was stopped early for poor accrual
after 144 patients randomly assigned (72:72). The total of
52.8% patients had tumors located in the proximal third
of the stomach, including AEG type Ⅱ and Ⅲ. The curative resection rate was 81.9% after neoadjuvant chemotherapy and 66.7% in the neoadjuvant and surgery alone
arm (P = 0.036). The surgery-only group had more metastatic lymph nodes than the neoadjuvant group (76.5%
vs 61.4%, P = 0.018). Postoperative complications were
more frequent in the neoadjuvant arm (27.1% vs 16.2%,
P = 0.09). After a median follow-up of 4.4 years and 67
deaths, a survival benefit could not be shown (HR = 0.84;
95%CI: 0.52-1.35, P = 0.466).
This trial showed a significantly increased R0 resection rate, but failed to demonstrate a survival benefit due
to a low statistical power; there was a high rate of proximal gastric cancer including AEG and/or a better outcome than expected after radical surgery alone due to the
high quality of surgery with resection of regional lymph
nodes outside the perigastric area (celiac trunc, hepatic
ligament, lymph node at a. lienalis; D2).

however, after 20 years, the study failed to demonstrate a
survival benefit for preoperative radiotherapy[89].
Of note, these two studies were started in the 1970s,
when radiation used to be delivered by telecobalt or 8-MV
photon, now rarely used.
Finally, in the meta-analysis of Fiorica et al[90], 9 randomized trials (4 preoperative and 5 postoperative trials)
were evaluated. Preoperative radiotherapy was associated
with a 3-year (HR = 0.57; 95%CI: 0.43-0.76, P = 0.0001)
and 5-year (HR = 0.62; 95%CI: 0.46-0.84, P = 0.002) survival advantage. Although a trend in postoperative mortality in the preoperative treatment group was observed,
this difference turned out not to be statistically significant
(HR = 0.61; 95%CI: 0.24-1.57, P = 0.31). A recent metaanalysis confirmed a statistically significant benefit for
resectable gastric cancer patients treated with radiation
therapy, however, subgroup analyses for pre- and postoperative settings were not available[91].
Perioperative chemoradiation
Recently, a phase Ⅲ trial was carried out to investigate a
possible survival benefit for preoperative chemoradiotherapy compared to chemotherapy alone in locally advanced gastroesophageal and gastric cancer patients.
In the German study PreOperative Chemotherapy
or Radiochemotherapy in Esophagogastric Adenocarcinoma Trial[92], 119 patients were randomized to receive
5-fluorouracil, leucovorin, and cisplatin (PLF) followed
by surgery or PLF followed by chemoradiation with
cisplatin and etoposide and then surgery. Unfortunately,
the trial was stopped prematurely due to poor accrual,
thus limiting result interpretation. Nevertheless, response
rate and tumor-free lymph node status were higher in
the chemoradiation arm (cPR = 15.6% vs 2%, P = 0.03;
ypN0 = 64.4% vs 36.7%, P = 0.01), although the 3-year
survival benefit for the two groups did not reach statistical significance (47.4% vs 27.7%, P = 0.07).
Finally, the ongoing CRITICS trial (NCT00407186),
in which patients with resectable gastric cancer are being
treated with 3 cycles of preoperative epirubicin, cisplatin,
and capecitabine (ECC) followed by surgery and then
either another 3 cycles of ECC or concurrent chemoradiation (45 Gy, cisplatin and capecitabine) will help clarify
the role of postoperative chemoradiotherapy[81].

Radiation in perioperative therapy
The use of radiation alone as preoperative treatment
remains unclear, due to limited numbers of randomized
clinical trials evaluating the efficacy of radiotherapy alone.
Zhang et al[88] randomized a large sample size (370
patients) of gastric adenocarcinomas of cardia to surgery alone or radiotherapy for a total dose of 40 Gy and
surgery. Tumor resectability and T2 cancer were more
frequently observed in the radiation arm with a 11.0%
decrease in T4 tumors. Five- and 10-year survival rates
for radiation plus surgery and surgery alone groups were
30.1%, 19.7%, and 20.2%, 13.3%, respectively, while no
significant differences were observed between the two
groups in terms of surgical complications.
In another randomized trial with a longer follow-up
(20 years), 51 patients per arm were randomly assigned to
20 Gy in 5 daily fractions followed by surgery or surgery
alone. The 5-year and 10-year survival rates were 39.0%
and 32.0%, and 30.0% and 18.0%, for preoperative radiotherapy and surgery alone groups, respectively (P > 0.05);
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METASTATIC DISEASE
In Western countries about two thirds of gastric cancer
patients are diagnosed with locally advanced or metastatic
disease. Median survival for these patients is around 10
mo, and less than 10% survive at 5 years. Furthermore,
even after curative resection, about 50%-60% of patients
relapse locally or with distant metastases. A PS > 2, liver
metastases, peritoneal metastases, and alkaline phosphatase > 100 are considered unfavorable prognostic factors[93].
A meta-analysis by Wagener et al[94] demonstrated efficacy of chemotherapy compared with best supportive
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care. Specifically, data from three randomized clinical
trials favored chemotherapy in terms of quality of life
and survival of patients with a good performance status
(HR = 0.39; 95%CI: 0.28-0.52). Several trials and a metaanalysis also confirmed an advantage with regard to quality of life and survival when advanced gastric cancer patients were treated with combination chemotherapy with
respect to single agent[95,96].
In the late 80’s the FAM regimen (5-fluorouracil 600
mg/m2 on days 1, 8, 29 and 36, adriamycin 30 mg/m2
on days 1 and 29, and mitomycin C 10 mg/m2 on day
1) became a widely used treatment[97,98], only to be later
replaced by FAMTX (methotrexate 1500 mg/m2, followed after 1 h by 5-fluorouracil 1500 mg/m2 on day 1.
Leucovorin rescue at 15 mg/m2 after 24 h, orally, every
6 h for 48 h, and adriamycin 30 mg/m2), according to
the results of a randomized phase Ⅲ trial including 213
patients. The response rate of FAMTX was 41% vs 9%
(P < 0.0001); survival with FAMTX was also superior (42
wk vs 29 wk, P = 0.004). There were no major differences
in toxicity[99,100].
In Asian countries, cisplatin plus infusional 5-fluorouracil or capecitabine or S-1 is currently standard practice
on the basis of a favorable Japanese trial[101]. The combination of cisplatin plus S-1 was also tested in metastatic
gastric cancer in Caucasian patients[102,103] against cisplatin
plus infusional 5-fluoruracil. Despite a slight better median survival for cisplatin/S-1, no statistical differences
were found (8.6 mo vs 7.9 mo, HR = 0.92; 95%CI:
0.8-1.05, P = 0.20). Safety was significantly better in the
cisplatin/S-1 group, however, the dose of cisplatin was
lower (75 and 100 mg/m2 in experimental and standard
group, respectively).
The REAL Ⅱ trial by Cunningham et al[104] confirmed
non-inferiority of capecitabine to infusional 5-fluorouracil (HR = 0.86; 95%CI: 0.80-0.99) and established noninferiority of oxaliplatin to cisplatin (HR = 0.92; 95%CI:
0.80-1.10) in two-by-two comparisons. On day 1 of every
3-wk cycle, patients in all study groups received an intravenous bolus of epirubicin (50 mg/m2) and cisplatin
(60 mg/m2) in both the ECF and ECX groups, while
oxaliplatin (130 mg/m2) was administered intravenously
in the EOF and EOX groups. 5-fluorouracil (daily dose
of 200 mg/m2) and capecitabine (twice daily doses of 625
mg/m2) were given throughout treatment in the appropriate groups. Median survival times in the ECF, ECX, EOF,
and EOX groups were 9.9, 9.9, 9.3 and 11.2 mo, respectively; 1 year-survival rates were 37.7%, 40.8%, 40.4%,
and 46.8%, respectively. In a secondary analysis, overall
survival was longer with EOX than with ECF, with a HR
of 0.80 for death in the EOX group (95%CI: 0.66-0.97,
P = 0.02). Progression-free survival and response rates
did not differ significantly among the regimens. The EOX
regimen was associated with the highest median survival.
Response rates were 47.9% for EOX, 46.4% for EOF,
42.4% for ECX, and 40.7% for ECF (no significant differences among the four treatment arms). Oxaliplatinbased regimens were generally well tolerated, with inferior
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incidence of severe neutropenia, alopecia, and nephrotoxicity, and higher incidence of severe peripheral neuropathy
and diarrhea.
Furthermore, in a meta-analysis including the REAL
and
MLI17032 trials, a longer survival and a higher
Ⅱ
response rate was observed with capecitabine (HR =
0.87) compared with infusional 5-fluorouracil-containing
chemotherapy[105].
In United States docetaxel is the drug of choice to
add to cisplatin and 5-fluorouracil, based on V325 phase
[106]
Ⅲ trial results , in which 445 advanced gastric cancer
patients were randomized to receive docetaxel 75 mg/m2
(day 1) plus cisplatin 75 mg/m2 (day 1) and 5-fluorouracil 750 mg/m2 per day continuous infusion (days 1 to 5;
DCF), or once every 4 wk cisplatin 100 mg/m2 (day 1)
and 5-fluorouracil 1000 mg/m2 per day continuous infusion (days 1 to 5; CF). The addition of docetaxel to CF
significantly improved time to progression (5.6 mo vs 3.9
mo), survival (9.2 mo vs 8.6 mo), and overall response
rate (37% vs 25%), despite the poor prognosis of the
selected population, when compared with the CF-treated
population. However, an increased rate of neutropenia
(29% incidence of febrile neutropenia) was recorded. For
this reason, the DCF regimen could be recommended for
patients with good performance status[107].
Conversely, epirubicin, cisplatin, 5-fluorouracil (ECF)
is the favorite three-drug regimen in Europe on the basis
of two randomized studies[108,109] and a meta-analysis[96].
ECF showed a higher overall response rate (45% vs 21%,
P = 0.0002), a longer median time of survival (8.9 mo
vs 5.7 mo, P = 0.0009) and a better median failure-free
survival duration (7.4 mo vs 3.4 mo, P = 0.00006) when
compared with FAMTX. A better quality of life with the
ECF regimen was also recorded.
HER2 is overexpressed in 10%-25% of gastric cancer. Recently, the international phase Ⅲ ToGA trial[110]
randomized 594 HER-2 positive metastatic gastric cancer
to receive capecitabine (1000 mg/m2 orally twice a day
for 14 d followed by a 1-wk rest), or 5-fluorouracil (800
mg/m2 per day by continuous intravenous infusion on
d 1-5 of each cycle) plus cisplatin (80 mg/m2 on day 1
by intravenous infusion) with or without trastuzumab (8
mg/kg intravenously on day 1 of the first cycle, followed
by 6 mg/kg every 3 wk). The addition of trastuzumab
to chemotherapy improved significantly overall survival
compared with chemotherapy alone (13.8 mo vs 11.1
mo, HR = 0.74, P = 0.0046) as well as progression free
survival (6.7 mo vs 5.5 mo, HR = 0.74, P = 0.0002). A
greater survival benefit was detected in an exploratory
subgroup analysis of patients HER2 2+ and FISH positive, and HER2 3+ and FISH positive (16.0 mo vs 11.8
mo, HR = 0.65). Also, response rate and time to progression were significantly improved by the addition of
trastuzumab.
Thus, trastuzumab, in association with platinum and
5-fluorouracil or capecitabine, is now widely considered
the standard of care for first line therapy of patients diagnosed with HER 2 positive gastro-esophageal junction
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Table 2 Milestone phase Ⅲ trials in metastatic gastric cancer
Ref.

Regimen

n

Response rate

Overall survival

DSF/PFS/TTP

G3-G4 toxicity

Cullinan et al[122], 1985

FAM
5-FU
FAMTX
FAM

350

-

-

-

-

213

41%
9%

FAM
PF
5-FU

117

51%
26%

256

Vanhoefer[124], 2000

FAMTX
ECF
ELF
PF
FAMTX

21%
45%
9%
20%
12%

Van Cutsem et al[106]
V325 trial, 2006
Cunnigham et al[104]

CF
DCF
ECX

224
221
250

37%
25%
42.4%

9.2
8.6
11.2

REAL II, 2008

EOX
ECF
EOF

244
263
245

47.9%
40.7%
46.4%

9.9

S-1
CDDP + S-1

150
149

CDDP+
5-FU
CDDP + S-1
CDDP + 5-FU/Cap
CDDP + 5-FU/Cap +
Trastuzumab

508
521

Wils et al[100], 1991

Kim et al[123], 1993

Webb et al[108], 1997

Koizumi et al[101]
Spirit trial, 2008

Ajani et al[102]
FLAGS, 2010
Bang et al[110]
ToGA, 2010

42 wk
29 wk
No difference

5.7
8.9
7.2
7.2
6.7

11
13

32%
29%

7.9
8.6

290

11.1

294

13.8

4%
3%
Median TTP: 12
21.8
9.1

-

PFS
3.4
7.4

No toxicity G 3- 4

TTP:
3.9
69%
5.6
59%
ECF: 40.7 and
Neutropenia most frequent in
similar in all groups ECX and ECF regimen 51.5%
and 41.7% vs 29.9% and 27.6%
PFS:
4.0
6.0

Neutropenia:
59% vs 16%
Anemia: 38% vs 6%
Anorexia 45% vs 9%

TTP
5.5
4.8

Neutropenia
88%
79%

FAM: 5-fluorouracil, adriamycin, mitomycin; 5-FU: 5-fluorouracil; FAMTX: 5-fluorouracil, adriamycin, metrotexate; PF: Cisplatin, 5-fluorouracil; ECF:
Epirubicin, cisplatin, 5-fluorouracil; ELF: Etoposide, leucovorin, 5-fluorouracil; CF: Cisplatin, 5-fluorouracil; DCF: Docetaxel, cisplatin, 5-fluorouracil; ECX:
Epirubicin, cisplatin, capecitabine; EOX: Epirubicin, oxaliplatin, capecitabine; EOF: Epirubicin, oxaliplatin, 5-fluorouracil.

and gastric cancer. Table 2 summarizes the results of the
main phase Ⅲ trials of chemotherapy for advanced gastric cancer.
Despite the promising results obtained in phase Ⅱ
trials, addition of HER 1 inhibitors cetuximab and panitunumab to chemotherapy failed to increase overall and
progression free survival of metastatic gastric cancer patients in the phase Ⅲ randomized trials EXPAND[111] and
REAL Ⅲ[112]. Disappointing results were also obtained
with the anti-angiogenetic antibody bevacizumab used in
combination with platinum-based chemotherapy[113,114].
Recently a phase Ⅲ LoGic trial [115] of first line
capecitabine and oxaliplatin did not reach its primary
endpoint, with a hazard ratio (HR) for OS of CapeOx +
L compared to CapeOx + P of 0.91 (95%CI: 0.73-1.12,
P = 0.35); median 12.2 mo vs 10.5 mo, respectively. Prespecified subgroup analyses showed significant improvements in OS in Asian pts (HR = 0.68) and those under
60 years (HR = 0.69). There was no association between
IHC and OS. though certain subgroups showed improvement. Further clinical and molecular analyses will be
presented. The results of the phase Ⅲ TYTAN[116] trial

WCGO|www.wjgnet.com

conducted in Asia indicate that HER2-targeted therapy,
Lapatinib, has the potential to prolong patient survival
when used in the second-line setting in HER2-positive
advanced gastric cancer, but only in individuals who test
HER2 positive by immunohistochemistry (IHC 3+).
The role of a second line has been recently clarified.
Randomized clinical trials[117-119] and a meta-analysis[120]
demonstrated improved overall survival and quality of
life with irinotecan or docetaxel chemotherapy vs best
supportive care.
Finally, at the latest ASCO Meeting, ramucirumab,
a fully human immunoglobulin G1 monoclonal antibody highly specific for the extracellular VEGF-binding
domain of VEGFR-2, was demonstrated to have a significant antitumor activity in a range of malignancies,
according to results in clinical trials. The REGARD trial
for gastro-esophageal and gastric adenocarcinoma demonstrated ramucirumab to significantly improve overall
survival and progression-free survival vs BSC, with a
median overall survival increasing from 3.8 to 5.2 mo (P
= 0.0473)[121]. This translated into a 22% reduction in the
risk of death with ramucirumab.
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Ramucirumab has also been evaluated in combination with paclitaxel in the phase Ⅲ RAINBOW trial, but
results are still pending.

7

CONCLUSION

8

Depending on the site and extent of cancer, surgery is
the only potentially curative treatment for all T1b-T4 gastric cancers, and extended lymphadenectomy (D2) should
be recommended as standard of care in resectable gastric
cancer, while endoscopic submucosal resection followed
by close surveillance is the preferred option for early
stage cancer. Surgical treatment of liver-limited metastases and hyperthermic intraperitoneal chemotherapy for
peritoneal carcinosis are fascinating frontiers.
Furthermore, a survival benefit for postoperative
chemotherapy, chemoradiotherapy, and perioperative
chemotherapy in case of pathologic T > 2 and/or nodepositive gastric cancer patients has been established, and
chemotherapy should contain 5-fluorouracil and cisplatin
or their analogs capecitabine and oxaliplatin. Neoadjuvant
chemoradiation should be implemented with caution.
Finally, in select metastatic gastric cancer patients, chemotherapy is better than best supportive care only, with
cisplatin-5-fluorouracil or capecitabine as the most widely
used drugs. Addition of anti-HER2 antibody trastuzumab to first-line chemotherapy for patients overexpressing HER2 receptor and addition of the anti VEGFR-2
antibody ramucirumab in second line improves overall
survival and progression-free survival when compared to
chemotherapy alone.
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INTRODUCTION
Abstract

Gastric cancer is the fourth most common cancer[1]. In
2008, 988602 new cases were diagnosed and 737419
people died of the disease worldwide[1]. In Japan and
South Korea, gastric cancer is usually detected at an
early stage owing to mass screening programmes[2]. In
Western countries, however, gastric cancer is mostly detected at a more advanced stage, which incurs a poorer
prognosis. Clinical trials have shown that neoadjuvant
chemotherapy improves overall and disease-free survival
of patients with advanced gastric cancer[3]. Perioperative
chemotherapy based on the medical research council
adjuvant gastric infusional chemotherapy-trial approach
is currently an acceptable standard of care[4]. This approach consists of continuous intravenous infusion of
epirubicin, cisplatin, and 5-fluorouracil in three 21-d
cycles preoperatively and three 21-d cycles postoperatively[5]. However, not all patients benefit. The results of a
meta-analysis indicated that the numbers needed to treat
(NNT) with neoadjuvant chemotherapy to prevent one
death in three years was as high as 84, whereas for a 3-year
disease-free survival, the NNT was 8[3]. Chemotherapyinduced adverse effects, among which gastrointestinal

With the proven overall benefit of neoadjuvant chemotherapy in patients with locally advanced gastric cancer, there has come a need to discriminate responders
from non-responders. In this article, the current role
of anatomical and molecular imaging in the prediction
of response to neoadjuvant therapy in gastric cancer is
outlined and future prospects are discussed.
© 2015 Baishideng Publishing Group Inc. All rights reserved.

Key words: Gastric cancer; Neoadjuvant therapy; Chemotherapy; Response; Imaging
Core tip: Studies have shown that there is an association between tumor response at anatomical imaging
evaluation and histopathological response and survival
in patients with gastric cancer who are treated with
neoadjuvant chemotherapy. However, as it takes time
for gross tumor changes to become apparent, anatomical imaging may be of limited value in the early assessment of neoadjuvant chemotherapy efficacy. Studies
18
performing early response assessment with use of F-
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problems and leukopenia, have been reported to occur
in 8.8% and 18.1% of patients, respectively[3]. In patients
who will not respond sufficiently, costly but ineffective
neoadjuvant chemotherapy should not be continued or,
preferably, even not be started. There is therefore a need
for a method to discriminate patients who will benefit
from those who will not. In this article, the current role
of imaging in the early prediction of response to neoadjuvant therapy in gastric cancer is outlined and future
prospects are discussed.

responders to non-responders using RECIST and JCGC
criteria and were found to be nonsignificant (HR = 0.67,
P = 0.35; and HR = 0.54, P = 0.06, respectively). In contrast, histological response was found to be a significant
predictor of overall survival (HRs = 0.40, P = 0.005).
Liu et al[7] investigated 48 patients with gastric cancer
who were treated with 3 cycles of oxaliplatin and 5-fluorouracil-based neoadjuvant chemotherapy. All patients
underwent radical resection performed within 2 wk after
ending chemotherapy. Pre- and post-chemotherapy shortaxis diameter and volumetric mean tumor attenuation
of target lymph nodes on contrast-enhanced CT images
were measured. Tumor response was assessed by using
both RECIST[19] and adapted Choi criteria[21]. According to the adapted Choi criteria[21], tumor response was
defined as at least a 10% decrease in the sum of short diameters or at least a 15% decrease in mean volumetric attenuation of target lymph nodes. The investigators found
that both the RECIST and adapted Choi criteria had a
significant predictive value for progression-free survival (P
= 0.037 and P < 0.001, respectively) and overall survival (P
= 0.012 and P < 0.001, respectively). However, the investigators found that RECIST might underestimate tumor
response; post-therapy decreased tumor attenuation correlated with improved clinical outcome. They concluded
that the adapted Choi criteria could be valuable to predict
survival of these patients[7].
Lee et al[8] used their own CT criteria to evaluate tumor
response in 33 patients with advanced gastric cancer who
were prospectively enrolled. All these patients underwent
CT before and after four cycles (8 wk) of neoadjuvant
chemotherapy, including oxaliplatin, 5-fluorouracil, and
leucovorin. Patients underwent radical resection within 2
wk after the completion of neoadjuvant chemotherapy.
The percentage diameter or volume reduction rate of the
primary tumor and the largest lymph node at CT were
compared to histopathological response. Histopathological tumor response was assessed using the histopathologic criteria by Mandard et al[22]. Patients with tumor
regression grade 1-3 were defined as responders, whereas
patients with tumor regression grade 4-5 were defined as
non-responders. Lee et al[8] found that only the volume
reduction rate of the primary gastric cancer at CT was
found to be significantly correlated to histopathological
tumor response. When the optimal cutoff level of the
percentage volume reduction rate of the primary gastric
tumor was determined to be 35.6%, a sensitivity of 100%
and a specificity of 58.8% were achieved. When the optimal cutoff level of the percentage volume reduction rate
was determined to be 64.5%, a sensitivity of 56.3% and a
specificity of 88.2% were obtained[8].
Guo et al[9] assessed the value of endoscopic ultrasonography (EUS), in 48 patients with advanced gastric
cancer who underwent neoadjuvant chemotherapy for
three cycles. The chemotherapy regimen consisted of
leucovorin, 5-fluorouracil and oxaliplatin simultaneously.
Radical gastric resection was performed 3 to 4 wk after

SEARCH STRATEGY AND SELECTION
CRITERIA
Original publications concerning the value of imaging in
predicting histopathological response, survival, and/or
improvement in quality of life to neoadjuvant therapy
in patients with resectable gastric cancer were retrieved.
Data for this review were identified by a computer-aided
search in the PubMed/MEDLINE database. The terms
(gastric cancer or stomach cancer) and (neoadjuvant or
chemotherapy) and [magnetic resonance (MR), MR imaging (MRI), NMR, fluorodeoxyglucose, or 2-fluoro-2deoxy-D-glucose (FDG), positron emission tomography
or positron-emission tomography (PET), computed
tomography (CT) or ultrasound or ultrasonography
(US)] were used. Bibliographies of relevant articles were
screened for other relevant articles. Abstracts and reports
from meetings were excluded. Only papers published up
to September 2013 were included. The literature search
resulted in 9 original articles on anatomical imaging[6-14]
and 5 original articles on molecular imaging[8,15-18] in the
assessment of response to neoadjuvant chemotherapy in
patients with gastric cancer.

ANATOMICAL IMAGING
At present, the majority of clinical trials evaluating cancer treatments for objective response in solid tumors
are using the response evaluation criteria in solid tumors
(RECIST)[19]. Using these criteria, an assessment is made
whether cancer patients improve (“respond”), stay the
same (“stable”) or worsen (“progression”) during treatments[19]. However, RECIST requires the presence of a
measurable lesion, which is often not the case in gastric
cancer[6]. The Japanese classification of gastric carcinoma
(JCGC) evaluation criteria were developed to evaluate
response even for tumors without measurable lesions[20].
Kurokawa et al[6] assessed the value of both the RECIST
and JCGC criteria in patients who were enrolled in two
phase Ⅱ trials. In both trials, the safety and efficacy of S-1
plus cisplatin were evaluated. After completion of neoadjuvant chemotherapy, response evaluation using RECIST
in the JCOG0405 trial was based only on CT findings,
whereas tumor response evaluated with JCGC criteria was
based on CT, barium X-ray, and endoscopic findings in
the JCOG0210 trial. The hazard ratios (HRs) for death of
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the third cycle of chemotherapy. EUS was performed before neoadjuvant chemotherapy and before R0 resection.
T and/or N downstaging at EUS was used as criterion
for tumor response. Using a cut-off point of more than
two-thirds affected regressive and necrotic tumor cells
within the tumor bed at histopathological analysis, EUS
yielded a sensitivity of 72.2% and specificity of 90.0%.
In the study of Guo et al[9], no correlation to survival was
performed.
Ang et al[10] assessed the value of contrast-enhanced
ultrasonography (CE-US) in 43 patients with advanced
gastric cancer. US contrast agents are gas-filled microbubbles which behave as pure intravascular tracers, enabling assessment of the dynamic features of tumor vascularity. In Ang et al[10] study, patients randomly received
either 5-fluorouracil plus oxaliplatin, or S-1 plus oxaliplatin as neoadjuvant chemotherapy regimen. Surgery was
performed 3 to 5 wk after completion of neoadjuvant
chemotherapy. All patients underwent CE-US before and
after two courses of pre-operative neoadjuvant chemotherapy. The investigators stated that they assessed tumor
response at CE-US according to the static change of ultrasonic echo, and the dynamic assessment of tumor vascularity and lymph nodes. Histopathological response was
evaluated according to the criteria of Mandard’s tumor
regression grade[22] and served as standard of reference.
Patients with tumor regression grade 1-2 were defined as
responders, whereas patients with tumor regression grade
3-5 were defined as non-responders. Ang et al[10] found a
moderate sensitivity of 62.9% and specificity of 56.3%.
Furthermore, they found that the overall accuracy of
CE-US was not significantly better than that of CT using
RECIST criteria (P = 0.663)[10].
Other included studies used a combination of anatomical imaging modalities to assess tumor response[11-14].
Park et al[11] prospectively investigated 40 patients with
locally advanced gastric cancer who underwent neoadjuvant chemotherapy, consisting of 3 cycles of intravenous
docetaxel and cisplatin on days 1 and 8 of a 3-wk cycle.
Surgery was performed within 6 wk after the start of the
third cycle. TNM-staging[23] using EUS and CT was performed before and after neoadjuvant chemotherapy. The
investigators found that the 3-year overall survival rate
for patients downstaged with EUS for T and/or N-stage
was greater than that for nondownstaged patients (69% vs
41%; P = 0.05). The 2-year recurrence-free survival rate
was also better for the EUS-downstaged patients (77%
vs 47%; P = 0.04). However, the differences in overall
survival and recurrence-free survival between the patients
downstaged with CT and those not downstaged were not
found to be statistically significant. Park et al[11] did not
give an explanation for the different prognostic values of
EUS and CT.
D’Ugo et al[12] investigated 30 patients with resectable
locally advanced gastric cancer who were treated with
neoadjuvant polychemotherapy consisting of either a
combination of etoposide, epirubicin, plus cisplatin, or
of epirubicin, cisplatin, plus 5-fluorouracil. All patients
underwent restaging with use of chest X-ray, CT, abdom-
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inal ultrasonography after completion of preoperative
chemotherapy. The investigators found that T-downstaging was significantly associated with survival.
In two studies a combination of endoscopic and CT
findings was used to evaluate response[13,14]. Lorenzen et al[13]
retrospectively evaluated a cohort of 410 patients with
locally advanced gastric cancer who were treated with
neoadjuvant chemotherapy. Neoadjuvant chemotherapy
consisted of at least 6 wk of oxaliplatin or cisplatin, plus
5-fluorouracil. Patients aged 60 years or younger and
those with a good health status were additionally treated
with paclitaxel. A minority of patients (15%) received
chemotherapy with doxorubicin, etoposide, and cisplatin.
EUS and CT were performed before treatment and in
the last 3 d of every cycle of chemotherapy. Assessment
of response to neoadjuvant therapy was based on reduction of primary tumor size, as measured by upper endoscopy and CT scan. Clinical response was predefined as
a reduction in bidimensional tumor diameter of > 50%
compared to the pretherapeutic findings. The researchers
found an association between clinical response and overall survival: patients who had a response had an estimated
2- and 5-year survival rate of 86.4% and 72.5%, respectively, whereas patients who did not clinically respond to
therapy had an estimated 2- and 5-year survival rate of
56.3% and 34.3%, respectively[13]. Heger et al[14] retrospectively investigated 47 patients, of which most received
two cycles of platinum, 5-fluorouracil, and leucovorinbased chemotherapy with or without the addition of paclitaxel lasting 36 d each with a 2-wk interval between the
two cycles. All patients received baseline endoscopy and
CT scans, and after 50% (6 wk) of their chemotherapy.
Clinical response was defined as a reduction of > 75%
of the tumor mass at endoscopy and > 50% in tumor
wall diameter at CT. Patients with less than 10% residual
tumor were classified as histopathological responders[24].
Endoscopic and CT response were found to be significantly associated with histopathological response and
overall survival[14].

MOLECULAR IMAGING
Metabolic PET imaging using the glucose analog 18FDG
is widely used in clinical oncology. The prospective study
by Ott et al[15], published in 2003, was one of the first to
show its potential value in early response monitoring to
neoadjuvant chemotherapy in gastric cancer. The investigators performed FDG PET at baseline and 14 d after
initiation of polychemotherapy consisting of cisplatin,
leucovorin, and 5-fluorouracil, in 44 patients with locally
advanced gastric cancer. A reduction of tumor FDG
standardized uptake value (SUV) by more than 35% between the two scans was used as a predefined criterion for
response. Response at PET was correlated to histopathologic response after completion of therapy (defined as <
10% viable tumor cells in the resected specimen[24]) and
patient survival. In 20% of patients, the primary tumor
was visualized with insufficient contrast for quantitative
analysis. In the remaining patients, the authors found that
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response at PET predicted histopathologic response in
77% of responders and 86% of nonresponders. Median
overall survival for patients with response at PET had
not been reached (2-year survival rate, 90%), whereas
for patients without a response at PET, median survival
was only 18.9 mo (2-year survival rate, 25%; P = 0.002).
Aforementioned study by Ott et al[15] was expanded with
another 27 patients (total: 71 patients) with longer followup[16]. Again, responders at PET showed a high histopathologic response rate (69%) and a favorable prognosis
(median survival not reached), whereas metabolic nonresponders showed a histopathologic response in only 17%
and had a poor prognosis (median survival of 24.1 mo).
However, later studies by researchers from other institutions[8,17] could not confirm Ott et al[15,16] findings: Lee et al[8]
investigated the value of FDG PET in 33 patients with
advanced gastric cancer. FDG PET was performed before and after four cycles (8 wk) of neoadjuvant chemotherapy, including oxaliplatin, 5-fluorouracil, and leucovorin. Using FDG PET, the reduction rate of the maximum
SUV of the primary gastric tumor was assessed. Histopathological tumor response was defined as dominant
fibrotic changes with a few tumor cells or groups or more
regression. The percentage change in maximum SUV did
not significantly correlate to the histopathologic grade
of tumor regression[8]. Vallböhmer et al[17] investigated
42 patients with advanced gastric cancer who received
two cycles of neoadjuvant chemotherapy consisting of a
combination of cisplatin, leucovorin, and 5-fluorouracil.
They found no significant correlation between pretreatment maximum tumor SUV, maximum SUV 2 wk after
completion of neoadjuvant chemotherapy, and change in
maximum SUV between the two scans, and histopathological tumor response (defined as less than 10% vital
residual tumor cells). Moreover, they did not find any
significant correlation either between the aforementioned
FDG PET parameters and overall survival. Thus, the
results concerning the use of FDG PET in predicting
response to neoadjuvant chemotherapy in gastric cancer
seem controversial. Moreover, not all tumors show FDG
uptake, which may limit its utility in many patients. Especially diffusely growing and mucus containing tumors
may exhibit low FDG uptake[25]. PET imaging with the
proliferation marker 18F-fluorothymidine (FLT) may be
an attractive alternative. In the study by Herrmann et al[26],
all primary tumors showed focal FLT uptake, whereas as
much as 31% did not show FDG uptake. Another study
by Ott et al[18] tested the predictive value of FLT and compared it to that of FDG. They prospectively included 45
patients who underwent PET imaging before and 2 wk
after initiation of preoperative chemotherapy, consisting
of a combination cisplatin, leucovorin, and 5-fluorouracil.
Tumor FLT and FDG uptake were assessed at both time
points. Imaging findings were compared to histopathological response (patients with less than 10% residual tumor
cells were classified as responders[24]) and survival. FLT
uptake value 2 wk after start of chemotherapy was the
only imaging parameter with significant prognostic impact
on overall survival. FDG uptake was found to be a surro-
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gate parameter for neither histopathological response nor
overall survival prognosis[18].

DISCUSSION
In this review, results of anatomical and molecular imaging modalities to predict tumor response to neoadjuvant
chemotherapy in gastric cancer are outlined. Most of the
included studies using anatomical imaging performed
CT and/or EUS. Overall, these studies demonstrated
that there is an association between anatomical tumor
response and histopathological response and/or survival.
Two studies evaluated the established RECIST criteria:
one study found no association to survival[6], whereas
the study did find a significant association[7]. Two studies demonstrated the usefulness of a combination of
CT and endoscopic response evaluation[13,14]. One of the
included studies performed CE-US to evaluate tumor
response[10], but the sensitivity and specificity values they
found seem too low to be used for response assessment
in clinical practice. A clear disadvantage of anatomical
imaging is that it takes time before gross tumor changes
become apparent. Accordingly, the studies included in
the review usually performed anatomical imaging late in
the course of neoadjuvant treatment. Metabolic changes
precede anatomical changes. Therefore, molecular imaging may predict tumor response to neoadjuvant chemotherapy much earlier in the course of treatment. Almost
all of the included studies used FDG PET imaging.
These studies[8,15-18] yielded controversial results. These interstudy differences may be explained by different methods to evaluate tumor FDG uptake and by differences in
patient populations and tumor heterogeneity. Instead of
measuring FDG PET SUVmax, future studies may aim
at assessing the value of (partial volume corrected) total
lesion glycolysis (also known as metabolic tumor volume)
as a new quantitative FDG PET/CT approach to provide
both better pretreatment risk stratification and early therapy response assessment in gastric cancer[27]. Only one
of the studies assessed the value of FLT PET and found
that FLT uptake value 2 wk after start of chemotherapy
was an independent significant predictor of overall survival. Whether FLT PET is clinically useful to determine
response to neoadjuvant chemotherapy in gastric cancer
still remains to be further investigated.
The included studies used different study endpoints.
Almost half of the included studies correlated imaging
response to disease-free survival and/or overall survival,
which are accepted study endpoints[28,29]. Other studies
(also) used histopathological tumor regression as surrogate marker for survival, which has the advantage that no
patient follow-up is needed. Histopathologic tumor regression to cytotoxic therapy is considered to be a prognostic marker for long-term survival in gastric carcinoma,
as has been shown by several studies[24,30]. However, the
included studies in this review used different criteria and
cut-off points to define histopathologic tumor regression. In addition, the results of a recent study indicated
that a multifactorial histopathological score, including the
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UICC/AJCC ypT-category, ypN-category, and the degree
of histopathological tumor regression, results in the most
accurate prediction of survival for patients with gastric
carcinoma after neoadjuvant chemotherapy followed by
surgery[31]. Future studies using histopathological analysis
as study endpoint may adhere to this multifactorial scoring system[31].
No studies using MRI to evaluate tumor response to
neoadjuvant chemotherapy in gastric cancer were identified. Diffusion-weighted (DW)-MRI, in particular, is
a promising MRI method[32]. DW-MRI is based on the
principle that treatment with chemotherapy causes necrosis or cellular lysis which will lead to increases in tissue
water diffusivity, thus lowering signal intensity on high-b
value images with corresponding increases in apparent
diffusion coefficient values. Since cell death in response
to treatment precedes changes in lesion size, changes in
DW-MRI may be an effective early marker of response
to therapies that induce apoptosis[32]. DW-MRI for monitoring neoadjuvant therapy has already been applied in
a wide variety of cancer types and organ sites, including
the liver, breast, bone, soft tissue tumors, cervical tumors, head and neck tumors, as well as rectal cancer[32].
DW-MRI of gastric cancer is feasible[33], but technically
challenging due movement related to respiration, peristalsis and cardiac motion, and the presence of local field
inhomogeneities. Other molecular imaging techniques
are currently still under investigation. For instance, it has
been shown that 89Zr-trastuzumab PET can be used
to delineate human epidermal growth factor receptor 2
(HER2)-positive gastric cancer and to monitor the pharmacodynamic effects of the epidermal growth factor receptor/HER2 tyrosine kinase inhibitor afatinib in mice[34].
Future studies using molecular imaging techniques should
investigate the optimal timing of imaging; if imaging is
performed too early, no significant effect of neoadjuvant
treatment may be demonstrated. On the other hand, imaging should also not be performed too late, in order to
allow for a timely modification of therapy.
Several studies have investigated the value of clinicopathologic features to predict outcome in gastric
cancer patients who are preoperatively treated with chemotherapy[13,35,36]. One of the largest of these studies, by
Lorenzen et al[13], retrospectively evaluated a cohort of 410
patients. Multivariate analysis showed that age, gender,
body mass index, hemoglobin level, clinical staging and
tumor location did not predict histopathological tumor
response (defined as < 10% residual tumor cells[24]) and
overall survival. Yet, tumor location in the middle third
of the stomach, well-differentiated tumors, and intestinal
tumor type according to the Lauren classification were
significantly and independently associated with both histopathologic response and better survival. These findings
need confirmation by future independent studies.
The molecular genetic basis of carcinogenesis, cancer
progression and drug resistance is complex. Like antibiotic-resistant bacteria, tumors often show resistance to anticancer drugs, leading to inefficient chemotherapy. Several
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studies have shown promising results of predictive value
of tumor biomarkers which can be obtained by biopsy. A
possible advantage of this approach is that no “test period” of neoadjuvant chemotherapy may be needed before
an assessment can be made whether the patient will benefit or not. For instance, it has been shown that expressions of certain chemotherapy-related genes are related
to worse survival in gastric cancer patients who are treated with neoadjuvant chemotherapy[37,38]. However, there
is still a lack of an established (set of) biomarker(s) for
chemotherapeutic response prediction of gastric cancer.
Many other biomarkers are still under investigation[39,40],
but it is beyond the scope of this review to discuss these
in full detail. For more information, the reader may refer
to the excellent review article by Fareed et al[41].
In conclusion, studies have shown that there is an association between tumor response at anatomical imaging
evaluation and histopathological response and survival in
patients with gastric cancer who are treated with neoadjuvant chemotherapy. However, as it takes time for gross
tumor changes to become apparent, anatomical imaging
may be of limited value in the early assessment of neoadjuvant chemotherapy efficacy. Studies performing early
response assessment with use of FDG PET demonstrate
controversial results. The usefulness of other molecular
imaging modalities, among which DW-MRI, remains to
be investigated.
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stimulate immunity efficiently allowing tumors continue
to grow despite the presence of a measurable immune
response. Here, we discuss the identification of targets
for immunotherapy and the role of biomarkers in prospectively identifying appropriate subjects or immunotherapy. We also discuss the molecular mechanisms by
which tumor cells escape host immunosurveillance and
produce an immunosuppressive tumor microenvironment. We show how advances have provided tools for
overcoming the mechanisms of immunosuppression including the use of monoclonal antibodies to block negative regulators normally expressed on the surface of T
cells which limit activation and proliferation of cytotoxic
T cells. Immunotherapy has greatly improved and is
becoming an important factor in such fields as medical
care and welfare for human being. Progress has been
rapid ensuring that the future of immunotherapy for
gastric cancer is bright.
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Abstract
Gastric cancer is the second most common of cancerrelated deaths worldwide. In the majority of cases
gastric cancer is advanced at diagnosis and although
medical and surgical treatments have improved, survival rates remain poor. Cancer immunotherapy has
emerged as a powerful and promising clinical approach
for treatment of cancer and has shown major success
in breast cancer, prostate cancer and melanoma. Here,
we provide an overview of concepts of modern cancer
immunotherapy including the theory, current approaches, remaining hurdles to be overcome, and the future
prospect of cancer immunotherapy in the treatment of
gastric cancer. Adaptive cell therapies, cancer vaccines,
gene therapies, monoclonal antibody therapies have all
been used with some initial successes in gastric cancer.
However, to date the results in gastric cancer have
been disappointing as current approaches often do not
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Core tip: In the majority of cases gastric cancer is advanced at diagnosis and although medical and surgical
treatments have improved, survival rates remain poor.
Cancer immunotherapy has emerged as a powerful tool
for cancer therapy and has recently shown major success in breast cancer, prostate cancer and melanoma.
The field of cancer immunotherapy is in the midst of a
huge transition due to the discovery of immunological
networks and better understanding of the molecular
mechanisms of immunosuppression in the cancer microenvironment. We discuss how immunotherapy will
most likely play a major role in the cure of cancer.
Original sources: Matsueda S, Graham DY. Immunotherapy in
gastric cancer. World J Gastroenterol 2014; 20(7): 1657-1666

138

February 8, 2015|First Edition|

Matsueda S et al . Immunotherapy in gastric cancer

phases: elimination, equilibrium and escape. Tumors are
recognized by innate and adaptive immune cells which
recognize the local tissue damaged caused when the
growing tumors begins to remodel the stromal. Innate
and adaptive immune cell, natural killer (NK) cells, NK
T cells, CD8+ T cells, CD4+ T cells, secret interferon
(IFN)-γ which inhibits angiogenesis and proliferation of
tumor cells. Macrophages and dendritic cells are also recruited and secret cytokines to activate immune cells to
phagocytize and remove dead tumor cells. If successful
progression to clinical cancer is prevented (Figure 1A).
Tumor cells killed in the process are digested by dendritic cells for presentation to T cells. If some tumor cells
survive the elimination phase, immunoediting enters the
equilibrium phase during which the residual tumor cells
remain in equilibrium under pressure from the immune
system. This phase it typically the longest of the three
phases of cancer immunoediting. CD8+ T cells and dendritic cells which secret IFN-γ and interleukin (IL)-12,
respectively maintain the tumor cells in a state of functional dormancy. During this time, because the tumor
cells are highly heterogenetic and genetically instable,
they may change their characteristics/populations in
response to immune system editing and escape suppression (Figure 1B). In an immunosuppressed state within
the tumor microenvironment allowing the tumor cells to
escape from the immune system and begin to grow. The
proliferation of immune cells is also reduced and tumorspecific effector cells experience apoptosis such that
regulatory T cells (Tregs) associated immunosuppression
occurs (Figure 1C). Cancer immunotherapy is designed
to prevent the immunoediting process by enhancing the
ability of the immune system to destroy the tumor.
The ultimate goal of immunotherapy is to achieve
cancer cures by inducing an effective immune response
against the tumor cells. Immune therapy of cancer is
based on using the normal immune system to eliminate
or control a malignancy. The presence of a tumor means
the tumor cells are either not recognized as non-self or
possess mechanisms to evade or overcome immunosurveillance. Research in cancer immunology is currently
focused how overcome these blocks and to train the
immune system to identify and target cancers for elimination. Further advances are predicated on better understanding of how to overcome the ability of tumor cells
to evade being eliminated.
Theoretically, if specific antigens can be identified
in the precursor lesions leading to cancer, the immune
responses could also be utilized eliminate them which
would prevent tumors from ever developing. Gastric
cancer is potentially an ideal target for such preventive
immunotherapy as it has a long latent period and clearly
recognizable premalignant lesions which if successfully
targeted could prevent progression to frank cancer.

Available from: URL: http://www.wjgnet.com/1007-9327/full/
v20/i7/1657.htm DOI: http://dx.doi.org/10.3748/wjg.v20.i7.1657

INTRODUCTION
Gastric cancer an inflammation-associated cancer etiologically related to infection with the human gastric bacterial
pathogen, Helicobacter pylori (H. pylori)[1]; gastric cancer is
also the second leading cause of cancer-related deaths
worldwide. H. pylori infection is typically acquired in
childhood and can then be life-long. The infection is associated with infiltration of the gastric mucosa with both
acute and chronic inflammatory cells. This inflammatory
process results in progressive damage to the gastric mucosa and to transformation of the normal acid secreting
mucosa into metaplastic epithelia consisting of combinations of pyloric (spasmolytic polypeptide-expressing)
and intestinal metaplasia and ultimately to gastric cancer.
Chronic atrophic gastritis is thus the soil from which gastric cancer arises.
Ultimately worldwide eradiation of H. pylori, the fundamental cause of gastric cancer, will prevent the entire
process and gastric cancer will become a rare disease. Until
then, we must deal with the innumerable people now living
with active H. pylori infection who will develop gastric cancer. Treatment choices for gastric cancer depend on tumor
type and stage. Currently, the only hope for cure rests on
removal of the malignant tissue either endoscopically or
by surgical resection. For advanced disease, treatment is
largely palliative and consists of a combination of surgery,
chemotherapy, and radiation. Overall, the results of current therapy for advanced disease are poor with low 5 years
survivals. Immunotherapy provides another dimension to
the prevention and management of gastric cancer and offers hope of breaking through current constraints.

HUMAN IMMUNE SYSTEM AGAINST
TUMORS
The immune system is designed to discriminate “self ”
from “non-self ” such that when something is recognizes
as non-self, the immune system attempts to eliminate
it. The immune system can be thought of as patrolling
the body to recognize and destroy pathogens as well as
nascent transformed cells. Cancers are caused by the
progressive growth and spread of the progeny of single
transformed cell. It is likely that tumor cells appear
daily in healthy individuals but in the vast majority of
instances they are removed by the immune system and
do not develop into clinical malignancies. This ability
of the immune system to detect tumor cells as non-self
and destroy them is called “immunosurveillance”[2]. It
is currently thought that immunosurveillance primarily
functions by immunoediting. “Cancer immunoediting”
has been described as both the host protective and as
promoting the ability of the tumor to resist the immune
response. Immunoediting goes through three main
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WHAT IS IMMUNOTHERAPY?
Traditionally, immunotherapy considered to have begun
in 1798 when Edward Jenner showed that inoculation
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Figure 1 Cancer immunoediting phases. A: Phase 1: Elimination. Tumor cells are recognized by innate and adaptive immune cell and are destroyed before they
can become a clinical malignancy. Modified after Dunn GP[69]; B: Phase 2: Equilibrium. If tumor cells are not destroyed in the elimination phase, the tumor may enter
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WCGO|www.wjgnet.com

140

February 8, 2015|First Edition|

Matsueda S et al . Immunotherapy in gastric cancer

with cowpox could prevent smallpox in humans. Since
that time, a variety of different immunotherapies have
been utilized to control diseases. Initially the focus was
on vaccination and serum therapies. The history of cancer immunotherapy began in 1891 when William B Coley
injected streptococcal organisms into a patient with inoperable cancer[3] resulting in shrinkage of the malignant
tumor. That experiment suggested that it might also be
possible to utilize natural defense mechanisms to rid the
body of a malignancy. Success with tumor immunotherapy has been slow as the immune system is exquisitely
regulated with multiple checkpoints and feedbacks to
prevent damage to the host. Further success requires a
detailed understanding of the immune system which is
only now beginning to be achieved.
Current immunotherapies are often based on use of
monoclonal antibodies, cytotoxic immunocytes, or gene
transferred vaccines. Monoclonal antibodies can also
be used as alternatives to the traditional approach of
administering small molecules (i.e., drugs) to inhibit factors critical for tumor growth and survival. The human
monoclonal antibody SC-1 was isolated from a patent
with ring cell carcinoma and SC-1 antibody inhibited tumor cell growth by inducing apoptosis of tumor cells[4].
Solid tumors require growth of blood vessels to survive
and grow. Vascular endothelial growth factor (VEGF)
plays an important role in this process by stimulating
new blood vessel formation (i.e., angiogenesis) and antiVEGF antibody has been used as immunotherapy to
bind the growth factor thus inhibit angiogenesis. While,
the search for targets that when inhibited by monoclonal antibodies reduce tumor growth is a major effort
in cancer research, this review focuses on cellular immunotherapy. Monoclonal antibodies may still play a
role because antibodies directed against tumor-specific
antigens can be used to target the cellular immune system to destroy tumors. For example, the receptor human epidermal growth factor receptor 2 (HER-2/neu)
is often overexpressed in breast cancer. Administration
of anti-HER-2/neu monoclonal antibodies results in
the antibodies binding to tumor cells which is followed
by the attraction and activation of effector cells, such as
NK cells and monocytes (via their Fc receptors) and ultimately, lysis of the tumor cells.

cific T cells response. The actual strategy requires both
choice of the target peptide and the immunocytes for
therapy (i.e., success requires both identifying a target and
a strategy to attack that target). Because tumors primarily
consist of self the possibility remains that any attempt at
immunotherapy against a tumor would also attack normal
non-tumor tissues. Clinically successful immunotherapy
must therefore be able to tread the delicate line between
attacking the tumor while doing minimal damage to normal tissues.

STRATEGIES AND CURRENT
APPROACHES FOR IMMUNOTHERAPY IN
GASTRIC CANCER
Current cellular immune strategies rely on the use of
immunocytes designed to either activate tumor specific
cytotoxic T cells to lyse tumor cells, or to specifically bind
to target molecules or proteins expressed on the malignant tumor cells. A number of tumor rejection antigens
have been identified. Experimental vaccination strategies
have included use of whole protein and peptide vaccines
and are based on identification of peptides recognized
by cytotoxic T lymphocytes and helper T lymphocytes.
Tumor rejection antigens melanoma-associated antigen
3 (MAGE-3) and HER-2/neu are examples of antigens
selectively expressed in human tumors including gastric
cancer which can be recognized by cytotoxic T cells.

ADOPTIVE CELL THERAPY
The transfusion of tumor-specific T cells into a cancer
patient is called “adoptive cell therapy”. A number of different cell types can be used such as killer cells, lymphokine-activated killer cells[5], tumor infiltration lymphocytes
(TILs)[6], anti-CD3 monoclonal antibody-induced killer
cells[7], and cytokine induced killer cells[8] (Figure 2). The
first trial of adoptive cell therapy in humans utilized lymphokine-activated killer cells. In that study patients with
metastatic melanoma were treated with the combination
of lymphokine-activated killer cells plus IL-2[9]. IL-2 was
used to ensure the survival and sustained activation of
the infused lymphokine-activated killer cells. IL-2 is a cytokine produced by human T lymphocytes that is necessary for the growth, proliferation, and differentiation of
T cells to become effector T cells and was approved for
the treatment of metastatic melanoma in 1998[10]. This
approach has resulted in marked tumor regression in up
to or approximately 30% of the patients with renal-cell,
melanoma, colorectal, non-Hodgkin’s lymphoma, and
lung cancer showing proof of principle[11].
TILs are lymphocytes isolated from the patient’s tumor. TILs have been used for immunotherapy of gastric
cancer[12]. TILs are potentially especially useful because
they already recognize some tumor-specific antigens in
that tumor. Adoptive immunotherapy with TILs has provided promising results in preclinical studies in sarcoma

CELLULAR IMMUNOTHERAPY
The cellular immune response and can employ the innate
(e.g., NK cells, macrophages, and eosinophils) or adaptive (CD8+ and CD4+ cells) immune response, or both.
The response is mounted when specialized cytotoxic
cells are induced to recognize and directly attack tumor
cells based on expression of antigens on the tumor cell
surface called tumor rejection antigens. Tumor rejection
antigens are peptides of tumor cell proteins that are recognized by the immune system when presented to T cells
by major histocompatibility complex (MHC) molecules.
These peptides then become the targets of a tumor-spe-
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Figure 2 Cancer immunotherapy. Immunological approaches to cancer therapy are based on use of cytotoxic immunocytes (cytokine induced killer cells, tumor infiltration cells, tumor antigen loaded dendritic cells), cancer vaccines, monoclonal antibodies. Therapeutic vaccines enhance pre-existing immunity and lead to a more
robust antitumor immune response whereas monoclonal antibodies are used to inhibit critical molecules for tumor growth and survival. PD: Programmed death.

and colonic adenocarcinoma[13]. A clinical study of adoptive immunotherapy with tumor-associated lymphocytes
in combination with chemotherapy in gastric cancer resulted in a longer 50% survival with the combination of
adoptive immunotherapy and chemotherapy than with
chemotherapy alone[14].
Cytokine induced killer cells are rapidly proliferating lymphocytes with strong anti-tumor activity. These
cells are generated by the in vitro expansion of peripheral
blood lymphocytes using the combination of anti-CD3
antibodies and IL-2. The antigen receptor molecules on
T cells are non-covalently associated on the cell surface
with the CD3 molecular complex and perturbation of
the complex with anti-CD3 monoclonal antibodies induces T cell activation[15]. Clinical studies have confirmed
a survival benefit in gastric cancer patients treated with
chemotherapy combined with cytokine induced killer
cells compared to chemotherapy alone[16,17].

activate naïve and memory T cells[18]. Immature dendritic
cells with high phagocytic capacity are localized to sites
where tumor cells grow. They take up antigens which
are digested into small oligopeptides which are then
loaded onto the MHC class Ⅰ molecule for presentation
to CD8+ cytotoxic T cells or to MHC class Ⅱ molecules
for presentation to CD4+ helper T cells. The process can
also be done in vitro. For this, monocytes are obtained by
apheresis and are induced to form immature dendritic
cells with cytokines (GM-CSF, IL-4). The immature dendritic cells are then cultured in vitro with tumor lysates or
peptides derived from tumor-associated antigens and the
cytokine tumor necrosis factor (TNF)-α, IL-1 or IFN-γ.
The mature dendritic cells that develop are then injected
to patients by the intradermal or intravenous routes
where they present antigens to T cells to induce a robust
anti-humor immune response.
Tumor-associated antigens are defined as antigens
expressed on tumor cells that can elicit an immune response in the host. Thousands of potential tumor associated antigens have been identified and many studies
have confirmed that cytotoxic T cells activated by immunogenic peptides derived from tumor-associated antigens presented on the surface of tumor cells with MHC[19-22]
. Both protein and
Ⅰ are capable of lysing tumor cells
peptide targets have been used to attempt to stimulate a
specific immune response in gastric cancer. Those experiments have been based on peptides derived from the tumor associated antigen HER2/neu-derived peptide[19] and
MAGE[23-27] which are restricted to MHC class Ⅰ have

CANCER VACCINES
Cancer vaccines are designed to activate and expand
tumor-specific T cells as effector T cells. Therapeutic
vaccines can enhance pre-existing immunity, induce novel
immunity, or lead to a more robust anti-tumor immune
response (Figure 2). In order to induce tumor-specific T
cells, peptides derived from tumor-associated antigens
must be presented to T cells by professional antigen-presenting cells, such as dendritic cells, which are the most
powerful and efficient antigen-presenting cells able to
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been shown to induce cytotoxic T cells against tumors.
Gastric cancers typically overexpress HER-2/neu and
vaccination using dendritic cells pulsed with HER-2/neu
peptide has resulted in tumor regression. MAGE-3 peptide/chitosan-deoxycholic acid vaccine-loaded nanoparticles have also been used to simulate an antitumor immune response and successfully produced regression of
tumor growth in a mouse model of gastric cancer[28].
Peptides derived from human vascular endothelial
growth factor (VEGF) receptor 1 and vascular endothelial growth factor receptor 2 combined with chemotherapy
(S-1 plus cisplatin) have been shown to induce a VEGFspecific cytotoxic lymphocyte response in patients with
advanced gastric cancer resulting in a partial response in
55% of patients as well as prolonged overall survival[29]
suggesting that cancer vaccines combined with standard
chemotherapy may be a promising strategy for the treatment of advanced cancer.

expression of HLA class Ⅰ antigens has not been shown
to correlate with any important clinical or pathologic
parameters of gastric cancers[47]. Other mechanisms are
downregulation of antigen expression on tumor cells and
production of immunosuppressive cytokines [transforming growth factor (TGF)-β1, IL-10, IL-6, VEGF, prostaglandin] by the tumor.
There is considerable current interest in Tregs and
MSCsas major components of the immune suppressive
tumor microenvironment. Tregs cells inhibit cytotoxic
lymphocytes and/or helper T activity as well as NK cells.
Tregs are characterized by the CD4+CD25 +FOXP3 +
phenotype and normally play an indispensable role in
maintaining immunological tolerance to self-antigens and
in suppressing excessive immune responses that would be
deleterious to the host. Regulatory immune cells, mostly
Tregs, have been identified as the major regulatory component of the adaptive immune response and are also
involved in H. pylori-related inflammation and bacterial
persistence[48]. For example, H. pylori-induced gastritis is
regulated by Tregs. Tregs play an important role in the
equilibrium between H. pylori and immune system and a
better understanding of the role of these cells in immunosuppression in the tumor environment should lead to
approaches to blunt or eliminate Treg-associated immunosuppression.
Recently, the role of mesenchymal- or bone marrowderived stem cells (BM-MSCs) for the malignant transformation has been studied[49,50] and are known to migrate to
tumor issues[51]. BM-MSCs into a chronic H. pylori-infected
mouse model showed the generation of an immunosuppressive environment. The local and systemic immunosuppression mediated by BM-MSCs likely contributed to
an environment that is compatible with the development
of H. pylori-induced gastric cancer[52]. It has been demonstrated that this cell population can serve as a “seeding
point” for gastric carcinogenesis in animal models but
the relevance with respect to human disease still remains
unclear[50]. Development of immunotherapies targeted to
Tregs and BM-MSCs is an attractive new strategy to activate antitumor immunity in patients with cancer.
Eliminating both tumor and lymphocyte-mediated
immune suppressive mechanisms without damaging normal cells also holds promise. Specifically, the blockade of
secreted immunosuppressive molecules, (e.g., TGF-β1,
IL-10 or prostaglandins) may be required in addition to
eliminating Tregs.

RNA-BASED VACCINES
Dendritic cells incubated with mRNA are capable of
presenting the encoded antigen[30] making mRNA-based
gene transfer vaccine an attractive possibility for immunotherapy[31,32] (Figure 2). Dendritic cells transfected with
mRNA coding for a tumor-associated antigen or whole
tumor RNA have been able to induce potent antigenand tumor-specific T cell responses. The generation of
immune responses with naked but stabilized mRNA has
also been accomplished in mouse models[33-37] and clinical
trials have been encouraging in melanoma[38,39] and renal
cell carcinoma[40].
There are a number of potential advantages of RNAbased vaccines. For example, naturally transient and
cytosolic active mRNA molecules are considered to be
a possibly safer pharmaceutical because of expression is
transient and the absence of genomic integration. The
mRNA application also allows targeting multiple tumorassociated antigens simultaneously[39]. RNA vaccination
does not cause severe side effects such as the generation
of autoimmune disease or anti-DNA antibodies and finally, unlike peptide-based vaccinations it is not MHCrestricted.

HOW CANCERS EVADE THE IMMUNE
RESPONSE
Immune escape and immunosuppressive tumor network
The key cells of the immune system for tumor surveillance are T cells and NK cells. However, despite the
theoretical advantages of immunotherapy, current approaches often do not stimulate immunity efficiently and
the tumors continue to grow despite the presence of an
immune response[41-43]. Multiple mechanisms have been
identiﬁed allowing tumors to escape rejection by the immune system[44-46]. Theoretically, downregulation or loss
of HLA class Ⅰ antigen in cancers would be an important evasion mechanism and has been reported. However,
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Immune checkpoints are inhibitory pathways hardwired
into the immune system that are crucial for maintaining
self-tolerance and modulating the duration and amplitude
of physiological immune responses in order to minimize
collateral tissue damage. Thus, immune checkpoints play
critical roles for physiological homeostasis especially in
protection of tissues from damage when the immune
system responds to infections. These checkpoints may
also allow immune escape in cancer.
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Checkpoint pathways are regulated by ligand/receptor interactions. For example, programmed death-1 receptor (PD-1) and CTL-associated antigen 4 (CTLA-4)
are inhibitory molecules whose presence on lymphocytes
signifies a blunted immune response. PD-1 negatively
regulates T cell responses and downregulation and eventually apoptosis is initiated following binding of a PD-1
ligand with PD-1. PD-1 ligands, PD-L1 or PD-L2, are
frequently expressed on tumor cells and can thus thwart
the immune response. One approach to overcome this
inhibition of the immune response has been to target
immune checkpoints with blocking monoclonal antibodies (mAb) (Figure 2). For example, PD-1 mAb binds to
the PD-1 receptors on T cells and inhibits their binding to the ligands on tumor cells thus preventing the
tumors from down regulating the cytotoxic lymphocyte
response. This approach has been successful clinically.
For example, anti-CTLA-4 mAb is the basis for immunotherapy producing a survival benefit in advanced melanoma[53,54]. Phase Ⅰ clinical trials of anti-PD-L1 mAb are
under investigation for gastric cancer. Other mechanisms
focus on the T-cell immunoglobulin domain and mucin
domain 3 for promoting inflammation or to restrain a T
helper 1 cell response. Inducible T-cell co-stimulator is a
CD28-superfamily co-stimulatory molecule expressed on
activated T cells and considered important for Th2 cell,
B and T lymphocyte attenuator whose activation inhibits
the function of tumor-specific cytotoxic T cells[55]. These
co-stimulatory and co-inhibitory receptors modulate the
function of both antigen-presenting cells and T cells. The
available immunostimulatory monoclonal antibodies have
not proved sufficient suggesting that there must be other
target molecules that are extracellularly accessible and are
candidates for manipulation with monoclonal antibodies
in cancer therapy. We expect more will be discovered and
developed in the future.

in cancer in general and in gastric cancer in particular.
Recently, DNA microarray technology have been developed and extensively used to search for new biomarkers for individualized therapies[58-62]. Gene expression
profiles in tumor tissues, TILs and peripheral blood have
been reported to clearly reflect clinical outcomes and/or
responses to treatments in cancer patients. Furthermore,
expression array data of peripheral blood and TILs have
also shown an association with survival and immune response[60,62]. Gene expression profiling is developing into
a mainstream tool for the assessment of immune system
and monitoring immune responses to drugs or therapies.
Engineered cellular immunotherapy
Rapid advances in understanding of the details of the
molecular events and regulatory pathways involved in effective use of cytotoxic cells as anti-tumor therapy have
prompted work on developing customized or engineered
cells. The ideal regimen would be one that targeted
antigens that are specific to a particular type of malignancy and then engineer cells programmed to evade
the tumors repertory of anti-immune defenses and to
respond to those antigens. Challenges include (1) identification of one or preferably several antigens specific to
the tumor; (2) programming the appropriate cytotoxic
cells to respond to only those antigens; (3) ensuring that
the cytotoxic cells were capable of avoiding the tumor’s
defenses; and (4) engineering signals to initiate the process as well as signals to end the attack if or when this
becomes desirable.
Genetic tools have been developed to engineer T-cell
specificity and enhance T cell function. Chimeric antigen
receptors are receiving increasing attention and becoming
a promising new therapeutic method. Chimeric antigen
receptors lead to enhanced proliferation, cytotoxicity, and
persistence in vivo. Apheresed T cells from a patient are
stimulated with CD3 antibody and IL-2. Activated cells
are then transduced with the chimeric antigen receptors
using a retro- or lentiviral platform. Because the chimeric
antigen receptor is integrated into the T-cell genome, all
daughter cells that are generated during this expansion
also express the chimeric antigen receptor. Chimeric antigen receptor-transduced T cells are then infused into
patients[63]. Early clinical studies have revealed a very
encouraging therapeutic efficacy of chimeric antigen
receptor-mediated immunotherapy in a variety of cancers including lymphoma, chronic lymphocytic leukemia,
melanoma, and neuroblastoma[64]. Despite the promising
results obtained from clinical trials with infusion of chimeric antigen receptor-modified T cells, some severe adverse events have been reported[65-67]. Recent reports have
highlighted key issues and future directions to avoid these
adverse events[68]. Selection of candidate target antigens is
essential for improved efficacy and safety of the chimeric
antigen receptor-based therapy.
Although one can also theoretically strip the effector cells of all checkpoints, it is important that such cells
have as much tumor specific ability as possible to pre-

FUTURE PROSPECTS FOR
IMMUNOTHERAPY
Biomarkers are needed to predict good candidates for
immunotherapy
The use of immunotherapy would be enhanced if one
could identify biomarkers predictive of response and
thus allow matching of treatments with suitable patients.
HER2 has proven to be an excellent biomarker in breast
cancer. Trastuzumab (herceptin), a humanized anti-HER2
receptor monoclonal antibody, has been shown to improve the outcome in patients with HER2-positive metastatic breast cancer[56]. The combination of pertuzumab
(HER2-targeted humanized monoclonal antibody) plus
trastuzumab plus docetaxel has been compared with placebo plus trastuzumab plus docetaxel as first-line treatment for HER2-positive metastatic breast cancer and significantly prolonged progression-free survival[57]. HER2
is also expressed in gastric cancer suggesting that this
approach may show therapeutic efficacy. There is significant current interest in identifying predictive biomarkers
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vent the cells from becoming indiscriminate killers. The
fundamental problem is to unleash an attack capable of
elimination of the target but one that is restrained and
does not do irreversible harm to the host. Ideally, one
would like to be able to control all of the elements of
the process from choosing the most tumor specific antigens and then be able to engineer the cells to respond
only to those antigens and at the same time be able to
control when and where the attach is focused. Thus, the
cells might be engineered with a safety switch that can be
switched to on and initiate the process and then switched
off if the cells move out of the area or the process is
completed. The “off ” switch might consist of implementation of a suicide program that completely eliminated
the cells.

4

5
6

7
8

Identification of one or preferably several antigens
specific to the tumor
Because the primary tumor or metastasis may be difficult
to sample, the challenges to identification of the appropriate antigens include obtaining access to the tumor or
tumor cells to identify critical antigens specific that tumor
(e.g., cancer testis antigens) or identification of antigens
that are expressed on the majority of similar tumors
(e.g., universal antigens). Advances in obtaining circulating tumor cells and analyzing them would help not
only monitoring efficacy of therapies, but also useful to
identify appropriate, effective and specific tumor antigen
or molecules for metastasis. It also expected to provide
selection of appropriate therapy for individual patients by
characterization of circulation tumor cells.
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CONCLUSION
The practice and theory of cancer immunotherapy has
seen major advancements during the past 20 years. However, many hurdles to remain to be overcome before
cancer immunotherapy becomes the first line and most
reliable and effect cancer treatment. In view of the complexity and diversity of tumors and immune cell repertoires, it would be of critical importance to identify new
target molecules or develop new ways to utilize already
know targets, and expand knowledge of the effectiveness
of combinations of immunotherapies with conventional
therapies. In addition, it essential to identify reliable biomarkers to identify candidates that would most benefit
from immunotherapy, and/or early diagnosis to prevent
cancer progression as a vital part of that therapy.
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the potential prognostic and therapeutic implications.
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Abstract
th

Gastric carcinoma (GC) is the 4 most prevalent cancer
nd
and has the 2 highest cancer-related mortality rate
worldwide. Despite the incidence of GC has decreased
over the past few decades, it is still a serious health
problem. Chronic inflammatory status of the stomach,
caused by the infection of Helicobacter pylori (H. pylori ) and through the production of inflammatory mediators within the parenchyma is suspected to play an
important role in the initiation and progression of GC.
In this review, the correlation between chronic inflammation and H. pylori infection as an important factor
for the development of GC will be discussed. Major
components, including tumor-associated macrophages,
lymphocytes, cancer-associated fibroblasts, angiogenic
factors, cytokines, and chemokines of GC microenvironment and their mechanism of action on signaling
pathways will also be discussed. Increasing our understanding of how the components of the tumor microenviroment interact with GC cells and the signaling
pathways involved could help identify new therapeutic
and chemopreventive targets.

WCGO|www.wjgnet.com

INTRODUCTION
Gastric carcinoma (GC) is the 4th most prevalent cancer and has the 2nd highest cancer-related mortality rate
worldwide. The risk of developing GC is 1 in 115, with
a 5-year survival rate of only 20%-30%[1]. Despite that
the incidence of GC has decreased over the past few decades, it is still a serious health problem[2]. The prognosis
of advanced GC (AGC) with extensive node invasion
and metastasis remains poor, while early GC is associated
with excellent long-term survival[3].
Ever since Rudolf Virchow, the founder of modern
pathology, observed the connection between tumor cells
and their surrounding tumor microenvironment (TME),
TME has long been suspected to play an important role
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in the initiation and progression of tumors[4,5]. TME is
thought to determine the behavior of cancers not only
through genetic or epigenetic makeups of the tumor
cells, but also through the surrounding milieu that the tumor cells interact with for survival, growth, proliferation
and metastasis. The TME is composed of many different
kinds of cells such as endothelial cells, fibroblasts, lymphocytes and macrophages. It also consists of numerous
soluble molecules such as growth factors, cytokines, chemokines, antibodies, proteases, various types of enzymes,
and metabolites as well as a extracellular matrix. As the
tumor progresses, states of hypoxia and acidosis develop
in the TME[6-8], and the intensive relationship that exists
between tumor cells and the TME plays a major role in
tumor initiation, growth and metastasis.
Among the numerous factors in the TME, inflammatory mediators have received attention recently, and
an estimated 15%-20% of cancer deaths are associated
with chronic infection and inflammation. Populationbased studies have shown that individuals who are prone
to chronic inflammatory disorders have an increased risk
of cancer development[9]. Accordingly, treatment with
non-steroidal anti-inflammatory agents decreases the
incidence and mortality of several tumor types[10,11]. In
the case of GC, the chronic inflammatory state of the
stomach, caused by Helicobacter pylori (H. pylori) infection,
as well as the production of inflammatory mediators,
such as cytokines and chemokines within gastric tissues,
is suspected to play an important role in the initiation and
progression of GC.
Better understanding of the special interplay between
GC cells and the surrounding microenvironment may be
useful for recognizing the mechanism underlying tumor
development and progression as well as the discovery of
novel molecular therapeutic targets[12,13]. In this review, we
have provided an overview of the currently available knowledge of the role of the TME in GC and have highlighted
the potential prognostic and therapeutic implications.

30 genes, including type four secretion system genes,
which are essential for pathogenesis and are responsible
for the delivery of CagA protein and peptidoglycan into
host cells[17,18]. It has recently reported that CagA binds
an Src homology 2-containing tyrosinee phosphatase
(SHP-2) in a tyrosinee phosphorylation- dependent manner and activates the phosphatase activity of SHP-2[19].
Deregulation of SHP-2 by CagA is an important mechanism by which CagA-positive H. pylori promotes gastric
carcinogenesis. H. pylori is a potent activator of nuclear
factor-κB (NF-κB) in gastric epithelial cells[20,21] causing the production of tumor necrosis factor-α, TNFinducing protein (Tip), which in turn activates NF-κB
in gastric epithelial cells using an independent pathway
involving virulence factors such as CagA[18].
Activation of NF-κB by H. pylori infection induces the
expression of a variety of genes, including those encoding
the cytokines interleukin (IL)-1, IL-6. IL-8, TNF-α, vascular endothelial growth factor (VEGF), cyclooxygenase-2
(COX-2), inducible nitric oxide synthase (iNOS), cellcycle regulators, the matrix metalloproteinases (MMP)-2,
MMP-7, MMP-9 and adhesion molecules[22,23]. High level
of COX2 mRNA and protein expression and enzymatic
activity are detected in GC cells[24], and COX-2 activity is
induced by a variety of mediators including inflammatory
cytokines such as TNF-α, interferon (IFN)-γ and IL-1[25].
COX-2 facilitates tumor growth by inhibiting apoptosis,
promoting cell proliferation and stimulating angiogenesis
within cancer cells[26]. H. pylori infection produces reactive
oxygen and nitrogen species that cause DNA damage,
followed by chronic gastritis and intestinal metaplasia.
Nitric oxide generated by iNOS is converted to reactive
nitrogen species that bring about direct DNA mutation
such as those in p53, causing protein damage, inhibition
of apoptosis, and promotion of angiogenesis[27,28]. CagA
also activates the nuclear factor of activated T-cells signaling pathway, and interacts with E-cadherin to deregulate
β-catenin signaling, which induces the expression of genes
downstream of β-catenin, such as Caudal type homeobox
gene-1 and promotes the transdifferentiation of intestinal
cells[29].

CHRONIC INFLAMMATION AND
H. PYLORI IN GC
H. pylori, a microaerophilic, spiral gram-negative bacterium, colonizes the human stomach and, is a major cause
of chronic gastritis, peptic ulcers, and gastric malignancies,
including gastric non-cardia adenocarcinoma and mucosalassociated lymphoid tissue lymphoma[14]. H. pylori infects
over 50% of the world’s population, with 1% of those
infected going on to develop GC. An estimated 75% of
all GC cases are associated with H. pylori infection[15].
The carcinogenic potential of H. pylori is driven by the
interplay between bacterial virulence factors and the host’
s immune responses resulting in chronic inflammation,
which in turn leads to tumorigenesis[16]. Four major virulence factors have been identified from H. pylori, that is
cytotoxin-associated antigen A (CagA), cag-pathogenicity
island (cagPAI), vacuolating cytotoxin, and outer membrane proteins. H. pylori cagPAI encodes approximately,
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SIGNALING PATHWAY OF GC-RELATED
INFLAMMATION
Multiple steps and multiple factors are involved in the
development of GC. More than 90% of GCs are adenocarcinomas, which are divided into two histological
types, intestinal and diffuse, based on the Lauren’s classification[30]. H. pylori infection and chronic inflammation
are important factors, particularly in the intestinal type
of GC. The Correa’s hypothesis postulates that there is
a progression from chronic gastritis to gastric atrophy,
intestinal metaplasia, dysplasia, and finally to cancer
(“gastritis-dysplasia-carcinoma” sequence)[31]. In each step
of GC progression, many cytokines and intracellular signaling pathways are involved.
GC-related inflammation activate transcription fac-
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STAT3 is overactivated[48,49], and its high activation and⁄or
expression status has been shown to correlate with a lower survival rate for GC patients[50]. This transcription factor supports oncogenesis through different mechanisms,
ranging from the activation of genes crucial for proliferation and survival to the enhancement of angiogenesis
and metastasis. In GC, IL-11 produced from tumor cells
and TME activate the common signal-transducing gp130
β-receptor subunit to activate the JAK/STAT-3, Ras/
Mitogen-activated protein kinase and phosphoinositide3-kinase (PI3K)/Akt signaling pathways[51-53]. Activated
STAT-3 signaling pathway directly induces the transcription of the Tlr2 gene in the gastric epithelium, which
upon overexpression promotes proliferation and inhibits
apoptosis of gastric epithelial cells[48]. The activation of
STAT-3 in tumor cells also has been shown to increase
the capacity of tumors to evade the immune system by
inhibiting the maturation of dendritic cells (DCs)[54],
thereby suppressing the immune response[55]. A recent
study showed that STAT-3 plays a divergent role in the
modulation of IL-23 and IL-12, two related cytokines,
which play opposite roles in tumour development. In
particular, STAT-3 inhibits anti-tumor IL-12p35 expression in DCs while promoting the expression of the procarcinogenic IL-23 cytokine in TAMs[56].
Epidemiological studies have highlighted that treatment with non-steroidal anti-inflammatory agents, such
as COX-2 inhibitors, decrease the risk of developing
certain cancers, such as colon cancer, breast cancer, and
GC[10,11,57,58]. The frequency of COX-2 expression did
not differ between gastric adenomas and early intestinal
carcinomas, indicating that COX-2 expression might act
as one of the factors related to early tumorigenesis in the
stomach. Interestingly, the frequency of COX-2 expression was significantly higher in advanced carcinomas
than in early carcinomas and was higher in intestinal-type
carcinomas than in diffuse-type carcinomas. COX-2 expression may be more important for the progression of
intestinal-type carcinomas than that of diffuse-type carcinoma[59].
Transforming growth factor (TGF)-β1 mRNA and
protein are highly expressed in GC cells[60-62]. TGF-β1 is
closely related to invasion and metastasis and the TME; it
alters the biologic behavior of malignant gastric lesion[63].
TGF-β1 produced by carcinoma cells stimulates collagen
synthesis in both fibroblasts and cancer cells, which leads
to diffuse fibrosis in the case scirrhous GC[63].
The receptor tyrosinee-protein kinase (HER) family
consists of four members: HER-1 [epidermal growth factor receptor (EGFR)], HER-2, HER-3 and HER-4. Activation of these receptors leads to homo- or hetero-dimerization that in turn initiates phosphorylation cascades and
subsequent activation of the PI3K-Akt-mammalian target
of rapamycin (mTOR) and Ras-Raf-mitogenactivated mitogenactivated protein kinase/extracellular signal-related
kinase (ERK) kinase (MEK)-ERK pathways, which are
important in cancer cell proliferation and survival[64,65].
EGFR overexpression, observed in 27%-44% of gas-

tors, mainly NF-κB, hypoxia-inducible factor (HIF)1α, and signal transducer and activator of transcription
(STAT)-3, which are the key inducers of inflammatory
mediators such as cytokines , chemokines, prostaglandins,
nitric oxide[32].
The transcription factor NF-κB is a key orchestrator
of innate immunity and inflammation and recent evidence suggests that it play an important role in development and maintenance of cancer-related inflammation[33].
In cancer and epithelial cells exposed to carcinogens, NFκB promotes cell survival and proliferation through the
activation of genes encoding proteins that are important
for cell cycle progression such as cyclin D1, and c-Myc
and the anti- apoptotic pathway (cIAPs, A1/BFL1,
BCL-2, c-FLIP)[34,35]. In GC, NF-κB potentiates inflammation in response to H. pylori infection. Some studies
reported that H. pylori induces expression of the proinflammatory cytokine IL-8 through activation of NF[20,36]
. Moreover, NF-κB amplifies the inflammatory
κB
signals of other cytokines, such as tumor necrosis factor
and interferon[37]. A previous study reported that the
positive rate of NF-κB/RelA is 42.6% in South Korea
and NF-κB/RelA expression in tumor tissues was also
related to serum levels of IL-6 (P = 0.044) and C-reactive
protein (P = 0.010)[38]. Interestingly, several microRNAs
(miRNA) which target NF-κB have been shown to be involved in development and progression of GC. miR-146a
expression is up-regulated in a majority of gastric cancers
where it targets Caspase recruitment domain-containing
protein 10 and COP9 signalosome complex subunit, inhibiting G protein coupled receptor-mediated activation
of NF-κB, thus reducing expression of NF-B-regulated
tumor-promoting cytokines and growth factors[39].
HIF-1α is centrally involved in multiple aspects of
tumorigenesis including tumor angiogenesis, proliferation, metabolism, metastasis, differentiation, as well as
responses to radiation and chemotherapy[40]. HIF-1α is
up-regulated in inflammatory conditions and there is
accumulating evidence indicating the presence of interconnections and compensatory pathways between the
NF-κB and HIF-1α systems[41]. The expression of HIF1 α commonly increases in a variety of human solid
tumors and elevated HIF-1α expression is associated
with poor patient outcome in pancreatic cancer, glioblastoma, GC and other cancers[40,42]. Furthermore, the
contribution of HIF-1α to chemoresistance has been
observed in several solid tumors, including GC[43,44]. Interestingly, inhibition of HIF-1α via RNA interference
or pharmacological compounds has improved their
anti-tumor efficacy in murine cancer models[45] through
modulation of the p53 and NF-κB signaling pathway.
In this regards, a recent study has demonstrated that
HIF-1α expression correlates with the metastatic phenotype of human GC[46].
STAT-3 is constitutively activated in several human
cancer cells and tumor associated leukocytes and it represents a point of convergence for several oncogenic signalling pathways[47]. In approximately 50% of human GC,
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tric cancer cases, is generally reported to be a poor prognostic factor, despite contradictory evidence[66]. HER-2
overexpression is observed in 10%-38% of gastric cancer
tumor samples[67,68], with a higher prevalence in intestinaltype and gastroesophageal junction tumors than that
in diffuse-type and gastric tumors[68,69]. The prognostic
value of HER-2 overexpression in gastric cancer remains
controversial; it is generally associated with a poorer outcome[70,71], although contradictory evidence exists[72,73].
In fact, PIK3CA activating mutation was reported in
4%-36% of gastric cancer cases[74,75] and phosphatase
and tensin homolog loss was reported in 20%-36% of
cases[74,76]. For gastric cancer, the KRAS mutation was observed in 2%-20% of cases[77,78], and the BRAF mutation
was observed in 0%-2.7% of cases[77,79].
The overexpression/activation of c-Met, a receptor
for hepatocyte growth factor, leads to proliferation and
antiapoptotic signals[80]. It was found to be activated both
in vitro in human gastric cancer cell lines and in vivo in
human gastric cancer tissue[81], and this may result from
the infection of gastric cells by H. pylori[82].
The Hedgehogs (Hh) protein family includes Sonic
(Shh), Indian (Ihh) and Desert (Dhh). In gastric cancer,
the aberrant activation of Shh, through binding Patched
1 receptor and subsequent disinhibition of Smoothened
in turn activates the transcription factor Gli-1[83].

draining regional lymph nodes, and peripheral blood lymphocytes is higher in GC and esophageal cancer patients
than their normal counterparts[93,94]. In addition, patients
with a higher proportion of Tregs showed poorer survival rates than those with a lower proportion. Interestingly,
after patients underwent curative resection for GC, the
proportion of Tregs decreased and was restored to levels
comparable to those for normal healthy donors[95]. These
results strongly suggest that tumor-related factors induce
the expansion and the accumulation of Tregs in GC.
Furthermore, the frequencies of CCL17+ cells and of
CCL22+ cells, both of which induce in vitro migration of
Tregs, within tumors were significantly higher than those
in normal gastric mucosa, Increased levels of TGF-1 in
GC patients have been correlated with the frequency of
Tregs, and, conversely, numerous studies have reported a
correlation between an increased frequency of circulating
Treg and increased levels of TGF-1 during during GC
progression[96-98]. On the other hand, some reports have
indicated that activated effector T cells are converted
into Treg cells, capable of suppressing autologous effector T cells[99-101]. Thus, it is likely that naturally occurring
Foxp3+ Tregs in peripheral sites faintly perceive tumorrelated signals such as CCL17 or CCL22, migrate to the
tumor site, and create a favorable environment for tumor
growth.
Recently, a subset of IL-17 producing T cells that are
distinct from Th1 and Th2 cells have been described as
key players in inflammation and autoimmune diseases
as well as cancer development. Interestingly, IL-17 also
has been reported to be up-regulated in H. pylori infected
gastric mucosa. IL-17 positively regulates the synthesis
of IL-8 by gastric mononuclear cells and epithelial cells,
which thus emphasizes the role of IL-17 in H. pylori-driven inflammation[102]. When the ratio of Th17⁄Treg cells
of TILs was evaluated in GC patients, it was found to be
markedly higher in early disease than in advanced disease.
The accumulation of Th17 cells as well as of Tregs in the
TME of GC occurrs in early disease following which the
infiltration of Th17 cells gradually decrease as the disease
progresses, in contrast to the increased accumulation of
Tregs.

COMPONENT OF MICROENVIRONMENT
OF GC TAM
Macrophages recruited to the tumor stroma are called
TAMs. The role of TAMs in tumor progression is
complicated and wide ranging. Although activated
macrophages may have anti-tumor activity, tumor cells
have been reported to evade the anti-tumor activity of
TAMs[84,85]. Indeed, removal of macrophages by genetic
mutation reduces tumor progression and metastasis[86].
TAMs are recruited from circulating monocytes into tissues in response to chemoattractants, and interact with
tumor cells to make up the cancer stroma. Macrophage
infiltration into tumor tissue correlates significantly
with tumor vascularity in human esophageal cancer and
GC[87,88]. There is a direct association between the degree
of TAM infiltration and depth of tumor invasion, nodal
status, and clinical stage of GC[88]. Macrophage recruitment is mediated by a variety of chemoattractants, including the following; monocyte chemoattractant protein-1
(MCP-1/CCL2), macrophage inflammatory protein-1α
(MIP-1α/CCL3); and regulated upon activation, normal
T cell expressed and secreted (RANTES/CCL5)[87,88].

Cancer associated fibroblasts
Cancer associated fibroblasts (CFAs) are a central elements of TME. They are the most prominent cell type
within the tumor stroma of many cancers and play a critical role in tumor-stromal interactions[103,104]. CAFs demonstrate differential gene expression profiles compared to
normal fibroblasts[105], and they acquire a modified phenotype, similar to fibroblasts associated with wound healing. Although the mechanisms that regulate activation of
fibroblasts and their accumulation in tumors are not fully
understood, platelet-derived growth factor, TGF-β1, and
fibroblast growth factor-2 (FGF-2) are known to be partly involved in this process[106]. There are some candidates
for the origins of CAFs, such as following; fibroblasts
residing in local tissues[105], periadventitial cells including

Lymphocytes
Regulatory T cells (Tregs) are functionally immunesuppressive subsets of T cells that are reported to play
important roles in immunological self-tolerance [89-92].
Tregs are defined more strictly as CD4+CD25+Foxp3+
cells. The frequency of Tregs among tumor infiltrating
lymphocytes (TILs), lymphocytes derived from tumor-
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pericytes and vascular smooth muscle cells[107], endothelial
cells[108], and bone marrow-derived cells including various stem cells[109]. Worthley et al[110] recently reported that
bone marrow-derived cells can differentiate into CAFs in
human GC that developed in female recipients of male
allogeneic stem cell transplantation. A previous study
showed that direct interaction between scirrhous-type
GC cells and gastric fibroblasts could promote fibrosis
of the gastric wall and increasing the malignant behavior
of cancer cells through vascular cell adhesion molecule-1
and induced Snail expression, and through the resultant E-cadherin suppression and vimentin induction in
HSC-39 cells[111].

intrinsic and extrinsic factors, it is very complicated to
identify the specific role of a signaling factor in regulating
their differentiation and migration. It has been noted that
NF-κB, IL-6, VEGF, HIF-1α, angiogenesis, reactive oxygen species and tissue factors are all involved in the maintenance of stem cell and cancer stem cells[127] and that H.
pylori infection can alter most of their expression. This
suggests that H. pylori might impact the local microenvironment and affect stem/progenitor cell differentiation,
and also cause genetic or epigenetic damages in these
cells, leading to carcinogenesis. However, further studies
addressing these pathways and mediators of gastric stem
cells and progenitors during infection are awaited.

Angiogenetic factors
Angiogenesis which is necessary for tumor progression, is
also influenced by the tumor microenvironment. Stromal
reaction (desmoplasia) is observed in GC, but not in noninvasive neoplasms[112]. The generation of tumor stroma
is triggered by tumor cells and induces the ingrowth of
new blood vessels and mesenchymal cells from the adjacent normal tissue[113]. However, recent studies have
shown that bone marrow-derived stem cells are integrated into the tumor stroma and differentiate into myofibroblasts and vascular endothelial cells[109,114]. A recent
study reported that the density of blood vessels directly
correlates with the incidence of metastasis in GC[114-117].
Angiogenesis of tumor is mediated by various molecules
released by tumor cells and TME[118,119] and GC cells
produce various angiogenic factors, including VEGF[120],
IL-8[121], FGF-2[122], and platelet-derived endothelial cell
growth factor (PD-ECGF)[123]. VEGF-A promotes the
angiogenesis and progression of human GC, especially
those of the intestinal type. A significant correlation between lymph node metastasis and VEGF-C expression
has been reported in human GC[124,125]. However, no association was found between VEGF-D immunoreactivity
and clinicopathologic features in submucosally invasive
GC[126]. These results suggest that VEGF-C is a dominant
regulator of lymphangiogenesis in early-stage human GC.

CYTOKINES/CHEMOKINES
Infection by H. pylori also disrupts gastric homeostasis
and induces the production of multiple inflammatory
cytokine within the local mucosa. Expression of IL-1β,
TNF-α, and IL-10 is associated with an increased risk for
developing GC[132,133].
IL-1β is a proinflammatory cytokine involved in inflammation and immunity. IL-1β polymorphisms are associated with enhanced IL-1β production and increased
risk of GC[133], IL-1β also inhibits gastric acid secretion.
In transgenic mice, stomach specific overexpression of
IL-1β induces stepwise spontaneous gastric inflammation, metaplasia, dysplasia, and carcinoma.
Overexpression of IL-1β also mobilizes myeloidderived suppressor cells and induces NF-κB activation
as well as the expression of downstream genes such as
IL-6 and TNF-α in these cells. In addition, IL-1β alone
is sufficient to induce gastric preneoplasia. However, the
mechanisms by which IL-1β overexpression itself finally
results in oncogenic transformation is unclear. Interestingly, other inflammatory mediators can exert opposite
effects. One example is IFN-γ, which is produced primarily by activated T cells, and natural killer cells and is
a key mediator of innate and adaptive immunity. IFN-γ
mediates responses to bacterial infection and autoimmune disease, and acts as a tumor suppressor[134]. In mice,
stomach specific overexpression of IFN-γ alone has
minimal effects on the gastric mucosa, but inhibits IL1β- and Helicobacter felis-induced gastritis and neoplasia.
The mechanism has been attributed to IFN-γ induced
inhibition of gastric epithelial cell proliferation, acceleration of apoptosis of gastric T lymphocytes and decrease
in the production of pro-inflammatory Th1 and Th17
cytokines. These effects may balance epithelial cell proliferation, restrain inflammation, and ultimately inhibit
tumor formation[134]. Therefore, disruption of host cell
inflammatory cytokine production is involved in gastric
oncogenesis.
Chemokines are involved in the chemoattraction of
leukocytes to inflammatory sites and can be produced by
many kinds of cells in the TME including leukocytes, endothelial cells, fibroblasts and epithelial cells[135,136]. Recent
reports described that chemokines not only play a role in

Stem cells
The stem cell niche or microenvironment is composed
of different populations of cells, including not only stem
cells, but also differentiated cells, soluble factors, and
extracellular matrix, all of which are critical for stem cell
fate and differentiation[127]. Important signaling pathways
such as the Wnt, Notch, Hedgehog, PI3K, NF-κB, endothelial growth factor (EGF), TGF-β and STAT-3 pathways have been shown to regulate stem cell renewal and
maintenance, and their effects overlap in both normal
and cancer stem cells[128]. The Interactions of stem cells
with their surroundings are currently under intensive investigation. The inflammatory mediators and oncogenic
pathways also regulate stem cell differentiation either
directly or indirectly and are frequently deregulated in tumors[129-131]. Given the fact that gastric stem cells are such
a rare population of cells and can be affected by so many
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of CXCR4-positive tumor cells to the peritoneum[157].
H. pylori increased CXCR4 expression in gastric cancer
through increased secretion of TNF-α. CXCR4 has also
been found in leukocytes and microvascular blood vessels, confirming that SDF-1 binds to endothelial cells[158].
In addition to cancer cells, stromal cells such as endothelial cells, tumor-infiltrating lymphocytes and cancer-associated fibroblasts have been demonstrated to produce
elevated levels of SDF-1[158,159].

the immune system, but also promote tumorigenesis and
metastasis of cancer. CXC chemokines and their receptors (CXCR) modulate tumor behavior by three important mechanisms: regulation of angiogenesis, activation of a
tumor-specific immune response and stimulation of tumor
cell proliferation in an autocrine or paracrine fashion[137].
CXC chemokines containing the ELR (Glu-Leu-Arg)motif such as IL-8/CXCL8 have been described to promote tumor growth by stimulation of angiogenesis and
chemoattraction of neutrophilic granulocytes[138-140]. Previous studies have shown that IL-1, TNF-α and infection
with H. pylori induce or enhance the secretion of IL-8 by
several gastric adenocarcinoma cell lines in vitro[141,142]. In
addition, CXCR1 and CXCR2 expression increased in
gastric carcinoma cells after infection by H. pylori[143,144].
In GC, expression of IL-8 in gastric adenocarcinoma is
associated with increased tumor vascularization, aggressiveness, invasion, and metastasis. In addition, IL-8 may
act as a diagnostic marker as it was demonstrated to be
significantly elevated in serum samples of patients with
gastric cancer[145,146]. IL-8 also enhances the expression
of the EGFR, MMP-9, VEGF and IL-8 itself[122,147,148].
Furthermore, the polymorphism of IL-8 promoter gene
is associated with higher IL-8 protein expression, more
severe neutrophil infiltration, enhanced angiogenesis,
especially with secretion of MMP-9 and angiopoietin-1,
and increased risk of poorly differentiated gastric cancer,
lymph node, and liver metastasis[149-151].
In contrast, CXC chemokines lacking the ELRmotif such as interferon-γ, inducible protein-10 (IP-10)/
CXCL10, possess angiostatic activities and chemoattract anti-tumoral lymphocytes through binding to
CXCR3[139,140]. It has been described that Mig, IP-10 and
I-TAC were constitutively express in GC cell lines, and
the production can be enhanced by IFN-γ in synergy
with TNF-α. In contrast, in vitro infection with H. pylori inhibited the IFN-γ/TNF-α induced Mig and IP-10
production by GC cells. Increased expression of CXCR3
ligands by endothelial cells and mononuclear cells, especially antigen-presenting cells within GC, results in the
chemoattraction and activation of cytotoxic T lymphocytes that favor tumor regression.
Stromal cell-derived factor-1 (SDF-1)/CXCL12 is an
exception on this rule as this chemokine lacks the ELRmotif, has angiogenic properties and mediates the dissemination of CXCR4- positive tumor cells to distant
organs[140]. SDF-1 modulates the angiogenic process directly by binding to its receptors CXCR4 and/or CXCR7
expressed on endothelial cells or indirectly by the induced
secretion of matrix-metalloproteases or angiogenic factors such as IL-8, VEGF, respectively[152,153]. Many studies
have demonstrated that both CXCL12 and CXCR4 are
differentially expressed in GC[154,155], and overexpression
of CXCR4 in gastric cancer cells is associated with aggressive tumor behavior, such as tumor invasion, lymph
node metastasis, liver metastasis, and poor differentiation
as well as peritoneal carcinomatosis[156]. In addition, peritoneal mesothelial cells contained high concentrations
of SDF-1 indicating that SDF-1 induces the migration
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Matrix metalloproteinases
MMPs lead to tissue remodeling, inflammation, tumor
cell growth, migration, invasion and metastasis in many
cancers. They are major modulators of the tumor microenvironment, playing key roles in tumorigenesis[160]. Different stromal and cancer cells produce various types of
MMPs whose main subtypes are collagenases (MMP-1,
MMp-8, MMp-13), gelatinases (MMP-2, MMP-9), matrylisins (MMP-7, MMP-26), membrane type MMPs (MMP-14,
MMP-15, MMP-16, MMP-17, MMP-24, MMP-25) and
stromelysins (MMP-3, MMP-10, MMP-11).
Previous studies reported that MMP-1[161], MMP-7[162-164]
and MMP-9[165,166] are important in development of gastritis
during infection by H. pylori and these molecules are utilized
as molecular markers. It has been suggested that overexpression of MMP-1[167] and MMP-7[162,168] is dependent upon
the pathogenicity island of H. pylori and, interestingly, it
is known that MMP-7 participates in the epithelial mesenchymal transition[169] and is also overexpressed in GC[170].
Moreover, the activity of MMP-9 is increased in macrophages resident in the gastric mucosa of subjects infected
with H. pylori[171] and its activity is known to be reduced by
the eradication of H. pylori[172].
MMPs are noncovalently inhibited by the tissue inhibitors known as TIMP, a family comprising four members (TIMP-1, TIMP-2, TIMP-3, TIMP-4). TIMP-3 in
the only inhibitor associated with the extra cellular matrix
(ECM) and the rest of the TIMP are soluble proteins[173].
The disintegrins and metalloproteinase (ADAM) family are proteases related to the MMP and comprise more
than 20 proteins that are anchored to the cell membrane
and present various functions which are cell adhesion,
cell fusion, activation of signaling pathways and release
of substrates such as cytokines and growth factors from
the cell membrane or the ECM[174]. In patients with gastritis and H. pylori infection, levels of ADAM-10 and
ADAM-17 are elevated[175], and these play key roles in
cell signaling[174]. E-cadherin is a substrate of ADAM-10
and the Notch signaling pathway, in which ADAM-17
participates, and these pathways are also involved in the
development of GC. ADAM-17 has been associated with
the generation of transient hypochlorhydria in patients
infected with H. pylori[176] and interestingly, high levels of
hypochlorhydria are founded in GC patients.

NEW THERAPEUTIC APPROACHES
According to our understanding of the molecular basis
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of TME of GC, targeted agents have led to a modest
improvement in the outcome of advanced gastric cancer
(AGC) patients.
Previous studies showed that EGFR, HER-2, tyrosine
kinase inhibitors (TKIs) as well as VEGF were most attractive target for molecular therapy. The ToGA trial targeted HER-2 and AVAGAST trial targeted VEGF have
marked the beginning of a new era in AGC treatment. A
number of other phase Ⅲ clinical trials that target different target molecules are ongoing.
Notably, the ToGA trial, which is a large, phase Ⅲ,
randomized controlled multicenter trial[177], showed that
trastuzumab in combination with chemotherapy led to
a significantly higher overall response rate (ORR 47% vs
35%, P = 0.0017), significantly longer progression free
survival interval (PFS; 6.7 mo vs 5.5 mo, P = 0.0002), and
significantly longer overall survival duration (OS; 13.8 mo
vs 11.1 mo, P = 0.0046) than that of the controls. Moreover, the trastuzumab-containing regimen was generally
well tolerated and did not affect quality of life. To date,
trastuzumab is the first and only targeted agent for gastric
cancer approved by both the United States[178] and European[179] authorities.
Although the phase Ⅲ Avastin® in Gastric Cancer
(AVAGAST) trial did not meet its primary endpoint of
OS and was thus a negative trial for this endpoint, the
ORR was significantly better in the bevacizumab arm
(46% vs 37%, P = 0.0315) and the PFS interval was significantly longer (6.7 mo vs 5.3 mo, HR = 0.8; P = 0.0037)
than that of the controls[180].
In first-line phase Ⅱ trials, cetuximab, a recombinant
human-mouse chimeric monoclonal antibody targeting EGFR, showed that the ORR was in the range of
40%-60%, the time to progression (T0P) was 5.5-8.0
mo, and the OS time was 9.5-16.0 mo[181,182]. Other study
reported that cetuximab showed no clinically significant
benefit in combination with docetaxel plus oxaliplatin[183].
Other EGFR targeted therapy including Erbitux®, panitumumab, matuzumab, and nimotuzumab are under
evaluation in phase Ⅱ/Ⅲ trials in combination with
chemotherapy. The EGFR TKIs such as gefitinib and
erlotinib were evaluated in phase Ⅱ trials but produced
disappointing results as monotherapy for AGC.
Lapatinib (Tykerb), a dual TKI inhibiting both HER-2
and EGFR are under investigation in two phase Ⅲ trials.
One is the LoGIC trial that is the lapatinib Optimization
Study in ErbB2 (HER-2)+ GC patient[184], and the other is
TYTAN trial that is investigating the lapatinib with paclitaxel (Taxol) in Asian ErbB2+ (HER2+) GC patients[185].
A few signaling pathways have attracted a lot of enthusiasm. The ubiquitin-proteasome pathway that is involved in cell cycle control is one good target.
Bortezomib, a proteasome inhibitor, was shown to
induce apoptosis and suppress tumor growth in GC
cell lines[186]. The overexpression/activation of c-Met, a
receptor for hepatocyte growth factor, leads to proliferation and antiapoptotic signals[80]. A phase Ⅱ study of
GSK1363089 (GSK089, formerly XL880), a c-Met TKI,
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showed minimal activity in a cohort of metastatic GS patients unselected for c-Met[187]. The Hedgehog (Hh) pathway further complicates the complex signaling in gastric
cancer cells[83]. Clinical use of Hh inhibitors is currently
only in the early phases of development[183].
Inhibition of other biological pathways in AGC is in
preclinical or early clinical evaluation. Insulin like growth
factor-1 receptor antibody, figitumumab, in combination
with docetaxel was well tolerated in a phase I trial of patients with advanced solid tumors[188]. FGFR inhibitors,
HSP90 inhibitors, histone deacetylase and IL-6 antibody
also may play a role in AGC treatment[189-193].

CONCLUSION
Although recent phase Ⅲ clinical trials with conventional
chemotherapeutic agents have shown encouraging results
in advanced GC, overall survival rates continue to be
suboptimal. This highlights the need for new therapeutic
strategy using targeted therapy to improve the result of
GC treatment.
The association between chronic gastritis and tumors
is well documented in the step-wise histopathologic (Correa) model of GC. A better understanding of the molecular pathogenesis of GC would help for improving the
knowledge on this relationship and would be crucial for
the design of novel molecular targets.
Previous studies reported that a synergistic interplay
among the components of TME of GC, including H.
pylori infection, immune cells and mediators, and several
proteins along with matrix metalloproteinases, is essential for the initiation, progression and metastasis of GC.
The understanding of how these mechanisms regulate
the relationship among those components of TME of
GC would contribute strongly to identifying key signaling
pathways that serve as both novel biomarkers for early detection and molecular targets for new therapeutic strategies.
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CXC chemokines and chemokine receptors in gastric cancer:
From basic findings towards therapeutic targeting
Hyo Jin Lee, Ik-Chan Song, Hwan-Jung Yun, Deog-Yeon Jo, Samyong Kim
ment of novel targeted therapies, is urgently needed.
Chemokines are a group of small proteins associated
with cytoskeletal rearrangements, the directional migration of several cell types during development and
physiology, and the host immune response via interactions with G-protein coupled receptors. There is also
growing evidence to suggest that chemokines not only
play a role in the immune system, but are also involved
in the development and progression of tumors. In gastric cancer, CXC chemokines and chemokine receptors
regulate the trafficking of cells in and out of the tumor
microenvironment. CXC chemokines and their receptors
can also directly influence tumorigenesis by modulating
tumor transformation, survival, growth, invasion and
metastasis, as well as indirectly by regulating angiogenesis, and tumor-leukocyte interactions. In this review,
we will focus on the roles of CXC chemokines and their
receptors in the development, progression, and metastasis of gastric tumors, and discuss their therapeutic
potential for gastric cancer.
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Core tip: Chemokines were traditionally believed to
regulate the directional migration of leukocytes to inflammatory sites. However, it is now clear that chemokines and chemokine receptors also regulate the processes underlying the development and progression of
malignant disease. In gastric cancer, CXC chemokines
and their receptors directly influence tumorigenesis by
modulating tumor transformation, survival, growth, invasion, and metastasis, as well as indirectly by regulating angiogenesis and interactions between tumor and
microenvironment. Aim of this review is to discuss the
involvement of CXC chemokines and their receptors in
the development, progression, and metastasis of gastric cancer and their therapeutic potential.

Abstract
Gastric cancer is the fourth most common cancer, and
the second-highest cause of cancer-related deaths
worldwide. Despite extensive research to identify novel
diagnostic and therapeutic agents, patients with advanced gastric cancer suffer from a poor quality of life
and poor prognosis, and treatment is dependent mainly
on conventional cytotoxic chemotherapy. To improve
the quality of life and survival of gastric cancer patients,
a better understanding of the underlying molecular
pathologies, and their application towards the develop-
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rized into four major groups (CXC, CC, CX3C or C),
depending on the position of their cysteine residues near
the N-terminus, in which X represents any amino acid.
Most chemokines are in the CXC and CC groups[30-32].
With the exception of the “C” subgroup, all chemokines
include a common four-cysteine residue motif linked by
disulfide bonds at conserved sites: one between the first
and the third Cys, and one between the second and the
fourth Cys, leading to the formation of a triple-stranded
β-sheet structure. CXC chemokines can be further subclassified based on the presence or absence of a glutamic
acid-leucine-arginine (ELR) motif situated before the
first conserved cysteine residue (ELR+ or ELR-)[32-35].
Chemokines are produced by many cell types, including leukocytes, endothelial cells, fibroblasts, epithelial
cells, and tumor cells[32,36]. Recent evidence has revealed
that, in addition to their role in the immune system, chemokines and their receptors are also involved in tumor
initiation and progression[37,38]. Chemokines bind to the
extracellular domain of chemokine receptors, which
comprises the N-terminus and extracellular loops. Following activation, the intracellular domains (consisting of
three loops and the C-terminus) dissociate from G-proteins, which are composed of three distinct subunits (α,
β and γ heterotrimers). This results in the formation of
the second messengers inositol triphosphate (IP3) and
diacylglycerol (DAG), leading to cytoplasmic calcium
mobilization, and the activation of multiple downstream
signaling cascades, including the phosphatidylinositol
3-kinase (PI3K)/Akt, Ras/mitogen-activated protein
kinase (MAPK), and Janus kinase/signal transducer and
activator of transcription (JAK/STAT) pathways[23,25].
In cancer, chemokines and their receptors play a
crucial role in the trafficking of cells in and out of the
tumor microenvironment, modulating the behavior of
the tumor. Chemokines induce directional cell migration, particularly of leukocytes, during inflammation.
Prolonged inflammation can facilitate carcinogenesis
by providing a favorable microenvironment around the
tumor for its growth and development[30,37]. Chemokines
can influence tumorigenesis indirectly by regulating angiogenesis and tumor-leukocyte interactions, and directly
by modulating tumor transformation, survival, growth,
invasion, and metastasis. However, the roles of chemokines and their receptors in tumorigenesis are complex,
since some family members promote conditions favorable for tumor growth and progression, while others
demonstrate anti-tumor activity[30]. For example, ELR+
CXC chemokines such as CXCL8 can enhance tumor
growth by inducing angiogenesis and the chemoattraction of neutrophilic granulocytes. Neutrophils then
further facilitate angiogenesis, tumor growth, and metastasis by releasing matrix-degrading enzymes [such as
matrix-metalloprotease (MMP)-9] and angiogenic tumorpromoting factors such as vascular endothelial growth
factor (VEGF)[30,39-41]. In contrast, ELR- CXC chemokines
such as interferon-γ inducible protein-10 (IP-10; also
known as CXCL10) are angiostatic factors, and attract
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INTRODUCTION
Gastric cancer is the fourth most common cancer and
the second-highest cause of cancer-related deaths worldwide although the incidence is decreasing in many developed countries. Approximately 8% of newly diagnosed
malignant tumors are gastric cancer, and over 700000
people die from gastric cancer annually[1-3]. Despite intensive research into novel diagnostic and therapeutic
interventions, the prognosis of patients with advanced
gastric cancer remains poor, and little improvement
in survival has been achieved[4]. In recent years, many
new advances have enhanced our understanding of
the molecular mechanisms and alterations that lead to
initiation and progression of gastric cancer, including
multiple genetic and molecular alterations and mutations[4-8]. Molecular alterations in gastric carcinogenesis
have been identified in Her-2/neu (c-erbB2)[9-11], c-Myc[12,13],
semaphorin-5A[14], BCL2-like-12 (BCL2L12)[15], c-MET[16],
and K-sam[17], while mutations have been reported in
TP53[18], adenomatous polyposis coli (APC)[19], K-ras[20],
and E-cadherin[21]. Importantly, the ToGA (Trastuzumab
for Gastric Cancer) trial recently demonstrated that the
addition of trastuzumab, a monoclonal antibody against
Her-2/neu, to conventional chemotherapy significantly
improved the survival of patients with advanced gastric
or gastro-esophageal junction cancer compared with chemotherapy alone[22]. In spite of these advances, the successful treatment of advanced or metastatic gastric cancer depends predominantly on the response of the tumor
to conventional cytotoxic chemotherapy. Understanding
the distinct molecular pathways behind the progression
and treatment resistance of gastric cancer may therefore
lead to novel therapeutic opportunities, and improve the
quality of life and overall survival of patients.
Chemokines are a group of small (8-14 kDa) proteins that interact with their cell-surface receptors during development, the host immune response, and other
physiological processes, to direct cells to specific sites
throughout the body[23,24]. The term chemokines was
originally introduced in 1992 as an abbreviated form of
chemotactic cytokines, shortly after the characterization
of the first chemokine, interleukin-8 (IL-8; also known as
CXCL8)[25,26]. Subsequently, chemokines were characterized as a large family of heparin-binding proteins that
modulate cell trafficking and the targeting of immune
cells[25,27,28]. The chemokine system evolved with vertebrates, and approximately 50 human genes encode chemokine ligands, together with more than 20 chemokine
receptor genes, which encode seven-transmembrane G
protein-coupled receptors[23,29]. Chemokines are catego-
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anti-tumoral lymphocytes by binding to CXCR3. Stromal
cell-derived factor-1 (SDF-1; also known as CXCL12) is
an exception to this characterization, since it is an ELRchemokine that can mediate angiogenesis via its cognate
receptor CXCR4[30,37,40,42]. Furthermore, in contrast to the
anti-tumoral activities of the CXCR3-binding ELR- CXC
chemokines, these chemokines also promote the metastasis of CXCR3-positive tumor cells to lymph nodes and
distant sites[37,43,44]. The balance of chemokines and chemokine receptors within the tumor environment is highly
complex, and organ-dependent. In this review we will
focus on the involvement of CXC chemokines and their
receptors in the development, progression, and metastasis of gastric cancer, and their therapeutic potential.

of CXCL12 and its receptor CXCR4 in tumor cells can
lead to the autocrine/paracrine stimulation of cancer
cells, resulting in aggressive tumor behavior [5,73,82,83].
Subsequently, autocrine/paracrine mitogenic effects of
CXCL12 were reported in glioblastoma multiforme, gall
bladder cancer, and pituitary tumors[83-86]. Furthermore,
immunohistochemical analysis demonstrated that the
staining of CXCR4 and CXCL12 in gastric cancer was
more prominent and intense in tumor cells at the invasion
front and in lymphatic vessels, respectively. Patients with
elevated expression of CXCR4 and CXCL12 therefore
exhibit significantly poorer surgical outcomes[5,37,45,66,72].
Another possible mechanism by which CXCL12 contributes to tumor progression is by inducing a favorable
tumor microenvironment by attracting endothelial cells
or recruiting immune suppressive cells to the tumor site,
resulting in angiogenesis and immune evasion, respectively[75,86]. Zhuang et al[87] recently demonstrated that CD8+
T cells secrete IL-17, which induces gastric cancer cells
to produce CXCL12. CXCL12 then recruits myeloidderived suppressor cells (MDSCs) into the tumor microenvironment in a CXCR4-dependent manner, where
MDSCs promote the progression of gastric cancer. In
addition, Ingold et al[51] reported that the expression of
CXCL12 in tumor cells and CXCR4 in the microvessels
surrounding the tumor is associated with increased local
tumor growth and a more advanced tumor stage, suggesting an important role of the CXCL12-CXCR4 axis in
tumor neo-angiogenesis in gastric cancer.
Lastly Shibata et al[88] used CXCL12 transgenic mouse
models to demonstrate that overexpression of CXCL12
contributed to the early stages of gastric carcinogenesis
by recruiting CXCR4-positive mesenchymal stem cells
and stimulating the expansion of myofibroblasts in the
gastric stem cell niche, leading to increased numbers of
epithelial progenitors.
CXCR4 mediates several biological processes in
cancer cells such as directional migration, invasion and
adhesion, all of which are associated with the aggressive
behavior of tumors. The ligation of CXCL12 to CXCR4
activates actin polymerization to induce cell motility[5,89].
In gastric cancer cells, CXCL12 stimulation induced the
formation of lamellipodia and filopodia. Within lamellipodia, the condensation of F-actin at the leading edge
suggested that stimulation of the cells with CXCL12
resulted in the reorganization of F-actin. In addition,
compounds targeting the PI3K/mammalian target of
rapamycin (mTOR) pathway inhibited CXCL12/CXCR4mediated cell migration by preventing F-actin reorganization and lamellipodia formation, and by reducing the expression of GTPases, particularly RhoA[74]. CXCR4 also
activates members of the Src family of protein tyrosine
kinases, thereby inducing the activation of focal adhesion
complexes such as related adhesion focal tyrosine kinase/
Pyk2, focal adhesion kinase, Crk and paxillin. CXCR4
also facilitates the adhesion of tumor cells to components
of the extracellular matrix via integrins[5,90-92]. CXCL12-activated CXCR4 progressively upregulated the expression

CXC CHEMOKINES AND THEIR
RECEPTORS IN GASTRIC CANCER
CXCL12-CXCR4/CXCR7
CXCR4 is differentially expressed in gastric adenocarcinoma at the transcriptional and protein levels, and in
the cell membrane[5,45-59]. The differential expression of
CXCR4 in gastric cancer is also identified by gene expression profiling[57,60,61]. In addition, pre-operative circulating
CXCR4 mRNA levels in the plasma of patients with gastric cancer are elevated compared with normal controls,
but then decrease after surgery[62]. Increased CXCR4 expression in gastric cancer cells is associated with peritoneal carcinomatosis, which occurs frequently and is a major
cause of mortality in patients with gastric cancer[47,63-65].
In addition, elevated expression of CXCL12 was detected
in peritoneal mesothelial cells, suggesting that CXCR4positive gastric cancer cells are preferentially attracted to
the peritoneum, where high levels of its ligand CXCL12
are produced[47,53]. CXCR4 expression is also associated
with aggressive tumor behavior, such as poor differentiation, tumor invasion and metastasis[45,50,54,55,58,66-70], and it
could therefore be an independent prognostic marker
for the overall survival of patients with gastric cancer[71].
Several studies have revealed that gastric cancer cells also
show altered expression of CXCL12. However, the data
are controversial, since increased expression of CXCL12
was associated with tumor size, invasion, lymph node
metastasis, and poor prognosis[51,68,72-75], but the opposite
data have also been reported[76]. Up-regulation of the
CXCL12 gene was demonstrated by cDNA microarrays, while the secretion of CXCL12 was also reported
in gastric cancer cells[77-79]. In addition, Schimanski et al[80]
reported that a CXCL12 (SNP rs1801157) polymorphism
of GA/AA was correlated with distant metastasis. The
circulating levels of CXCL12 in gastric cancer patients
are elevated pre-treatment, and higher in metastatic than
non-metastatic patients, suggesting that secretion correlates with the presence of distant metastases[81]. However,
the precise mechanism by which tumor-derived CXCL12
contributes to tumor progression is unclear.
CXCL12 may regulate tumorigenesis in an autocrine
and/or paracrine manner. The concomitant expression
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of MMP-2 and MMP-7 in gastric cancer cells[5,64], while
CXCR4 expression was also correlated with the expression of MMP-7 and MMP-9 in gastric cancer tissue[58].
MMP-7 activates MMP-2 and MMP-9, and plays a central
role in the degradation of the extracellular matrix, including type Ⅳ collagen. In addition, MMP-7 expression is
related to the transformation of cancer cells, suggesting
a possible mechanism by which CXCL12 stimulates the
invasion, metastasis, and aggressive behavior of gastric
cancer[5,58,93,94].
The binding of CXCL12 to CXCR4 activates a number
of intracellular signaling cascades and effector molecules
that regulate the proliferation, migration, invasion, and
metastasis of cancer cells. The large number of downstream effectors modulated by CXCR4 likely account for
the varying effects of the CXCL12-CXCR4 axis in the
biology of gastric cancer. However, the roles of the various effectors induced by CXCR4 on the individual gastric
cancer processes-such as cell proliferation and adhesionremains unclear. Nevertheless, identifying downstream
effectors of CXCR4 in vivo is important to clarify the
molecular mechanisms by which CXCR4 promotes
gastric cancer[5,92]. CXCL12 interacts with and activates
CXCR4, which in turn activates the p110 β isoform
PI3K, leading to the generation of phosphatidylinositol
(3,4,5)-triphosphate, and the phosphorylation of the
protein kinase B/Akt and mTOR pathways. Activated
mTOR subsequently induces the activation of p70S6K
(S6K), and eukaryotic initiation factor 4E binding protein
1 (4E-BP1)[5,47,64,74,95,96]. The treatment of gastric cancer
cells with CXCL12 stimulates Akt kinase activity, which
leads to the activation of its downstream targets S6K and
4E-BP1. In addition, CXCL12-induced activation of S6K
and 4E-BP can be inhibited selectively using the mTOR
inhibitor rapamycin[5,47,64,74]. Activated Akt/mTOR signaling leads to the phosphorylation of a variety of intracellular targets (including S6K1 and 4E-BP) that are
involved in increased survival and decreased apoptosis in
a variety of cancer cells. Akt and mTOR have also been
implicated in the effects of CXCR4 on cell proliferation and chemotactic migration, which play a role in cell
growth and metastasis[5,47,64]. Accordingly, inhibiting the
Akt/mTOR pathway blocked migration and reduced the
proliferation of gastric cancer cells. Interestingly, gastric
cancer cells expressing high levels of CXCL12 were more
sensitive to rapamycin-mediated inhibition of migration
and proliferation compared with cells expressing low levels of CXCL12. The correlation between CXCL12 gene
expression profiles and the anti-proliferative activities of
rapamycin were confirmed in NCI-60 cells[74].
The MAPK pathway is also modulated by CXCR4.
In response to CXCL12, CXCR4 activates mitogenactivated protein kinase kinase, the upstream activator of
the p42/44 MAPK [also known as extracellular receptor
kinase (ERK)-1/2][5,92]. In gastric cancer cells, treatment
with CXCL12 rapidly induced the phosphorylation of
MAPK, which could be blocked by AMD3100, a small
molecule that specifically inhibits the CXCR4 recep-
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tor[5,45,47,95]. Collectively, these data suggest that the activation of MAPK is another mechanism by which CXCR4
may promote the progression of gastric cancer.
The JAK/STAT pathway is involved in the migration
and invasion of cancer cells[5,97], and is a third potential
pathway by which CXCR4 regulates the growth and progression of gastric cancer. After treatment with CXCL12,
JAK kinases associate with CXCR4, leading to the activation of members of the STAT family of transcription
factors. In a study using a single gastric cancer cell line, it
was reported that CXCR4 signaling is independent of the
JAK/STAT pathway. However, the role of this pathway
in the biological actions of CXCR4 in gastric cancer remains unclear due to insufficient data[5,45].
Recently, CXCR7 was identified as a novel receptor
for CXCL12, which has complicated our understanding
of the role of the CXCL12-CXCR4 axis in regulating
cancer development and progression[86]. CXCR7 is highly
expressed on the surface of malignant cells compared
with cells in normal adult tissues. It binds CXCL12 with a
high affinity, and exerts various biological effects depending on cell type, either by activating intracellular signaling
pathways, or via its role as a scavenger-type receptor. Importantly, CXCR7 was implicated in cancer cell growth,
survival, and metastasis in various cancers, including
breast and lung cancer[98-100]. In gastric cancer, Lee et al[101]
demonstrated that CXCR7 was differentially expressed
in gastric cancer tissues, and that elevated expression
of both CXCR7 and CXCL12 in tumor cells correlated
with aggressive tumor behavior and poor prognosis. This
suggests that additional studies should be carried out to
elucidate the role of the CXCL12-CXCR7 axis in gastric
carcinogenesis.
CXCL8-CXCR1/CXCR2
Several reports have suggested that gastric cancer cells
produce CXCL8 both in vitro and in vivo[102-107]. The gastric
cancer cell lines AGS and KATO Ⅲ secreted CXCL8 following infection with H. pylori, which is associated with
gastric carcinogenesis[103,108]. The up regulation of CXCL8
was demonstrated in gastric cancer cell lines by gene
expression profiling, and in gastric cancer tissue by immunostaining[78,104,109,110]. In addition, the serum levels of
circulating CXCL8 were higher in gastric cancer patients
than healthy controls[111]. The expression of CXCL8 was
associated with increased venous and lymphatic invasion,
and increased depth of invasion in gastric cancer[106]. Elevated mRNA and protein expression of CXCL8 is also
significantly correlated with tumor vascularization, suggesting that it may play a role in gastric cancer[104,109]. Consistent with these observations, CXCL8 was identified as
a strong angiogenic factor in lung, ovarian, and prostate
cancer[112-114]. Direct evidence for the role of CXCL8 in
the angiogenesis and tumorigenesis of gastric cancer was
first provided by Kitadai et al[115] who used CXCL8-stably
transfected gastric cancer cells to demonstrate angiogenic
activity in vitro. In addition, the orthotopic implantation
of CXCL8-transfected gastric cancer cells into nude mice
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CXCR1[109]. This is consistent with previous observations
that the over-expression of CXCL8 by tumor cells attracts a large number of CXCL8 receptor-expressing leukocytes to the tumor site by chemotaxis, and that these
leukocytes then secrete growth factors to further facilitate
the growth and progression of tumors[128,129].

in vivo led to the development of rapidly growing and
highly vascularized tumors.
CXCL8 also plays a role in the migration, invasion,
and adhesion of gastric cancer[116,117]. Ju et al[116] treated
the human gastric cancer cell line SCG-7901 with recombinant CXCL8, and observed enhanced adhesion to endothelial cells and extracellular matrix components, and
increased migration and invasion, possibly by regulating
the expression of MMP-9, intracellular adhesion molecule (ICAM)-1, and E-cadherin. Similarly, Kuai et al[117]
demonstrated that constitutive expression of CXCL8
in MKN45 cells facilitated cell adhesion, migration, and
invasion, all of which were inhibited by silencing CXCL8
expression in KATO Ⅲ cells. In addition, they demonstrated that overexpression of CXCL8 increased the
expression of the adhesion molecules ICAM-1, vascular
cell adhesion molecule-1 and CD44, as well as the activities of activated nuclear factor (NF)-kB and Akt. Finally,
CXCL8 decreased the sensitivity of gastric cancer cells
to the cytotoxic effects of the chemotherapy agent oxaliplatin.
Polymorphisms of the CXCL8 251 allele have also
been linked to gastric cancer risk[118-124]. Wang et al[122]
demonstrated that the AA genotype at the CXCL8 251
allele was a risk factor for gastric cancer, particularly in
Asian populations. Consistent with this, Song et al[124]
reported an increased incidence of this allele in H.
pylori-infected Korean populations. The gastric mucosal
concentration of MMP-9 and angiopoietin (Ang)-1 were
correlated with disease progression in patients with the
CXCL8 251 AA allele, suggesting that this genotype may
be associated with angiogenesis in gastric carcinogenesis.
Finally, Vinagre et al[123] revealed an interaction between
CXCL8 251 polymorphism, particularly with carriers of
the A allele, and s1m1 cagA positive H. pylori infection.
Taken together, these data suggest that polymorphisms
of CXCL8 251 allele play an important role in the development of gastric cancer.
CXCR1 and CXCR2 are the receptors for CXCL8,
and both are expressed on the surface of gastric cancer
cells[107,109,125-127], suggesting that tumor-derived CXCL8
exerts biological effects on the tumor cells in an autocrine or paracrine manner. Wang et al[125] reported that increased CXCR1 expression was associated with advanced
stage, and was an independent risk factor for a higher
nodal stage. They also demonstrated that CXCR1/2 expression was higher in gastric cancer compared with corresponding non-neoplastic tissue, and was correlated with
increased invasion, metastasis, and microvessel density, as
well as increased levels of phospho-Akt, phospho-ERK,
cyclin D1, epidermal growth factor receptor (EGFR),
Bcl-2, MMP-9 and MMP-2. This suggests that CXCR1/2
signaling plays a crucial role in the progression of gastric
cancer, possibly via the phosphorylation of ERK and
Akt[126]. Elevated expression of CXCR1 was also detected
in most, and CXCR2 in only a few, tumor-infiltrating
neutrophils, suggesting that tumor-secreted CXCL8 recruits neutrophils to the tumor microenvironment via
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CXCL1-CXCR2
CXCL1 and its receptor CXCR2 are differentially expressed in gastric cancer[109,130-132]. Gastric cancer cells
produce CXCL1, and its gene expression was detected
both in vitro and in gastric cancer mouse models in
vivo[103,105,133-135]. In addition, the expression of CXCL1
mRNA and protein was higher in gastric cancer tissue
compared with non-cancerous gastric tissues[130,131,136].
Further studies analyzed gene expression profiles, and
revealed the upregulation of circulating CXCL1 levels in
patients with gastric cancer compared with healthy controls[78,130,131,137]. In addition, the expression of CXCR2,
the CXCL1 receptor, was increased significantly in
tumor tissue compared with non-cancerous adjacent
tissue. The immunostaining of consecutive sections
revealed that CXCL1 and CXCR2 were predominantly
co-expressed in tumor epithelial cells, with a significant
correlation between the staining scores of CXCL1 and
CXCR2 in gastric cancer tissue[131]. Increased expression
of both proteins was also associated with tumor progression, and more advanced stages of gastric cancer[131,132],
while elevated CXCL1 expression was an independent
prognostic factor for patient survival[131]. However, the
role of CXCL1 in gastric cancer remains controversial.
Some studies revealed that increased circulating levels of
CXCL1 correlated with aggressive tumor behavior, such
as lymph node metastasis and higher tumor stage[131,137].
In contrast, Junnila et al[130] reported that increased levels
of CXCL1 mRNA transcripts in gastric cancer tissue
were associated with increased survival, although protein
levels of CXCL1 were not measured.
CXCL1 and CXCR2 play important regulatory roles in
the migration, invasion and metastasis of tumor cells, in
a variety of cancers, such as melanoma, colon and breast
cancer[138-140]. In gastric cancer, CXCL1-overexpressing
cells showed increased migratory and invasive potential,
whereas depletion of CXCL1 or CXCR2 significantly decreased the migration and invasion of the same cells[131].
CXCL1-overexpressing cells also expressed significantly
higher levels of MMP-2 and MMP-9 activity than control
cells, and upregulation of Ras and STAT3[131], suggesting
a potential mechanism by which CXCL1-CXCR2 contributes to the progression of gastric cancer.
Additional CXC chemokines and chemokine receptors
CXCL5 is expressed in gastric cancer, and is correlated
with nodal and overall stage [141,142]. Elevated serum
CXCL5 expression is also observed in late-stage gastric
cancer patients compared with those with benign tumors,
suggesting that CXCL5 may play a role in the progression of gastric cancer[142]. In addition, CXCL5 gene ex-
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pression was up regulated in the gastric mucosa of the
A4gnt-/- gastric cancer mouse model compared with wildtype mice, which was confirmed by quantitative reverse
transcription-polymerase chain reaction[134]. However, the
role of the chemokine CXCL5 in gastric carcinogenesis
is still unclear, and additional in vitro and in vivo studies are
needed to characterize its effects.
Recently Yanagi et al [78] used a cDNA microarray
to carry out a comparative analysis on the differential
expression of chemokines and chemokine receptors in
gastric cancer cell lines. They showed that CXCL7 and
CXCL14 were upregulated (along with CXCL1, CXCL8
and CXCL12), suggesting that these chemokines play a
role in the progression of gastric cancer.
CXCL9, CXCL10 and CXCL11 have also been
linked to gastric cancer, and are constitutively expressed
in gastric cancer cell lines such as AGS, KATO Ⅲ and
NCI. In addition, their secretion was strongly induced
by treatment with a combination of interferon-γ and tumor necrosis factor-α[143]. Jung et al[137] used genome-wide
gene expression databases to show that the CXCL9 and
CXCL10 genes were overexpressed more than twofold
in gastric cancer compared to normal tissues. Consistent
with this, Rajkumar et al[144] demonstrated that the plasma
levels of CXCL9 and CXCL10 were decreased significantly in gastric cancer patients after surgery. Additional
studies revealed that a small portion of gastric cancer
cells expressed both CXCL9 and CXCL10, and that their
expression co-localized with cytokeratin[145]. In the same
study, cells in lymphocyte-rich gastric cancers were more
frequently positive for CXCL9 and CXCL10 than were
conventional gastric cancer cells.
The chemokine CXCL16 and its receptor CXCR6 are
up regulated in multiple cancer tissues and cell lines compared with normal samples and cells. In addition, both
CXCL16 and CXCR6 levels increase as tumor malignancy increases. The CXCL16 exists both in a soluble form
and a transmembrane form. Soluble CXCL16 promotes
cell proliferation and migration while transmembranous CXCL16 suppresses proliferation[146]. For example,
Darash-Yahana et al[147] showed that CXCL16-CXCR6 expression level was closely related to high malignant degree
in prostate cancer. Soluble CXCL16 facilitated the migration of CXCR6-expressing cancer cells and promoted
the proliferation in vitro. Hojo et al[148] demonstrated that
CXCL16 expression was up regulated in colorectal tumor
tissue compared with normal mucosa, and suggested that
the transmembranous expression of CXCL16 by tumor
cells enhanced the recruitment of tumor-infiltrating
lymphocytes, thereby improving prognosis. In gastric
cancer, Xing et al[149] recently reported that eight gastric
cancer cell lines and the gastric epithelial cell line GES-1
differentially expressed CXCL16 and CXCR6 mRNA.
They demonstrated that CXCL16 mRNA expression was
elevated in cancer tissue compared with adjacent mucosa,
while CXCR6 was expressed in the opposite manner.
Nuclear CXCL16 expression inversely correlated with
the invasion depth of the tumor, lymphatic invasion, and
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stage, suggesting that CXCL16 and its receptor CXCR6
may play a role in gastric tumorigenesis.

THERAPEUTIC TARGETING OF
CHEMOKINES AND THEIR RECEPTORS IN
GASTRIC CANCER
CXCL12-CXCR4/CXCR7 axis
The CXCL12-CXCR4/CXCR7 axis is a potential novel
therapeutic target for the treatment of cancer, and so
multiple agents that modulate this pathway are being
developed for use in malignant tumors. Examples include the anti-CXCR4 drug AMD3100 (also known as
plerixafor, or Mozobil), the CXCL12 analog CTCE-9908
(Chemokine Therapeutics), the anti-CXCL12 aptamer
Nox-A12 (Noxxon), and the CXCR7-specific inhibitor CCX2066 (ChemoCentryx). Additional strategies to
inhibit CXCL12 signaling, including chalcone 4 (C7870)
or RNA interference, could also be assessed for the treatment of solid tumors[150].
In gastric cancer, several preclinical studies have demonstrated that blocking the CXCL12-CXCR4 axis showed
anti-tumor activity in vitro and in vivo. CXCL12-induced
migration, cell proliferation, and cell survival were significantly blocked by treatment with a neutralizing antiCXCR4 antibody or AMD3100, a specific CXCR4
antagonist[45,47,50,63]. AMD3100 also significantly reduced
tumor growth, inhibited the formation of malignant ascitic fluid, and increased survival in nude mice inoculated
with NUGC-4 cells compared with control. Importantly,
none of the mice showed signs of drug-associated toxicity[47,151,152]. In addition, Xie et al[153] demonstrated that
elevated CXCR4 mRNA levels in gastric cancer tissues
were significantly correlated with docetaxel sensitivity, and that AMD3100 enhanced docetaxel cytotoxicity in vitro. Additional studies reported that plumbagin
(5-hydroxy-2-methyl-1,4-naphthoquinone), an analogue
of vitamin K3, inhibited CXCL12-induced migration and
invasion of gastric cancer cells by down-regulating the
expression of functional CXCR4 at the transcriptional
level[154]. Plumbagin suppressed the binding of NF-κB to
the CXCR4 promoter, suggesting that it inhibits CXCR4
expression by suppressing NF- κ B-mediated CXCR4
transcription. Taken together, these data suggest CXCR4
antagonists to be attractive therapeutic candidates, necessitating a better understanding of the CXCL12-CXCR4
axis in gastric tumorigenesis.
Recent studies suggested that fluorescent magnetic
nanoparticle-labeled mesenchymal stem cells (MSCs)
could target in vivo mouse gastric cancer cells via the
CXCL12-CXCR4 axis to inhibit tumor growth during
hyperthermic therapy[79]. In this study, gastric cancer cells
produced CXCL12, which attracted CXCR4-expressing
MSCs to gastric tumor sites. These data suggest that gastric tumor-expressed CXCL12 could be targeted during
treatments, such as hyperthermia combined with fluorescent magnetic nanoparticle-labeled MSCs, to attract
CXCR4-expressing MSCs.
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CXCL8-CXCR1/CXCR2 axis
The chemokine CXCL8 and its receptors CXCR1/2 are
potential therapeutic targets in a variety of solid tumors
such as malignant melanoma, colon, breast, and bladder cancer. As such, several antagonists of CXCL8CXCR1/CXCR2-mediated signaling are in development,
including neutralizing antibodies and small-molecule
antagonists[140,155-158]. In melanoma, neutralizing antibodies to CXCR1 and CXCR2 inhibited cell proliferation and
invasive potential, while knock down of CXCR1 or CXCR2
using small interfering RNA inhibited melanoma tumor
growth and invasion in vitro and in vivo[156,159]. Varney et al[160]
reported that orally active small molecular antagonists
against CXCR2 and CXCR1 (such as SCH-527123 and
SCH-479833) inhibited liver metastasis by decreasing
neovascularization and enhancing malignant cell apoptosis in colon cancer. Consistent with this, Ning et al[155]
demonstrated that treatment with SCH-527123 alone or
in combination with oxaliplatin synergistically inhibited
proliferation and angiogenesis, and enhanced chemosensitivity in colorectal cancer cells and xenograft models. However, little data in gastric cancer have explored
the potential of the CXCL8-CXCR1/CXCR2 axis as
therapeutic targets until recently. Ju et al[107] reported that
Xiaotan Sanjie Decoction, a traditional Chinese herbal
medicine, inhibited tumor growth by decreasing the expression of CXCL8, CXCR1, and CXCR2 in gastric cancer xenograft models, suggesting that inhibiting this axis
may be one of mechanisms by which the herb inhibits
tumor growth and prevents recurrence. However, with
the recent advances in understanding the role of CXCL8
and its receptors in the development and progression of
gastric cancer, additional studies are needed to maximize
the therapeutic potential of this axis for the treatment of
gastric cancer.

evidence to suggest that modulating CXCL12-CXCR4
signaling could be an important therapeutic strategy, either alone or in combination with conventional treatment
modalities. CXCL8-CXCR1/2 and CXCL1-CXCR2 are
differentially expressed in gastric cancer, and are involved
in its progression. This suggests that they may also be
future therapeutic candidates. About CXCL16-CXCR6,
both CXCL16 and its receptor CXCR6 are aberrantly expressed in gastric cancer suggesting their involvement in
gastric carcinogenesis. However, the role and significance
of CXCL16-CXCR6 in gastric cancer remain uncertain
due to insufficient data. Overall, the role of the various
chemokines and chemokine receptors in the development
and progression of gastric cancer is complex. In addition,
little is known of the roles of other CXC chemokines
and chemokine receptors in gastric cancer. More extensive studies are therefore needed to elucidate the roles of
the complex chemokine and chemokine receptor network
in gastric tumorigenesis, which may result in therapeutic
applications for patients with gastric cancer.

REFERENCES
1
2
3

4
5

CONCLUSION

6

Advanced gastric cancer patients, particularly those with
peritoneal seeding, have a very poor quality of life, and
poor prognosis. To improve quality of life and survival
in these patients, a better understanding of the underlying molecular pathogenesis of gastric carcinogenesis,
and its application for the development of novel targeted
therapies, are urgently needed. Chemokines, also known
as chemotactic cytokines, were traditionally believed to
regulate the directional migration of leukocytes to inflammatory sites. However, it is now clear that chemokines
and their receptors also regulate the processes underlying
the development and progression of malignant diseases,
including tumor growth, survival, angiogenesis, invasion,
and metastasis. CXC chemokines and their receptors
are widely expressed in gastrointestinal tumors, including gastric cancer, and are associated with prognosis.
CXCL12 and its receptor CXCR4 play a crucial role in
aspects of gastric carcinogenesis including cell proliferation, migration, invasion, peritoneal seeding, and resistance to treatment. In addition, there is accumulating

WCGO|www.wjgnet.com

7
8

9

10
11

168

Thiel A, Ristimäki A. Gastric cancer: basic aspects. Helicobacter 2012; 17 Suppl 1: 26-29 [PMID: 22958152 DOI: 10.1111/
j.1523-5378.2012.00979.x]
Pisani P, Parkin DM, Bray F, Ferlay J. Estimates of the
worldwide mortality from 25 cancers in 1990. Int J Cancer
1999; 83: 18-29 [PMID: 10449602]
Lee HJ, Cho do Y, Park JC, Bae SB, Lee KT, Cho IS, Han CS,
Park SY, Yun HJ, Kim S. Phase II trial of biweekly paclitaxel
plus infusional 5-fluorouracil and leucovorin in patients
with advanced or recurrent inoperable gastric cancer. Cancer
Chemother Pharmacol 2009; 63: 427-432 [PMID: 18415100 DOI:
10.1007/s00280-008-0752-4]
Zheng L, Wang L, Ajani J, Xie K. Molecular basis of gastric
cancer development and progression. Gastric Cancer 2004; 7:
61-77 [PMID: 15224192 DOI: 10.1007/s10120-004-0277-4]
Lee HJ, Jo DY. The role of the CXCR4/CXCL12 axis and its
clinical implications in gastric cancer. Histol Histopathol 2012;
27: 1155-1161 [PMID: 22806902]
Ebert MP, Fei G, Kahmann S, Müller O, Yu J, Sung JJ,
Malfertheiner P. Increased beta-catenin mRNA levels and
mutational alterations of the APC and beta-catenin gene are
present in intestinal-type gastric cancer. Carcinogenesis 2002;
23: 87-91 [PMID: 11756228]
Panani AD. Cytogenetic and molecular aspects of gastric
cancer: clinical implications. Cancer Lett 2008; 266: 99-115
[PMID: 18381231 DOI: 10.1016/j.canlet.2008.02.053]
Resende C, Ristimäki A, Machado JC. Genetic and epigenetic alteration in gastric carcinogenesis. Helicobacter
2010; 15 Suppl 1: 34-39 [PMID: 21054651 DOI: 10.1111/
j.1523-5378.2010.00782.x]
Oda N, Tsujino T, Tsuda T, Yoshida K, Nakayama H, Yasui
W, Tahara E. DNA ploidy pattern and amplification of ERBB
and ERBB2 genes in human gastric carcinomas. Virchows
Arch B Cell Pathol Incl Mol Pathol 1990; 58: 273-277 [PMID:
1970690]
Ross JS, McKenna BJ. The HER-2/neu oncogene in tumors
of the gastrointestinal tract. Cancer Invest 2001; 19: 554-568
[PMID: 11458821]
Shun CT, Wu MS, Lin JT, Chen SY, Wang HP, Lee WJ, Wang
TH, Chuang SM. Relationship of p53 and c-erbB-2 expression to histopathological features, Helicobacter pylori infection and prognosis in gastric cancer. Hepatogastroenterology
1997; 44: 604-609 [PMID: 9164544]

February 8, 2015|First Edition|

Lee HJ et al . CXC chemokines in gastric cancer
12

13
14

15

16
17

18

19

20

21

22

23
24

25

26

27

Han S, Kim HY, Park K, Cho HJ, Lee MS, Kim HJ, Kim YD.
c-Myc expression is related with cell proliferation and associated with poor clinical outcome in human gastric cancer. J
Korean Med Sci 1999; 14: 526-530 [PMID: 10576148]
Kozma L, Kiss I, Hajdú J, Szentkereszty Z, Szakáll S, Ember
I. C-myc amplification and cluster analysis in human gastric
carcinoma. Anticancer Res 2001; 21: 707-710 [PMID: 11299830]
Pan G, Lv H, Ren H, Wang Y, Liu Y, Jiang H, Wen J. Elevated expression of semaphorin 5A in human gastric cancer and
its implication in carcinogenesis. Life Sci 2010; 86: 139-144
[PMID: 20026339 DOI: 10.1016/j.lfs.2009.12.004]
Florou D, Papadopoulos IN, Scorilas A. Molecular analysis
and prognostic impact of the novel apoptotic gene BCL2L12
in gastric cancer. Biochem Biophys Res Commun 2010; 391:
214-218 [PMID: 19903463 DOI: 10.1016/j.bbrc.2009.11.034]
Kuniyasu H, Yasui W, Yokozaki H, Kitadai Y, Tahara E.
Aberrant expression of c-met mRNA in human gastric carcinomas. Int J Cancer 1993; 55: 72-75 [PMID: 8344755]
Hattori Y, Odagiri H, Nakatani H, Miyagawa K, Naito K,
Sakamoto H, Katoh O, Yoshida T, Sugimura T, Terada M.
K-sam, an amplified gene in stomach cancer, is a member of
the heparin-binding growth factor receptor genes. Proc Natl
Acad Sci USA 1990; 87: 5983-5987 [PMID: 2377625]
Liu XP, Tsushimi K, Tsushimi M, Oga A, Kawauchi S, Furuya T, Sasaki K. Expression of p53 protein as a prognostic
indicator of reduced survival time in diffuse-type gastric
carcinoma. Pathol Int 2001; 51: 440-444 [PMID: 11422805]
Nakatsuru S, Yanagisawa A, Ichii S, Tahara E, Kato Y, Nakamura Y, Horii A. Somatic mutation of the APC gene in
gastric cancer: frequent mutations in very well differentiated
adenocarcinoma and signet-ring cell carcinoma. Hum Mol
Genet 1992; 1: 559-563 [PMID: 1338691]
Lee KH, Lee JS, Suh C, Kim SW, Kim SB, Lee JH, Lee MS,
Park MY, Sun HS, Kim SH. Clinicopathologic significance of
the K-ras gene codon 12 point mutation in stomach cancer.
An analysis of 140 cases. Cancer 1995; 75: 2794-2801 [PMID:
7773929]
More H, Humar B, Weber W, Ward R, Christian A, Lintott
C, Graziano F, Ruzzo AM, Acosta E, Boman B, Harlan M,
Ferreira P, Seruca R, Suriano G, Guilford P. Identification of
seven novel germline mutations in the human E-cadherin
(CDH1) gene. Hum Mutat 2007; 28: 203 [PMID: 17221870
DOI: 10.1002/humu.9473]
Bang YJ, Van Cutsem E, Feyereislova A, Chung HC, Shen L,
Sawaki A, Lordick F, Ohtsu A, Omuro Y, Satoh T, Aprile G,
Kulikov E, Hill J, Lehle M, Rüschoff J, Kang YK. Trastuzumab in combination with chemotherapy versus chemotherapy
alone for treatment of HER2-positive advanced gastric or
gastro-oesophageal junction cancer (ToGA): a phase 3, openlabel, randomised controlled trial. Lancet 2010; 376: 687-697
[PMID: 20728210 DOI: 10.1016/s0140-6736(10)61121-x]
Balkwill FR. The chemokine system and cancer. J Pathol
2012; 226: 148-157 [PMID: 21989643 DOI: 10.1002/path.3029]
Koizumi K, Hojo S, Akashi T, Yasumoto K, Saiki I. Chemokine receptors in cancer metastasis and cancer cellderived chemokines in host immune response. Cancer
Sci 2007; 98: 1652-1658 [PMID: 17894551 DOI: 10.1111/
j.1349-7006.2007.00606.x]
Burger JA. Chemokines and chemokine receptors in
chronic lymphocytic leukemia (CLL): from understanding the basics towards therapeutic targeting. Semin Cancer
Biol 2010; 20: 424-430 [PMID: 20883788 DOI: 10.1016/
j.semcancer.2010.09.005]
Kunkel SL, Strieter RM, Lindley IJ, Westwick J. Chemokines: new ligands, receptors and activities. Immunol Today
1995; 16: 559-561 [PMID: 8579746 DOI: 10.1016/0167-5699(95
)80076-x]
Keeley EC, Mehrad B, Strieter RM. CXC chemokines
in cancer angiogenesis and metastases. Adv Cancer Res
2010; 106: 91-111 [PMID: 20399957 DOI: 10.1016/s0065-

WCGO|www.wjgnet.com

28
29
30

31

32

33

34

35

36
37

38
39
40

41

42

43

44

45

169

230x(10)06003-3]
Charo IF, Ransohoff RM. The many roles of chemokines and
chemokine receptors in inflammation. N Engl J Med 2006;
354: 610-621 [PMID: 16467548 DOI: 10.1056/NEJMra052723]
Vicari AP, Caux C. Chemokines in cancer. Cytokine Growth
Factor Rev 2002; 13: 143-154 [PMID: 11900990]
Vandercappellen J, Van Damme J, Struyf S. The role of
CXC chemokines and their receptors in cancer. Cancer
Lett 2008; 267: 226-244 [PMID: 18579287 DOI: 10.1016/
j.canlet.2008.04.050]
Zhu Q, Han X, Peng J, Qin H, Wang Y. The role of CXC
chemokines and their receptors in the progression and
treatment of tumors. J Mol Histol 2012; 43: 699-713 [PMID:
22752457 DOI: 10.1007/s10735-012-9435-x]
Verbeke H, Struyf S, Laureys G, Van Damme J. The expression and role of CXC chemokines in colorectal cancer. Cytokine Growth Factor Rev 2011; 22: 345-358 [PMID: 22000992
DOI: 10.1016/j.cytogfr.2011.09.002]
Strieter RM, Burdick MD, Mestas J, Gomperts B, Keane MP,
Belperio JA. Cancer CXC chemokine networks and tumour
angiogenesis. Eur J Cancer 2006; 42: 768-778 [PMID: 16510280
DOI: 10.1016/j.ejca.2006.01.006]
Rainczuk A, Rao J, Gathercole J, Stephens AN. The emerging role of CXC chemokines in epithelial ovarian cancer. Reproduction 2012; 144: 303-317 [PMID: 22771929 DOI: 10.1530/
rep-12-0153]
Fernandez EJ, Lolis E. Structure, function, and inhibition of chemokines. Annu Rev Pharmacol Toxicol 2002; 42:
469-499 [PMID: 11807180 DOI: 10.1146/annurev.pharmtox.42.091901.115838]
Arya M, Patel HR, Williamson M. Chemokines: key players in cancer. Curr Med Res Opin 2003; 19: 557-564 [PMID:
14594528 DOI: 10.1185/030079903125002216]
Verbeke H, Geboes K, Van Damme J, Struyf S. The role
of CXC chemokines in the transition of chronic inflammation to esophageal and gastric cancer. Biochim Biophys
Acta 2012; 1825: 117-129 [PMID: 22079531 DOI: 10.1016/
j.bbcan.2011.10.008]
Luster AD. Chemokines--chemotactic cytokines that mediate inflammation. N Engl J Med 1998; 338: 436-445 [PMID:
9459648 DOI: 10.1056/nejm199802123380706]
Tazzyman S, Lewis CE, Murdoch C. Neutrophils: key mediators of tumour angiogenesis. Int J Exp Pathol 2009; 90: 222-231
[PMID: 19563607 DOI: 10.1111/j.1365-2613.2009.00641.x]
Strieter RM, Polverini PJ, Kunkel SL, Arenberg DA, Burdick
MD, Kasper J, Dzuiba J, Van Damme J, Walz A, Marriott
D. The functional role of the ELR motif in CXC chemokinemediated angiogenesis. J Biol Chem 1995; 270: 27348-27357
[PMID: 7592998]
Strieter RM, Burdick MD, Gomperts BN, Belperio JA, Keane MP. CXC chemokines in angiogenesis. Cytokine Growth
Factor Rev 2005; 16: 593-609 [PMID: 16046180 DOI: 10.1016/
j.cytogfr.2005.04.007]
Strieter RM, Belperio JA, Phillips RJ, Keane MP. CXC
chemokines in angiogenesis of cancer. Semin Cancer
Biol 2004; 14: 195-200 [PMID: 15246055 DOI: 10.1016/
j.semcancer.2003.10.006]
Zipin-Roitman A, Meshel T, Sagi-Assif O, Shalmon B, Avivi
C, Pfeffer RM, Witz IP, Ben-Baruch A. CXCL10 promotes
invasion-related properties in human colorectal carcinoma
cells. Cancer Res 2007; 67: 3396-3405 [PMID: 17409450 DOI:
10.1158/0008-5472.can-06-3087]
Kawada K, Sonoshita M, Sakashita H, Takabayashi A,
Yamaoka Y, Manabe T, Inaba K, Minato N, Oshima M,
Taketo MM. Pivotal role of CXCR3 in melanoma cell metastasis to lymph nodes. Cancer Res 2004; 64: 4010-4017 [PMID:
15173015 DOI: 10.1158/0008-5472.can-03-1757]
Lee HJ, Kim SW, Kim HY, Li S, Yun HJ, Song KS, Kim S, Jo
DY. Chemokine receptor CXCR4 expression, function, and
clinical implications in gastric cancer. Int J Oncol 2009; 34:

February 8, 2015|First Edition|

Lee HJ et al . CXC chemokines in gastric cancer

46
47

48

49

50

51

52

53

54

55

56

57

58

59

60

473-480 [PMID: 19148483]
Li S, Huang S, Peng SB. Overexpression of G protein-coupled receptors in cancer cells: involvement in tumor progression. Int J Oncol 2005; 27: 1329-1339 [PMID: 16211229]
Yasumoto K, Koizumi K, Kawashima A, Saitoh Y, Arita Y,
Shinohara K, Minami T, Nakayama T, Sakurai H, Takahashi
Y, Yoshie O, Saiki I. Role of the CXCL12/CXCR4 axis in
peritoneal carcinomatosis of gastric cancer. Cancer Res 2006;
66: 2181-2187 [PMID: 16489019 DOI: 10.1158/0008-5472.
can-05-3393]
Zhao BC, Zhao B, Han JG, Ma HC, Wang ZJ. Adiposederived stem cells promote gastric cancer cell growth, migration and invasion through SDF-1/CXCR4 axis. Hepatogastroenterology 2010; 57: 1382-1389 [PMID: 21443090]
Mitra P, Shibuta K, Mathai J, Shimoda K, Banner BF, Mori M,
Barnard GF. CXCR4 mRNA expression in colon, esophageal
and gastric cancers and hepatitis C infected liver. Int J Oncol
1999; 14: 917-925 [PMID: 10200342]
Zhao BC, Wang ZJ, Mao WZ, Ma HC, Han JG, Zhao B, Xu
HM. CXCR4/SDF-1 axis is involved in lymph node metastasis of gastric carcinoma. World J Gastroenterol 2011; 17:
2389-2396 [PMID: 21633638 DOI: 10.3748/wjg.v17.i19.2389]
Ingold B, Simon E, Ungethüm U, Kuban RJ, Müller BM,
Lupp A, Neumann U, Ebert MP, Denkert C, Weichert
W, Schulz S, Röcken C. Vascular CXCR4 expression - a
novel antiangiogenic target in gastric cancer? PLoS One
2010; 5: e10087 [PMID: 20386750 DOI: 10.1371/journal.
pone.0010087]
Pituch-Noworolska A, Drabik G, Szatanek R, Białas M,
Kołodziejczyk P, Szczepanik A, Stachura J, Zembala M. Immunophenotype of isolated tumour cells in the blood, bone
marrow and lymph nodes of patients with gastric cancer. Pol
J Pathol 2007; 58: 93-97 [PMID: 17715675]
Yasumoto K, Yamada T, Kawashima A, Wang W, Li Q,
Donev IS, Tacheuchi S, Mouri H, Yamashita K, Ohtsubo K,
Yano S. The EGFR ligands amphiregulin and heparin-binding egf-like growth factor promote peritoneal carcinomatosis
in CXCR4-expressing gastric cancer. Clin Cancer Res 2011;
17: 3619-3630 [PMID: 21482691 DOI: 10.1158/1078-0432.
ccr-10-2475]
Ying J, Xu Q, Zhang G, Liu B, Zhu L. The expression of
CXCL12 and CXCR4 in gastric cancer and their correlation to
lymph node metastasis. Med Oncol 2012; 29: 1716-1722 [PMID:
21630055 DOI: 10.1007/s12032-011-9990-0]
Zhao C, Ma H, Bu X, Wang W, Zhang N. SFRP5 inhibits gastric epithelial cell migration induced by macrophage-derived
Wnt5a. Carcinogenesis 2013; 34: 146-152 [PMID: 23054609
DOI: 10.1093/carcin/bgs309]
Xue Z, Yan H, Li J, Liang S, Cai X, Chen X, Wu Q, Gao L, Wu
K, Nie Y, Fan D. Identification of cancer stem cells in vincristine preconditioned SGC7901 gastric cancer cell line. J Cell
Biochem 2012; 113: 302-312 [PMID: 21913215 DOI: 10.1002/
jcb.23356]
Graziosi L, Mencarelli A, Santorelli C, Renga B, Cipriani S,
Cavazzoni E, Palladino G, Laufer S, Burnet M, Donini A,
Fiorucci S. Mechanistic role of p38 MAPK in gastric cancer
dissemination in a rodent model peritoneal metastasis. Eur J
Pharmacol 2012; 674: 143-152 [PMID: 22119383 DOI: 10.1016/
j.ejphar.2011.11.015]
Fanelli MF, Chinen LT, Begnami MD, Costa WL, Fregnami
JH, Soares FA, Montagnini AL. The influence of transforming growth factor-α, cyclooxygenase-2, matrix metalloproteinase (MMP)-7, MMP-9 and CXCR4 proteins involved in
epithelial-mesenchymal transition on overall survival of
patients with gastric cancer. Histopathology 2012; 61: 153-161
[PMID: 22582975 DOI: 10.1111/j.1365-2559.2011.04139.x]
Kwak MK, Hur K, Park DJ, Lee HJ, Lee HS, Kim WH, Lee
KU, Choe KJ, Yang HK. Expression of chemokine receptors
in human gastric cancer. Tumour Biol 2005; 26: 65-70 [PMID:
15867478 DOI: 10.1159/000085587]

WCGO|www.wjgnet.com

61

62

63

64

65

66

67

68

69

70

71

72

73

74

170

Sun XJ, Sun KL, Zheng ZH, Fu WN, Hao DM, Xu HM, Li
XM. Gene expression patterns in gastric cancer. Zhonghua
Yixue Yichuanxue Zazhi 2006; 23: 142-146 [PMID: 16604482]
Graziosi L, Mencarelli A, Renga B, Santorelli C, Cantarella
F, Bugiantella W, Cavazzoni E, Donini A, Fiorucci S. Gene
expression changes induced by HIPEC in a murine model of
gastric cancer. In Vivo 2012; 26: 39-45 [PMID: 22210714]
Xu W, Zhou H, Qian H, Bu X, Chen D, Gu H, Zhu W, Yan Y,
Mao F. Combination of circulating CXCR4 and Bmi-1 mRNA
in plasma: A potential novel tumor marker for gastric cancer.
Mol Med Rep 2012; 2: 765-771 [PMID: 21475899 DOI: 10.3892/
mmr_00000170]
Ding YL, Zhang JL, Tang SF, Fu QY, Li ZT. [Effect of chemokine stromal cell derived factor-1 and its receptor CXCR4 on
the peritoneal carcinometastasis of gastric cancer]. Zhonghua
Yixue Zazhi 2008; 88: 202-205 [PMID: 18361822]
Hashimoto I, Koizumi K, Tatematsu M, Minami T, Cho S,
Takeno N, Nakashima A, Sakurai H, Saito S, Tsukada K,
Saiki I. Blocking on the CXCR4/mTOR signalling pathway
induces the anti-metastatic properties and autophagic cell
death in peritoneal disseminated gastric cancer cells. Eur J
Cancer 2008; 44: 1022-1029 [PMID: 18375114 DOI: 10.1016/
j.ejca.2008.02.043]
Zieker D, Königsrainer I, Traub F, Nieselt K, Knapp B, Schillinger C, Stirnkorb C, Fend F, Northoff H, Kupka S, Brücher
BL, Königsrainer A. PGK1 a potential marker for peritoneal
dissemination in gastric cancer. Cell Physiol Biochem 2008; 21:
429-436 [PMID: 18453750 DOI: 10.1159/000129635]
Tsuboi K, Kodera Y, Nakanishi H, Ito S, Mochizuki Y, Nakayama G, Koike M, Fujiwara M, Yamamura Y, Nakao A.
Expression of CXCL12 and CXCR4 in pT3-stage gastric cancer does not correlate with peritoneal metastasis. Oncol Rep
2008; 20: 1117-1123 [PMID: 18949410]
Arigami T, Natsugoe S, Uenosono Y, Yanagita S, Arima H,
Hirata M, Ishigami S, Aikou T. CCR7 and CXCR4 expression
predicts lymph node status including micrometastasis in
gastric cancer. Int J Oncol 2009; 35: 19-24 [PMID: 19513547]
Iwasa S, Yanagawa T, Fan J, Katoh R. Expression of CXCR4
and its ligand SDF-1 in intestinal-type gastric cancer is associated with lymph node and liver metastasis. Anticancer Res
2009; 29: 4751-4758 [PMID: 20032431]
Zhu S, Hong J, Tripathi MK, Sehdev V, Belkhiri A, El-Rifai
W. Regulation of CXCR4-mediated invasion by DARPP-32
in gastric cancer cells. Mol Cancer Res 2013; 11: 86-94 [PMID:
23160836 DOI: 10.1158/1541-7786.mcr-12-0243-t]
Bao W, Fu HJ, Xie QS, Wang L, Zhang R, Guo ZY, Zhao
J, Meng YL, Ren XL, Wang T, Li Q, Jin BQ, Yao LB, Wang
RA, Fan DM, Chen SY, Jia LT, Yang AG. HER2 interacts
with CD44 to up-regulate CXCR4 via epigenetic silencing
of microRNA-139 in gastric cancer cells. Gastroenterology
2011; 141: 2076-2087.e6 [PMID: 21925125 DOI: 10.1053/
j.gastro.2011.08.050]
He H, Wang C, Shen Z, Fang Y, Wang X, Chen W, Liu F,
Qin X, Sun Y. Upregulated expression of C-X-C chemokine
receptor 4 is an independent prognostic predictor for patients with gastric cancer. PLoS One 2013; 8: e71864 [PMID:
23936528 DOI: 10.1371/journal.pone.0071864]
Ishigami S, Natsugoe S, Okumura H, Matsumoto M, Nakajo
A, Uenosono Y, Arigami T, Uchikado Y, Setoyama T, Arima
H, Hokita S, Aikou T. Clinical implication of CXCL12 expression in gastric cancer. Ann Surg Oncol 2007; 14: 3154-3158
[PMID: 17653799 DOI: 10.1245/s10434-007-9521-6]
Lee HJ, Huang SM, Kim HY, Oh YS, Hwang JY, Liang ZL,
Ki Min J, Yun HJ, Sul JY, Kim S, Jo DY, Kim JM. Evaluation
of the combined expression of chemokine SDF-1α and its receptor CXCR4 as a prognostic marker for gastric cancer. Exp
Ther Med 2011; 2: 499-504 [PMID: 22977531 DOI: 10.3892/
etm.2011.228]
Chen G, Chen SM, Wang X, Ding XF, Ding J, Meng LH.
Inhibition of chemokine (CXC motif) ligand 12/chemokine

February 8, 2015|First Edition|

Lee HJ et al . CXC chemokines in gastric cancer

75

76

77

78
79

80

81

82

83

84

85

86

87

(CXC motif) receptor 4 axis (CXCL12/CXCR4)-mediated
cell migration by targeting mammalian target of rapamycin
(mTOR) pathway in human gastric carcinoma cells. J Biol
Chem 2012; 287: 12132-12141 [PMID: 22337890 DOI: 10.1074/
jbc.M111.302299]
Song IC, Liang ZL, Lee JC, Huang SM, Kim HY, Oh YS,
Yun HJ, Sul JY, Jo DY, Kim S, Kim JM, Lee HJ. Expression
of stromal cell-derived factor-1α is an independent risk
factor for lymph node metastasis in early gastric cancer.
Oncol Lett 2011; 2: 1197-1202 [PMID: 22848288 DOI: 10.3892/
ol.2011.389]
Zhi Y, Chen J, Zhang S, Chang X, Ma J, Dai D. Downregulation of CXCL12 by DNA hypermethylation and its
involvement in gastric cancer metastatic progression. Dig
Dis Sci 2012; 57: 650-659 [PMID: 21960286 DOI: 10.1007/
s10620-011-1922-5]
Ruan J, Song H, Li C, Bao C, Fu H, Wang K, Ni J, Cui D.
DiR-labeled Embryonic Stem Cells for Targeted Imaging
of in vivo Gastric Cancer Cells. Theranostics 2012; 2: 618-628
[PMID: 22768029 DOI: 10.7150/thno.4561]
Yanagie H, Hisa T, Ono M, Eriguchi M. [Chemokine and
chemokine receptor related to cancer metastasis]. Gan To
Kagaku Ryoho 2010; 37: 2052-2057 [PMID: 21084802]
Ruan J, Ji J, Song H, Qian Q, Wang K, Wang C, Cui D. Fluorescent magnetic nanoparticle-labeled mesenchymal stem
cells for targeted imaging and hyperthermia therapy of in
vivo gastric cancer. Nanoscale Res Lett 2012; 7: 309 [PMID:
22709686 DOI: 10.1186/1556-276x-7-309]
Schimanski CC, Jordan M, Schlaegel F, Schmidtmann I,
Lang H, Galle PR, Moehler M, Gockel I. SNP rs1801157 significantly correlates with distant metastasis in CXCL12 expressing esophagogastric cancer. Int J Oncol 2011; 39: 515-520
[PMID: 21584490 DOI: 10.3892/ijo.2011.1044]
Woo IS, Hong SH, Byun JH, Kang JH, Jeon HM, Choi MG.
Circulating stromal cell derived factor-1alpha (SDF-1alpha)
is predictive of distant metastasis in gastric carcinoma. Cancer Invest 2008; 26: 256-261 [PMID: 18317966 DOI: 10.1080/07
357900701684057]
Rempel SA, Dudas S, Ge S, Gutiérrez JA. Identification and
localization of the cytokine SDF1 and its receptor, CXC chemokine receptor 4, to regions of necrosis and angiogenesis in
human glioblastoma. Clin Cancer Res 2000; 6: 102-111 [PMID:
10656438]
Barbieri F, Bajetto A, Stumm R, Pattarozzi A, Porcile C, Zona
G, Dorcaratto A, Ravetti JL, Minuto F, Spaziante R, Schettini G, Ferone D, Florio T. Overexpression of stromal cellderived factor 1 and its receptor CXCR4 induces autocrine/
paracrine cell proliferation in human pituitary adenomas.
Clin Cancer Res 2008; 14: 5022-5032 [PMID: 18698020 DOI:
10.1158/1078-0432.ccr-07-4717]
Barbero S, Bonavia R, Bajetto A, Porcile C, Pirani P, Ravetti
JL, Zona GL, Spaziante R, Florio T, Schettini G. Stromal cellderived factor 1alpha stimulates human glioblastoma cell
growth through the activation of both extracellular signalregulated kinases 1/2 and Akt. Cancer Res 2003; 63: 1969-1974
[PMID: 12702590]
Bajetto A, Barbieri F, Dorcaratto A, Barbero S, Daga A,
Porcile C, Ravetti JL, Zona G, Spaziante R, Corte G, Schettini G, Florio T. Expression of CXC chemokine receptors 1-5
and their ligands in human glioma tissues: role of CXCR4
and SDF1 in glioma cell proliferation and migration. Neurochem Int 2006; 49: 423-432 [PMID: 16621164 DOI: 10.1016/
j.neuint.2006.03.003]
Lee HJ, Lee K, Lee DG, Bae KH, Kim JS, Liang ZL, Huang
SM, Suk Oh Y, Kim HY, Jo DY, Min JK, Kim JM, Lee HJ.
Chemokine (C-X-C motif) ligand 12 is associated with gallbladder carcinoma progression and is a novel independent
poor prognostic factor. Clin Cancer Res 2012; 18: 3270-3280
[PMID: 22553346 DOI: 10.1158/1078-0432.ccr-11-2417]
Zhuang Y, Peng LS, Zhao YL, Shi Y, Mao XH, Chen W, Pang

WCGO|www.wjgnet.com

KC, Liu XF, Liu T, Zhang JY, Zeng H, Liu KY, Guo G, Tong
WD, Shi Y, Tang B, Li N, Yu S, Luo P, Zhang WJ, Lu DS, Yu
PW, Zou QM. CD8(+) T cells that produce interleukin-17
regulate myeloid-derived suppressor cells and are associated
with survival time of patients with gastric cancer. Gastroenterology 2012; 143: 951-962.e8 [PMID: 22710190 DOI: 10.1053/
j.gastro.2012.06.010]
88 Shibata W, Ariyama H, Westphalen CB, Worthley DL,
Muthupalani S, Asfaha S, Dubeykovskaya Z, Quante M, Fox
JG, Wang TC. Stromal cell-derived factor-1 overexpression
induces gastric dysplasia through expansion of stromal myofibroblasts and epithelial progenitors. Gut 2013; 62: 192-200
[PMID: 22362916 DOI: 10.1136/gutjnl-2011-301824]
89 Oh YS, Kim HY, Song IC, Yun HJ, Jo DY, Kim S, Lee HJ. Hypoxia induces CXCR4 expression and biological activity in
gastric cancer cells through activation of hypoxia-inducible
factor-1α. Oncol Rep 2012; 28: 2239-2246 [PMID: 23023480
DOI: 10.3892/or.2012.2063]
90 Fernandis AZ, Prasad A, Band H, Klösel R, Ganju RK. Regulation of CXCR4-mediated chemotaxis and chemoinvasion
of breast cancer cells. Oncogene 2004; 23: 157-167 [PMID:
14712221 DOI: 10.1038/sj.onc.1206910]
91 Hartmann TN, Burger JA, Glodek A, Fujii N, Burger M.
CXCR4 chemokine receptor and integrin signaling co-operate in mediating adhesion and chemoresistance in small cell
lung cancer (SCLC) cells. Oncogene 2005; 24: 4462-4471 [PMID:
15806155 DOI: 10.1038/sj.onc.1208621]
92 Luker KE, Luker GD. Functions of CXCL12 and CXCR4 in
breast cancer. Cancer Lett 2006; 238: 30-41 [PMID: 16046252
DOI: 10.1016/j.canlet.2005.06.021]
93 Yamashita K, Azumano I, Mai M, Okada Y. Expression and
tissue localization of matrix metalloproteinase 7 (matrilysin)
in human gastric carcinomas. Implications for vessel invasion and metastasis. Int J Cancer 1998; 79: 187-194 [PMID:
9583735]
94 Shim KN, Jung SA, Joo YH, Yoo K. Clinical significance of
tissue levels of matrix metalloproteinases and tissue inhibitors
of metalloproteinases in gastric cancer. J Gastroenterol 2007; 42:
120-128 [PMID: 17351800 DOI: 10.1007/s00535-006-1975-y]
95 Dubeykovskaya Z, Dubeykovskiy A, Solal-Cohen J, Wang
TC. Secreted trefoil factor 2 activates the CXCR4 receptor
in epithelial and lymphocytic cancer cell lines. J Biol Chem
2009; 284: 3650-3662 [PMID: 19064997 DOI: 10.1074/jbc.
M804935200]
96 Koizumi K, Kato S, Sakurai H, Hashimoto I, Yasumoto K,
Saiki I. Therapeutics target of CXCR4 and its downstream in
peritoneal carcinomatosis of gastric cancer. Front Biosci (Schol
Ed) 2012; 4: 269-276 [PMID: 22202059]
97 Soriano SF, Serrano A, Hernanz-Falcón P, Martín de Ana A,
Monterrubio M, Martínez C, Rodríguez-Frade JM, Mellado
M. Chemokines integrate JAK/STAT and G-protein pathways during chemotaxis and calcium flux responses. Eur J
Immunol 2003; 33: 1328-1333 [PMID: 12731058 DOI: 10.1002/
eji.200323897]
98 Maksym RB, Tarnowski M, Grymula K, Tarnowska J,
Wysoczynski M, Liu R, Czerny B, Ratajczak J, Kucia M,
Ratajczak MZ. The role of stromal-derived factor-1--CXCR7
axis in development and cancer. Eur J Pharmacol 2009; 625:
31-40 [PMID: 19835865 DOI: 10.1016/j.ejphar.2009.04.071]
99 Burns JM, Summers BC, Wang Y, Melikian A, Berahovich
R, Miao Z, Penfold ME, Sunshine MJ, Littman DR, Kuo CJ,
Wei K, McMaster BE, Wright K, Howard MC, Schall TJ. A
novel chemokine receptor for SDF-1 and I-TAC involved in
cell survival, cell adhesion, and tumor development. J Exp
Med 2006; 203: 2201-2213 [PMID: 16940167 DOI: 10.1084/
jem.20052144]
100 Miao Z, Luker KE, Summers BC, Berahovich R, Bhojani MS,
Rehemtulla A, Kleer CG, Essner JJ, Nasevicius A, Luker
GD, Howard MC, Schall TJ. CXCR7 (RDC1) promotes
breast and lung tumor growth in vivo and is expressed

171

February 8, 2015|First Edition|

Lee HJ et al . CXC chemokines in gastric cancer

101

102

103

104

105

106

107

108

109

110

111

112

113

on tumor-associated vasculature. Proc Natl Acad Sci USA
2007; 104: 15735-15740 [PMID: 17898181 DOI: 10.1073/
pnas.0610444104]
Lee HJ, Lee KS, Ryu H, Song IC, Huang SM, Yun HJ, Kim
J, Jo DY, Kim S. The combined expression of CXCR7 and
its ligand CXCL12 is a marker for unfavorable prognosis in
gastric cancer. Ann Oncol 2012; 23 suppl 9: 541-541 Available from: URL: http://annonc.oxfordjournals.org/content/23/suppl_9/ix541.full?sid=956a7a70-63a0-4e96-80d17d8982754c6c
Miyazaki H, Takabe K, Yeudall WA. Chemokines, chemokine receptors and the gastrointestinal system. World J Gastroenterol 2013; 19: 2847-2863 [PMID: 23704819 DOI: 10.3748/
wjg.v19.i19.2847]
Sieveking D, Mitchell HM, Day AS. Gastric epithelial cell
CXC chemokine secretion following Helicobacter pylori
infection in vitro. J Gastroenterol Hepatol 2004; 19: 982-987
[PMID: 15304113 DOI: 10.1111/j.1440-1746.2004.03413.x]
Kitadai Y, Haruma K, Sumii K, Yamamoto S, Ue T, Yokozaki H, Yasui W, Ohmoto Y, Kajiyama G, Fidler IJ, Tahara E.
Expression of interleukin-8 correlates with vascularity in human gastric carcinomas. Am J Pathol 1998; 152: 93-100 [PMID:
9422527]
Torti D, Sassi F, Galimi F, Gastaldi S, Perera T, Comoglio
PM, Trusolino L, Bertotti A. A preclinical algorithm of
soluble surrogate biomarkers that correlate with therapeutic inhibition of the MET oncogene in gastric tumors. Int J
Cancer 2012; 130: 1357-1366 [PMID: 21500189 DOI: 10.1002/
ijc.26137]
Kido S, Kitadai Y, Hattori N, Haruma K, Kido T, Ohta M,
Tanaka S, Yoshihara M, Sumii K, Ohmoto Y, Chayama K.
Interleukin 8 and vascular endothelial growth factor -- prognostic factors in human gastric carcinomas? Eur J Cancer
2001; 37: 1482-1487 [PMID: 11506954]
Ju DW, Wei PK, Lin HM, Sun DZ, Yu S, Xiu LJ. Effects of
Xiaotan Sanjie Decoction on expressions of interleukin-8 and
its receptors in gastric tumor xenografts and gastric tissue
adjacent to the tumor in mice. Zhongxi Yijiehe Xuebao 2010; 8:
74-79 [PMID: 20082763]
Sakitani K, Hirata Y, Hayakawa Y, Serizawa T, Nakata
W, Takahashi R, Kinoshita H, Sakamoto K, Nakagawa H,
Akanuma M, Yoshida H, Maeda S, Koike K. Role of interleukin-32 in Helicobacter pylori-induced gastric inflammation. Infect Immun 2012; 80: 3795-3803 [PMID: 22890997 DOI:
10.1128/iai.00637-12]
Eck M, Schmausser B, Scheller K, Brändlein S, Müller-Hermelink HK. Pleiotropic effects of CXC chemokines in gastric
carcinoma: differences in CXCL8 and CXCL1 expression between diffuse and intestinal types of gastric carcinoma. Clin
Exp Immunol 2003; 134: 508-515 [PMID: 14632759]
Allison CC, Ferrand J, McLeod L, Hassan M, KaparakisLiaskos M, Grubman A, Bhathal PS, Dev A, Sievert W,
Jenkins BJ, Ferrero RL. Nucleotide oligomerization domain
1 enhances IFN-γ signaling in gastric epithelial cells during
Helicobacter pylori infection and exacerbates disease severity. J Immunol 2013; 190: 3706-3715 [PMID: 23460743 DOI:
10.4049/jimmunol.1200591]
Macrì A, Versaci A, Loddo S, Scuderi G, Travagliante M,
Trimarchi G, Teti D, Famulari C. Serum levels of interleukin 1beta, interleukin 8 and tumour necrosis factor alpha as
markers of gastric cancer. Biomarkers 2006; 11: 184-193 [PMID:
16766394 DOI: 10.1080/13547500600565677]
Smith DR, Polverini PJ, Kunkel SL, Orringer MB, Whyte RI,
Burdick MD, Wilke CA, Strieter RM. Inhibition of interleukin 8 attenuates angiogenesis in bronchogenic carcinoma. J
Exp Med 1994; 179: 1409-1415 [PMID: 7513008]
Yoneda J, Kuniyasu H, Crispens MA, Price JE, Bucana CD,
Fidler IJ. Expression of angiogenesis-related genes and progression of human ovarian carcinomas in nude mice. J Natl
Cancer Inst 1998; 90: 447-454 [PMID: 9521169]

WCGO|www.wjgnet.com

114 Inoue K, Slaton JW, Eve BY, Kim SJ, Perrotte P, Balbay MD,
Yano S, Bar-Eli M, Radinsky R, Pettaway CA, Dinney CP.
Interleukin 8 expression regulates tumorigenicity and metastases in androgen-independent prostate cancer. Clin Cancer
Res 2000; 6: 2104-2119 [PMID: 10815938]
115 Kitadai Y, Takahashi Y, Haruma K, Naka K, Sumii K, Yokozaki H, Yasui W, Mukaida N, Ohmoto Y, Kajiyama G, Fidler
IJ, Tahara E. Transfection of interleukin-8 increases angiogenesis and tumorigenesis of human gastric carcinoma cells
in nude mice. Br J Cancer 1999; 81: 647-653 [PMID: 10574250
DOI: 10.1038/sj.bjc.6690742]
116 Ju D, Sun D, Xiu L, Meng X, Zhang C, Wei P. Interleukin-8
is associated with adhesion, migration and invasion in human gastric cancer SCG-7901 cells. Med Oncol 2012; 29: 91-99
[PMID: 21191670 DOI: 10.1007/s12032-010-9780-0]
117 Kuai WX, Wang Q, Yang XZ, Zhao Y, Yu R, Tang XJ. Interleukin-8 associates with adhesion, migration, invasion and
chemosensitivity of human gastric cancer cells. World J Gastroenterol 2012; 18: 979-985 [PMID: 22408359 DOI: 10.3748/
wjg.v18.i9.979]
118 Taguchi A, Ohmiya N, Shirai K, Mabuchi N, Itoh A, Hirooka
Y, Niwa Y, Goto H. Interleukin-8 promoter polymorphism
increases the risk of atrophic gastritis and gastric cancer in
Japan. Cancer Epidemiol Biomarkers Prev 2005; 14: 2487-2493
[PMID: 16284368 DOI: 10.1158/1055-9965.epi-05-0326]
119 Ye BD, Kim SG, Park JH, Kim JS, Jung HC, Song IS. The
interleukin-8-251 A allele is associated with increased risk
of noncardia gastric adenocarcinoma in Helicobacter pyloriinfected Koreans. J Clin Gastroenterol 2009; 43: 233-239 [PMID:
18542040 DOI: 10.1097/MCG.0b013e3181646701]
120 Ohyauchi M, Imatani A, Yonechi M, Asano N, Miura A,
Iijima K, Koike T, Sekine H, Ohara S, Shimosegawa T. The
polymorphism interleukin 8 -251 A/T influences the susceptibility of Helicobacter pylori related gastric diseases in the
Japanese population. Gut 2005; 54: 330-335 [PMID: 15710978
DOI: 10.1136/gut.2003.033050]
121 Lu W, Pan K, Zhang L, Lin D, Miao X, You W. Genetic polymorphisms of interleukin (IL)-1B, IL-1RN, IL-8, IL-10 and
tumor necrosis factor {alpha} and risk of gastric cancer in a
Chinese population. Carcinogenesis 2005; 26: 631-636 [PMID:
15579481 DOI: 10.1093/carcin/bgh349]
122 Wang J, Pan HF, Hu YT, Zhu Y, He Q. Polymorphism of
IL-8 in 251 allele and gastric cancer susceptibility: a metaanalysis. Dig Dis Sci 2010; 55: 1818-1823 [PMID: 19777350
DOI: 10.1007/s10620-009-0978-y]
123 Vinagre RM, Corvelo TC, Arnaud VC, Leite AC, Barile KA,
Martins LC. Determination of strains of Helicobacter pylori
and of polymorphism in the interleukin-8 gene in patients
with stomach cancer. Arq Gastroenterol 2011; 48: 46-51 [PMID:
21537542]
124 Song JH, Kim SG, Jung SA, Lee MK, Jung HC, Song IS. The
interleukin-8-251 AA genotype is associated with angiogenesis in gastric carcinogenesis in Helicobacter pylori-infected
Koreans. Cytokine 2010; 51: 158-165 [PMID: 20621718 DOI:
10.1016/j.cyto.2010.05.001]
125 Wang JP, Hu WM, Wang KS, Luo BH, Wu C, Chen ZH, Luo
GQ, Liu YW, Liu QL, Yu J, Li JH, Wen JF. Upregulation of
C-X-C chemokine receptor type 1 expression is associated
with late-stage gastric adenocarcinoma. Exp Ther Med 2012; 4:
55-60 [PMID: 23060922 DOI: 10.3892/etm.2012.568]
126 Wang JP, Hu WM, Wang KS, Yu J, Luo BH, Wu C, Chen
ZH, Luo GQ, Liu YW, Liu QL, Xiao Y, Zhou HY, Yang XJ,
Jiang HY, Li JH, Wen JF. Expression of C-X-C chemokine
receptor types 1/2 in patients with gastric carcinoma: Clinicopathological correlations and significance. Oncol Lett 2013;
5: 574-582 [PMID: 23420470 DOI: 10.3892/ol.2012.1043]
127 Kitadai Y, Haruma K, Mukaida N, Ohmoto Y, Matsutani
N, Yasui W, Yamamoto S, Sumii K, Kajiyama G, Fidler IJ,
Tahara E. Regulation of disease-progression genes in human
gastric carcinoma cells by interleukin 8. Clin Cancer Res 2000;

172

February 8, 2015|First Edition|

Lee HJ et al . CXC chemokines in gastric cancer
6: 2735-2740 [PMID: 10914718]
128 Ewington L, Taylor A, Sriraksa R, Horimoto Y, Lam EW, ElBahrawy MA. The expression of interleukin-8 and interleukin-8 receptors in endometrial carcinoma. Cytokine 2012; 59:
417-422 [PMID: 22626766 DOI: 10.1016/j.cyto.2012.04.036]
129 Waugh DJ, Wilson C. The interleukin-8 pathway in cancer.
Clin Cancer Res 2008; 14: 6735-6741 [PMID: 18980965 DOI:
10.1158/1078-0432.ccr-07-4843]
130 Junnila S, Kokkola A, Mizuguchi T, Hirata K, KarjalainenLindsberg ML, Puolakkainen P, Monni O. Gene expression
analysis identifies over-expression of CXCL1, SPARC, SPP1,
and SULF1 in gastric cancer. Genes Chromosomes Cancer 2010;
49: 28-39 [PMID: 19780053 DOI: 10.1002/gcc.20715]
131 Cheng WL, Wang CS, Huang YH, Tsai MM, Liang Y, Lin
KH. Overexpression of CXCL1 and its receptor CXCR2 promote tumor invasion in gastric cancer. Ann Oncol 2011; 22:
2267-2276 [PMID: 21343381 DOI: 10.1093/annonc/mdq739]
132 Xu J, Zhang C, He Y, Wu H, Wang Z, Song W, Li W, He W,
Cai S, Zhan W. Lymphatic endothelial cell-secreted CXCL1
stimulates lymphangiogenesis and metastasis of gastric
cancer. Int J Cancer 2012; 130: 787-797 [PMID: 21387301 DOI:
10.1002/ijc.26035]
133 Kuzuhara T, Suganuma M, Kurusu M, Fujiki H. Helicobacter pylori-secreting protein Tipalpha is a potent inducer
of chemokine gene expressions in stomach cancer cells. J
Cancer Res Clin Oncol 2007; 133: 287-296 [PMID: 17393199
DOI: 10.1007/s00432-006-0169-6]
134 Karasawa F, Shiota A, Goso Y, Kobayashi M, Sato Y, Masumoto J, Fujiwara M, Yokosawa S, Muraki T, Miyagawa
S, Ueda M, Fukuda MN, Fukuda M, Ishihara K, Nakayama
J. Essential role of gastric gland mucin in preventing gastric cancer in mice. J Clin Invest 2012; 122: 923-934 [PMID:
22307328 DOI: 10.1172/jci59087]
135 Sheh A, Ge Z, Parry NM, Muthupalani S, Rager JE, Raczynski AR, Mobley MW, McCabe AF, Fry RC, Wang TC, Fox
JG. 17β-estradiol and tamoxifen prevent gastric cancer by
modulating leukocyte recruitment and oncogenic pathways
in Helicobacter pylori-infected INS-GAS male mice. Cancer
Prev Res (Phila) 2011; 4: 1426-1435 [PMID: 21680705 DOI:
10.1158/1940-6207.capr-11-0219]
136 Tang W, Morgan DR, Meyers MO, Dominguez RL, Martinez E, Kakudo K, Kuan PF, Banet N, Muallem H, Woodward K, Speck O, Gulley ML. Epstein-barr virus infected
gastric adenocarcinoma expresses latent and lytic viral
transcripts and has a distinct human gene expression profile. Infect Agent Cancer 2012; 7: 21 [PMID: 22929309 DOI:
10.1186/1750-9378-7-21]
137 Jung JJ, Noh S, Jeung HC, Jung M, Kim TS, Noh SH, Roh JK,
Chung HC, Rha SY. Chemokine growth-regulated oncogene
1 as a putative biomarker for gastric cancer progression. Cancer Sci 2010; 101: 2200-2206 [PMID: 20731665 DOI: 10.1111/
j.1349-7006.2010.01666.x]
138 Sharma B, Nawandar DM, Nannuru KC, Varney ML,
Singh RK. Targeting CXCR2 enhances chemotherapeutic
response, inhibits mammary tumor growth, angiogenesis,
and lung metastasis. Mol Cancer Ther 2013; 12: 799-808 [PMID:
23468530 DOI: 10.1158/1535-7163.mct-12-0529]
139 Yamamoto M, Kikuchi H, Ohta M, Kawabata T, Hiramatsu
Y, Kondo K, Baba M, Kamiya K, Tanaka T, Kitagawa M,
Konno H. TSU68 prevents liver metastasis of colon cancer
xenografts by modulating the premetastatic niche. Cancer Res
2008; 68: 9754-9762 [PMID: 19047154 DOI: 10.1158/0008-5472.
can-08-1748]
140 Singh S, Sadanandam A, Nannuru KC, Varney ML, MayerEzell R, Bond R, Singh RK. Small-molecule antagonists for
CXCR2 and CXCR1 inhibit human melanoma growth by decreasing tumor cell proliferation, survival, and angiogenesis.
Clin Cancer Res 2009; 15: 2380-2386 [PMID: 19293256 DOI:
10.1158/1078-0432.ccr-08-2387]
141 Okayama H, Kumamoto K, Saitou K, Hayase S, Kofunato

WCGO|www.wjgnet.com

142

143

144

145

146

147

148

149

150

151

152

153

154

173

Y, Sato Y, Miyamoto K, Nakamura I, Ohki S, Sekikawa K,
Takenoshita S. CD44v6, MMP-7 and nuclear Cdx2 are significant biomarkers for prediction of lymph node metastasis
in primary gastric cancer. Oncol Rep 2009; 22: 745-755 [PMID:
19724852]
Park JY, Park KH, Bang S, Kim MH, Lee JE, Gang J, Koh SS,
Song SY. CXCL5 overexpression is associated with late stage
gastric cancer. J Cancer Res Clin Oncol 2007; 133: 835-840
[PMID: 17479287 DOI: 10.1007/s00432-007-0225-x]
Kraft M, Riedel S, Maaser C, Kucharzik T, Steinbuechel A,
Domschke W, Luegering N. IFN-gamma synergizes with
TNF-alpha but not with viable H. pylori in up-regulating
CXC chemokine secretion in gastric epithelial cells. Clin Exp
Immunol 2001; 126: 474-481 [PMID: 11737065]
Rajkumar T, Vijayalakshmi N, Gopal G, Sabitha K, Shirley S,
Raja UM, Ramakrishnan SA. Identification and validation of
genes involved in gastric tumorigenesis. Cancer Cell Int 2010;
10: 45 [PMID: 21092330 DOI: 10.1186/1475-2867-10-45]
Ohtani H, Jin Z, Takegawa S, Nakayama T, Yoshie O. Abundant expression of CXCL9 (MIG) by stromal cells that include dendritic cells and accumulation of CXCR3+ T cells in
lymphocyte-rich gastric carcinoma. J Pathol 2009; 217: 21-31
[PMID: 18980207 DOI: 10.1002/path.2448]
Deng L, Chen N, Li Y, Zheng H, Lei Q. CXCR6/CXCL16
functions as a regulator in metastasis and progression of cancer. Biochim Biophys Acta 2010; 1806: 42-49 [PMID: 20122997
DOI: 10.1016/j.bbcan.2010.01.004]
Darash-Yahana M, Gillespie JW, Hewitt SM, Chen YY,
Maeda S, Stein I, Singh SP, Bedolla RB, Peled A, Troyer DA,
Pikarsky E, Karin M, Farber JM. The chemokine CXCL16 and
its receptor, CXCR6, as markers and promoters of inflammation-associated cancers. PLoS One 2009; 4: e6695 [PMID:
19690611 DOI: 10.1371/journal.pone.0006695]
Hojo S, Koizumi K, Tsuneyama K, Arita Y, Cui Z, Shinohara
K, Minami T, Hashimoto I, Nakayama T, Sakurai H, Takano
Y, Yoshie O, Tsukada K, Saiki I. High-level expression of
chemokine CXCL16 by tumor cells correlates with a good
prognosis and increased tumor-infiltrating lymphocytes
in colorectal cancer. Cancer Res 2007; 67: 4725-4731 [PMID:
17510400 DOI: 10.1158/0008-5472.can-06-3424]
Xing YN, Xu XY, Nie XC, Yang X, Yu M, Xu HM, Liu YP,
Takano Y, Zheng HC. Role and clinicopathologic significance of CXC chemokine ligand 16 and chemokine (C-X-C
motif) receptor 6 expression in gastric carcinomas. Hum
Pathol 2012; 43: 2299-2307 [PMID: 22863086 DOI: 10.1016/
j.humpath.2011.08.027]
Duda DG, Kozin SV, Kirkpatrick ND, Xu L, Fukumura D,
Jain RK. CXCL12 (SDF1alpha)-CXCR4/CXCR7 pathway
inhibition: an emerging sensitizer for anticancer therapies?
Clin Cancer Res 2011; 17: 2074-2080 [PMID: 21349998 DOI:
10.1158/1078-0432.ccr-10-2636]
Iwanaga T, Iwasaki Y, Ohashi M, Nunobe S, Iwagami S. [Establishment of a CXCR4-expressing gastric cancer cell line in
nude mice and the effect of AMD 3100 on tumor regression].
Gan To Kagaku Ryoho 2007; 34: 1917-1919 [PMID: 18219852]
Iwanaga T, Iwasaki Y, Ohashi M, Ohinata R, Takahashi K,
Yamaguchi T, Matsumoto H, Nakano D. [Inhibitory effect of
CXCR4 blockers on a CXCR4-expressing gastric cancer cell
line in nude mice]. Gan To Kagaku Ryoho 2012; 39: 1788-1790
[PMID: 23267887]
Xie L, Wei J, Qian X, Chen G, Yu L, Ding Y, Liu B. CXCR4,
a potential predictive marker for docetaxel sensitivity in
gastric cancer. Anticancer Res 2010; 30: 2209-2216 [PMID:
20651371]
Manu KA, Shanmugam MK, Rajendran P, Li F, Ramachandran L, Hay HS, Kannaiyan R, Swamy SN, Vali S, Kapoor
S, Ramesh B, Bist P, Koay ES, Lim LH, Ahn KS, Kumar AP,
Sethi G. Plumbagin inhibits invasion and migration of breast
and gastric cancer cells by downregulating the expression of
chemokine receptor CXCR4. Mol Cancer 2011; 10: 107 [PMID:

February 8, 2015|First Edition|

Lee HJ et al . CXC chemokines in gastric cancer
dependent and -independent mechanisms. Clin Cancer Res
2013; 19: 643-656 [PMID: 23149820 DOI: 10.1158/1078-0432.
ccr-12-1063]
158 Mian BM, Dinney CP, Bermejo CE, Sweeney P, Tellez C,
Yang XD, Gudas JM, McConkey DJ, Bar-Eli M. Fully human
anti-interleukin 8 antibody inhibits tumor growth in orthotopic bladder cancer xenografts via down-regulation of matrix metalloproteases and nuclear factor-kappaB. Clin Cancer
Res 2003; 9: 3167-3175 [PMID: 12912969]
159 Singh S, Sadanandam A, Varney ML, Nannuru KC, Singh
RK. Small interfering RNA-mediated CXCR1 or CXCR2
knock-down inhibits melanoma tumor growth and invasion. Int J Cancer 2010; 126: 328-336 [PMID: 19585580 DOI:
10.1002/ijc.24714]
160 Varney ML, Singh S, Li A, Mayer-Ezell R, Bond R, Singh RK.
Small molecule antagonists for CXCR2 and CXCR1 inhibit
human colon cancer liver metastases. Cancer Lett 2011; 300:
180-188 [PMID: 21035946 DOI: 10.1016/j.canlet.2010.10.004]

21880153 DOI: 10.1186/1476-4598-10-107]
155 Ning Y, Labonte MJ, Zhang W, Bohanes PO, Gerger A, Yang
D, Benhaim L, Paez D, Rosenberg DO, Nagulapalli Venkata
KC, Louie SG, Petasis NA, Ladner RD, Lenz HJ. The CXCR2
antagonist, SCH-527123, shows antitumor activity and sensitizes cells to oxaliplatin in preclinical colon cancer models.
Mol Cancer Ther 2012; 11: 1353-1364 [PMID: 22391039 DOI:
10.1158/1535-7163.mct-11-0915]
156 Varney ML, Li A, Dave BJ, Bucana CD, Johansson SL, Singh
RK. Expression of CXCR1 and CXCR2 receptors in malignant melanoma with different metastatic potential and their
role in interleukin-8 (CXCL-8)-mediated modulation of
metastatic phenotype. Clin Exp Metastasis 2003; 20: 723-731
[PMID: 14713106]
157 Singh JK, Farnie G, Bundred NJ, Simões BM, Shergill A,
Landberg G, Howell SJ, Clarke RB. Targeting CXCR1/2
significantly reduces breast cancer stem cell activity
and increases the efficacy of inhibiting HER2 via HER2-

P- Reviewer: Yun S S- Editor: Wen LL L- Editor: A
E- Editor: Wu HL

WCGO|www.wjgnet.com

174

February 8, 2015|First Edition|

WCGO

World Clinical
Gastrointestinal Oncology

2015 First Edition
bpgoffice@wjgnet.com

ISBN 978-0-9914430-2-4
© 2015 Baishideng Publishing Group Inc. All rights reserved.

2014 ADVANCES IN GASTRIC CANCER
WJG 20th Anniversary Special Issues (8): Gastric cancer

Cyr61/CTGF/Nov family proteins in gastric carcinogenesis
Tsu-Yao Cheng, Ming-Shiang Wu, Kuo-Tai Hua, Min-Liang Kuo, Ming-Tsan Lin
Tsu-Yao Cheng, Department of Laboratory Medicine, National
Taiwan University Hospital, Taipei 100, Taiwan
Tsu-Yao Cheng, Ming-Shiang Wu, Department of Internal Medicine, National Taiwan University Hospital, Taipei 100, Taiwan
Kuo-Tai Hua, Min-Liang Kuo, Graduate Institute of Toxicology,
National Taiwan University College of Medicine, Taipei 100,
Taiwan
Ming-Tsan Lin, Department of Surgery, National Taiwan University Hospital, Taipei 100, Taiwan
Author contributions: All authors contributed to the manuscript.
Correspondence to: Ming-Tsan Lin, MD, PhD, Department of
Surgery, National Taiwan University Hospital, No. 7 ChungShan
South Road, Taipei 100, Taiwan. linmt@ntu.edu.tw
Telephone: +886-2-23123456 Fax: +886-2-23410217
Received: October 29, 2013 Revised: December 7, 2013
Accepted: January 3, 2014
Published online: February 8, 2015

Core tip: Cyr61/CTGF/Nov (CCN) proteins are matricellular proteins responsible for many physiological and
pathological processes, including carcinogenesis. The
prototypical CCN family protein is composed of an
N-terminal secretory signal peptide and four structural
modules. Several truncated variants participate in the
carcinogenesis of gastrointestinal tract cancers. The
role of CCNs in carcinogenesis is tumor-type and context-dependent. The evidence suggests that CCN family proteins play important roles in gastric cancer (GC)
carcinogenic processes. Recent CCN targeting agents,
including monoclonal antibodies, antisense oligonucleotides and RNA interference compounds, may be helpful in future GC therapeutics.

Abstract

Original sources: Cheng TY, Wu MS, Hua KT, Kuo ML, Lin
MT. Cyr61/CTGF/Nov family proteins in gastric carcinogenesis.
World J Gastroenterol 2014; 20(7): 1694-1700 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v20/i7/1694.htm
DOI: http://dx.doi.org/10.3748/wjg.v20.i7.1694

Gastric cancer (GC) is the second leading cause of
cancer-related death. The poor survival rate may reflect the relatively aggressive tumor biology of GC. Recently, the importance of the tumor microenvironment
in carcinogenesis has emerged. In the tumor microenvironment, tumor cells and the surrounding stromal
cells aberrantly secrete matricellular proteins capable
of modulating carcinogenesis and regulating metastasis. The Cyr61/CTGF/Nov (CCN) proteins are a family
of matricellular proteins with variable roles in many
physiological and pathological processes. The evidence
suggests that CCN family proteins contribute to GC
carcinogenic processes. Here, we briefly review recent
research on the effects of CCN family proteins in GC
carcinogenesis and the development of new targeted
agents in this field.

INTRODUCTION
Gastric cancer (GC) is the second leading cause of cancer-related death, accounting for approximately 10% of
total cancer deaths worldwide[1]. Despite significant advances in cancer treatment modalities, the prognosis for
GC has only modestly improved. The five-year relative
survival rate for all stages combined was 28% between
2002 and 2008, compared to 20% between 1987 and
1989[2]. The poor survival rate may reflect the relatively
aggressive tumor biology of GC.
The interplay between the tumor and its microenvironment is crucial for both tumor development and
progression. In the tumor microenvironment, tumor
cells and the surrounding stromal cells aberrantly secrete
matricellular proteins, a group of proteins that function
as regulators of cell-cell and cell-matrix interactions that
modulate carcinogenesis and the regulatory networks of

© 2015 Baishideng Publishing Group Inc. All rights reserved.

Key words: Cyr61/CTGF/Nov proteins; Cysteine-rich
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INDIVIDUAL CCN FAMILY PROTEINS
WITH GC DEVELOPMENT AND
PROGRESSION

Table 1 Nomenclature and characterization of the Cyr61/
CTGF/Nov family proteins
CCN proteins (synonyms)

CCN1 (Cyr61; CTGF-2; IGFBP-10/
IBP-10; IGFBP-rP4; Cef-10)
CCN2 (CTGF; IGFBP-8/IBP-8; IGFBPrP2; hypertrophic chondrocyte-specific
protein 24)
CCN3 (Nov; IGFBP-9/IBP-9; IGFBP-rP3)
CCN4 (WISP-1; Elm-1)
CCN5 (WISP-2; CTGF-3; CTGF-L;
Cop-1)
CCN6 (WISP-3; LIBC)

Chromosomal Molecular mass,
location
kDa (number of
amino acids)
1p22.3

42.0 (381)

6q23.1

38.1 (349)

8q24.1
8q24.22
20q13.12

39.2 (357)
40.3 (367)
26.8 (250)

6q21

39.3 (354)

CCN1
CCN1 was the first cloned member of the CCN family
proteins[12] and has been reported to regulate diverse cellular functions through binding to distinct integrins[13].
CCN1 supports cell adhesion, stimulates cell migration, augments growth factor-induced DNA synthesis,
promotes cell survival, inhibits apoptosis, and enhances
angiogenesis[14]. Although much more data have been
reported from cancer cell lines, CCN1 expression is upregulated in patients with breast cancer, gliomas, hepatocellular carcinoma, prostate cancer, and oral squamous
cell carcinoma[15-20] but is down-regulated in leiomyoma
and non-small cell lung cancer[21,22]. The role of CCN1 in
carcinogenesis may be cell type- and context-dependent.
CCN1 mediates its activities primarily through interaction with cell adhesion receptor integrins and co-receptor
heparan sulfate proteoglycans (HSPGs). CCN1 as a ligand
of integrins was first demonstrated by the direct binding
of CCN1 to integrin αvβ3 to mediate endothelial cell
adhesion[23]. Several other integrins, such as α2β1, α6β1,
αvβ5, αⅡbβ3, αMβ2, and αDβ2, have also been identified as signaling receptors mediating CCN1 functions[5].
In patients with GC, high expression levels of CCN1
correlate with more lymph node metastases, more advanced tumor stage, a histologic diffuse type, and early
recurrence[24]. Forced expression of CCN1 can induce
angiogenesis, a process essential for nourishing the growing tumor. CCN1 promotes angiogenesis either directly
by effects on endothelial cells or indirectly by regulating
the angiogenic factors vascular endothelial growth factor (VEGF)-A and VEGF-C[25,26]. However, there are no
data illustrating the relationship among CCN1, VEGF-A
and VFGF-C in GC. CCN1 promotes tumor growth and
increases tumor vascularization upon over-expression
in GC cells in the severe combined immunodeficiency
mouse model[27]. In addition, in vitro studies have shown
that more invasive GC cell lines contain higher levels
of CCN1. The forced expression of CCN1 or treatment with recombinant CCN1 in GC cells significantly
increases invasive ability. CCN1 regulates GC cell motility/invasion through integrin αvβ3 and induces nuclear
factor-κB (NF-κB) activation as well as the subsequent
cyclooxygenase-2 (COX-2) up-regulation to promote
cell invasion[24]. The importance of COX-2 expression in
GC is well established, with its correlation with depth of
invasion, lymph node metastasis and advanced stage[28-30].
In addition to the NF- κ B-dependent pathway,
CCN1 regulates GC cell invasiveness by the hypoxiainducing factor-1α (HIF-1α)-dependent up-regulation
of plasminogen activator inhibitor-1 (PAI-1). Both
phosphatidylinositol 3-kinase/Akt/mammalian target
of rapamycin and extracellular signal-regulated kinase
1/2 signaling pathways are essential for HIF-1α accumulation[31]. CCN1 may also contribute to the peritoneal

CCN: Cyr61/CTGF/Nov; Cyr61: Cysteine-rich angiogenic inducer 61;
CTGF: Connective tissue growth factor; IGFBP: Insulin-like growth factorbinding protein; IGFBP-rP: IGFBP-related protein; Cef: Chicken embryo
fibroblasts; Nov: Nephroblastoma over-expressed; WISP: Wnt1-inducible
signaling pathway protein; Elm: Expressed in low-metastatic cells; Cop-1:
Card-only protein 1; LIBC: Lost in inflammatory breast cancer.

metastasis[3]. The Cyr61/CTGF/Nov (CCN) proteins are
a family of matricellular proteins that play pivotal roles
in many physiological and pathological processes, including carcinogenesis[4]. The CCN family proteins include
six members, as summarized in Table 1. The expression
of CCN family proteins is dependent on cell type and
context. CCN family proteins can act both positively and
negatively in carcinogenesis for different tumor types.
The positive or negative effect depends on whether angiogenic factors are limiting and whether conditions that
favor apoptosis or senescence prevail[5,6]. The prototypical CCN family protein is composed of an N-terminal
secretory signal peptide and four structural modules: an
insulin-like growth factor binding protein-like module,
a von Willebrand factor type C repeat (VWC) module, a
thrombospondin-homology type 1 repeat (TSP1) module,
and a C-terminal cysteine-knot-containing (CT) module[7].
Except for CCN5, which lacks the CT module, all CCN
proteins contain the four complete structural modules.
However, there are biologically active CCN variants with
less than four modules after translational processing or
alternative splicing. Some of these truncated variants may
participate in the carcinogenesis of gastrointestinal tract
cancers[7-10], including GC. More recent evidence suggests
that CCN family proteins contribute to GC carcinogenesis (Figure 1). Of the CCN family proteins, only CCN2
has been reported to be involved in Helicobacter pyloriassociated chronic gastritis. There is a positive correlation
between the density of CCN2-producing mononuclear
cells and the severity of chronic gastritis. The actual role
of CCN family proteins in the initiation stage of GC carcinogenesis will be clarified with future studies[11]. In this
brief review, we focus on the roles that the CCN family
proteins play in the promotion and progression of GC,
the cell signaling pathways involved in the GC regulatory
processes, and the development of new agents in targeted
therapy.
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Figure 1 An overview of the roles of individual
cysteine-rich angiogenic inducer Cyr61/CTGF/
Nov proteins in gastric cancer carcinogenesis
based on current evidence. CCN: Cyr61/CTGF/
Nov; Cyr61: Cysteine-rich angiogenic inducer
61; CTGF: Connective tissue growth factor; Nov:
Nephroblastoma over-expressed.

CCN6-V1

dissemination of GC by promoting tumor-cell adhesion
ability. High CCN1 expression levels correlate with peritoneal dissemination in advanced stage GC patients. GC
cells over-expressing CCN1 up-regulate integrin α2β1
via an activator protein-1 (AP-1)-dependent pathway
(Figure 2)[32].

can bind to low-density lipoprotein receptor-related proteins (LRPs), such as LRP-1 and LRP-6, to mediate cell
adhesion in some cell types. CCN2 can also interact with
neurotrophic tyrosine kinase receptor type 1 (NTRK1/
TRKA) in human mesangial cells to enhance the transforming growth factor-β (TGF-β)/Smad signaling pathway and in glioma cells to facilitate NF-κB activation[5,6].
In patients with GC, high CCN2 expression correlates
with more lymph node metastases, more peritoneal dissemination, and a shorter five-year survival[39-41]. Downregulation of CCN2 in GC cells reduces peritoneal
dissemination in the nude mouse model. In vitro studies
have shown that down-regulation of CCN2 decreases
GC cell proliferation and colony formation with a concurrent decrease in cyclin D1 expression[42]. After CCN2
down-regulation, GC cells also show attenuated migration/invasion abilities with decreased protein expression
and proteolytic activity of both matrix metalloproteinase
(MMP)-2 and MMP-9 (Figure 2)[41].
In GC specimens, CCN2 expression is in agreement
with the expression of vascular endothelial growth factor VEGF-C and VEGF-D, as shown by immunohistochemical staining[39]. CCN2 can induce angiogenesis, and
it can also regulate VEGF-induced angiogenesis through
the TSP1 and CT modules[43]. In addition, CCN2 is transcriptionally induced under hypoxia[44], a condition favoring blood vessel growth by the induction of angiogenic
factors such as VEGF. Further studies are necessary to
elucidate the complex interaction between CCN2 and the
VEGF family proteins in GC.

CCN2
CCN2 was first recognized as the major platelet-derived
growth factor (PDGF)-related mitogen secreted by human vascular endothelial cells[33]. CCN2 is involved in a
wide variety of regulatory processes, such as angiogenesis, chondrogenesis, osteogenesis, fibrosis formation,
diabetic nephropathy, and tumor development[5]. CCN2
expression is up-regulated in patients with breast cancer,
gliomas, esophageal adenocarcinoma, pancreatic cancer,
and melanoma[15,17,34-36] but is down-regulated in lung adenocarcinoma and colon cancer[22,37,38]. Similar to CCN1,
CCN2 achieves functional versatility through its interaction with different integrins, including αvβ3, α5β1,
α6β1, αⅡbβ3, and αMβ2. In addition to HSPGs, CCN2

CCN3
CCN3 was first discovered as an over-expressed gene in
a myeloblastosis-associated virus type-1-induced nephroblastoma in chickens[45]. CCN3 is implicated in many
diverse biological processes, such as proliferation, differentiation, and angiogenesis, as well as some pathological
conditions, including fibrosis and cancer[46]. CCN3 is upregulated in patients with Wilms’ tumor with predominantly
stromal elements and metastatic Ewing’s sarcoma[47,48] but
is down-regulated in malignant adrenocortical tumors and
poorly differentiated prostate cancer [49,50]. CCN3 can
mediate its various activities through interacting with integrins, such as αvβ3, αvβ5, α5β1 and α6β1[5,6]. CCN3
expression has not been reported in GC samples.

CCN2

CCN1

α2β1
ERK

c-JUN/
AP-1

?

MMP-2
MMP-9

Peritoneal dissemination

Figure 2 Summary of the impacts of Cyr61/CTGF/Nov 1 and Cyr61/CTGF/
Nov 2 on the peritoneal dissemination of gastric cancer. CCN: Cyr61/
CTGF/Nov; Cyr61: Cysteine-rich angiogenic inducer 61; CTGF: Connective tissue growth factor; Nov: Nephroblastoma over-expressed; MMP: Matrix metalloproteinase.
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Figure 3 An overview of individual Cyr61/CTGF/
Nov proteins in the different stages of gastric cancer carcinogenesis based on current evidence.
CCN: Cyr61/CTGF/Nov; Cyr61: Cysteine-rich angiogenic inducer 61; CTGF: Connective tissue growth
factor; Nov: Nephroblastoma over-expressed.
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CCN4
CCN4 was first identified in low-metastatic cells by
comparing mRNA differential display data from highand low-metastatic murine melanoma cells[51]. CCN4 is
involved in regulating morphological transformation, cell
growth, and tumor growth[52,53]. Although CCN4 overexpression suppresses the growth of melanoma tumors
in a mouse model, CCN4 is up-regulated in patients with
breast cancer, non-small cell lung cancer, colorectal cancer, esophageal squamous cell carcinoma, endometrial endometrioid adenocarcinoma, and prostate cancer[15,22,54-59].
In patients with GC, a truncated variant of CCN4-V1
completely lacking the VWC module is up-regulated
in scirrhous GC. In vitro experiments have shown that
forced expression of CCN4-V1 in fibroblast cells induces
cellular transformation and a rapid growth characterized
by cell piling. CCN4-V1 transfectants can enhance the
invasive abilities of co-cultured GC cells[8].

breast cancer[65].
In patients with GC, the truncated variant CCN6-V1
lacking TSP1 and CT modules is noted in 11%-20% of
microsatellite unstable GCs. A frameshift mutation in
the (A)9 repeat in exon 4 of CCN6 leads to a premature
stop codon in exon 4 and consequently to truncated
CCN6-V1. Forced expression of CCN6 in GC cells can
inhibit cell invasive abilities, but CCN6-V1 transfectants
lose the inhibitory effect[9,66].

CCN-TARGETED THERAPY
With the greater understanding of the molecular biology of carcinogenesis, more targeted agents have been
developed and are associated with improved outcomes in
some advanced cancers. Trastuzumab, the first and only
targeted agent approved for the treatment of GC, has
shown clinical benefits in response rates and survival in
combination treatment with chemotherapy for HER-2
positive advanced GC[67]. Because CCN family proteins
are implicated in many processes of carcinogenesis, it is
reasonable to develop treatment strategies for these potential targets. For this family of secreted proteins, monoclonal antibodies are good therapeutic candidates. Among
the six family members, CCN2 has received the most
attention because of previous detailed studies and its
strong clinical association with fibrosis. Blocking CCN2
with FG-3019, a CCN2 monoclonal antibody, inhibits
pancreatic tumor growth and metastases in both xenograft and orthotopic mouse models[68,69]. A phase Ⅰ study
that assessed the safety and tolerance of FG-3019 has
been performed in patients with idiopathic pulmonary
fibrosis, and FG-3019 was shown to be safe and welltolerated[70]. Further phase Ⅱ clinical trials for evaluating
its efficacy are underway. For cancer therapy, there is only
one ongoing phase Ⅰ study evaluating FG‑3019 therapy
in combination with gemcitabine and erlotinib for patients with locally advanced or metastatic pancreatic can-

CCN5
The rat homologue of CCN5 was first reported to be
down-regulated in rat embryo fibroblasts transformed
by the cooperation of the activated H-ras oncogene and
the inactivated p53 tumor suppressor gene[60]. CCN5 is
involved in regulating cell growth, morphological transformation, and attenuating cell migration[61,62]. CCN5 is
down-regulated in patients with colon cancer, pancreatic
cancer, and invasive breast cancer[53,61,62]. CCN5 expression has not been reported in cases of GC.
CCN6
CCN6 was first identified as an expressed sequence tag
after database screening for differentially expressed cDNAs after Wnt1-induction in mouse mammary epithelial
cells[54]. CCN6 is involved in regulating morphological
transformation, inhibiting cell growth, attenuating cell migration, and inhibiting tumor-induced angiogenesis[63,64].
CCN6 is down-regulated in patients with inflammatory
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cer (ClinicalTrials.gov identifier: NCT01181245). There
are currently no clinical trials of CCN-targeted therapy
in GC.
In addition to monoclonal antibodies, antisense
oligonucleotides (EXC 001) and RNA interference
compounds (RXI-109) have been recently developed to
reduce scar formation by inhibiting CCN2 expression[6].
Further application of these targeting agents as cancer
therapeutics may be helpful for patients with GC.

12
13
14
15

CONCLUSION

16

In summary, CCN family proteins play important roles
in mediating GC carcinogenesis (Figure 3), including
their involvement in cell signaling pathways, angiogenesis,
tumor formation, tumor invasion and metastasis. The
recognition of the matricellular protein nature of CCNs
with a corresponding biological niche in GC carcinogenesis, as illustrated in this review, may allow oncologic
issues to be considered in a new way that will have a positive impact on the future management of GC.
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Diabetes and gastric cancer: the potential links
Chin-Hsiao Tseng, Farn-Hsuan Tseng
rate and higher reinfection rate of H. pylori . High salt
intake can act synergistically with H. pylori infection
in the induction of gastric cancer. Whether a higher
risk of gastric cancer in patients with diabetes may be
ascribed to a higher intake of salt due to the loss of
taste sensation awaits further investigation. The use of
medications such as insulin, metformin, sulfonylureas,
aspirin, statins and antibiotics may also influence the
risk of gastric cancer, but most of them have not been
extensively studied. Comorbidities may affect the development of gastric cancer through the use of medications and changes in lifestyle, dietary intake, and the
metabolism of drugs. Finally, a potential detection bias
related to gastrointestinal symptoms more commonly
seen in patients with diabetes and with multiple comorbidities should be pointed out. Taking into account
the inconsistent findings and the potential confounders
and detection bias in previous epidemiological studies,
it is expected that there are still more to be explored
for the clarification of the association between diabetes
and gastric cancer.
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Abstract
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This article reviews the epidemiological evidence linking diabetes and gastric cancer and discusses some of
the potential mechanisms, confounders and biases in
the evaluation of such an association. Findings from
four meta-analyses published from 2011 to 2013 suggest a positive link, which may be more remarkable in
females and in the Asian populations. Putative mechanisms may involve shared risk factors, hyperglycemia, Helicobacter pylori (H. pylori ) infection, high salt
intake, medications and comorbidities. Diabetes may
increase the risk of gastric cancer through shared risk
factors including obesity, insulin resistance, hyperinsulinemia and smoking. Hyperglycemia, even before
the clinical diagnosis of diabetes, may predict gastric
cancer in some epidemiological studies, which is supported by in vitro , and in vivo studies. Patients with
diabetes may also have a higher risk of gastric cancer
through the higher infection rate, lower eradication
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Core tip: Epidemiological studies suggested a possible
higher risk of gastric cancer in patients with diabetes.
This article summarizes the findings in four meta-analyses and proposes some mechanisms explaining the
association. Findings in the meta-analyses suggested
that the association between diabetes and gastric
cancer is more remarkable in females and in the Asian
populations. Although the mechanisms for such a link
remain to be explored, these may involve shared risk
factors between diabetes and gastric cancer (such as
obesity, insulin resistance, hyperinsulinemia and smoking), hyperglycemia, Helicobacter pylori infection, high
salt intake, medications and comorbidities.
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cluded 21 (4 case-control and 17 cohort) studies evaluating either incidence or mortality of gastric cancer,
patients with diabetes did not show an overall higher risk
of gastric cancer when sex was not analyzed separately.
The summary relative risk (SRR) was 1.09, 95%CI:
0.98-1.22. However, when men and women were analyzed separately, diabetes was associated with a significantly increased risk of gastric cancer in women (SRR
= 1.18, 95%CI: 1.01-1.39) but not in men (SRR = 1.04,
95%CI: 0.94-1.15)[33]. In other subgroup analyses including both sexes, studies with a follow-up duration < 10
years showed a null association, but those with a followup duration ≥ 10 years showed a significant SRR (1.14,
95%CI: 1.01-1.29)[33].
The second meta-analysis by Marimuthu et al[34] included 20 population-based cohort studies evaluating
gastric cancer incidence and mortality separately. The
overall SRR for gastric cancer incidence was 1.01 (95%CI:
0.90-1.11). The null association was similarly observed in
studies conducted in Europe, Asia and United States. It
is interesting that the link with gastric cancer incidence
was more remarkable, though not significant, in patients
with type 1 diabetes (< 30 years of age at diagnosis),
with SRR of 1.60 (95%CI: 0.56-2.64) derived from two
studies[34]. When gastric cancer mortality was evaluated,
patients with diabetes had a significantly higher risk in
overall analysis (SRR = 1.62, 95%CI: 1.36-1.89) and in
studies from Asian populations (SRR = 1.98, 95%CI:
1.57-2.39), but not in studies from Europe or the United
States[34].
The third meta-analysis by Tian et al[35] included 25 (7
case-control and 18 cohort) studies involving incidence
and mortality of gastric cancer. The overall analysis
showed a significant link between diabetes and gastric
cancer incidence and mortality with respective SRR of
1.11 (95%CI: 1.00-1.24) (P = 0.045) and 1.29 (95%CI:
1.04-1.59)[35]. Subgroup analyses from various numbers
of studies with a mixture of incidence and mortality of
gastric cancer showed a positive association in studies
conducted in Asian countries, in cohort study design, in
patients with type 2 diabetes and in studies adjusted for
more confounders, with respective SRR of 1.19 (95%CI:
1.07-1.32), 1.14 (95%CI: 1.01-1.30), 1.16 (95%CI:
1.01-1.33) and 1.16 (95%CI: 1.03-1.30)[35].
The latest meta-analysis by Yoon et al[36] included 17
(6 case-control and 11 cohort) studies comparing gastric cancer incidence between patients with diabetes and
control subjects. This meta-analysis excluded studies
investigating only mortality but not incidence or studies
reporting only standardized incidence ratios without control groups. The overall SRR was 1.19 (95%CI: 1.08-1.31),
and was consistently significant in subgroup analyses conducted in cohort studies, in studies done in populations
of either Western or Eastern countries, in females, and in
studies with high quality[36]. The significantly higher risk
was also demonstrated in analyses confined to studies
controlling well-known risk factors such as smoking or
H. pylori infection, with respective SRR of 1.17 (95%CI:

Original sources: Tseng CH, Tseng FH. Diabetes and gastric cancer: the potential links. World J Gastroenterol 2014;
20(7): 1701-1711 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i7/1701.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i7.1701

INTRODUCTION
Diabetes mellitus may increase the risk of several cancers involving the breast[1,2], liver[3,4], pancreas[5-7], colorectum[8-10], endometrium[11,12], kidney[13], non-Hodgkin
lymphoma[14,15] and urinary bladder[16-20]. The underlying
mechanisms for a higher risk of cancer in patients with
diabetes may be due to insulin resistance, poor glycemic
control, oxidative stress and pro-inflammatory status[21,22].
In addition, the use of anti-diabetic drugs, diabetes duration and the severity of diabetes status accompanied by
various comorbidities may play some roles[22-24].
Gastric cancer is more common in men and in people
aged 50 years or older[25-27]. Obesity, smoking, salt intake
and Helicobacter pylori (H. pylori) infection are important risk
factors[28,29]. Gastric cancer is very common in developing
countries in East Asia, East Europe and South America;
while the incidence is low in North America and most
parts of Africa[26]. The prognosis of gastric cancer is very
poor, with a 5-year survival < 20% for advanced disease[27]. The incidence of gastric cancer has decreased in
most parts of the world in recent years, probably due to
the increasing use of refrigerators and less dependence on
salt for food preservation, increasing availability of fresh
fruits and vegetables, and the control of chronic infection
with H. pylori. However, it remains as a major cancer affecting human health, and in 2008 it may account for 8%
of the total cancer incidence and 10% of the total cancer
death worldwide[26].
Recent observational studies suggested that diabetes or
hyperglycemia may increase the risk of gastric cancer incidence or mortality[30-36]. In this article, we review the current
evidence, and discuss the potential mechanisms, confounders and biases in the evaluation of such an association.

EPIDEMIOLOGICAL EVIDENCE FOR A
LINK BETWEEN DIABETES AND GASTRIC
CANCER
Whether diabetes may increase the risk of gastric cancer
has become a focus of attention in recent years. On October 1, 2013, we used the keywords of “diabetes, gastric
cancer, meta-analysis” to search the Pubmed, eight papers were available. After further scrutiny, four of them
were excluded because they are not related to the topic
under review. Finally, there are four meta-analyses[33-36]
published within a 3-year period from 2011 to 2013. The
main findings of these four meta-analyses are summarized in Table 1 and briefly described below.
In the first meta-analysis by Ge et al[33], which in-
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Table 1 Main findings in four meta-analyses on the association between diabetes and incidence or mortality of gastric cancer
Ref.

Studies
included

Ge et al[33], 2011

4 case-control
and 17 cohort

Summary RR (95%CI)
Overall

Subgroup analysis

1.09 (0.98-1.22)

Women: 1.18 (1.01-1.39)
Men: 1.04 (0.94-1.15)
Duration of follow-up < 10 yr:
0.95 (0.72-1.26)
Duration of follow-up ≥ 10 yr:
1.14 (1.01-1.29)

Marimuthu et al[34], 2011 20 population- Incidence: 1.01 (0.90-1.11)
based cohort Mortality: 1.62 (1.36-1.89)

Tian et al[35], 2012

7 case-control Incidence: 1.11 (1.00-1.24)
and 18 cohort Mortality: 1.29 (1.04-1.59)

Yoon et al[36], 2013

6 case-control
and 11 cohort

1.19 (1.08-1.31)

Notes and comments
for specific studies

Evaluating incidence
and mortality together
A mixture of incidence and mortality
studies may not be
appropriate
Ethnicity differences
not considered
Type 1 diabetes (incidence): 1.60
Evaluating inci(0.56-2.64)
dence and mortality
Asians (mortality): 1.98
separately in overall
(1.57-2.39)
analysis
Considering type 1
diabetes and ethnicity differences in
subgroup analyses
Asians: 1.19 (1.07-1.32)
Evaluating inciCohort design: 1.14 (1.01-1.30)
dence and mortality
Type 2 diabetes: 1.16 (1.01-1.33) separately in overall
Studies adjusted for more conanalysis
founders: 1.16 (1.03-1.30)
Subgroup analysis
was conducted with a
mixture of incidence
and mortality
Cohort design: 1.20 (1.08-1.34) Evaluating only inciCase-control design: 1.12
dence
(0.87-1.45)
Strengths include
East Asian countries: 1.19
considering subgroup
(1.02-1.38)
analyses in studies
Western countries: 1.18
with adjustment for
(1.03-1.36)
smoking and H. pylori
Men: 1.10 (0.97-1.24)
infection
Women: 1.24 (1.01-1.52)
Subgroup analyses on
Studies adjusted for smoking: cardia and noncardia
1.17 (1.01-1.34)
cancer are available,
Studies adjusted for infection of but only 2 studies are
H. pylori: 2.35 (1.24-4.46)
included
Cardia cancer: 1.39 (0.72-2.69)
Noncardia cancer: 1.19 (0.80-1.77)

Limitations common to
the meta-analysis studies
Heterogeneity in terms of
study design, population
demographics, diabetes
ascertainment, duration of
follow-up, and confounders
Type 1 and type 2 diabetes
not distinguished in most
studies
Cardia and non-cardia
gastric cancer not discerned in most studies
Confounding effects of H.
pylori, smoking and diet
are not considered in most
studies
Numbers of studies in
subgroup analyses varied
and may be too small for
some analyses
Most studies included
in meta-analyses were
conducted in developed
western countries and not
primarily designed for
evaluating the association between diabetes and
gastric cancer
Publication bias is possible

H. pylori: Helicobacter pylori.

ers (e.g., age, sex, obesity, smoking, salt intake and H.
pylori infection), follow-up duration, and population
demography.
Second, most studies did not differentiate type 1
and type 2 diabetes, and did not discern between different histopathology (adenocarcinoma, lymphoma or
other types) or anatomical sites (cardia or noncardia)
of gastric cancer. It is worth to point out that patients
with diabetes may increase the risk of adenocarcinoma
located specifically at the gastric cardia by 89% in one
United States population-based study[37]. On the other
hand, H. pylori infection-related gastric cancer may be
primarily located at the noncardiac portion[38].
Third, because most studies were conducted in the
developed western countries where gastric cancer is less
common, and these studies were mainly designed to
evaluate the risk of all or multiple cancer sites and not
specifically of gastric cancer, they might not have suf-

1.01-1.34) and 2.35 (95%CI: 1.24-4.46). Another strength
is the subgroup analysis for cardia and noncardia gastric
cancer, with respective SRR of 1.39 (95%CI: 0.72-2.69)
and 1.19 (95%CI: 0.80-1.77). But only two studies are
available for these site-specific analyses.

Some comments on the
observational studies
Because the findings are inconsistent from observational
studies[30-36], a consensus report does not support diabetes as a risk factor for gastric cancer[22]. However, some
common limitations in the above meta-analysis studies
should be pointed out (Table 1).
First, heterogeneity exists in study design, diabetes diagnosis, cancer ascertainment, use of incidence,
prevalence or mortality, consideration of confound-
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Shared risk factors: obesity, insulin
resistance, hyperinsulinemia,
smoking

Helicobacter pylori infection

Diabetes/
hyperglycemia

Salt intake:
increased⊕/decreasedΘ

⊕
Θ

Gastric cancer

⊕
Θ

Comorbidities: obesity, hypertension,
dyslipidemia, vascular complications,
heart failure, renal failure
⊕

Θ

Medications: insulin,
sulfonylurea⊕/metformin,
aspirin, statin, antibioticsΘ

Figure 1 Putative mechanisms linking diabetes and gastric cancer (“⊕” denotes a positive effect and “Θ“ denotes a negative effect). A direct effect of
hyperglycemia and a synergistic effect between salt intake and Helicobacter pylori infection are both possible but not shown in the dendrogram. Comorbidities may affect the development of gastric cancer, either positively or negatively, through the use of medications and changes in lifestyle, salt intake, dietary components, and the
metabolism of drugs. A summary of the explanations on the links can be seen in Table 2.

ficient power for investigating the association between
diabetes and gastric cancer. If the effect of diabetes
on gastric cancer is smaller than its effect on the other
types of cancer, then a much larger sample size will be
required.
Fourth, dietary factors may also modify the development of gastric cancer induced by carcinogens[27], but
most of these factors have not been considered in previous studies.
As described in the above meta-analyses, there are
signals indicating a positive link between diabetes and
gastric cancer, especially in females[33,36] and in Asian
populations[34,35]. Estrogen has been shown to interact
with insulin/insulin-like growth factor 1 (IGF-1) in the
development of breast cancer[39], and gastrointestinal
tissues may express estrogen receptor[40,41]. Therefore, estrogen may play a role in the differential effect between
men and women on the link between diabetes and gastric cancer. The stronger link found in studies conducted
in the Asian populations may either indicate a higher H.
pylori infection rate in the patients with diabetes in these
populations, or it may suggest an effect of different
ethnic/genetic backgrounds, dietary habits, lifestyle, or
disease prevalence.

cancer are shown in Figure 1. Table 2 summarizes the
explanations for such links and discusses some limitations for each possible link. These potential links will be
discussed below under the subtitles of: (1) shared risk
factors; (2) hyperglycemia; (3) H. pylori infection; (4) salt
intake; (5) medications; and (6) comorbidities.

Shared risk factors
Diabetes and gastric cancer may share common risk factors such as obesity, insulin resistance, hyperinsulinemia
and smoking.
Obesity is associated with inflammation, oxidative
stress, insulin resistance and hyperinsulinemia. All of
these may contribute to a higher risk of gastric cancer[42].
Because some patients with diabetes may be obese[43-46], it
is possible that this shared risk factor may partly explain
the higher risk of gastric cancer in patients with diabetes.
Insulin has both metabolic and mitogenic properties[47,48]. Hyperinsulinemia, especially in the presence of
insulin resistance, may promote cancer cell growth either
through the mitogenic pathways triggered by insulin
receptor or IGF-1 receptor, or via increased bioavailability of free IGF-1 by inhibiting the expression of IGF
binding proteins[47-49]. These effects have also been well
demonstrated in gastric cancer cell lines and in in vivo
studies[50-54].
Smoking is another common risk factor for diabetes[55] and gastric cancer[27]. Therefore, smoking may also
confound the association between diabetes and gastric
cancer. However, because the higher risk of gastric can-

Putative mechanisms explaining
the link between diabetes and
gastric cancer
The putative mechanisms linking diabetes and gastric
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Table 2 Explanations on the putative mechanisms linking diabetes and gastric cancer and the limitations of current studies
Factors

Explanations/limitations

Shared risk factors

Hyperglycemia

H. pylori infection

Salt intake

Medications

Comorbidities

Explanations: Diabetes and gastric cancer may share common risk factors such as obesity, insulin resistance, hyperinsulinemia
and smoking
Limitations: These shared risk factors are known to cause cancer. Therefore, if these shared risk factors are in play, they may
also increase the risk of other types of cancer, like colorectal cancer and lung cancer. As demonstrated in some studies, the link
between diabetes and gastric cancer may be independent of smoking. Evidence for such an effect in humans needs to be fortified by further studies
Explanations: Hyperglycemia is associated with pro-inflammatory status, oxidative stress, impaired immune function and increased insulin secretion. All of these may contribute to the development of gastric cancer. Epidemiological studies conducted
in Japan support hyperglycemia as a risk factor for gastric cancer, and an interaction between hyperglycemia and H. pylori
infection. Such a link may also be supported by findings from in vitro studies
Limitations: Confirmation of such a link in other ethnicities is necessary
Explanations: Diabetes and H. pylori infection may be mutually causative. Patients with diabetes may have a higher infection rate, a lower eradication rate, and/or a higher reinfection rate of H. pylori. On the other hand, the inflammatory process
induced by H. pylori infection may also increase the risk of diabetes
Limitations: Findings in epidemiological studies are controversial with regards to the higher infection rate of H. pylori in patients with diabetes. Detection bias can not be excluded because patients with diabetes may suffer from more gastrointestinal
symptoms leading to the diagnosis of H. pylori infection and gastric cancer
Explanations: A synergistic effect between H. pylori infection and salt intake on gastric cancer is supported by recent human
studies and by in vivo and in vitro studies. Patients with diabetes may consume more salt because of loss of sensitivity to taste
Limitations: Patients with diabetes may also be advised to take less salt especially in those with hypertension, kidney disease
or congestive heart failure. Epidemiological studies evaluating the link between salt intake and gastric cancer in patients with
diabetes are lacking
Explanations: Insulin and sulfonylureas may increase the risk of cancer. On the other hand, metformin, aspirin and statin may
potentially reduce the risk of gastric cancer. Patients who repeatedly use antibiotics may have a lower risk of infection with H.
pylori
Limitations: Research of well quality on the use of medications and gastric cancer risk is lacking
Explanations: Patients with diabetes may have multiple comorbidities including obesity, hypertension, dyslipidemia, vascular complications and heart failure. All of these may affect the development of gastric cancer, either positively or negatively,
through the use of medications and changes in lifestyle, salt intake, dietary components, and the metabolism of drugs
Limitations: A detection bias on H. pylori infection or gastric cancer is possible in patients with multiple comorbidities. Studies
clarifying such links are still lacking

H. pylori: Helicobacter pylori.

cer associated with diabetes remains significant after adjustment for multiple risk factors including smoking[35,36],
the link between diabetes and gastric cancer can also be
independent of smoking.
It should also be pointed out that if shared risk factors are in play, their effects may not be site-specific and
the risk of other types of cancer like colorectal cancer
and lung cancer may also be increased. Furthermore, evidence for such a link through shared risk factors is not
sufficient in humans and needs to be fortified by further
studies.

such a link with hyperglycemia needs to be confirmed in
other ethnicities.
It is worth mentioning that a higher risk of gastric
cancer in patients with type 1 diabetes may not completely exclude a mechanism involving insulin resistance
or hyperinsulinemia because of the following facts: (1)
recent studies strongly support the presence of insulin
resistance in patients with type 1 diabetes[59]; (2) insulin
injected subcutaneously bypasses the first-pass clearance
by the liver; and (3) therapeutic insulin dose can not always be adjusted exactly to the physiological demands
and hyperinsulinemia should be the usual phenomenon
if glycemic control is aimed close to the normal range.
Some in vitro and in vivo studies may support a link
between hyperglycemia and gastric cancer. An in vitro
study indicated that glucose per se may affect the development of cancer via β-catenin acetylation with increased
Wnt signaling[60], which is also a characteristic of gastric
cancer[61]. Patients with diabetes may have an increased
expression of pro-inflammatory cytokines such as interleukin-1, interleukin-6 and tumor necrosis factor-α[62].
It is also shown that these factors may upregulate and
activate the Wnt/β-catenin pathway[63]. An animal study
supported that gastric cancer induced by N-methyl-Nnitrosourea is enhanced in diabetic (db/db) mice through
the effects of hyperglycemia and/or hyperinsulinemia[64].

Hyperglycemia
Patients with diabetes are characterized by an increased
serum level of glucose. Similar observation of an increased risk of gastric cancer in patients with type 1 diabetes[34,56,57] and type 2 diabetes[35,36] may imply a mechanism involving hypgerglycemia, which is independent
of insulin effect because type 1 diabetes is characterized
by insulin deficiency. This is supported by human studies conducted in Japan showing an association between
hyperglycemia even before the diagnosis of diabetes
with a higher risk of gastric cancer[31,58]. Furthermore an
interaction between hyperglycemia and H. pylori infection
was reported to markedly increase the risk[31,58]. However,
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Hyperglycemia may also promote carcinogenesis
via increasing reactive oxygen species resulting in DNA
damage[65] or increasing the expression of vascular endothelial growth factor, which is correlated with tumor
vascularity and metastasis[66]. Furthermore, hyperglycemia may impair immune function rendering susceptibility to H. pylori infection and delaying wound healing in
gastric ulcer following H. pylori infection. Hyperglycemia
may also trigger insulin secretion, leading to hyperinsulinemia, especially in the presence of insulin resistance,
which may increase the risk of cancer through insulin
signaling. Because cancer cells are less efficient in using
glucose for energy expenditure and they may consume
more glucose than normal cells (the Warburg effect)[67],
hyperglycemia provides a more suitable condition for
tumor cells to grow.

fect the normal secretion and function of insulin leading
to glucose dysregulation[89-91]. For example, in a human
study measuring the HOMA-IR (homeostasis model
assessment of insulin resistance) levels in patients with
and without H. pylori infection, insulin resistance is well
demonstrated in those having H. pylori infection[89]. H.
pylori infection may also affect the secretion of gastrointestinal hormones, such that basal and stimulated levels
of serum gastrin are elevated but somatostatin level
is decreased[92,93]. Gastrin increases food- or glucosestimulated insulin secretion; but somatostatin inhibits the
release of insulin. As a result, hyperinsulinemia may be
seen following H. pylori infection. Whether H. pylori infection may directly affect insulin secretion from pancreas
is not known. If the inflammatory process and oxidative stress induced by H. pylori infection[91] could also be
demonstrated in the pancreas, it is expected that insulin
secretion may be impaired. Insulin resistance, as induced
by H. pylori infection, may also accelerate β-cell loss and
leads finally to the clinical onset of diabetes[94]. Therefore,
insulin deficiency as well as insulin resistance might be
seen in chronic H. pylori infection.

H. pylori infection
H. pylori infection is well known as a risk factor for gastric ulcer and cancer[27,68,69], possibly through DNA damage induced by reactive oxygen species in the infected
gastric epithelial cells[70]. A research conducted in Taiwan
suggested that early H. pylori eradication decreases the
risk of gastric cancer in patients with peptic ulcer disease[71]. However, the role of diabetes on the relation between H. pylori infection and gastric cancer is still under
investigation.
The relation between H. pylori infection and diabetes
can be mutually causative. The increased risk of gastric
cancer in patients with diabetes may be explained by either one of the following conditions related to H. pylori
infection[72-76]: (1) higher infection rate; (2) lower eradication rate; or (3) higher reinfection rate. Patients with
diabetes may be more susceptible to H. pylori infection
because of impaired immune function associated with
hyperglycemia[77]. However, whether patients with diabetes may really have a higher rate of H. pylori infection is
controversial in epidemiological studies. Although studies from Qatar[78] and Egypt[79] suggested an increased
infection rate in the patients with diabetes, this could not
be similarly observed in studies conducted in Turkey[80]
and Japan[81]. Because diabetes or poor glycemic control
may be associated with an increased prevalence of gastrointestinal symptoms[82,83], it is not known whether the
higher rate of H. pylori infection in some of the studies
may be due to detection bias related to the symptoms[84].
Furthermore, it should be pointed out that an evaluation
of the prevalence rate of H. pylori infection may not necessarily indicate an increased risk in terms of incidence.
Patients with diabetes may have a lower eradication
rate[72,76,85-88] and a higher reinfection rate after H. pylori
infection[73,75,76]. Therefore, even in the condition that the
incidence of H. pylori infection may not be increased in
patients with diabetes, the prevalence rate may be significantly higher.
On the other hand, H. pylori infection can lead to
diabetes because the active chronic inflammation may af-
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Salt intake
High salt intake has long been recognized as an important risk factor for gastric cancer [95-101], which can be
independent of H. pylori infection[101]. However, some recent human studies showed a synergistic effect between
salt intake and H. pylori infection[96,100]. Evidence from
an in vivo study using Mongolian gerbils confirmed that
high salt intake may exacerbate the risk of gastric cancer
induced by H. pylori infection[102], which could probably
be due to the upregulation of CagA synthesis in the bacteria in response to increased concentration of salt. The
CagA protein is a bacterial oncoprotein related to the H.
pylori-induced gastric cancer[102].
Whether high salt intake could be responsible for the
increased risk of gastric cancer in patients with diabetes remains to be answered. It has been speculated that
people with easy access to sugary, salty and fatty foods,
which are calorie-rich but micronutrient-poor, may
cause diseases such as obesity and diabetes[103]. On the
other hand, patients with diabetes may consume more
salt than people without diabetes because of the loss of
sensitivity to taste, especially in those with a late stage of
the disease complicated with neuropathy[104,105]. However,
it is also possible that patients with diabetes may be advised to consume less salt than people without diabetes
by their physicians, especially when the patients also suffer from hypertension, renal disease or congestive heart
failure.

Medications
Exogenous insulin use has also been shown to increase
the risk of several cancer types[106,107]. Whether this could
also be applied to gastric cancer has not been extensively
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comorbidities observed in patients with diabetes[43-46,123].
All of these may be associated with insulin resistance.
Patients with ischemic heart disease, other vascular complications, congestive heart failure or chronic kidney
disease/end-stage renal disease may have changed their
lifestyle, daily activity, salt intake and dietary components
or may have taken some other medications, supplements
or alternative treatment. Hepatic or renal insufficiency
may also affect the metabolism of medications. The
confounding effects of comorbidities in the association
between diabetes and gastric cancer have rarely been addressed in previous studies.
A detection bias related to multiple comorbidities is
also possible. Patients with more comorbidities may have
a higher probability of receiving laboratory examinations
leading to the diagnosis of gastric cancer. This detection bias should be seriously taken into account in future
studies.

studied. In studies conducted in Taiwan, patients with
diabetes who used insulin had a significantly higher risk
of H. pylori eradication, but none of the other anti-diabetic drugs including sulfonylurea, metformin, acarbose,
pioglitazone or rosiglitazone was associated with H. pylori
eradication[84]. However, insulin use was not associated
with an increased risk of gastric cancer[108]. It has been
explained that the use of insulin might indicate poor glycemic control with more severe disease conditions in the
H. pylori eradication study[84], suggesting a deteriorating
metabolic control following H. pylori infection.
Insulin glargine, a long-acting insulin analog, may
increase the risk of certain cancers involving colon, pancreas and breast[107,109,110]. This has always been ascribed
to the very high affinity of insulin glargine to the IGF-1
receptor in in vitro studies[111]. However, this may not be
the case when insulin glargine is injected subcutaneously
because it is converted at the injection site to less mitogenic metabolites[112]. It remains unknown whether clinical use of exogenous human insulin or insulin analogs
may affect the risk of gastric cancer.
Metformin may protect against a number of cancers[10,107,113], but sulfonylureas may be associated with an
increased risk[106,114]. Whether these medications may affect the risk of gastric cancer in humans has rarely been
studied. An inhibitory effect of metformin on gastric
cancer cell proliferation can be demonstrated in in vitro
and in vivo studies[115]. Similarly, an early in vitro study
suggested that glibenclamide (a sulfonylurea) may exert
antitumor activity in a human gastric cancer cell line[116].
However, a preliminary human study conducted in Taiwan showed a slightly higher but not significant risk ratio
while comparing users of sulfonylureas only to users of
metformin only in patients with type 2 diabetes (age-sexadjusted OR = 1.855, 95%CI: 0.779-4.419)[106]. Thiazolidinediones may also demonstrate some antitumor effects
on gastric cancer cells in in vitro and in vivo studies[117,118].
However, whether this can be translated into a preventive effect on gastric cancer growth in humans remains
unknown.
From meta-analyses, use of statins is associated with
a significantly 32% lower risk of gastric cancer[119], and
aspirin may significantly reduce the risk with a SRR of
0.71 (95%CI: 0.60-0.82)[120]. Although without evidence,
patients who repeatedly use antibiotics may happen to
have a reduced risk of H. pylori infection. The confounding effects of these commonly used medications have
rarely been controlled in previous studies investigating
the association between diabetes and gastric cancer.
Some studies suggested a sex difference in the use of
insulin (more common in women)[121] and statins (more
common in men)[122] in patients with type 2 diabetes.
Whether this may contribute to a sex difference in the
association between diabetes and gastric cancer awaits
further investigation.

CONCLUSION
Epidemiological evidence signals a higher risk of gastric
cancer in patients with diabetes, which is more remarkable in females and in the Asian populations. Potential
mechanisms may include shared risk factors, hyperglycemia, H. pylori infection, high salt intake, medications and
comorbidities. It should be recognized that epidemiological findings are inconsistent, the estimated relative risk
is moderate, and most studies have inherent limitations
related to study design, sample size, confounders and
biases. Therefore, more well-designed epidemiological
studies are required to confirm the association between
diabetes and gastric cancer in humans, and in-depth
mechanistic studies are necessary to explain the possible
links.
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Targeted therapy in gastric cancer: Personalizing cancer
treatment based on patient genome
Sun Min Lim, Jae Yun Lim, Jae Yong Cho
not all patients can be tested for biomarkers, and numerous challenges hamper implementation of targeted
therapy in clinical settings. Indeed, the scale of tumor
genomic profiling is rapidly outpacing our ability to appropriately synthesize all the information in order to
optimally refine patient care. Therefore, clinicians must
continue to educate themselves regarding new tools
and frameworks, and to utilize multidisciplinary team
science, comprised of oncologists, geneticists, pathologists, biologists and bioinformaticians, to successfully
implement this genomic approach therapeutically.
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Core tip: Understanding the molecular mechanisms
governing carcinogenesis, progression and prognosis
of gastric cancer is a prerequisite for development of
effective management strategies. Analysis of genomic
and proteomic expression profiles of oncogenic signaling pathways have revealed different molecular
subtypes of gastric cancer. Development of personalized cancer therapy regimens will specifically target
aberrations that drive tumor growth and survival.
Therefore, identifying and administering the appropriate drug based on genetic profiling will improve clinical
outcomes and decrease toxicity. We anticipate that
identification of novel cancer targets will further aid in
understanding of cancer heterogeneity and in refinement of personalized therapeutic strategies.

Abstract
Gastric cancer is the second leading cause of cancerrelated deaths worldwide. Conventional cytotoxic chemotherapy has limited efficacy for metastatic gastric
cancer, with an overall survival of approximately ten
months. Recent advances in high-throughput technologies have enabled the implementation of personalized
cancer therapy for high-risk patients. The use of such
high-throughput technologies, including microarray
and next generation sequencing, have promoted the
discovery of novel targets that offer new treatment
strategies for patients lacking other therapeutic options. Many molecular pathways are currently under
investigation as therapeutic targets in gastric cancer,
including those related to the epidermal growth factor
receptor family, the mesenchymal-epithelial transition
factor axis, and the phosphatidylinositol 3-kinase-AKTmammalian target of rapamycin factors. Advances in
molecular diagnostic tools further support the discovery
of new molecular targets. Limitations exist, however;
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Trastuzumab extended the median overall survival from
11.1 to 13.8 mo (HR = 0.74; P = 0.0046). This finding
satisfied the primary objective of the trial and was later
referenced in the National Comprehensive Cancer Network guideline.
In addition to the HER2 pathway, there are many
other pathways abnormally regulated in gastric cancer.
These include the fibroblast growth factor receptor
(FGFR) family, the hepatocyte growth factor (HGF)mesenchymal epithelial transition factor axis, the phosphatidylinositol 3-kinase (PI3K)-AKT-mammalian target
of rapamycin (mTOR) factors, and the RAS/RAF/
MEK/mitogen-activated protein kinase factors.
Genetic amplification, translocation or mutation of
FGFR accelerates growth in a variety of cancers. More
specifically, FGFR2 has been reported as amplified in
9% of gastric cancer specimens[9]. For the HGF/Met
pathway, dysregulation can occur by aberrant paracrine
and autocrine activation via inappropriate ligand production, activating mutations, genomic amplification,
increased transcription, or Met receptor overexpression.
Overexpression of Met has been detected in human
gastric cancers and is associated with a more aggressive
phenotype[10-12]. Notably, rilotumumab (a monoclonal
antibody targeting the Met-HGF axis) yielded superior
overall survival rates in a subgroup analysis of a phase
Ⅱ randomized study. Patients with high levels of Met
expression were treated with either epirubicin, cisplatin,
and capecitabine (ECX) in combination with rilotumumab or ECX alone in the first-line setting (11.1 mo vs 5.7
mo, HR = 0.29; 95%CI: 0.11-0.76, P = 0.012)[13]. Activation of the PI3K/Akt/mTOR signaling pathway is correlated with poor prognosis and has also been studied as
a therapeutic target[14,15]. A phase Ⅲ trial that evaluated
supportive care in combination with either everolimus
(an inhibitor of mTOR) or placebo for patients with
advanced stage gastric cancer yielded negative results,
where there was no significant difference in overall
survival between the treatment arms (5.4 mo vs 4.3 mo
for the everolimus and placebo groups, respectively)[16].
Histone deacetylase and poly (ADP-ribose) polymerase
(PARP; a family of proteins involved in a number of cellular processes involving DNA repair and programmed
cell death) have been investigated as treatment targets
for gastric cancer[17,18]. Angiogenesis is essential in cancer
development, growth, and proliferation, and the vascular endothelial growth factor (VEGF) and receptor
(VEGFR) have been spotlighted as therapeutic targets.
Recently, the REGARD Trial reported that ramucirumab
(a VEGFR-2 monoclonal antibody) improved both progression-free survival and overall survival (vs placebo)[19].
Many clinical trials have evaluated molecular targeting
agents that correspond to the various aforementioned
signaling pathways (Figure 1), and many of them are ongoing (Table 1)[8,18-23].
Due to large-scale molecular techniques, our understanding of the molecular complexity underlying gastric
cancer has increased, and the development of prognostic

INTRODUCTION
Advances in high-throughput technologies, such as microarray and next generation sequencing (NGS), have
led to the discovery of novel therapeutic targets and
revealed the power of predictive and prognostic markers
in patient care. In addition, such comprehensive genomic
approaches have increased our understanding of critical
cellular and molecular mechanisms of cancer[1,2]. To date,
hundreds of cancer-causing mutations have been discovered by genome-wide sequencing of the entire exome of
more than 3000 tumors[3-5]. Most of the mutated cancercausing genes may already have been identified, as the
more recent NGS studies have reported previously
identified mutants from different tumor types[5]. Because
of this depth of knowledge regarding cancer genomes,
we can now target specific aberrations that drive tumor
growth and survival and customize drug combinations
for individual patients. Despite the feasibility and clinical
advantages of personalized cancer therapy, only a small
minority of patients are being tested for biomarkers and
treated accordingly. Moreover, most emerging drug candidates with no predictive biomarkers fail in clinical trials. Therefore, it is essential to determine which specific
targeted therapies are most efficacious for particular sets
of patients, and optimization of these treatment regimens should be a priority of future research.
Gastric cancer is one of the most common malignancies worldwide and is the most frequent cancer diagnosed in East Asian countries[6]. Since gastric cancer is
a heterogeneous disease, both histologically and genetically, it is difficult to predict patient outcomes using classical histologic and molecular classifications[7]. Surgery
is the only curative treatment strategy; yet, even when
the primary tumor is resected, some early gastric cancer
patients will ultimately succumb to the disease as a result of recurrence of local or distant tumors. Although
not necessary in all patients, adjuvant chemotherapy has
been shown to benefit some patients with early gastric
cancer, whereas conventional chemotherapy has limited
efficacy for advanced gastric cancer, with an overall survival of approximately ten mo. Therefore, to improve
prognosis of these high-risk patients, it is important to
identify predictive biomarkers and to develop refined
treatment strategies.

MOLECULAR HETEROGENEITY OF
GASTRIC CANCER
Human epidermal growth factor receptor 2 (HER2;
also known as ERBB2) is a receptor associated with cell
survival, proliferation, migration, adhesion, and differentiation. In the trastuzumab for gastric cancer trial, 594
patients with gastric cancer with overexpression of the
HER2 protein were randomly assigned to two treatment
groups, chemotherapy (capecitabine/fluorouracil plus
cisplatin) or chemotherapy in combination with trastuzumab (a monoclonal antibody that inhibits HER2)[8].
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Figure 1 Molecular targeting agents for different signaling pathways in gastric cancer. PI3K: Phosphatidylinositol 3-kinase; HER: Human epidermal growth factor receptor; FGFR: Fibroblast growth factor (FGF) receptor; mTOR: Mammalian target of rapamycin; HGF: Hepatocyte growth factor; VEGFR: Vascular endothelial
growth factor (VEGF) receptor; EGF: Epidermal growth factor; MAPK: Mitogen-activated protein kinase.

Table 1 Recent phase Ⅲ clinical trials investigating molecular targeting agents in gastric cancer
Biomarker

n

Results

Achievement of primary objective

Ref.

HER2

584

Positive

[8]

Capecitabine/oxaliplatin ± lapatinib (LOGiC)
Paclitaxel ± lapatinib (TYTAN)
EGFR inhibitor
Capecitabine/cisplatin ± cetuximab (EXPAND)

HER3
HER4

545
261

PFS 6.7 mo vs 5.5 mo, P = 0.0002
OS 13.8 mo vs 11.1 mo, P = 0.0046
Enrollment done
OS 11.3 mo vs 8.8 mo, P = 0.2088

NP (NCT00680901)
Negative

[20]

NA

904

Negative

[21]

Epirubicin/oxaliplatin/capecitabine ± panitumumab (REAL-3)

NA

553

Negative

[22]

Negative

[23]

Positive

[19]

Clinical trial
HER2 inhibitor
Capecitabine/cisplatin ± trastuzumab (ToGA)

PFS 5.6 mo vs 4.4 mo, P = 0.3158
OS 10.7 mo vs 9.4 mo, P = 0.9547
Increased toxicity
PFS 6.0 mo vs 7.4 mo, P = 0.068
OS 8.8 mo vs 11.3 mo, P = 0.013
Increased toxicity

Angiogenesis inhibitor
Capecitabine/cisplatin ± bevacizumab (AVAGAST)

NA

774

Ramucirumab vs placebo (REGARD)

NA

355

Paclitaxel ± ramucirumab (RAINBOW)
Afatinib vs placebo
C-MET/HGF pathway inhibitor
Epirubicin/cisplatin/capecitabine ± rilotumumab
(RILOMET-1)
Fluorouracil/folinic acid/oxaliplatin ± onartuzumab (MetGastric)
PI3K/Akt/mTOR pathway inhibitor
Everolimus vs placebo

NA
NA

Paclitaxel ± everolimus (AIO-STO-0111)

PFS 6.7 mo vs 5.3 mo, P = 0.0037

665
270

OS 12.1 mo vs 10.1 mo, P = 0.1002
PFS 2.1 mo vs 1.3 mo, P < 0.0001
OS 5.2 mo vs 3.8 mo, P = 0.0473
Enrollment done
Enrolling

NP (NCT01170663)
NP (NCT01512745)

MET

450

Enrolling

NP (NCT01697072)

MET
HER2

800

Enrolling

NP (NCT01662869)

NA
NA

648 PFS 1.68 mo vs 1.41 mo, P < 0.00001
OS 5.39 mo vs 4.34 mo, P = 0.1244
480
Enrolling

Negative

[16]

NP (NCT01248403)

NA: Not applicable; NCT: ClinicalTrials.gov identifier; NP: Not published; OS: Overall survival; PFS: Progression-free survival; PI3K: Phosphatidylinositol
3-kinase; HER: Human epidermal growth factor receptor; mTOR: Mammalian target of rapamycin.
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Figure 2 Prognostic expression signatures of genes associated with survival. A: Hierarchical clustering of gene expression data from 65 gastric cancer and 6
gastrointestinal stromal tumors patients in the Yonsei gastric cancer (YGC) cohort; B: Kaplan-Meier plots of 3 gastric cancer clusters in the YGC cohort; C: KaplanMeier plots of stage III patients in 2 clusters (C1 and C2) in the YGC cohort. RFS: Recurrence-free survival.

CCL5, and LXTR1). Next, a scoring system based on
the six genes was developed that independently predicted the likelihood of relapse after curative resection. This
suggested that the distinct gene expression signature accurately reflected the clinical differences between patient
subgroups and that such screens can provide information on disease trajectory. In the future, the efficacy of
the risk score will be evaluated as a predictive marker for
clinical response to adjuvant chemotherapy.
In another study using a gene expression microarray,
the M2 isoform of pyruvate kinase (PKM2) was found
to be overexpressed in gastric cancers at both the mRNA
and protein levels relative to normal gastric tissues. Its
expression was negatively correlated with survival in
signet-ring cell gastric cancer patients. PKM2 expression
may be an adverse prognostic factor for signet-ring cell
carcinomas, and the biological role of PKM2 in gastric
cancer development and its prognostic value need to be
further elucidated[31].

classifications based on gene expression profiles is rapidly evolving[24-28]. For example, two distinct gastric cancer subclasses that were strongly associated by prognosis
were linked by analyzing gene expression profiles[29]. Interestingly, whole exome sequencing of a gastric adenocarcinoma revealed recurrent somatic mutations in both
cell adhesion and chromatin remodeling genes[30]. The
characterization of more molecular processes and interactions will yield effective tailored therapies to improve
patient outcome and reduce drug toxicity.

GENE EXPRESSION MICROARRAY
A recent study by Ahn et al[29] identified the prognostic
gene expression signatures of six genes significantly associated with survival and relapse and developed a scoring system based on these genes. Specifically, reverse
transcriptase polymerase chain reaction was performed
on paraffin-embedded tissues, and microarray was used
to generate and analyze gene expression profiling data
from 65 gastric cancer patients. Two distinct subgroups
were strongly associated with prognosis (Figure 2). The
C1 subgroup was linked with a poor prognosis, and six
genes were identified whose expressions were unique
to this subgroup (CTNNB1, EXOCS3, TOP2A, LBA1,
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MICRORNA MICROARRAY
MicroRNA (miRNA) play a role in the pathogenesis
of various human cancers[32]. Although some miRNAs
have been shown to function as oncogenes and oth-
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Figure 3 Simple scoring analysis of Asian gastric cancer. Three criteria were used to select key genes: (1) Genes that were identified in both 5-group and 4-stage
differential expression analysis; (2) Target genes of six key differentially expressed miRNAs, where the target genes were predicted by TargetScan (Rs < -0.4, P < 0.05);
and (3) Genes with recurrent somatic mutations or their interactors (Ingenuity Pathway Analysis program annotation). Only two genes met two criteria, and PRKAA2
was the only gene that met all three criteria. miRNA: MicroRNA.

ing analysis found that only PRKAA2 (AMPKα2) was
identified as a potential key modulator of gastric cancer
progression. Importantly, the translational relevance
of this gene as a target for early-stage gastric cancer
was suggested by functional studies in gastric cancer
cell lines[44]. Relative to previous RNA-seq studies, this
whole-transcriptome RNA-seq approach has several
advantages. First, two protocols were used that complementarily covered RNA fragments of different sizes. In
this manner, quantification of mRNA, long noncoding
RNA and miRNA expression could be conducted simultaneously. Second, ribosome-depleted RNA samples,
rather than poly A-enriched RNA samples, were sequenced, thereby generating a less biased population of
transcribed molecules. Third, strand-specific short reads
were used, and this allowed for more accurate quantification of gene expression. In the future, further functional
studies will be necessary to elucidate whether AMPKα2
is an effective therapeutic target.

ers as tumor suppressors, their mechanisms remain to
be elucidated [33,34]. The relationship between miRNA
expression profile and gastric cancer prognosis[35,36] and
pathogenesis[37,38] has been actively explored. For example, miR-196b may be a useful marker, as overexpression
of miR-196b has been linked to leukemia and several
solid cancers, including gastric cancer[39,40]. Whether miR196b is an oncogene or tumor suppressor and whether
it has a role in gastric carcinogenesis and progression
have not yet been confirmed[41]. Recently, miR-21, miR106b, miR-17, miR-18a and miR-20a were identified as
the five most consistently identified miRNAs in screens
of gastric cancer. The association between expression
level of these miRNAs and clinicopathological features
of gastric cancer was significant, and these miRNAs are
potential diagnostic and/or prognostic markers that warrant further investigation[42].
RNA-sequencing
RNA-sequencing (RNA-seq) technology enables investigators to simultaneously quantify gene expression
levels, assess alternative splicing and gene fusion events,
and detect nucleotide variations in transcribed regions.
In particular, whole-transcriptome RNA-seq provides a
detailed view of the spectrum of expressed transcripts
of both coding and noncoding mRNA[43]. Recently, a
central metabolic regulator AMP-activated protein kinase
(AMPK) was identified as a potential functional target in
Asian gastric cancer. As seen in Figure 3, a simple scor-
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CONNECTIVITY MAP
The Connectivity Map is a web-based interface (http://
www.broadinstitue.org/cmap) that contains more than
7000 expression profiles representing effects of 1309
compounds on several cultured human cells[45]. Analyses
using the Connectivity Map reveal functional connections between drugs, genes, and disease and provide a
novel approach for cancer treatment. Candidate agents
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Figure 4 Schematic for genomics-driven cancer medicine where the cancer treatment regimen is adjusted according to each patient’s genome.

sparing the patient from the considerable toxicity associated with conventional “trial and error” therapy. However, the genome era also poses clinical challenges. This
unprecedented flow of tumor and germline genomic
information needs to be supported by clinical-grade data
interpretation. Oncologists will be required to conduct
a new generation of evidence-based clinical trials to accommodate smaller numbers of patients with discrete
genetic alterations. To aid in this discovery, platforms
for repeat biopsy and tissue banking should be established. Moreover, the roles of personalized surgery and
radiotherapy should not be underestimated. Defining
a subgroup of patients who benefit from radiotherapy
and the potential interactions between patient characteristics and the efficacy of radiotherapy should be further
explored in the future. We believe this confluence of
science, technology, drug discovery, and clinical trial will
lead to successful implementation of informed personalized cancer medicine.

against a specific disease can be recognized by applying
disease-specific gene expression profiles to Connectivity
Map analysis[46]. Recently, a gastric cancer gene signature was applied to the Connectivity Map, and analysis
revealed that histone deacetylase inhibitors, including
vorinostat and trichostatin A, were potential drugs for
the treatment of gastric cancer. These findings were
validated in vitro using gastric cancer cell lines, wherein
vorinostat significantly inhibited cell viability in a dosedependent manner[17]. Therefore, application of unique
gene expression profiles to the Connectivity Map may be
a viable strategy for the discovery of novel therapeutic
agents for gastric cancer.

CONCLUSION
Advances in molecular diagnostics rely more on classifying tumors based on the pathways that drive the oncogenic process, rather than by the tissue of origin. Such
molecular tumor classification schemes are very useful
in selecting the appropriate pathway inhibitor to apply to
an individual patient. Genomic technologies enable robust tumor genomic profiling in the clinical arena (Figure
4) and make it possible to match plausible genetic alterations with rational therapeutic regimens. This means that
data from cancer genomes may dictate rational treatment
decisions that are tailored for a specific tumor. Importantly, the patients benefit from use of these biomarkers,
as the most effective therapy would be selected upfront,
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Core tip: In Japan and Korea, mucosal gastric cancer
without concomitant lymph node metastasis is usually
treated with endoscopic resection. However, gastric
cancer recurrence following endoscopic resection is a
significant problem. Secondary metachronous gastric
cancers often develop due to atrophic mucosa left
untreated after endoscopic treatment. Currently, all
available evidence suggests that Helicobacter pylori (H.
pylori ) eradication represents a primary chemopreventive strategy. However, the efficacy of H. pylori eradication for the prevention of metachronous gastric cancer
has been controversial. Therefore, endoscopists should
inspect the entire stomach for minute or occult metachronous gastric cancer. In addition, regular surveillance endoscopy should be performed.

Abstract
Helicobacter pylori (H. pylori ) plays an important role in

gastric carcinogenesis, as the majority of gastric cancers
develop from H. pylori -infected gastric mucosa. The rate
of early gastric cancer diagnosis has increased in Japan
and Korea, where H. pylori infection and gastric cancer
are highly prevalent. Early intestinal-type gastric cancer
without concomitant lymph node metastasis is usually
treated by endoscopic resection. Secondary metachronous gastric cancers often develop because atrophic mucosa left untreated after endoscopic treatment confers a
high risk of gastric cancer. The efficacy of H. pylori eradication for the prevention of metachronous gastric cancer
remains controversial. However, in patients who undergo
endoscopic resection of early gastric cancer, H. pylori
eradication is recommended to suppress or delay metachronous gastric cancer. Careful and regularly scheduled
endoscopy should be performed to detect minute meta-
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INTRODUCTION
Gastric cancer ranks as the fourth most common cancer
and the second most frequent cause of death from cancer, accounting for 10.4% of cancer deaths worldwide[1].
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Although the incidence of gastric cancer has declined in
recent years, it remains a major health concern. Gastric
carcinogenesis is a multifactorial process influenced by
an interaction of host factors, including Helicobacter pylori
(H. pylori) infection and environmental factors, such as
diets rich in salt and nitrates/nitrites[2]. H. pylori plays an
important role in gastric carcinogenesis, as the majority of non-cardia gastric cancers develop from H. pyloriinfected mucosa[3]. H. pylori colonizes the gastric mucosa
and triggers a series of inflammatory reactions, which
are considered an important cause of chronic atrophic
gastritis[4,5], an early step in a series of mucosal changes
in the stomach leading to cancer. The current model
for stomach carcinogenesis begins with gastritis and
proceeds to chronic atrophic gastritis, followed by intestinal metaplasia, dysplasia, and, finally, carcinoma[6]. This
model is supported by a considerable number of clinicopathological and epidemiological studies conducted in
countries with a high incidence of gastric cancer; indeed,
the World Health Organization has categorized H. pylori
as a group 1 carcinogen for gastric cancer on the basis
of these epidemiological studies[7,8]. Furthermore, animal
models have clearly shown a causal link between H. pylori
and gastric cancers[9,10], and H. pylori eradication has been
shown to be a primary preventive measure for gastric
cancer in these models[11]. However, the primary prevention of gastric cancer through H. pylori eradication in
humans remains controversial.
In Japan and Korea, mucosal gastric cancer without
concomitant lymph node metastasis is usually treated
with endoscopic resection (i.e., endoscopic mucosal
resection and endoscopic submucosal dissection). Secondary metachronous gastric cancers often develop
due to atrophic mucosa left untreated after endoscopic
treatment, which confers a high risk of gastric cancer.
The Japanese Society for Helicobacter Research has recommended that patients undergo H. pylori eradication
therapy following endoscopic treatment of early gastric
cancer for the prevention of metachronous cancers[12].
However, few studies have evaluated the efficacy of H.
pylori eradication for metachronous gastric cancer prevention. The aim of this review is to evaluate existing
evidence on the efficacy of H. pylori eradication for the
prevention of metachronous gastric cancer after endoscopic resection of early gastric cancer. We reviewed
large-scale epidemiological studies, meta-analyses, and
animal model-based investigations linking gastric cancer
to H. pylori infection. Literature searches using the Medline and PubMed databases were performed as part of
the preparation for the implementation of this guideline.
Our search was performed using index words related to
H. pylori (“Helicobacter pylori” OR “Helicobacter” OR “pylori” OR “eradication”), gastric cancer (“gastric cancer”
OR “stomach cancer” OR “metachronous”), and treatment (“endoscopic resection” OR “endoscopic submucosal dissection”).
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EFFECT OF H. PYLORI ERADICATION
ON PRIMARY PREVENTION OF GASTRIC
CANCER
Intervention studies completed in Columbia[13], China[14],
and Japan[15] have suggested that H. pylori eradication is
the most effective approach to gastric cancer prevention,
but that it is more effective in patients with no basal atrophic gastritis or intestinal metaplasia. A pooled analysis of
six studies with a total of 6695, largely Asian, participants
followed for 4-10 years showed that the relative risk of
gastric cancer after H. pylori eradication was 0.65 (95%CI:
0.43-0.98)[16]. However, a large-scale, double-blind randomized study in China showed that gastric cancer was
still diagnosed after successful eradication of H. pylori
and that eradication did not lead to a significant decrease
in the incidence of gastric cancer[17]. A meta-analysis of
four randomized intervention studies with gastric cancer
incidence serving as a secondary outcome showed a nonsignificant OR of 0.67 (95%CI: 0.42-1.07)[18]. Currently,
all available evidence suggests that H. pylori eradication
represents a primary chemopreventive strategy in a subset of subjects. However, H. pylori eradication in patients
who have already developed advanced pre-neoplastic lesions does not prevent gastric cancer development.

RISK OF METACHRONOUS CANCER IN
PATIENTS WHO HAVE UNDERGONE
ENDOSCOPIC RESECTION AND H.
PYLORI ERADICATION FOR EARLY
GASTRIC CANCER
The rate of early gastric cancer diagnosis has increased
due to improved diagnostic procedures and use of endoscopy as a screening tool, particularly in asymptomatic
individuals in Japan and Korea. In Japan, 60% of gastric
cancers are early-stage tumors[19]. Early intestinal-type gastric cancer without concomitant lymph node metastasis is
usually treated with endoscopic resection. Guidelines for
the treatment of gastric cancer state that intestinal-type
mucosal cancer < 20 mm in diameter with no evidence
of ulcer or ulcer scar is an indication for endoscopic resection[20]. However, gastric cancer recurrence following
endoscopic resection of early gastric cancer is a significant
problem, as gastric cancer patients may have a higher H.
pylori infection rate (71%-95%)[21] and a more abnormal
mucosa with atrophic gastritis or intestinal metaplasia than
the general population. Therefore, field carcinogenesis can
result in gastric cancer, as the gastric environment is likely
to promote the occurrence of secondary cancer.
Gastric cancer can recur in the stomach as a local
recurrence or metachronous cancers. Metachronous
gastric cancer is defined as new carcinoma that develops
in areas other than the primary site at least 1 year after
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trol group, these findings may thus indicate that H. pylori
eradication decreases the rate of gastric cancer growth.
In contrast, a recently reported retrospective multicenter study showed that H. pylori eradication after endoscopic resection of early gastric cancer does not reduce
the incidence of metachronous gastric cancer[31]. During
overall follow-up periods of 1.1-11.1 (median, 3.0) years,
metachronous gastric cancer developed in 13 of 177
(14.3%) patients in the persistent group and 15 of 91
(8.5%) patients in the eradicated group (log-rank test, P
= 0.262). This finding is in agreement with a report from
China that H. pylori eradication did not significantly reduce the incidence of gastric cancer[17]. Based on a multivariate logistic regression analysis, severe mucosal atrophy
at baseline and during > 5 years of follow-up were found
to be independent risk factors for the development of
metachronous gastric cancer. The authors concluded that
H. pylori should be eradicated before the progression of
gastric mucosal atrophy. Haruma et al[32] also reported that
severe mucosal atrophy was more frequent in patients
with metachronous gastric cancer after H. pylori eradication than in those without, and that severe corpus atrophy was the only independent risk factor for cancer after
H. pylori eradication. According to one recent multicenter
retrospective study[26], the mean annual incidence rate of
metachronous cancers was 3.5% in 1258 patients with
early gastric cancer who were followed after endoscopic
resection. The incidence rate did not differ between patients with or without H. pylori eradication[26].
Until now, the efficacy of H. pylori eradication for the
prevention of metachronous gastric cancer has been controversial. Despite incongruities, as suggested by the existence of several guidelines, H. pylori eradication has been
recommended to suppress or delay metachronous gastric
cancer in patients who have undergone endoscopic resection of early gastric cancer. At the very least, we suspect
that such benefits will be greater in patients without atrophy or intestinal metaplasia. However, eradication does
not completely eliminate the risk of developing gastric
cancer. Therefore, endoscopists using newly developed
imaging techniques, such as magnifying endoscopy and
narrow band imaging, should inspect the entire stomach
for minute or occult metachronous gastric cancer. In
addition, regular surveillance endoscopy should be performed every 6-12 mo for 5 years after initial endoscopic
resection.

endoscopic resection. As endoscopic resection spares a
larger area of the gastric mucosa, multiple metachronous
cancers may occur more frequently after endoscopic
resection than after partial gastrectomy. The estimated recurrence rate of early gastric cancer in the gastric stump
is 1.13%-1.90%[22,23]. Hosokawa et al[24] reported that the
cumulative 5-year prevalence of residual gastric cancer
post-partial gastrectomy for early gastric cancer was 2.4%.
An increased risk of metachronous gastric cancers is
expected in patients treated by endoscopic resection, in
proportion to the larger area of gastric mucosa remaining in these patients. The length of follow-up has varied
in previous studies, but the annual incidence rate of
metachronous gastric cancer after endoscopic resection
ranged from 3.3%-3.5%[19,25,26]. H. pylori eradication from
the residual gastric mucosa after endoscopic treatment of
early gastric cancer has an inhibitory effect on the occurrence of metachronous gastric cancer[27,28], and has been
recommended in various guidelines[12,29]. Uemura et al[27]
assigned patients who had undergone endoscopic therapy
for early gastric cancer to an H. pylori eradication group
or a non-eradication group and performed long-term
follow-up. During a follow-up period of approximately 5
years, secondary gastric cancer was detected in 10 of 67
(15%) patients in the non-eradication group and 0 of 65
patients in the eradication group[27]. This study was not
evaluated highly because the sample size was small and
the patients were not strictly randomized. However, a
multicenter retrospective study by Nakagawa et al[28] yielded a similar result. This study included 2835 patients with
a median follow-up period of 2 years, during which H.
pylori was eradicated in 356 (13%) patients. Metachronous
gastric cancers developed in 8 (2%) patients successfully
treated for H. pylori, compared with 129 (5%) patients
with persistent H. pylori infection (OR = 0.42, 95%CI:
0.20-0.86, P = 0.021). A prospective randomized trial by
Fukase et al[30] showed a significant decrease in the incidence of metachronous gastric cancer after endoscopic
resection of early gastric cancer during a 3-year follow-up
period. Secondary cancers were observed in significantly
fewer (9 of 255) patients in the H. pylori eradication group
compared with the control group (24 of 250 patients;
HR = 0.339, 95%CI: 0.157-0.729, P = 0.003). In both
groups, intestinal metaplasia was observed in 45%-65%
of patients and gastric mucosal atrophy was moderate or
severe in 80%-90% of patients. The authors concluded
that H. pylori eradication might also be effective in patients who have early gastric cancer with mucosal atrophy
and intestinal metaplasia. They suspected that eradication
would inhibit the occurrence of new gastric cancer and
reduce the growth rate of cancers that do occur. Because
the 3-year follow-up period of this study was too brief
to evaluate whether eradication prevents new occurrence
of gastric cancer, this study likely evaluated clinical cancers that developed from occult cancer; i.e., cancer that
existed but was not detectable at the time of endoscopic
treatment. If the detection time of residual cancer in the
eradication group was delayed compared with the con-
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Helicobacter pylori infection following partial gastrectomy for
gastric cancer
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refluxate also has a significant influence on the colonization of the stomach stump, with several studies
reporting mixed results as well. In contrast, the elimination of H. pylori from the gastric stump has shown a
dramatic impact on eradication rate. H. pylori elimination is recognized to be important for cancer prevention
and considerable agreement of opinion is seen among
researchers. To overcome the current discrepancies in
the literature regarding the role of H. pylori in the gastric stump, further research is required.
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Core tip: Helicobacter pylori (H. pylori ) are colonizing
the remnant stomach after partial gastrectomy for gastric cancer interacts with the remaining gastric stump in
a unique way. Many theories have been proposed as to
the exact role or etiological manifestation of H. pylori on
the remnant stomach relating to prevalence rate, carcinogenesis, and extent of clearance. Yet, studies have
provided inconsistent results and no unified opinion has
been reached on each topic. This article summarizes
findings from the collective investigational reports on
the influence of H. pylori in the gastric remnant.

Abstract
Gastric remnants are an inevitable consequence of partial gastrectomy following resection for gastric cancer.
The presence of gastric stumps is itself a risk factor for
redevelopment of gastric cancer. Helicobacter pylori
(H. pylori ) infection is also a well-known characteristic
of gastric carcinogenesis. H. pylori colonization in the
remnant stomach therefore draws special interest from
clinicians in terms of stomach cancer development and
pathogenesis; however, the H. pylori -infected gastric
remnant is quite different from the intact organ in several aspects and researchers have expressed conflicting opinions with respect to its role in pathogenesis.
For instance, H. pylori infection of the gastric stump
produced controversial results in several recent studies. The prevalence of H. pylori infection in the gastric
stump has varied among recent reports. Gastritis developing in the remnant stomach presents with a unique
pattern of inflammation that is different from the pattern seen in ordinary gastritis of the intact organ. Bile
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INTRODUCTION
Curative attempts to resect gastric adenocarcinoma leave
a gastric stump, creating the possibility of metachronous
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for the prevention of gastric cancer in populations at
high risk[1].
The reported rates of H. pylori infection in the remnant stomach after distal gastrectomy fall within a broad
range (19%-70%)[5-9]. Data from one group of researchers concluded that H. pylori prevalence is relatively low
in patients who have undergone distal gastrectomy[10,11].
Another study from Israel supports this data with demonstrated infection rates as low as 18%[12]. This low prevalence of H. pylori after distal gastrectomy is explained
by the decreased survivability of the microorganism in
patients with an absent antrum. The antrum serves as
the main colonizing location for H. pylori, as well as the
source of bile reflux that produces an increase in intragastric pH[13,14]. Some researchers have suggested that the
elevation in pH in the stomach leads to a reduction or
disappearance of H. pylori in the gastric stump; furthermore, the organism is detected more commonly in the
gastric corpus than near the anastomotic rim[7,15]. Biliary
reflux from the small intestine to the stomach after the
removal of the pyloric sphincter is suspected to further
inhibit H. pylori proliferation[16-18]. Some studies have suggested that bile inhibits H. pylori growth in vitro and may
play a role in eradicating H. pylori in vivo[14,19]. The type
of anastomosis utilized during surgical resection is also
known to influence the rate of H. pylori infection (Table
1). Several investigations have suggested that bile reflux
in conjunction with the type of anastomosis used for the
procedure inhibits H. pylori colonization[20,21].

Table 1 Differences in the characteristics and manifestations
of different gastric resections recently presented
Manifestations
Bile reflux
Polymorphonuclear infiltration
(i.e., rate of inflammation)
H. pylori infection rate
Chronic and active inflammation
Intestinal metaplasia

Distal
gastrectomy

Proximal
gastrectomy

↑
↑ (60.5%)

↓
↓ (12.9%)

↑
↑
↓

↓
↓
↑

It is suggested that the presence of a gastric stump after proximal
gastrectomy promotes the progression of intestinal metaplasia and hampers
the colonization of Helicobacter pylori (H. pylori). However, this notion is
contrary to results from previous studies showing a relatively low H. pylori
prevalence in the gastric stump.

tumors arising from the remnant organ. A number of
post-surgical management strategies have been adopted
to lessen the risk of gastric malignancy recurrence, such
as adjuvant chemotherapy and regular endoscopic surveillance. Based on the strong and well-established association between Helicobacter pylori (H. pylori) and carcinogenesis in intact stomach, identifying and eradicating the
presence of this bacterial carcinogen has been suggested
as another approach for decreasing cancer recurrence in
the gastric stump[1,2]. However, some researchers have
refuted the evidentiary importance of this strategy, since
the carcinogenic role of H. pylori has yet to be definitively
established in remnant stomach[3].
Following surgical resection, remnant tissue provides
a unique environment for the propagation of H. pylori
as compared to the intact stomach. The natural course
of H. pylori infection is typified by atrophic changes that
result from microorganisms that migrate to the proximal
stomach. The role of H. pylori infection in subjects who
undergo distal gastrectomy for gastric cancer has been
unclear due to mixed results from recent studies. In this
article, we will review the research on the interaction
between H. pylori and its anatomically altered habitat. We
will further explore the role of bile refluxate on H. pylori
infection, and the effect of H. pylori eradication on the
progression of gastric carcinogenesis.

H. pylori mediated gastritis of the gastric stump
H. pylori infection in the gastric remnant after gastrectomy is known to be associated with a pattern of gastritis
that is characterized by active and chronic inflammatory
cell infiltration into the lamina propria[11,22]. Data has suggested that the presence of H. pylori infection mediates
the severity of inflammatory change seen in the remnant
stomach[23,24]. In a study utilizing a fiberoptic detector of
bilirubin, refluxate from gastrectomy subjects and endoscopic biopsy specimens were analyzed. The results suggest that mucosal erythema was induced by bile refluxate
and the active chronic inflammatory cell infiltration was
caused by H. pylori infection[11].
The presentation of inflammation is dependent on
the surgical type of gastric excision. One recent singlesite investigation revealed that neutrophilic infiltration
predominated in the gastric remnant of distal gastrectomy
subjects but not in the remnants of proximal gastrectomy
patients (Table 1, 60.5% vs 12.9%, P < 0.001)[25]. The authors explained this finding by suggesting that the gastric
stump remaining after proximal gastrectomy was prone to
intestinal metaplasia with continuing inflammation, creating a difficult environment for H. pylori colonization.
There are several factors that may influence the infection rate of H. pylori in the gastric stump. Early research
failed to yield sufficient data comparing different types
of surgery, such as the Billroth versus Roux-en-Y proce-

OBSERVATIONS OF H. PYLORI
INFECTION IN THE REMNANT STOMACH
Prevalence of H. pylori infection after partial gastric
resection
Several clinical conditions confer a high risk for gastric
cancer. These conditions include pan-gastritis, prior gastric neoplasia, and corpus-dominant gastritis. Among
clinical considerations, previous gastric procedures are
considered to be an indication for aggressive H. pylori
eradication[3,4]. According to guidelines from the Maastricht Ⅳ/Florence Consensus Report, eradication of H.
pylori is strongly recommended as an essential treatment
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Table 2 Some issues disputed among researchers regarding Helicobacter pylori infection in the gastric remnant after partial
gastrectomy
Issues

Prospective

Consequence

H. pylori infection decreases
after partial gastrectomy,
depending upon surgery
and anastomosis type

Distal gastrectomy leads to bile reflux and resultant
elevated intra-gastric pH, hampering H. pylori inhabitation;
this was also shown in an in vitro study[19]
Billroth type Ⅱ anastomosis has higher bile reflux
compared with Billroth type Ⅰ or vagotomy, with
concordant lower H. pylori infection prevalence[6,8]
Bile refluxate is toxic to H. pylori, leading to spontaneous
eradication[23]
H. pylori is a risk factor of
Some academic gastroenterological societies recognize H.
carcinogenesis in the gastric pylori as a risk factor equivalent to the intact organ[1,2]
stump
H. pylori eradication is
H. pylori-positive subjects with a remnant stomach after
required
gastrectomy for cancer showed a higher prevalence for
premalignant lesions compared to H. pylori-negative
subjects
H. pylori eradication is strongly recommended[1]
Bile reflux inhibits H. pylori Spontaneous eradication by the reflux of bile contents is
inhabitation in the gastric
suggested[23]
stump

Subjects with proximal gastrectomy are prone to intestinal
metaplasia, which is a difficult environment for H. pylori
survival[25]
Duodenogastric reflux “facilitates” the survival of H. pylori[27]

Showing a rather low H. pylori infection rate suggests a
different pathogenesis of gastric cancer from the remnant
stomach[3]
Eradication therapy improved intestinal metaplasia, preventing
premalignant changes[30]
Some academic gastroenterological societies do not advocate H.
pylori eradication in the gastric stump
There was no apparent inverse relationship between the
quantity of bile refluxate and H. pylori infection[11]
Pylorus-preserving gastrectomy led to the spontaneous
clearance of H. pylori[28]

H. pylori: Helicobacter pylori.

spontaneous H. pylori clearance was related to the type of
surgery and time of post-operative resection.

dures. More recent investigations, however, have revealed
that the type of gastrectomy may influence the rate of
infection; that is, the H. pylori infection rate differed according to the type of surgery conducted. A systematic
review of 36 studies that assessed H. pylori infection after
several types of surgery for peptic ulceration showed a
mean infection rate of about 50% (ranging from 19% to
73%) in patients who underwent partial gastrectomy and
a relatively higher infection rate (about 83%) in subjects
who underwent vagotomy procedures[8]. Another study
addressed the difference in H. pylori infection rates in
different types of anastomoses after distal gastrectomy
(Billroth Ⅰ or Ⅱ). The Billroth type Ⅰ anastomoses had
an infection rate of 70.8%, significantly higher than that
of the type Ⅱ anastomoses (45.9%)[6]. Similarly, Billroth
type Ⅱ anastomoses showed significantly higher bile reflux compared with other surgical procedures such as pylorus-preserving gastrectomy or Roux-en-Y methods[10].
Infection rates also differed between proximal and
distal gastrectomy procedures. It was postulated that the
remnant stomach after proximal gastrectomy was prone
to intestinal metaplasia, an irreversible change that made
it difficult for H. pylori to thrive. In the case of distal gastrectomy, which is currently a more common procedure
among gastric cancer patients, bile reflux is known to
influence the biologic surroundings of H. pylori in the
stomach (Table 2).
Beyond the surgical approach employed, several
additional factors have been studied with regard to the
infection rate of H. pylori. One investigation found that
the prevalence of H. pylori in the gastric stump was significantly decreased with the patients’ age, time postgastrectomy, and presence of severe reflux gastritis[23].
Bair et al[17] presented an analogous report showing that

WCGO|www.wjgnet.com

Influence of bile reflux: Friend or foe?
There has been a debate regarding the exact role of bile
reflux on H. pylori colonization in the remnant stomach
after partial gastrectomy. One study demonstrated that
bile reflux induces glandular atrophy and chronic inflammation but does not increase polymorphonuclear cell
activity[10]. Investigations utilizing a precise bile reflux
measurement described no apparent inverse relationship between the quantity of bile refluxate and H. pylori
infection[11]. According to a study by Onoda et al[23], the
prevalence of H. pylori infection was lower in Billroth-Ⅱ
reconstruction patients with severe bile reflux and subsequent stomal gastritis, suggesting a spontaneous eradication of H. pylori by the reflux of bile contents.
In contrast, some investigators have questioned the
theory of biliary obliteration of H. pylori in the gastric
stump. One study showed that Roux-en-Y reconstruction after distal gastrectomy produces smaller amounts
of bile reflux and as a result had a lower rate of H. pylori
infection[26]. This study also observed a lower fasting enterogastric reflux in the patients who received the Rouxen-Y method (5.3%) compared with those who received
Billroth Ⅱ reconstruction (62.1%), as measured by biliary
scintigraphy. Nakagawara et al[27] reported that bile refluxate facilitated the survival of H. pylori, speculating that H.
pylori was perhaps inhibited by other bacteria in the gut.
Pylorus-preserving gastrectomy for gastric cancer also
resulted in significantly lower H. pylori prevalence after
surgery[28].
To date, the rate of H. pylori infection in the gastric
remnant seems to be smaller than the rates in the ana-
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another study from Korea, the eradication rate of H. pylori-infected gastric stumps was 82.7%[33]. In general, with
appropriate treatment, the rate of H. pylori eradication in
the gastric stump appears to be comparable to that of
intact organs.
The temporal timing of H. pylori eradication is an important issue to consider and has been studied by several
investigators[31]. For example, surgery can be delayed for
one or two weeks in order to complete H. pylori eradication. In addition to time considerations, bile reflux after
surgery, change in gastric emptying time, type of surgery
performed, perioperative antibiotic administration, and
changes in intragastric pH are other factors for consideration. One randomized controlled trial concluded that
pre- or post-operative H. pylori eradication treatment
did not affect the clinical outcome in terms of eradication rate[34]. Additionally, that study found no difference
among the methods for post partial gastrectomy in preventing the advance of gastric cancer. As the ordinary
antibiotic selections for gastrectomy patients are generally
insufficient for effective elimination, it is possible to assume that prophylactic antibiotics will not seriously affect
intragastric colonization of H. pylori.

tomically intact organ. These results, however, lack a
thorough explanation of the precise mechanism providing for low H. pylori prevalence in the stump, and thus
further investigation is required.
Requirement for H. pylori eradication therapy
H. pylori infection in the remnant stomach after partial
gastrectomy is a causative factor in gastric cancer in the
residual organ[22]. Remnant stomachs that are infected
with H. pylori after partial gastrectomy for gastric cancer
are prone to develop premalignant lesions and subsequent
gastric cancer[23,29]. Giuliani et al[29] studied the manifestations of gastric cancer precursor lesions, such as chronic
atrophic gastritis, intestinal metaplasia and dysplasia,
among H. pylori-positive subjects. These patients had gastric remnants after gastrectomy for peptic ulcer disease or
gastric cancer. H. pylori-positive subjects with a remnant
stomach after gastrectomy showed a higher prevalence
of premalignant lesions compared with H. pylori-negative
subjects (OR = 4.20, 95%CI: 1.10-15.96). These results
indicate a significant role of H. pylori infection in the
pathogenesis of disease. The authors concluded that H.
pylori eradication might prevent metachronous gastric cancer in subjects with higher risk after gastrectomy.
There have been mixed results regarding the efficacy
of H. pylori eradication on the prevention of premalignant changes in the gastric mucosa such as intestinal
metaplasia. In one study, standard proton pump inhibitorbased eradication therapy resulted in significant atrophic
glandular improvement[30]. However, some investigators
have presented the opposite result, where atrophic glands
and intestinal metaplasia were not improved even after
successful H. pylori eradication[31]. After studying the
prevalence of several histological characteristics and H.
pylori infection in subjects with gastric stumps, some researchers have concluded that H. pylori eradication might
prevent cancer development in the remnant organ. In
particular, one investigation described the spontaneous
eradication of the organism in 78.8% of partial gastrectomy subjects[11].
Methods for diagnosing the infection of remnant
stomach by H. pylori have been another matter of discussion. In contrast to the case of an intact organ, the nature
of the gastric stump after partial gastrectomy appears to
affect the reliability of testing for H. pylori colonization.
Several reports showed that urease breath test (UBT)
provides lower diagnostic accuracy when using histology
as a reference. From a study performed by Adamopoulos
et al[32] a relatively poor agreement was shown by UBT (κ
= 0.41) in contrast to rapid urease test (RUT) (κ = 0.97)[32].
When UBT was compared with RUT retrospectively in
another recent study, however, UBT was comparable to
RUT in terms of accuracy (UBT 87% vs RUT 72%).
Attempts to eradicate H. pylori in the gastric stump
show a strong success rate of around 90% across several
studies[30,31]. Examining data from a study by Matsukura
et al[31], H. pylori eradication in gastric remnants had a success rate of 70%, comparable to non-surgery patients. In
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Relationship between H. pylori and distal esophageal
cancer
With respect to cancers on the distal esophagus, H. pylori infection is generally known to have an inhibitory
role against carcinogenesis[35]. In contrast, squamous cell
carcinoma in the upper or middle esophagus and adenocarcinoma adjacent to the gastro-esophageal junction is
inversely related to H. pylori infection of stomach. Presumably, H. pylori colonizing the gastric stump after partial gastrectomy will influence the development of distal
esophageal adenocarcinoma in some way. There is a scarcity in the literature regarding the relationship between
distal esophageal cancer and the gastric remnant infected
with H. pylori. Further investigations are needed to clarify
this concern.

CONCLUSION
H. pylori is a well-known etiologic factor for gastric cancer. Likewise, a remnant stomach after partial gastrectomy for gastric cancer is also an important etiological factor for gastric carcinogenesis. According to a number of
studies, H. pylori infection in the remnant stomach seems
to play a role in gastric cancer development, albeit with
contrary views from various research groups. A number
of questions remain, including the factors influencing the
infection state, the specific eradication rate and its role in
cancer development, and the exact effect of refluxed biliary contents on H. pylori. The prevalence of H. pylori in
the gastric stump seems to be lower than in the intact organ, with a significant rate of elimination when therapeutically targeted for eradication. We suggest that H. pylori
infection still needs to be eliminated from the gastric tissue to reduce the risk of stump cancer. Some researchers
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propose that bile refluxate facilitates the proliferation of
H. pylori, but most investigators advocate the inhibitory
effect of bile. Overall, the presence of H. pylori infection in the gastric stump requires further investigation to
clarify the function and role of the organism in cancer
reappearance.
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Liquid biopsy of gastric cancer patients: Circulating tumor
cells and cell-free nucleic acids
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cell-free nucleic acids (cfNAs) such as DNA, mRNA and
microRNA have been recognized, and their clinical relevance is attracting considerable attention. In this review, we discuss recent developments in this research
field as well as the relevance and future perspectives of
CTCs and cfNAs in cancer patients, especially focusing
on GC.
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Core tip: The potent utilities of circulating tumor cells
and cell-free nucleic acids have recently attracted attention toward their clinical application in therapeutic
management of cancer patients. The concept of “liquid
biopsy” can allow for repeated samplings and real-time
monitoring of tumor dynamics in each individual patient
and consequently would facilitate the development of
“tailor-made” cancer management programs. Before
translating this novel diagnostic and prognostic assay
into the clinical settings, further large-scale studies with
well-established methods are required to validate its
clinical relevance.

Abstract
To improve the clinical outcomes of cancer patients,
early detection and accurate monitoring of diseases are
necessary. Numerous genetic and epigenetic alterations
contribute to oncogenesis and cancer progression, and
analyses of these changes have been increasingly utilized for diagnostic, prognostic and therapeutic purposes in malignant diseases including gastric cancer (GC).
Surgical and/or biopsy specimens are generally used to
understand the tumor-associated alterations; however,
those approaches cannot always be performed because
of their invasive characteristics and may fail to reflect
current tumor dynamics and drug sensitivities, which
may change during the therapeutic process. Therefore,
the importance of developing a non-invasive biomarker
with the ability to monitor real-time tumor dynamics
should be emphasized. This concept, so called “liquid
biopsy”, would provide an ideal therapeutic strategy
for an individual cancer patient and would facilitate the
development of “tailor-made” cancer management programs. In the blood of cancer patients, the presence
and potent utilities of circulating tumor cells (CTCs) and
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INTRODUCTION
Gastric cancer (GC) is the fourth most common cancer
and the second leading cause of cancer-related death in
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the world[1]. Although recent improvements in diagnostic
techniques and peri-operative management have resulted
in an increase in the early detection of GC and a decrease
in its mortality in the past decades, a total of 986600
new GC cases and 738000 deaths are estimated to have
occurred in 2008 worldwide[1]. Several factors seem to restrict diagnostic and therapeutic strategy for treatment of
GC and, consequently, to incur the insufficient survival
rate: (1) a lack of satisfactory diagnostic assays for early
detection of GC; (2) an absence of valuable prognostic
indicators; (3) the insufficient effectiveness of current
treatments including surgery and chemotherapy for GC
patients with advanced stages; and (4) poorly understood mechanisms of tumor progression and resistance
to treatments, and a consequent deficiency of targeted
therapy. Therefore, the importance of developing useful
diagnostic and monitoring tools should be emphasized to
improve the clinical outcome of patients with GC.
In the past few decades, numerous studies have demonstrated the potential utility of blood-based biomarkers such as circulating tumor cells (CTCs) and cell-free
nucleic acids (cfNAs)[2-5]. These promising markers are
considered to possess great potential and could facilitate
therapeutic strategies for cancer including the following:
early detection of diseases, predication of prognostic
outcome, monitoring of tumor dynamics and development of novel targeted treatments.
Generally, tumor-linked genetic alterations are investigated using tissue samples from surgical or biopsy specimens. These procedures cannot be conducted routinely
owing to their invasive nature especially in recurrent and/
or metastatic cases with anatomical and/or clinical difficulties. Moreover, a result acquired from a single biopsy
can provide only spatiotemporally restricted information
and may fail to reflect its heterogeneity and inconsistent
tumor characteristics. Detecting CTCs and cfNAs could
serve as a “liquid biopsy” for cancer patients, which
would be less invasive compared to surgical or endoscopic biopsy and allow us to have repeated samplings
and to track the current status of tumor characteristics,
such as therapeutic efficiency and resistance. From these
viewpoints, the concept of “liquid biopsy” may lead to
a better understanding of the genetic landscape in both
primary and metastatic lesions as well as the opportunity
for tracing genomic evolution.
In this article, we review the historical backgrounds,
characterizations and recent developments of both CTCs
and cfNAs in cancer research including GC and discuss
future perspectives.

malignancies, validating Ashworth’s previous remarks.
Generally, CTCs are considered to appear at very low
concentrations in the peripheral blood of cancer patients,
usually a single tumor cell in a background of millions
of blood cells[7,8]. Thus, the accurate detection of CTCs
with sufficient sensitivity and specificity has been a major
technical challenge for researchers (Figure 1).
Techniques for the isolation and enrichment of CTCs
The approaches of CTC isolation/enrichment can be
mainly categorized into two groups: (1) physical methods;
and (2) biological methods. Isolation based on physical
properties does not require the immunological labeling
of CTCs because it depends on the characteristics of
CTCs, such as size, density, electric charge, migratory capacity and deformability. These methods include density
gradient centrifugation, filtration, and dielectrophoresis.
Several filtration-based approaches have been developed
based on the concept that the majority of CTCs derived
from epithelial cancers are generally larger in diameter
than other blood cells[9,10]. However, significant variations in cell size within an individual patient as well as in
different types of tumor cells have been reported[11-13].
Therefore, new approaches using multiple filters have
been investigated to resolve those issues and achieve the
accurate enrichment of CTCs[14,15]. While those new approaches are likely to possess great promise in isolating
CTCs, further validation studies should be conducted to
verify their significance.
Biological methods are another popular approach
for the isolation of CTCs, which rely on immunological antibody-based capture of CTCs. In general, this
assay involves positive selection with antibodies against
tumor-associated antigens, such as epithelial cell adhesion
(EpCAM) and cytokeratins (CKs), as well as negative selection with antibodies against the common leukocyte antigen CD45. In particular, EpCAM has been demonstrated to be over expressed and to function as an oncogene
in human epithelial cancers including GC[16-18]. Among
several technologies based on antibody-based isolation,
the CellSearch system (Veridex) is the most widely used
separation system. In this platform, immunomagnetic
beads coated with anti-EpCAM antibodies capture CTCs,
followed by immunostaining with both positive markers,
which are CK8/18/19 for cytoplasmic epithelial markers and 4',6'-diamidino-2-phenylindole hydrochloride for
nucleic acids, and a negative marker, leukocyte-specific
marker CD45. Accumulating studies have demonstrated
the usefulness of the CellSearch system as diagnostic and
prognostic indicator in patients with metastatic disease.
To date, it is the only technology that has been approved
by the United States Food and Drug Administration for
the detection of CTCs in the peripheral blood of patients
with metastatic breast, prostate and colon cancers[19-24].
CTCs are generally thought to be quite heterogeneous
in both phenotype and genotype, and only a few cells
with malignant features could develop into metastatic
tumors. During the journey toward the development of a

BIOLOGY AND DETECTION OF CTCS
In 1869, Ashworth reported the presence of CTCs for
the first time in a case of a metastatic cancer patient, in
whom cells similar to those in the primary tumors were
found in the blood at autopsy[6]. Since then, various studies have demonstrated the identification and characterization of CTCs in peripheral blood of patients with various
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Figure 1 Flow chart of current and potential applications of circulating tumor cell and circulating cell-free nucleic acids technologies. Circulating tumor
cells (CTCs): The blood samples from cancer patients are processed through various isolation/enrichment and detection techniques. A new in vivo approach allows
the enrichment of CTCs directly from a peripheral vein of patients, using a wire functionalized by attachment of epithelial cell adhesion antibodies[32]. CTCs are usually captured along with contaminating leukocytes. Various detection methods are utilized to detect the rare cell population in the bloodstream. Circulating cell-free
nucleic acids (cfNAs): Plasma/serum are generally isolated with centrifuge techniques and subsequently processed for the extraction of specific nucleic acids. Cancerspecific alterations are most commonly analyzed in circulating DNA. Circulating miRNA has attracted increasing attention because of its stability in plasma/serum.
Most recently, long non-coding RNA in plasma was also evaluated as a potent biomarker in gastric cancer patients. CGH: Comparative genome hybridization; FACS:
Fluorescence activated cell sorter; FISH: Fluorescence in situ hybridization; FAST: Fiberoptic array scanning technology; EPISPOT: Epithelial immunospot; qRT-PCR:
Quantitative real-time polymerase chain reaction; LOH: Loss of heterozygosity.

metastatic lesion, some CTCs might undergo the epithelial-to-mesenchymal transition (EMT), which is characterized by decreased expression of epithelial markers and
the acquisition of mesenchymal features[25]. The EMT
has been proposed to be frequently related with cancer
aggressiveness and might increase the ability of tumor
cells to migrate. Although the identification of EMTlike cancer cells in the bloodstream and its relevance to
cancer dissemination is currently under evaluation, assays
targeting only epithelial cells may miss the most invasive
and potentially significant subpopulation with respect to
cancer progression. Therefore, alternative enrichment
approaches with different epithelial antigens or negative
selection methods aimed to avoid the biased selection of
CTC population might be advantageous.
Tumor-specific markers, such as human epidermal
growth factor 2 (HER2), prostate-specific antigen (PSA),
mucin-1/2 (MUC1/2) and carcinoembryonic antigen
(CEA), have also been implemented to capture CTCs
more specifically and adapt to the heterogeneity of CTCs
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in immunological approaches. More recently, a microfluidic-based device, called the “CTC-Chip”, has been
developed for CTC cell detection strategies with a significant increase in yield and purity. Using this new technology, in which whole blood is flowing through chips with
automatically optimized flow kinetics, microposts coated
with anti-EpCAM antibodies capture CTCs directly from
small volumes of blood samples. The CTCs are then
stained with secondary antibodies against either CKs or
tissue-specific markers, such as PSA in prostate cancer or
HER2 in breast cancer, followed by automated scanning
of the microposts. Several studies have demonstrated the
potent usefulness of this method due to its enhanced
sensitivity and specificity, in that the higher number of
isolated CTCs facilitates dynamic monitoring during a
time course of cancer therapies[26-28]. Moreover, recent
technological progress has allowed for the isolation and
analysis of single intact CTCs[29-31]. These remarkable approaches should have major impacts and further understanding of the biology and significance of those hetero-
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geneous populations.
Although most of these technologies have used blood
samples in vitro, a new revolutionary in vivo approach allows the enrichment of CTCs directly from a peripheral
vein of patients[32] (Figure 1). In this system, a structured
medical Seldinger guidewire is functionalized with the attachment of EpCAM antibodies. The device is inserted
into a peripheral vein, which enables the capture of a
large number of CTCs from up to 1.5 L of blood over
the duration of 30 min. Despite its potent utility, a largescale study is required to verify its relevance and to eliminate the possibility of adverse effects.

a sensitive assay using a high-throughput colorimetric
membrane array, in which multiple markers, such as human telomerase reverse transcriptase (TERT), cytokeratin
19 (CK19), CEA and MUC1, are measured simultaneously and the combination of four markers serves as a
prognostic indicator for overall survival and postoperative recurrence/metastasis in GC. Recently, non-coding
RNAs, such as miRNAs and Piwi-interacting RNAs (piRNAs), have been proven to alter their expression in carcinogenesis and tumor progression[45-47], so these cancerspecific alterations have been reported to be useful for
the detection of CTCs in GC[48-52]. However, some of
those reports, in which a mononuclear cell layer was used
to isolate total RNA, may not reflect miRNAs originating
only from CTCs because the possibility of contamination by leukocyte-originated RNAs cannot be excluded.
The presence of miRNAs originating from peripheral
blood cells has been demonstrated in the blood of both
cancer patients and normal individuals, and furthermore,
contamination from those miRNAs has been observed
even for circulating cell-free miRNA analysis[53,54]. Those
issues should be addressed before proceeding to clinical
practice, and moreover, exhaustive exploration to identify
more sensitive miRNA/piRNA-related markers might be
desirable to achieve an accurate assay.
Recurrence and metastasis are the most critical factors not only for predicting clinical outcome but also for
the quality of life in patients with GC. As summarized
in Table 2, accumulating reports have suggested the
significance of CTC detection as a prognostic indicator
by various approaches, including both the CellSearch
System and RT-PCR/qRT-PCR methods. Hiraiwa et al[55]
examined CTCs in 130 gastrointestinal cancer patients
involving 44 GC patients using the CellSearch System.
Their results demonstrated that the metastatic GC patients with ≥ 2 CTCs (n = 15) had a significantly shorter
overall survival rate than the metastatic GC patients with
< 2 CTCs (n = 12) (P = 0.039). In a prospective study,
Matsusaka et al[56] also evaluated the relevance of CTCs to
chemotherapy and clinical outcome using the CellSearch
System. Their results showed that GC patients with ≥ 4
CTCs at 2 and 4 wk after the initiation of chemotherapy
had significantly shorter overall survival and progressionfree survival in comparison with GC patients with < 4
CTCs, whereas CTC status at baseline (i.e., before the
initiation of chemotherapy) had no statistical association
with clinical outcomes. These findings may imply the
close relationship of CTC status and treatment response.
The majority of the studies using RT-PCR/qRTPCR methods, which are also widely used for prognosis
analysis, have relatively small numbers of cases. Under
such circumstances, Mimori et al[57] focused on one candidate marker, membrane type 1 matrix metalloproteinase (MT1-MMP) mRNA levels, based on results from
cDNA microarray analysis, and consequently validated its
relevance in a subsequent qRT-PCR based study involving more than 800 GC patients. As a result, MT1-MMP
mRNA levels in peripheral blood were indicated to be an

Techniques for the detection and identification of CTCs
After enrichment of CTCs, identification procedures are
conducted to investigate their genetic and biological profiles in detail. Various methodologies for this process have
been advocated and developed in the past few decades,
ranging from cytometric/protein-based approaches to
polymerase chain reaction (PCR)-based approaches. The
former approaches involve conventional methods, such
as immunostaining for specific markers, fluorescence in
situ hybridization (FISH) and comparative genomic hybridization, and newly developed methods, such as fiberoptic array scanning technology with high throughput in
CTC screening[33,34] and epithelial immunospot, which can
detect proteins secreted from CTCs[35-37].
PCR-based detection of CTCs has evolved remarkably, especially after the introduction of the quantitative
RT-PCR (qRT-PCR) technique, which can minimize
possible false-positive results by using a certain “cutoff
value” during the analysis process. Identification of appropriate DNA/RNA-based markers expressed by CTCs
is considered critical in order to enhance the specificity
and reliability of its detection. Therefore, conventional
markers for CTCs, such as CKs and CEA, and other
diverse markers have been investigated towards their possible clinical application in several malignancies[38]. CTCrelated markers and the introduction of profile analysis
including microRNAs (miRNAs) features also might be
useful to resolve these issues[39-41].
CTC detection in patients with GC and its clinical
relevance
To date, many researchers have tried to detect CTCs in
patients with GC and demonstrated its relevance to biological and oncogenic functions using various approaches.
Table 1 represents a summary of previous reports, especially focusing on methodologies, targeted molecules and
detection rates. Since its introduction, RT-PCR technology has become the most widely used approach to achieve
a satisfactory detection rate despite the extremely low
concentration of CTCs in the bloodstream. However, a
high sensitivity of RT-PCR may cause an increase in false
positive detection even in healthy controls. Therefore,
some researchers have utilized multiple detection markers
in an mRNA-based assay and suggested its potent usefulness[42-44]. Of particular note, Wu et al[44] have developed
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Table 1 Detection of circulating tumor cells in gastric cancer
Characteristic and number of
patients

Control
(n )

Detection method

Detection rate/statistic value

Pre or post
treatment

9 (PB)

4

RT-PCR

CEA mRNA

Ⅰ-Ⅳ

20 (PB)

22

RT-PCR

CEA mRNA

Ⅰ-Ⅳ

49 (PB)
21 (PV)

50

RT-PCR

CK19 mRNA

Ⅰ-Ⅳ

30 (PB)

58

RT-PCR

CK20 mRNA

Inoperable/
metastatic
I, Ⅲ, Ⅳ

34 (PB)

33

RT-PCR

CK19 mRNA

35 (PB)

9

RT-PCR

CEA mRNA

Ⅰ-Ⅳ

52 (PB)

14

RT-PCR

CK19 mRNA
CK20 mRNA

Ⅰ-Ⅳ

Ⅰ-Ⅳ

41 (PB)
(36 with curative surgery)
(5 with inoperable)
57 (PA)
30
49 (PV)
51 (SVC)

EGC, Ⅲ
29 (PB)
15
(paired, after surgery during surgery and
follow-up)

Ⅰ-Ⅳ

106 (PB)

RT-PCR

CEA mRNA

RT-PCR

CEA mRNA

RT-PCR

CEA mRNA

RT-PCR

CEA mRNA

RT-PCR

CEA mRNA

22.2%
0%
35%
0%
0%
0%
0%
16.7%
3.4%
20.6%
0%
45.7%
0%
9.6%
0%
9.6%
1%
22.2%
33.3%
80%
PA: 17.5%
PV: 18.4%
SVC: 21.6%
8.8%
33.3%
0%
EGC: 22.2%
Ⅲa: 20%
Ⅲb: 26.7%
Total: 24.1%
EGC: 22.2%
Ⅲa: 20%
Ⅲb: 34.4%
Total: 34.4%
0%
40.6%

(Pt.)
(Ctrl.)
(Pt.)
(Ctrl.)
(PB)
(PV)
(Ctrl.)
(Pt.)
(Ctrl.)
(Pt.)
(Ctrl.)
(Pt.)
(Ctrl.)
(Pt.)
(Ctrl.)
(Pt.)
(Ctrl.)
(before curative surgery)
(during curative surgery)
(inoperable Pt.)

(before surgery)
(during surgery)
(Ctrl.)
(after surgery)

41 (PB)

Ⅰ-Ⅳ

46 (PB)
(18 EGJ caner)
(28 with GC)

Ⅰ-Ⅳ

59 (PB)

Ⅰ-Ⅳ

70 (PB)

10

10 (with
qRT-PCR
benign GI
disease)
Oncoquick
100
density
(tumorgradient
free Ctrl.) centrifugation
15
qRT-PCR

RT-PCR

(41 with curative resection)
(29 with residual tumor)
Ⅰ-Ⅲ
46 (PB)
13
(with curative resection)
(paired, before and after surgery)
Ⅰ-Ⅳ
52 (PB)
36

CK20 mRNA

CEA mRNA

CK20 mRNA

(Ctrl.)

RT-PCR

CEA mRNA

RT-PCR

c-Met mRNA
MUC1 mRNA

Ⅰ-Ⅳ

42 (PB)

30

RT-PCR

hTERT mRNA
CK19 mRNA
CK20 mRNA
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24.4%
0%
27.8%

(Pt.)
(Ctrl.)
(Pt. with EGJ cancer)

21.4%
0%
1%
0%
45.8%
0%
36.6%

(Pt. with GC)
(with benign GI disease)
(tumor-free Ctrl.)
(before surgery)
(after surgery)
(Ctrl.)
(Pt. with curative
resection)
(Pt. with residual tumor)

44.8%
Total: 40%
52.2%
19.6%
0%
61.5%
5.6%
71.2%
8.3%
61.9%
0%
69.0%
3.3%
61.9%

Funaki et al[133]
Mori et al[134]
Aihara et al[135]

Soeth et al[136]
Yeh et al[137]
Noh et al[138]
Majima et al[139]

Nishida et al[60]

Miyazono et al[59]

At least either
one positive in
PA/PV/SVC
Noh et al[140]

(during follow-up)

(during
surgery)
Ⅰ-Ⅳ

Ref.

(before surgery)
(after surgery)
(Ctrl.)
(Pt.)
(Ctrl.)
(Pt.)
(Ctrl.)
(Pt.)
(Ctrl.)
(Pt.)
(Ctrl.)
(Pt.)

Sumikura et al[141]

Koike et al[142]
Friederichs
et al[143]

Ikeguchi et al[58]

Illert et al[144]

Seo et al[145]

Uen et al[42]

Wu et al[43]
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CEA mRNA
Ⅰ-Ⅳ

64 (PB)

Ⅰ-Ⅳ

32 (PB)

80

(paired, before and after chemotherapy)
Ⅰ-Ⅳ
57 (PB)
(before surgery)
52 (PB)
(after surgery)
56 (TDB)
Ⅰ-Ⅳ
52 (PB)
20
(40 pre-ope)
(12 post-ope)
Ⅰ-Ⅳ
41 (PB)
41

101 (PB)

Ⅰ-Ⅳ

14

MAH

hTERT mRNA
CK19 mRNA
CK20 mRNA
MUC1 mRNA

FACS/ICC

CK8/18/19

FACS/ICC

CK8/18/19

3.3%
78.6%
0%
81.3%
78.1%
82.8%
84.4%
No detection in controls
21.9%

(before chemotherapy)

15.6%
54.4%
21.2%

(after chemotherapy)
(before surgery)
(after surgery)

26.8%

(TDB sample)
(before surgery)
(after surgery)

Tani et al[147]

Cell search
system

EpCAM
CK8/18/19
CK19 mRNA↑

(Nonmetastatic GC)
(metastatic GC)
(Ctrl.)
Curative resection (n = 69)
vs Ctrl. (n = 14)
Non-curative resection (n
= 32) vs Ctrl. (n = 14)
Non-curative resection (n
= 32) vs Ctrl. (n = 14)

Hiraiwa et al[55]

qRT-PCR

14.3%
55.6%
0%
P = 0.0127

(Pt.)

Yie et al[149]

P = 0.0087
CK20 mRNA↑

P = 0.0022
22.8%

810 (PB)

29

RT-PCR

MT1-MMP
mRNA

Ⅰ-Ⅳ

55 (PB)

86

RT-PCR
ELISA

Survivin
mRNA↑

Ⅰ-Ⅳ

70 (PB)

20

qRT-PCR

CEA mRNA
CK19 mRNA
VEGF mRNA
Survivin
mRNA

Ⅰ-Ⅳ

846 (PB)

25

qRT-PCR

uPAR mRNA↑

No data for Ctrl.
45.5%
AUC = 0.772
45.7%
97.1%
38.6%
98.6%

Ⅰ-Ⅳ

30 (PB)

Cell search
system

EpCAM
CK8/18/19

qRT-PCR

CEA mRNA

qRT-PCR

CK18 mRNA

(after curative
surgery)
N/A

Ⅰ-Ⅳ

Ⅰ-Ⅳ

90 (PB)
(90 before surgery)
(41 preoperative)
(49 postoperative)

95 (PB)

98 (PB)

miR-106a↑

miR-17↑

21

30

qRT-PCR

RT-PCR
ELISA

B7-H3 mRNA↑

Survivin
mRNA

Pt. (n = 55) vs Ctrl. (n = 86)

(Control samples were used the calibrator source)
404/846 47.8%
P < 0.0001

30

PituchNoworolska
et al[61]

5.0%
16.7%

Ⅰ-Ⅳ

123 (PB)

Kolodziejczyk
et al[146]

CEA mRNA

(32 with non-curative ope)

Ⅰ-Ⅳ

Wu et al[44]

qRT-PCR

(69 with curative ope)

Advanced
52 (PB)
(paired, before and during chemotherapy)

(Ctrl.)
(Pt.)
(Ctrl.)

32.7%
13.7%
18.8%
36.6%
30%
Ⅰ/Ⅱ: 81.8%
Ⅲ/Ⅳ: 31.6%
Total: 50%
P = 0.006
AUC = 0.684
P = 0.016
P = 0.001
AUC = 0.743
P = 0.019
50.5%
P < 0.0001
AUC = 0.86
Ⅰ/Ⅱ: 25%

Koga et al[148]

Mimori et al[57]

Bertazza et al[150]

Kita et al[151]

Pt. (n = 846) vs Ctrl. (n =
25)
(baseline)
Matsusaka et al[56]
(2 wk after chemotherapy)
(4 wk after chemotherapy)
(Pt.)
Qiu et al[152]
(Ctrl.)
Saad et al[153]

Pre-ope vs Ctrl.

Zhou et al[48]

Post-ope vs Ctrl.
Pre-ope vs Ctrl.
Post-ope vs Ctrl.

Arigami et al[154]

Pt. (n = 95) vs Ctrl. (n = 21)
Cao et al[155]

Ⅲ/Ⅳ: 56.1%
Ⅰ-Ⅳ: 45.9%
Ⅰ-Ⅳ

Ⅱ-Ⅳ

93 (PB)
(42 preo-ope)
(51 post-ope)

32

35 (PB)

50

qRT-PCR

piR-651↓
piR-823↓
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qRT-PCR

CEA mRNA
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P < 0.001
AUC = 0.841
P < 0.001
AUC = 0.822
22.9%

Pt. (n = 93) vs Ctrl. (n = 32)

Cui et al[49]

(Pt.)

Dardaei et al[156]
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CK20 mRNA
TFF1 mRNA
MUC2 mRNA
Ⅰ-Ⅳ

53 (PB)

20

qRT-PCR

miR-21↑

Ⅰ-Ⅳ

52 (PB)

15

qRT-PCR

miR-200c↑

Ⅰ-Ⅳ

40 (PB)

17

qRT-PCR

miR-421↑

37.1%
(Pt.)
31.4%
(Pt.)
22.9%
(Pt.)
No detection in controls
P < 0.0001
Pt. (n = 53) vs Ctrl. (n = 20)
AUC = 0.853
P = 0.018
Pt. (n = 52) vs Ctrl. (n = 15)
AUC = 0.715
P < 0.01
Pt. (n = 40) vs Ctrl. (n = 17)
AUC = 0.773

Zheng et al[50]
ValladaresAyerbes et al[51]
Zhou et al[52]

AUC: Area under the receiver operating characteristic curve; BM: Bone marrow; EGC: Early gastric cancer; EGJ: Esophagogastric junction; GI:
Gastrointestinal; MAH: Membrane-array hybridization; PA: Peripheral artery; PB: Peripheral blood; PV: Portal vein; SVC: Superior vena cava; TDB: Tumordraining blood; N/A: Not available; qRT-PCR: Quantitative real-time polymerase chain reaction; FACS: Fluorescence activated cell sorter; ICC: Intracellular
cytokine flow cytometry.

independent factor for determining recurrence and distant metastasis of GC (P = 0.0018).
Intriguingly, some groups have reported time-dependent changes in the detection rate of CTCs during the
peri-operative time course[58-61]. Those changes may imply
the possibility of monitoring the tumor dynamics; however, the biological and clinical meaning of CTCs still
remains unknown and controversial. In fact, incompatible events, including both increase and decrease in CTC
detection rates during surgical maneuvers, have been
proposed so far[58-61]. This discrepancy might be partially
explained by a wide variety of measurement parameters,
from the methodology itself to targeted markers, patient
background/properties and sample conditions.
In summary, recent technological advances have provided considerable progress and interest in the detection
of CTCs in various cancers, including GC. Although
previous studies have shown a potent usefulness of CTC
detection as a novel diagnostic and prognostic assay in
cancer patients, little remains known about the biological
features and fundamental roles of these cells. Detailed
characterization of CTCs and well-designed experiments
should resolve current underlying issues and provide the
opportunity for clinical impact in cancer therapy.

myelodysplastic syndrome or acute myelogenous leukemia, and KRAS mutations in the plasma or serum of
patients with pancreatic cancer[65], were detected. Those
findings opened up a new field in the exploration of circulating nucleic acids, and many meritorious studies have
demonstrated the biological function of cfNAs and their
potential as novel biomarkers regarding DNA, mRNA
and miRNAs (Figure 1).
In regard to the origin of circulating nucleic acids, two
main potent release mechanisms, called “passive” and
“active”, are advocated to date. The passive mechanism
involves the release of nucleic acids originated from apoptotic and necrotic cells into the bloodstream. Macrophages
and phagocytes play an important role in phagocytosis
of necrotic and apoptotic cells and can release digested
nucleic acids into the microenvironment[66,67]. In contrast, it
is reported that fragments of cellular nucleic acids can be
actively released[68,69]. Although the active secretion into the
circulation remains enigmatic, one potential explanation is
that cancer cells would release nucleic acids to transform
the targeted recipient cells at distant locations[70-72]. In addition to those two mechanisms, cfNAs might be released by
CTCs, however, there appears to be a huge gap between
the amount of cfNAs and the rarity of CTCs in the bloodstream as described in the previous section. Thus, this hypothesis has been controversial so far.

BIOLOGY AND DETECTION OF CELLFREE NUCLEIC ACIDS

Circulating cell-free DNA in plasma/serum
The study of circulating cfDNA in the plasma/serum
involves the measurement of the total volume of circulating DNA as well as the detection of cancer-related genetic/epigenetic aberrations, which include microsatellite
instability, loss of heterozygosity, genetic polymorphisms,
point mutations, methylation, deletion/amplification/
translocation of chromosome and integrity (i.e., the ratio
of longer DNA fragment to shorter one based on the
different cleavage process between apoptosis and necrosis[73]). The latter approach is generally recognized to be
able to cover a wider range of oncogenic alterations in
various cancers and to possess more potent application
in the clinical setting than the former one, partly because
cfDNA can be released into the bloodstream and is
detectable in the plasma/serum in healthy humans[69,74].
In fact, numerous reports have demonstrated the detec-

The study of cfNAs has a considerably long history
since it was first reported in 1948 by Mandel and Metais[62], who successfully detected nucleic acids in human
plasma. Unfortunately, their work attracted little attention at that time owing to a lack of sufficient understanding of that innovative concept. Regarding malignant disease, in 1977, Leon et al[63] first reported the presence of
cell-free DNA (cfDNA) in the serum of cancer patients.
Furthermore, they also mentioned its potent function
as a clinical indicator, showing decreased cfDNA levels
in response to radiotherapy. In 1989, Vasioukhin et al[64]
successfully detected cfDNA with neoplastic characteristics and proposed the first evidence suggesting that
tumors can shed DNA into the circulation. This hypothesis was further strengthened by two studies in 1994, in
which NRAS mutations in the plasma of patients with
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Table 2 Prognostic value of circulating tumor cells in gastric cancer
Characteristic and number
of patients

Detection method

17
RT-PCR
(non-responsive to chemotherapy)
Ⅰ-Ⅳ
57
RT-PCR
Ⅰ-Ⅳ

106

46
41
(with curative resection)
Ⅰ-Ⅲ
46
Ⅰ-Ⅳ
Ⅰ-Ⅳ

Yeh et al[137]

OS

P = 0.014

CK19 (+) vs (-)

CEA mRNA

P = 0.03

CEA (+) vs (-)

(a)

Miyazono et al[59]

P = 0.02

CEA (+) vs (-)

(a)

Sumikura et al[141]

P < 0.05
P = 0.0363

CK20 (+) vs (-)
CK20 (+) vs (-)

N/A
(b)

Friederichs et al[143]
Illert et al[144]

CEA after sugery (+)
vs (-)

(a)

Seo et al[145]

RT-PCR

CEA mRNA

qRT-PCR
RT-PCR

CK20 mRNA
CK20 mRNA

Liver metastasis
recurrence
Recurrence/
metastasis
2-year-survival
OS

RT-PCR

CEA mRNA

Recurrence

P ≤ 0.00022

C-Met mRNA
MUC1 mRNA
CEA mRNA

Recurrence
OS
OS
Recurrence/
metastasis
Recurrence/
metastasis
OS
OS

P = 0.015
P = 0.0178
P = 0.0352
P = 0.032

P = 0.0223
P = 0.039

OS
OS
Recurrence/
metastasis
RFS

52

RT-PCR

Ⅰ-Ⅳ

42

RT-PCR

Ⅰ-Ⅳ

64

MAH

hTERT/CK19/
CEA/MUC1

Metastatic

27

CellSearch
System
qRT-PCR
RT-PCR

EpCAM
CK8/18/19
CK19 mRNA
CK20 mRNA
MT1-MMP

69
(with curative resection)
Ⅰ-Ⅳ
810

Ref.

CK19 mRNA

Ⅰ-Ⅳ

Ⅰ-Ⅳ

Statistic value

C-Met (+) vs (-)
MUC1 (+) vs (-)
CEA (+) vs (-)

(c)
(b)
(b)
(c)

Wu et al[44]

CTC ≥ 2 vs < 2

(b)
(b)

Hiraiwa et al[55]

P = 0.0347
P = 0.049
P = 0.0018

CK19 (+) vs (-)
CK20 (+) vs (-)
MT1-MMP (+) vs (-)

(b)
(b)
(c)

Mimori et al[57]

P = 0.026

Survivin (+) vs (-)

(b)

Yie et al[149]

Survivin high vs low

(d)
(b)

Bertazza et al[150]

All marker (+) vs the
others

55

RT-PCR
ELISA

Survivin
mRNA

Ⅰ-Ⅳ

70

qRT-PCR

Survivin
mRNA

OS

P = 0.026
P = 0.036

EpCAM
CK8/18/19

PFS (2 wk after
chemotherapy)

P < 0.001
P < 0.001
P < 0.001

OS (2 wk after
chemotherapy)

P < 0.001
P < 0.001

(b)
(d)

PFS (4 wk after
chemotherapy)
OS (4 wk after
chemotherapy)
Recurrence
DFS

P < 0.001
P < 0.001
P < 0.001
P = 0.004
P = 0.001
P = 0.001
P = 0.02
P < 0.001
P = 0.04
P = 0.001
P = 0.06
P = 0.02
P = 0.046
P < 0.001
P < 0.001
P = 0.016
P = 0.028
P = 0.044
P = 0.028

(b)
(d)
(b)
(d)
(a)
(b)
(d)
(b)
(d)
(b)
(d)
(b)
(d)
(b)
(d)
(b)
(d)
(b)
(d)

51
Cell search
(2 wk after
system
chemotherapy)
48
(4 wk after
chemotherapy)

123

qRT-PCR

CEA mRNA

30
(after curative surgery)

qRT-PCR

CK18 mRNA

Ⅰ-Ⅳ

Ⅰ-Ⅳ

RFS
OS

Ⅰ-Ⅳ

95

qRT-PCR

B7-H3 mRNA

OS

Ⅰ-Ⅳ

98
52

Survivin
mRNA
miR-200c

DFS

Ⅰ-Ⅳ

RT-PCR
ELISA
qRT-PCR

OS
RFS

Wu et al[43]

(c)

P = 0.009

Ⅰ-Ⅳ

Advanced

Uen et al[42]

CTC ≥ 4 vs < 4

CEA (+) vs (-)

CK18 (+) vs (-)

B7-H3 high vs low
Survivin (+) vs (-)
miR-200c high vs low
miR-200c high vs low

(d)
(b)
(d)

Koga et al[148]

Matsusaka et al[56]

Qiu et al[152]

Saad et al[153]

Arigami et al[154]
Cao et al[155]
Valladares-Ayerbes
et al[51]

a: χ2 test/Fisher’s exact test; b: Kaplan-Meier survival curves, Log-rank test/Breslow-Wilcoxon test; c: Logistic regression model (multivariate); d:
Multivariate Cox proportional hazard regression model. DFS: Disease-free survival; MAH: Membrane-array hybridization; OS: Overall survival; PFS:
Progression-free survival; qRT-PCR: Quantitative real-time polymerase chain reaction; RFS: Relapse-free survival.

WCGO|www.wjgnet.com

220

February 8, 2015|First Edition|

Tsujiura M et al . Liquid biopsy of gastric cancer patients

tion of genetic and epigenetic alterations in circulating
DNA in the plasma/serum in cancer patients[75-79]. Furthermore, in colorectal cancer, recent two reports clearly
demonstrated a correlation between acquired resistance
to the anti-EGFR antibody drugs, such as cetuximab
and panitumumab, and the emergence of KRAS mutations, which was successfully detected and monitored in
the blood of patients under treatment[80,81]. Misale et al[81]
also indicated the potential of cfDNA to monitor tumor
dynamics more sensitively compared to conventional assays, showing that KRAS mutant alleles were confirmed
in the blood of a cetuximab-treated patient 10 mo earlier than radiographic examinations. Moreover, Leary
et al[82] have recently analyzed individual tumor-specific
DNA translocations in paired solid tumor and circulating cfDNA samples using next-generation sequencing
technology and consequently demonstrated the feasibility
of personalized biomarkers, enabling a so-called “tailormade” therapeutic strategy. In summary, moving toward
the development and future application in the clinical
setting, the accumulated evidence has proven the potent
usefulness of cfDNA for the detection of disease as well
as for the assessment of residual disease, recurrence, and
secondary resistance.

Concerning genetic alterations in other types of cancers, the relationships with tumor-specific gene alteration such as HER2 in breast cancer[89] and adenomatous
polyposis coli in colorectal cancer[75,90] have been revealed
even in circulating cfDNA. In GC, Park et al[91] investigated gene amplification of MYC in the plasma of GC
patients and showed that the plasma MYC/GAPDH ratio was significantly higher in the GC patients than that in
the healthy controls (P < 0.001) and correlated with the
tissue MYC/GAPDH ratio (P = 0.009), and tissue MYC
status by FISH (P = 0.024). In contrast, among GC patients with a 2+ or 3+ score in a HER2 IHC assay, Lee et
al[92] reported that no significant association was observed
between the HER2 level in plasma and the copy number
variation in tumor tissue determined by FISH. Although
it is unclear why there was a discrepancy between these
two results, it may be partially explained by the inappropriate employment of reference genes and the heterogeneity of GC tissues. The investigation of circulating
cfDNA relating to genetic aberration in GC remains in
its infancy. Therefore, further evidence is expected to address current controversial issues and develop this field.
Circulating cell-free mRNA in plasma/serum
The presence of RNase in plasma/serum had long been
known, and furthermore, the RNase concentration in
serum was reported to be elevated in cancer patients in
the 1970s[93,94]. Given that mRNA in plasma/serum might
be more fragile than DNA and susceptible to degradation by RNase, it was not clear whether mRNA could
exist in plasma/serum with sufficient integrity to allow
amplification, although several reports had previously
suggested the possible presence of RNA in serum forming a complex with proteolipids[95,96]. In 1999, two groups
reported the successful detection of cell-free RNA such
as tyrosinase mRNA in serum of patients with malignant
melanoma[97] and epstein-barr virus-associated RNA associated in plasma of patients with nasopharyngeal carcinoma[98]. Subsequently, many studies have demonstrated
the presence of specific mRNA in plasma/serum and
its potent clinical relevance in patients with a variety of
cancers[99-101]. At present, it is considered that mRNA in
plasma/serum may be protected from degradation by
packaging in secretory membrane vesicles, such as exosomes, microvesicles and multivesicles, which are released
from cellular surfaces into the bloodstream[102,103].

Detection of circulating DNA in patients with GC and its
clinical relevance
Previous reports regarding circulating cfDNA in GC patients are summarized in Table 3. Among those reports,
a few studies with respect to the concentration of circulating cfDNA are found, in which a housekeeping gene,
beta-actin[83], and a non-coding genomic DNA repeat
sequence, ALU[84], were evaluated. In contrast, the detection of methylated DNA in plasma/serum appears to be
the most widely used approach in GC, which was usually investigated by methylation specific-PCR (MSP) or
quantitative methylation specific-PCR (qMSP) assays. In
2002, Lee et al[85] first reported the potent application of
detecting methylated DNA of death-associated proteinkinase, E-cadherin, GSTP1, p15 and p16 in the serum
of GC patients. Thereafter, technological advances and
the exploration of more sensitive and specific genes
have provided the accumulated evidence in this field.
In detail, comprehensive analyses by methylation CpG
island microarray have suggested the possibility of more
significant genes for detecting methylated DNA[86,87].
Most recently, Ling et al[88] clearly demonstrated the potent usefulness of detecting methylated XAF1 DNA as a
diagnostic as well as prognostic biomarker with satisfactory degrees of specificity and sensitivity. Specifically,
methylated XAF1 DNA in serum was detected in 69.8%
(141/202) of the GC patients and none of the healthy individuals (0/88) with an area under the receiver operating
characteristic curve (AUC) of 0.909 in a receiver operating characteristic (ROC) curve analysis for discrimination
of the two groups and was significantly correlated with
poorer prognosis in GC (P < 0.001, disease-free survival,
Kaplan-Meier survival curves, Log-rank test).
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Circulating cell-free miRNA in plasma/serum
In the past decade, circulating cell-free miRNAs in
plasma/serum have attracted increasing attention among
investigators in various types of research field including oncology. The discovery of miRNA dates back to
1993, when Lee et al[104] found that a short RNA product
encoded by the lin-4 gene inhibited the translation of
its putative target, lin-14 mRNA, with partial sequence
complementarity during a study of Caenorhabditis elegans (C.
elegans) development. In 2000, a second miRNA, let-7, was
identified to repress the functions of multiple mRNAs in
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Table 3 Circulating cell-free DNA in gastric cancer
Characteristic and number
of patients

Controls (n )

Plasma/
serum

Detection method

Unresectable

78 (peptic
ulcer)
118 (chronic
gastritis)
236 (healthy
donors)

Serum

ImmunoMG7-Ag
PCR
Semi quantitative
PCR

198

Detection rate/statistic value
82.8%

N/A

51

30 (gastritis)

Serum

qPCR

EBV DNA

(peptic ulcer)

5.9%

(chronic gastritis)

197 (healthy
controls)

100%
92.9%

0%

I-Ⅳ

54

30

Serum

MSP

DAP-kinase
E-cadherin
GSTP1
p15
p16

I-Ⅳ

60

16

Serum

MSP

p16

I-Ⅳ

109

10

Serum

MSP

p16
E-cadherin
p16 +
E-cadherin

I-Ⅳ

41

10

Serum

MSP

I-Ⅳ

63

10

Serum

I-Ⅳ

60

22

Serum

I-Ⅳ

109

10

Serum

I-Ⅳ

53

21

Plasma

N/A

4

10
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Serum

p16
E-cadherin
RARb
p16 + E-cadherin + RARb
MSP

p16
E-cadherin
RARb
p16 + E-cadherin + RARb
qMSP

APC
E-cadherin
hMLH1
TIMP3
Four markers combined
APC +
E-cadherin
MSP
RARb
p16 + E-cadherin + RARb
qPCR
β-actin (102
bp)
β-actin (253
bp)
DNA integrity (253 bp/102
bp)
MSP
RUNX3
p16
RASSF1A
CDH1

222

Ren et al[157]

(GC)

7.7%

0.8%
P < 0.01

Ref.

(healthy donors)
Correlation with
metastasis
(Pt. with EBER (+)
in primary tumor)
(Pt. with EBER (+)
in filtrating
lymphocytes)
(Pt. with EBER (-)
in primary tumor)
(gastritis)
(Ctrl.)

(a)
Lo et al[158]

23.3%
3.6%
48.1%
57.4%
14.8%
55.6%
51.9%
No detection in controls
26.1%
With p16 methylation
in primarily tumor
0%
Without p16
methylation
in primarily tumor
0%
(Ctrl.)
18.3%
23.9%
36.7%
No detection in controls
22.0%
22.0%
14.6%
24.4%
No detection in controls
27.0%
23.8%
17.5%
50.8%
No detection in controls
16.7%
13.3%
41.7%
16.7%
55%
13.6%
(Ctrl.)
OS: P = 0.006
Methylation (+) vs (-)
23.8%
47.7%
P = 0.03

Lee et al[85]

Kanyama et
al[159]

Ichikawa et al[160]

Koike et al[142]

Koike et al[161]

Leung et al[162]

(b)
Ikoma et al[163]

Pt.(n = 53) vs Ctrl. (n =
21)

(c)

P < 0.0001

(c)

AUC = 0.75
P = 0.07

(c)

100%
50%
25%
25%

Sai et al[83]

Tan et al[164]
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I-Ⅳ

52
(40 pre-ope)
(12 post-ope)

20

Serum

I-Ⅳ

52

50

Serum

MSP

p16
E-cadherin
RARb
p16 + E-cadherin + RARb
MSP
p16

No detection in controls
9.6%
9.6%
3.8%
23.1%
26.9%
(all Pt.)
60.9%

I-Ⅳ

20

22

Plasma

Fluorescence
DNA
-based assay concentration↑
MSP
MGMT
p15
hMLH1

I-Ⅳ

47

30 (benign
gastric disease)
30 (healthy
controls)

Serum

MSP

RASSF1A

I-Ⅳ

20

21

Serum

MSP

HSulf-1

I-Ⅳ

57

79

Plasma

qPCR

MYC/
GAPDH↑

I-Ⅳ

65

50

Serum

qMSP

RUNX3

I-Ⅳ

65

73

40 (benign
gastric disease)
20 (healthy
controls)

Serum

20

Serum

MSP

qMSP

DLEC1

TFPI2

70%
36.4%
50%
18.2%
25%
9.1%
24.0%
3.3%

(benign gastric disease)

0%
55%
19.0%
P < 0.001

(healthy controls)
(Pt.)
(Ctrl.)
Pt. (n = 57) vs Ctrl. (n =
79)

0%
P < 0.005

AUC = 0.841
29.2%

65

80

Plasma

qMSP

SLC19A3

33.8%
5%

(benign gastric disease)

0%
9.6%
0%
P = 0.004

P < 0.0001

AUC = 0.82

I-Ⅳ

46

30 (healthy
controls)

Serum

46 (benign
gastric disease)
I-Ⅳ

58

30 (healthy
controls)
46 (gastric
precancerous
lesions)

Serum

Methylation
CpG island
microarray
MSP

MeDIP
Methylation
CpG island
microarray
MSP

(healthy controls)
(Pt.)
(Ctrl.)
Correlation with LN (a)
meta.
Correlation with distant (a)
meta.
Pt.(n = 45) vs Ctrl. (n =
60)
(Validation 1)
Pt. (n = 20) vs Ctrl. (n =
20)
(Validation 2)

Chen et al[168]
Park et al[91]

Sakakura et
al[169]

Zhang et al[170]

Hibi et al[171]

Ng et al[172]

BX141696

56.5%

Zheng et al[86]

WT1
CYP26B1
KCNA4
CHRM2

50%
73.9%
67.4%
31.0%

Chen et al[87]

FAM5C

31.0%

MYLK
FAM5C +
MYLK
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(Pt.)
(Ctrl.)
Pt. (n = 65) vs Ctrl. (n =
50)
(Pt.)

P = 0.0115
I-Ⅳ

Abbaszadegan
et al[165]

(Pt. with p16
methylation in primary
tumor)
(Ctrl.)
Pt.(n = 20) vs Ctrl. (n = (d) Kolesnikova et
22)
al[166]
(Pt.)
(Ctrl.)
(Pt.)
(Ctrl.)
(Pt.)
(Ctrl.)
(Pt.)
Wang et al[167]

10%
AUC = 0.8651
I-Ⅳ

Tani et al[147]

223

P < 0.001
70.7%
P < 0.001
77.6%

Pre- vs post-operation

10%
30.4%

(healthy controls)
(gastric precancerous
lesions)

Pre- vs post-operation
(GC Pt.)
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I-Ⅳ

59

54

Plasma

qPCR

ALU↑

N/A

25

9

Plasma

MSP

ATP4B

I-Ⅳ

71

21

Serum

qMSP

Vimentin

Operable

73

20

Serum

MSP

SOX17

I-Ⅳ

73

Plasma

qPCR

HER2

Serum

qMSP

XAF1

Pt. with 2+/3+ score in HER2 IHC assay
I-Ⅳ
202
88

P < 0.001
AUC = 0.784
64%
0%
P = 0.018
58.9%
0%
OS: P = 0.049
64.4%

69.8%
0%
AUC = 0.909
DFS: P < 0.0001

Pt. (n = 59) vs Ctrl. (n = (c)
54)

Park et al[84]

(Pt.)
Raja et al[173]
(Ctrl.)
Pt. (n = 73) vs Ctrl. (n = (c)
Shirahata et
21)
al[174]
(Pt.)
Balgkouranidou
(Ctrl.)
et al[175]
Methylation (+) vs (-) (b)
Pt. with 2+/3+ score in
Lee et al[92]
HER2 IHC assay
(Pt.)
(Ctrl.)
Pt. (n = 202) vs Ctrl.(n =
88)
Methylation (+) vs (-) (b)

Ling et al[88]

a: χ2 test/Fisher’s exact test; b: Kaplan-Meier survival curves, Log-rank test/Breslow-Wilcoxon test; c: Unpaired t-test/Mann-Whitney U-test; d: Unknown
statistic method. AUC: Area under the receiver operating characteristic curve; LN: Lymph node; MeDIP: Methylated DNA immunoprecipitation; MSP:
Methylation specific-PCR; qMSP: Quantitative methylation specific-PCR. qRT-PCR: Quantitative real-time polymerase chain reaction; N/A: Not available;
GC: Gastric cancer; EBV: Epstein-barr virus; DAP: Death-associated protein; APC: Adenomatous polyposis coli; OS: Overall survival; HER: Human
epidermal growth factor.

C. elegans[105]. Subsequently, let-7 was found to be widely
conserved across species, implying the ubiquitous roles
of miRNAs[106]. Since then, accumulated research has revealed their biological features in a variety of diseases.
In summary, miRNAs are a group of noncoding small
RNAs, whose mature form generally consists of 19-25
nucleotides. miRNAs are involved in post-translational
regulation of gene expression by inhibiting stability and
translation of mRNAs[107]. To date, more than 1800 miRNAs have been characterized in Homo sapiens according to
the miRNA database (miRBase), and the number of listed miRNAs is increasing. It is suggested that one miRNA
can regulate multiple different mRNAs, and conversely
one mRNA can be regulated by multiple miRNAs[108,109].
Concerning malignant diseases, miRNAs have been
demonstrated to play essential roles in cell proliferation,
cell differentiation, apoptosis, EMT, and metastasis[45,46].
Numerous studies have proven the aberrant expression
of miRNA and its critical characteristics including both
oncogenic and tumor suppressive functions in various
cancers. Those findings have motivated us to accelerate
this promising field to the next stage, such as development of miRNA-based biomarkers and therapies[110,111].
In 2008, the successful detection of circulating miRNAs and their significance in malignant diseases were
first reported by several groups[112-115]. Notably, Mitchell et
al[112] and Chen et al[113] clearly demonstrated the biological
features and potent utility of circulating miRNA, showing their high stability and reproducibility with resistance
to endogenous/exogenous RNase, prolonged incubation
at room temperature, extreme pH conditions and multiple freeze-thawing processes. The stability of miRNA in
plasma/serum, likely greater than that of mRNA, could
be explained by some protective mechanisms, which involve packaging in secretory particles (apoptotic bodies,
exosomes etc.)[72,116] and binding to certain proteins (Argonatute 2, High-density Lipoproteins, etc.)[117-119]. Further-
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more, secretory vesicles including miRNAs have been
shown to be able to function as intercellular transmitters[72,116,120], suggesting that circulating miRNAs in plasma/serum possess various roles in cancer development
and metastasis. Those findings have provided new insight
into the screening and monitoring of cancer patients, and
emerging evidence has suggested the promising potential
of circulating miRNA as a novel and non-invasive biomarker in clinical practice[121,122].
Detection of circulating cell-free RNA in patients with
GC and its clinical relevance
As summarized in Table 4, the number of previous reports regarding circulating mRNA in GC patients is small
compared with those regarding other types of cancers
and with those concerning circulating DNA in GC. However, as Kang et al[123] recently reported that the detection
of plasma hTERT mRNA can serve as a potential marker for diagnosis and prognosis of GC patients, increased
insight and evidence about circulating mRNA might facilitate the development of this field.
Since the potent utility of determining miRNAs in the
plasma of GC patients was first reported by our group in
2010[124], many studies have demonstrated the significance
of circulating miRNAs as novel biomarkers (Table 5).
Still, the immaturity of the field has led to several issues
concerning its actual introduction in clinical settings. To
date, there has been no consensus regarding how interand intra-individual variations can affect the results,
which sample (i.e., plasma or serum) is more favorable
for measuring circulating miRNA, or which molecule is
the most appropriate for the sensitive detection and endogenous controls. Moreover, as mentioned before, one
miRNA can regulate multiple mRNAs and the numbers
of discovered miRNAs and targeted mRNAs are still
increasing owing to recent advances in bioinformatic
analysis, making it more difficult to obtain a meticulous
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Table 4 Circulating cell-free mRNA in gastric cancer
Characteristic and number
of patients
Ⅰ-Ⅳ

52
(40 preoperative)
(12 postoperative)

Ⅰ-Ⅳ

89
[paired, before and
after surgery (n = 69)]

Controls
(n )

Plasma/
serum

20

Plasma

42

Plasma

Detection method
qRT-PCR

qRT-PCR

Detection rate/statistic value

hTERT
MUC1
hTERT + MUC1
hTERT
MUC1
hTERT + MUC1

7.5%
1%
15%
16.7%
8.3%
16.7%

CXCR4↑

41.6%
23.2%
21.4%
P < 0.05

Bmi-1↑

Ⅰ-Ⅳ

118

40
Plasma
(gastritis)
58 (healthy
controls)

qRT-PCR hTERT mRNA↑

Tani et al[147]

(preoperative)

(postoperative)

No detection in controls
[before surgery (n = 89)]
[after surgery (n = 69)]
[Ctrl. (n = 42)]
Before surgery (n = 89) vs Ctrl.
(n = 42)
57.3%
[before surgery (n = 89)]
43.5%
[after surgery (n = 69)]
28.6%
[Ctrl. (n = 42)]
P < 0.05
Before surgery (n = 89) vs Ctrl.
(n = 42)
P < 0.05
Before (n = 89) vs after (n = 69)
surgery
P < 0.05
GC (n = 118) vs gastritis (n =
40)
P < 0.05
GC (n = 118) vs Ctrl. (n = 58)

AUC = 0.891
DFS: P < 0.001
DFS: P = 0.001
OS: P < 0.001
OS: P < 0.001

Ref.

Xu et al[176]

(a)

(a)
(a)
(a)

Kang et al[123]

(a)

GC (n = 118) vs Ctrl. (n = 58)
(b)
(c)
(b)
(c)

a: Mann-Whitney U-test; b: Kaplan-Meier survival curves, Log-rank test/Breslow-Wilcoxon test; c: Multivariate Cox proportional hazard regression model.
AUC: Area under the receiver operating characteristic curve; DFS: Disease-free survival; OS: Overall survival; qRT-PCR: Quantitative real-time polymerase
chain reaction; hTERT: Human telomerase reverse transcriptase; MUC1: Mucin-1.

plasma of GC patients were successfully detected[128].
Specifically, three lncRNAs (H19, HOX antisense intergenic RNA and metastasis associated lung adenocarcinoma transcript-1) stably exist in plasma from both GC
patients and healthy controls. Plasma H19 levels were
significantly higher in the patient group than the control
group and decreased postoperatively, implying the possible use of H19 levels as a novel diagnostic marker in
GC. LncRNAs are defined as non-protein coding transcripts longer than 200 nt lacking significant open reading
frames and involved in fundamental cellular processes,
such as RNA processing, gene regulation, chromatin
modification, gene transcription, and post-transcriptional
gene regulation based on RNA sequence complementary
interactions[129,130]. Detailed investigations have shown
that lncRNAs can exhibit developmental and tissue specific expression patterns as well as aberrant regulation in
a variety of diseases, including GC[131,132]. Explorations of
a novel type of RNA can provide more intriguing aspects
in this research field.

understanding of each miRNA. Although comprehensive
approaches by genome-wide profiling can address those
problems to some extent, a further large-scale validation
with well-established methods seems to be required in
this area as well.
To overcome obstacles due to inter-individual variations, our group tried to identify candidate miRNAs
by comparing miRNA profiles between pre- and postoperative samples in the same individuals[125]. Because
miRNAs are involved in various non-cancerous cell biology including physiological modulation and pathological
disruption of basic pathways[126,127], the existence of interindividual differences can be strongly suspected based on
miRNA expression. As a result, two miRNAs, miR-451
and miR-486, were selected based on this strategy and
their significant value in discriminating between GC
patients and healthy controls was clearly demonstrated
with an AUC of 0.96 and 0.92 in ROC curve analysis for
miR-451 and miR-486, respectively. We suggest that the
miRNAs isolated by these concepts could be valuable
biomarkers for the effective detection of early cancer and
recurrence because the change of these miRNAs can be
affected by the reduction of the volume of cancer tissue
and is therefore directly related to tumor existence.
Most recently, our group published new observations in which long non-coding RNAs (lncRNAs) in the
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CONCLUSION
Although the concept of “liquid biopsy” possesses great
potential in detection and monitoring of diseases as
previously described in detail, several hurdles should be
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Table 5 Circulating cell-free microRNA/long non-coding RNA in gastric cancer
Characteristic and
number of patients
microRNA
Ⅰ-Ⅳ

Ⅰ-Ⅳ

Ⅰ-Ⅳ

69

164

56

Controls (n ) Plasma/
serum
30

127

30

Plasma

Serum

Plasma

Detection method

qRT-PCR

Solexa
sequencing
qRT-PCR

Detection rate/statistic value

miR-17-5p↑

P = 0.05

miR-21↑

P = 0.006
P = 0.013

miR-106a↑
miR-106b↑

P = 0.008
P < 0.001
P = 0.022

let-7a↓
miR-106a/
let-7a↑
miR-1↑

P = 0.002

P < 0.01

P < 0.01
P < 0.01
P < 0.01

miR-486↑

40

41

Serum

N/A

82

82

Serum

Microarray miR-187*↑
qRT-PCR miR-371-5p
↑
miR-378↑
Microarray miR-221↑
qRT-PCR

N/A
20
(pre-op, post-op and
recurrent)
Ⅰ-Ⅳ
30
Ⅰ-Ⅳ
87

39

Serum

qRT-PCR

miR-376c↑
miR-744↑
miR-196a

Serum
Plasma

qRT-PCR
qRT-PCR

miR-21↑
miR-17-5p↑

Ⅰ-Ⅳ

P = 0.0016
P = 0.0009
P < 0.0001
AUC = 0.74
AUC = 0.71
AUC = 0.71
P = 0.012
P = 0.002
P < 0.001
P < 0.001

miR-20a↑

20

190

Plasma

Ⅰ-Ⅲ

79
(25 without LN meta)
(54 with LN meta)
Ⅰ-Ⅳ
69

Plasma
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(a)

(a)

miRNA
miR-375↓
microarray
qRT-PCR
miRNA
miR-195-5p
microarray
↓
miR-21↑
miR-146a↑
miR-148a↑
qRT-PCR
miR-21↑

paired (n = 29), pre-op >
post-op
AUC = 0.92 Pt. (n = 56) vs Ctrl (n = 30)
paired (n = 29), pre-op >
post-op
AUC = 0.704 Pt. (n = 40) vs Ctrl (n = 41)
AUC = 0.715

Liu et al[177]

Konishi et
al[125]

(b)
(a)
(b)
(a)
(a)

AUC = 0.861
(a)
Pt. (n = 68) vs Ctrl (n = 68) (second validation
study)

Liu et al[178]

Song et al[179]

(a)
(a)

Wang et al[181]
Wang et al[182]

Pre-op (n = 65) > post-op
(n = 16)
OS: P = 0.0003 miR-20a high
Pre-op (n = 65)
vs low
OS: P = 0.013 miR-20a high
pre-op (n = 65)
vs low
P < 0.001
AUC = 0.835 Pt. (n = 20) vs Ctrl (n = 20)

(a)

OS: P = 0.0003

Serum

Pt. (n = 164) vs Ctrl (n = 127)

(a)
(a)
(b)

Pt. (n = 30) vs Ctrl (n = 39)
Pre-op (n = 65) > post-op
(n = 16)
Post-op (n = 16) <
recurrent (n = 6)
Pre-op (n = 65)

(16 post-op)

20

(a)
(b)

Tsai et al[180]

P = 0.003

20

Pt. (n = 69) vs Ctrl (n = 30)
paired (n = 10), pre-op >
post-op
Pt. (n = 69) vs Ctrl (n = 30)
AUC = 0.721 Pt. (n = 69) vs Ctrl (n = 30)
paired (n = 10), pre-op >
post-op
Pt. (n = 69) vs Ctrl (n = 30)
AUC = 0.879

Tsujiura et
al[124]

(a)
(a)

(65 pre-op)

(6 recurrent)

Pt. (n = 69) vs Ctrl (n = 30) (a)

miR-20a↑
P < 0.01
(a)
miR-27a↑
P < 0.01
(a)
miR-34a↑
P < 0.01
(a)
miR-423-5p
P < 0.01
(a)
↑
Five-serum AUC = 0.879
Pt. (n = 22) vs Ctrl (n = 22) (test study)
miRNA
signature↑
AUC = 0.831 Pt. (n = 142) vs Ctrl (n = 105) (validation study)
Microarray miR-451↑
P < 0.01
AUC = 0.96 Pt. (n = 56) vs Ctrl (n = 30) (a)
qRT-PCR

Ⅰ-Ⅳ

Ref.

Pre-op (n = 20) > post-op (n = 20)
Post-op (n = 20) < at recurrent (n = 20)
AUC = 0.81

miR-17-5p
high vs low

P = 0.006

P < 0.05
P < 0.001
P = 0.001
P < 0.001
CSS: P =
0.0451

226

Fold changes Pt. (n = 20) vs Ctrl (n =
13.3
130)
Correlation with pN stage
Correlation with pN stage
Correlation with pN stage
miR-21 high vs low

(a)
(c)

(c)
(d)
(a)

Zhang et al[183]

(a)

Gorur et al[184]

(e)
(e)
(e)
(c)

Kim et al[185]

Komatsu
et al[186]
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Ⅰ-Ⅱ

80

70

Plasma

qRT-PCR

miRNA199a-3p↑

(healthy
controls)
20
(precancerous
disease)
Long non-coding
RNA
Ⅰ-Ⅳ
43

33

Plasma

qRT-PCR

CSS: P =
0.0133
P < 0.001

(d)
(a)

P = 0.004

Pt. (n = 80) vs Ctrl. (n =
70)
Pt. (n = 80) vs pancreous disease (n = 20)

P = 0.012

Pre-op > post-op (n = 30)

(b)

H19

P = 0.029

HOTAIR
MALAT1

P = 0.096
P = 0.14

AUC = 0.818

Pt. (n = 43) vs Ctrl. (n =
33)

Li et al[187]

(a)

(a)

Arita et al[128]

(a)
(a)

a: Unpaired t-test/Mann-Whitney U-test; b: Wilcoxon test; c: Kaplan-Meier survival curves, Log-rank test; d: Logistic regression model (multivariate); e:
Kruskal-Wallis test. AUC: Area under the receiver operating characteristic curve; CSS: Cause-specific survival; LN: Lymph node; N/A: Not available; qRTPCR: Quantitative real-time polymerase chain reaction; OS: Overall survival.

overcome before translating it into clinical settings. One
of the most important issues is the lack of consensus
in technical approaches, which involves various aspects
of the methodologies, such as preferable sample type,
storage conditions, candidate molecules and suitable detection techniques. Moreover, technical errors may introduce contaminated cells or molecules into experimental
samples, which could cause misunderstandings and statistical errors. Therefore, the standardization of techniques
throughout all experimental steps should be emphasized.
Owing to recent remarkable technological developments, novel revolutionary approaches including an in vivo
CTC isolation system[32] and multi-detectable array have
been introduced into this research field. However, some
issues raised by those advances should be addressed
properly. Although multi-detection approaches can facilitate exhaustive screenings and provide us with various
types of information, the important considerations are
which molecules should be selected as a tumor marker
and how the result of an individual patient obtained by
multiple detection panels should be effectively utilized.
Of course, the cost and practicality of each assay should
also be taken into consideration to some extent.
In summary, the science of CTCs and circulating
cfNAs remains in its infancy. Despite numerous approaches and techniques that have been advocated to
accomplish the ultimate goal, that is, the development of
a useful, sensitive and real-time monitoring system from
the blood, few proposals have been translated into clinical practice. Large-scale studies and further understanding of their biology and significance could resolve those
problems and enhance their utility as biomarkers. Consequently, the development of novel biomarkers based on
CTCs and cfNAs could provide many benefits for cancer
patients including the improvement of clinical outcomes
in the near future.
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porting, which impacts incidence and mortality rates.
Currently, GLOBOCAN, an International Agency for
Research on Cancer resource, is the most comprehensive available resource allowing comparison between
nations. In resource limited settings, with already
restricted healthcare funding, data is needed to establish programs in Africa that increase gastric cancer
awareness, curtail the economic burden, and improve
patient management and survival outcomes.
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Abstract

Core tip: There is a paucity of published data regarding
gastric cancer in Africa and a need for more research to
elucidate etiology and management. There is a growing
opportunity for partnerships between African nations
and more developed nations to advance the understanding and management of gastric cancer and thus
improve overall patient outcomes. Such partnerships
would provide a bilateral learning opportunity and help
set a platform for training opportunity amongst healthcare providers.

Gastric cancer is the fourth most common cancer
and second most common cause of cancer death
worldwide. Globally, gastric cancer poses a significant
public health burden - both economically and socially.
In 2008, the economic burden from premature cancer deaths and disability was $895 billion and gastric
cancer was the second highest cancer responsible for
healthy life lost. With the expected increase in cancer deaths and non-communicable diseases, these
costs are expected to rise and impact patient care.
World Health Organization, estimates a 15% increase
in non-communicable disease worldwide, with more
than 20% increase occurring in Africa between 2010
th
and 2020. Mali, West Africa, is ranked 15 highest
incidence of gastric cancer worldwide at a rate of
20.3/100000, yet very scarce published data evaluating etiology, prevention or management exist. It is
understood that risk factors of gastric cancer are multifactorial and include infectious agents (Helicobacter
pylori , Epstein-Barr virus), genetic, dietary, and environmental factors (alcohol, smoking). Interestingly,
African patients with gastric cancer are younger, in
rd
th
their 3 -4 decade, and present at a late stage of the
disease. There is sparse data regarding gastric cancer
in Africa due to lack of data collection and under-re-
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INTRODUCTION
Gastric cancer is the fourth most common cancer worldwide, and second most common cause of cancer death[1].
In 2008, the economic burden from premature cancer
deaths and disability was $895 billion and gastric cancer
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was the second highest cancer responsible for healthy life
lost[2]. With the expected increase in cancer deaths and
non-communicable diseases, these costs are expected to
rise and impact patient care. World Health Organization
(WHO), estimates a 15% increase in non-communicable
disease worldwide, with more than 20% increase occurring in Africa between 2010 and 2020[3].
In Africa, gastric cancer is ranked twelfth most
common cancer[1]. The estimated incidence and mortality rates of gastric cancer in Africa is 4/100000 and
3.8/100000 respectively[1]. The incidence is higher in men
(4.7/100000) than in women (3.3/100000), as is mortality rate at 4.5/100000 and 3.2/100000 respectively[1].
There is a great deal of variation in reported incidence
and mortality within the individual African countries.
For instance, in Mali, West Africa, gastric cancer is the
most common cancer in men with an incidence rate
21.6/100000 and mortality rate 21.1/100000[1]. These
rates are markedly higher than developed nations such as
United States/United Kingdom, yet very scarce published
data evaluating etiology, prevention or management exist[4]. The lack of published reports may have to do with
the focus on communicable diseases and less attention
to non-communicable disease (NCDs). The variation in
reported incidence and mortality within the individual
African countries is most likely related to etiology. Recognized carcinogens include diet, infectious agents, inflammatory process or genetic variability[5]. Low incidence
and mortality rates reported for some regions may be due
to the limited diagnostic capability and inadequate data
recording. Interestingly, gastric cancer in African patients
are younger, in their 3rd-4th decade[6], and present at a late
stage of the disease[7].
It has been recognized that there is an upward trend
in NCDs, including cancers within developing nations[8].
WHO estimates an increase in cancer deaths of 45% between the years 2007 to 2030[9]. Cancer kills more people
than AIDS, tuberculosis and Malaria combined[10], yet it
has received less focus. Understanding risks, etiology and
management of gastric cancer impacts the survival outcome. With the increasing westernization of diet, obesity,
lifestyle (alcohol and smoking), there is increased risk of
gastric carcinogenesis. It is prudent to increase research
related to cancer in Africa, including gastric cancer.

ond, some countries do not have a cancer registry thus
reliance on data from individual hospitals[1].
There is significant variation from country to country in Africa with estimated incidence rates as high as
20.3/100000 in Mali to as low as 0.3/100000 in Botswana[1]. Table 1 details the incidence and mortality rates
in Northern, Eastern, Central, Southern and Western
Africa. The geographic demarcation is that from the
Globocan database recognizing 53 African countries,
with the highest incidence and mortality from Eastern
Africa 4.7/100000 and 4.6/100000 respectively[1]. Other
countries with high incidence and mortality rates are La
Reunion (12.6/100000, 9.3/100000), Western Sahara
(11.9/100000, 11.9/100000), Burundi (9.8/100000,
8.4/100000), Uganda (9/100000, 8.7/100000), Rwanda
(8.3/100000, 8/100000), Kenya (7.6/100000, 7.3/100000)
and Democratic Republic of Congo (7.3/100000,
7.2/100000)[1]. These rates are higher than Western nations such as United States (4.1/100000, 2/100000)
and United Kingdom (5.5/100000, 2/100000), but
lower than Eastern nations such as Japan (31.1/100000,
13.5/100000), South Korea (62.2/100000, 22.5/100000)
and China (29.9/100000, 22.3/100000). Some African
countries with lower incidence and mortality rates are Botswana (0.3/100000, 0.3/100000), Namibia (1.1/100000,
1.1/100000), Lesotho (1.3/100000, 1.3/100000),
Equatorial Guinea (1.6/100000, 1.6/100000), Sudan (1.6/100000, 1.8/10000) Malawi (1.7/100000,
1.6/100000), Central Republic of Africa (1.9/100000,
1.8/100000) Swaziland (1.9/100000, 1.9/100000) and
The Gambia (1.9/100000, 1.9/100000)[1].
This variation in reporting may be related to the late
patient presentation and lack of cancer reporting systems.
It is also unclear if these are autopsy reports or live cases.
Some of the differences in the rates can be attributed to
the degree of advances in medicine within the country
and available expertise. McFarlane et al[11] conducted a
retrospective survey in the Eastern part of Kenya with a
population of approximately 1.2 million. The researchers
reviewed medical records between 1991-1993, and compared to data from the same area obtained in the 1970s.
There was a 10 fold increase in the incidence rate between 1965-1970 and 1991-1993. The authors note that
endoscopy services were established in the Eastern part
of Kenya in 1980s, which could have impacted diagnostic
capabilities. Similar finding of increased gastric cancer
incidence over decades in Uganda has been documented
but attributed to an increased access to healthcare and endoscopy availability[11]. In Uganda, East Africa, most recent data shows a seven fold increase incidence of gastric
cancer from 0.8/100000 in the 1960s to 5.6/100000[12].
This has led to development and implementation of
guidelines regarding management of patients presenting
with dyspepsia[12].

INCIDENCE AND MORTALITY RATES
A comprehensive and comparable resource for incidence
and mortality rates is the GLOBOCAN database. The
Globocan database is part of the International Agency of
Research on Cancer-World Health Organization (IARCWHO)[1]. Globocan database is one of the world’s largest,
most reliable and organized incidence and mortality data
resources for gastric cancer in Africa, however, it has its
limitations[1]. Globocan recognizes the limitations in data
collection. First, the development of the database relies
on the cancer registries with the individual countries,
which may not capture the realities or may be an underrepresentation of the incidence and mortality rates[1]. Sec-
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MANAGEMENT AND OUTCOMES
Initial diagnosis of gastric cancer is typically via an upper
endoscopy with biopsy of an abnormal appearing lesion
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should be performed to determine next step in management. The staging system evaluates nodal and other organ
involvement. Staging extends from 0 to 4, with 0 being
localized (also known as carcinoma in situ) and stage Ⅳ
representing metastatic disease to distant organs in the
body. This staging has implications on the overall prognosis and treatment plan. With surgical intervention, the 5
year survival outcomes for patients with localized disease
are estimated to be 75%, and for those with lymph node
involvement the prognosis is poorer, 10%-30%[13]. Factors
impacting outcome can be broadly defined as tumor specific or patient specific. The tumour related risk factors
are: stage, grade, size, gastric location of primary tumour,
lymph node or vascular involvement[13]. The patient specific factors are age, gender, co-morbidities and performance status[13]. Delayed presentation, limited radiotherapy and surgical capability also impact management[7].
Surgery plays a role in diagnosis, palliative therapy or
curative therapy[12]. The role of surgery as curative modality seems to be limited to patients who present in the
early stage[12,13]. Mabula et al[15] conducted a retrospective
analysis of gastric cancer patients in Kenya, East Africa,
evaluating the clinicopathology and outcome over a 4
year period. They enrolled 232 patients, median age was
52, 92% presented in late stage of the disease, 223 (96%)
underwent surgery (commonly gastrojejunostomy) as
primary treatment, 56 (24%) chemotherapy and 12 (5.1%)
radiotherapy[15]. The post-operative complication and
mortality was 37.1% and 18.1% respectively[15]. The 5 year
survival was 32.8%[14]. Ahmed et al[16] conducted a retrospective study in Nigeria, West Africa, evaluating clinical
pattern, management and outcome of 179 patients. The
mean age was 51 ± 6 years, 155 (86%) underwent surgical
intervention, (mainly gastrectomies), the overall median
survival was 13.6 mo[16]. For patients who underwent gastrectomy, the one and five year survival were 70.1% and
21.8% respectively[16]. The post-operative complication
and mortality were 43 (27.7%) and 25 (16.1%) respectively[16]. These studies also highlight significant post-operative complications and mortality, which seem related
to the late patient presentation. Table 2 summarizes the
treatment, post surgical complications and outcomes of
gastric cancer in some African countries.

Table 1 Gastric cancer incidence and mortality rates
Incidence
Africa2
Northern
Eastern
Central
Southern
Western
Asia
North America
South America
Europe
Australia

1

Mortality

1

Males

Females

Both

Males

Females

Both

4.7
3.9
5.6
5.3
4.1
4.5
25.9
5.8
17.3
14.5
7.4

3.3
2.4
4.0
4.7
2.2
3.3
11.7
2.8
8.4
7.0
3.4

4.0
3.2
4.7
4.0
3.0
3.8
18.5
4.2
12.4
10.3
5.3

4.4
3.7
5.4
5.2
3.9
4.3
18.3
2.8
14.2
11.3
4.3

3.2
2.3
3.8
4.6
1.8
3.1
8.9
1.8
6.9
5.3
2.1

3.8
3.0
4.6
4.8
2.8
3.7
13.4
2.1
10.2
7.9
3.1

1

Incidence and mortality are represented as age-standardized rates (per
100000); 2Countries within each geographic region (per GLOBOCAN) is
listed below: Africa: Northern: Algeria, Egypt, Libya, Morocco, Sudan,
Tunisia, Western Sahara; Eastern: Burundi, Comoros, Djibouti, Eritrea, La
Reunion-France, Kenya, Madagascar, Malawi, Mauritius, Mozambique,
Rwanda, Somalia, Tanzania, Uganda, Zambia, Zimbabwe; Central: Angola, Cameroon, Central African Republic, Change, Democratic Republic of
Congo, Republic of Congo, Equatorial Guinea, Gabon; Southern: Botswana, Lesotho, Namibia, South African Republic, Swaziland; Western: Benin,
Burkina Faso, Cape Verde, Cote d’Ivoire, the Gambia, Ghana, GuineaBissau, Guinea, Liberia, Mali, Mauritania, Niger, Nigeria, Senegal, Sierra
Leone, Togo; Asia: Eastern: China, Japan, South Korea, Mongolia, Taiwan;
South-Eastern: Brunei Darussalam, Cambodia, Indonesia, Lao, Malaysia,
Myanmar, Philippines, Singapore, Thailand, Timore-Leste, Vietnam;
South-Central: Afghanistan, Bangladesh, Bhutan, India, Iran, Kazakhstan,
Kyrgyzstan, Maldives, Nepal, Pakistan, Sri Lanka, Tajikistan, Turkmenistan, Uzbekistan; Western: Armenia, Azerbaijan, Bahrain, Gaza Strip
and West Bank (Palestine), Iraq, Israel, Jordan, Kuwait, Lebanon, Oman,
Qatar, Saudi Arabia, Syria, Turkey, United Arab Emirates, Yemen;North
America: United States, Canada; South America: Argentina, Bolivia, Brazil, Chile, Colombia, Ecuador, French Guyana, Guyana, Paraguay, Peru,
Suriname, Uruguay, Venezuela; Europe: Central and Eastern: Belarus, Bulgaria, Czech Republic, Hungary, Republic of Moldova, Poland, Romania,
Russia, Slovakia, Ukraine; Northern: Denmark, Estonia, Finland, Iceland,
Ireland, Latvia, Lithuania, Norway, Sweden, United Kingdom; Southern:
Albania, Bosnia, Croatia, Cyprus, Greece, Italy, Former Yugoslav Republic
of Macedonia, Malta, Montenegro, Portugal, Serbia, Slovenia, Spain; Western: Austria, Belgium, France, Germany, Luxembourg, The Netherlands,
Switzerland.

confirmed by histopathology. Staging options include endoscopic (endoscopic ultrasound, EUS) and radiographic
[computed tomography (CT), magnetic resonance imaging, positron emission tomography and abdominal ultrasound], with CT being the most common[13]. EUS is not
an option in most African countries due to the absence
of technology and trained personnel, thus radiology is
the mainstay of staging. There are also limitations to
staging related to patient financial constraints, which impacts overall patient care. Screening modalities (barium
study, gastroscopy and serum pepsinogen) have been
implemented in high risk Asian countries such as Japan,
South Korea, and Taiwan[14], however these are not part
of the management of patients at risk for gastric cancer
in Africa. Late presentation plays a significant role in the
poor outcome in most African countries; hence increased
awareness amongst the general population and more
training of healthcare providers have an important role.
After the initial diagnosis of gastric cancer, staging
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CONCLUSION
Published data regarding gastric cancer management and
outcome within most African countries is scarce. It is
plausible that overall incidence and mortality in some nations is lower due to the underreporting and lack of an
organized, adequate database. What’s clear is the consistency of poor prognosis and lower overall survival rates
which are related to advanced stage at diagnosis, lack of
disease awareness and limited health access. The increase
post-operative mortality could be related to the late/advanced stage at presentation, poor performance status of
the patient, and other co-morbidities such as non-communicable disease. The healthcare focus has predominantly
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Table 2 Treatment and survival outcome
Country

Year of publication
and study design

Author

Sample
size

Tanzania

2012, retrospective
review

Mabula et al[15]

232

Mali
2012
(Abstract,
French article)
Nigeria
2011, retrospective
review

Dembeleet al[17]

425

Ahmed et al[16]

179

2011

Chokunonga et al[18]

-

2010, retrospective

Osime et al[19]

-

Tunisia
2006, retrospective
(Abstract,
French article)

Arfaouiet al[24]

140

Tunisia
2004
(Abstract,
French article)
Senegal
2003
(Abstract,
French article)
Uganda
2001, prospective,
descriptive

Ayite et al[23]

63

Fall et al[20]

60

Ibingira[21]

35

Johnson et al[22]

96

Zimbabwe
Nigeria

Ethiopia

2000, prospective

Overall survival

5 yr survival: 32.8% Surgery: 223/232 (96.1%)
Chemotherapy: 56 (24%)
Radiotherapy: 12 (5.1%)
1 yr survival: 15.5%
200 (65%): surgery
105 (34.3%) : no surgery
4 (1.3%): chemotherapy
13.6 mo
Surgery: 155 (86.6%)
1 yr post
gastrectomy: 70.1%
5 yr post
gastrectomy: 21.8%
5 yr survival: 20%
-

Total overall
survival : 20%

3

4

5

6

7

Ferlay J, Shin HR, Bray F, Forman D, Mathers C and Parkin
DM. GLOBOCAN 2008 v2.0, Cancer Incidence and Mortality Worldwide: IARC CancerBase No. 10 [Internet]. Lyon,
France: International Agency for Research on Cancer, 2010.
Accessed on August 1, 2013. Available from: URL: http://
globocan.iarc.fr
American Cancer Society. The global economic cost of
cancer. Accessed October 20, 2013. Available from: URL:
http://www.cancer.org/acs/groups/content/@internationalaffairs/documents/document/acspc-026203.pdf
WHO. Global Status Report on Non-communicable Diseases 2010. Geneva: WHO; 2011. Accessed on August 1,
2013. Available from: URL: http://whqlibdoc.who.int/
publications/2011/9789240686458_eng.pdf
Stomach cancer. Available from: URL: http://www.wcrf.
org/cancer_statistics/data_specific_cancers/stomach_cance
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-

1 yr survival after
94.5% presented with
partial gastrectomy: advanced cancer, and no
39.1%
curative surgery possible
90% presented in
advanced stage;
40% had resectable
lesions

REFERENCES

2

Incidence and
PostPostoperative Mortality rate
operative
complication mortality per Globocan
37.1%

18.1%

2/100000
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resection
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without resection
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Core tip: Early gastric cancer (EGC) is associated with
favorable prognosis and there have been many efforts
made to minimize the invasiveness of resection. Curative minimally invasive approaches utilized for EGC include endoscopic, laparoscopic and robotic approaches,
and sentinel lymph node biopsy. Endoscopic resections
have been shown to be safe and effective treatments
for carefully selected patients with EGC. In patients
with EGC that are not candidates for endoscopic resection, laparoscopic and robotic resections allow for the
appropriate curative resection and lymphadenectomy
with the benefits of minimally invasive surgery, including improved pain, reduced blood loss, and shorter
hospital length of stay.

Abstract
Despite declining incidence, gastric cancer remains
one of the most common cancers worldwide. Early
detection in population-based screening programs has
increased the number of cases of early gastric cancer,
representing approximately 50% of newly detected
gastric cancer cases in Asian countries. Endoscopic
mucosal resection and endoscopic submucosal dissection have become the preferred therapeutic techniques
in Japan and Korea for the treatment of early gastric
cancer patients with a very low risk of lymph node metastasis. Laparoscopic and robotic resections for early
gastric cancer, including function-preserving resections,
have propagated through advances in technology and
surgeon experience. The aim of this paper is to discuss
the recent advances in minimally invasive approaches
in the treatment of early gastric cancer.

Original sources: El-Sedfy A, Brar SS, Coburn NG. Current role
of minimally invasive approaches in the treatment of early gastric
cancer. World J Gastroenterol 2014; 20(14): 3880-3888 Available from: URL: http://www.wjgnet.com/1007-9327/full/v20/
i14/3880.htm DOI: http://dx.doi.org/10.3748/wjg.v20.i14.3880

INTRODUCTION
Although the incidence of gastric cancer has declined,
it remains one of the most common causes of cancerrelated mortality worldwide[1,2]. There are noted regional
differences in gastric cancer epidemiology between East
Asian and Western nations. In Japan and Korea, where the
incidence of gastric cancer remains high, population-based
screening with double-contrast barium radiography and/or
endoscopy has allowed for earlier detection and presumably better survival[3,4]. Analysis of a Japanese nationwide
registry of gastric cancer revealed that 48.8% of cases

© 2015 Baishideng Publishing Group Inc. All rights reserved.
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currently treated are early stage disease[5]. However, in the
West, late presentation of the disease still predominates[6].
Surgical resection remains the cornerstone of treatment in gastric cancer and prognosis is dependent on the
stage at time of detection. Early gastric cancer (EGC) is
defined as cancer in which tumor invasion is confined
to the mucosa or submucosa (T1 cancer), regardless of
lymph node involvement[7]. Long term survival data from
Japan revealed that the 5-year cancer specific survival
rates of EGC are 99% when limited to the mucosa and
96% when the submucosa is invaded[8,9]. Furthermore,
depth of cancer invasion plays a role in the risk of lymph
node (LN) metastasis. When gastric cancer is limited to
the mucosa, the incidence of LN metastasis is less than
3% and rises to approximately 20% with submucosal involvement[8,9].
As EGC is associated with favorable prognosis, there
have been many efforts made to minimize the invasiveness of resection. Minimally invasive approaches utilized
for curative treatment of EGC include endoscopic mucosal resection (EMR) or endoscopic submucosal dissection (ESD), laparoscopic and robotic approaches, and
sentinel lymph node biopsy[10]. The aim of this paper is
to describe and discuss the recent advances in minimally
invasive approaches in the treatment of EGC.

sion[21,22]. Assessment of the horizontal and vertical margins of the specimen are completed to confirm adequate
resection[23]. Although, no lymph nodes are assessed
pathologically, this information allows for prediction of
the risk of LN metastasis based on published data of
patients with similar pathological staging[24]. Importantly,
both EMR and ESD allow for pathological staging without undermining any future surgical intervention.
Indications for endoscopic resection
EGC carries a favorable prognosis when treated with
standard surgical resection and lymphadenectomy. Since
EMR and ESD are not accompanied by lymphadenectomy, it is imperative to carefully determine the indications for endoscopic resection[25]. Ideally, endoscopic
resection would be reserved for small, intramucosal EGC
of intestinal histology type, in which LN involvement is
very unlikely[8,25]. Large lesions, or those with diffuse histology type, are more likely to invade into the submucosa
and exhibit metastasis to the LNs, making them poor
candidates for endoscopic resection[26]. In Japan, indications for EMR and ESD are for well-differentiated EGC
confined to the mucosa (depth T1a), measuring less than
2 cm in diameter, and without ulceration[23]. In the Unites
States, National Comprehensive Cancer Network guidelines for tumors confined to the mucosa state that EMR
is considered appropriate for lesions less than 1.5 cm,
and ESD for lesions less than 3 cm[27]. Lesions selected
for endoscopic resection should be devoid of lymphovascular invasion[28]. Importantly, these guidelines recommend that endoscopic resection for EGC be performed
at high-volume centers.
The application of ESD has been explored beyond
the standard indications for cancers with a very low
probability of LN metastasis. Extended indications were
proposed following the study of 5265 patients with EGC
who underwent a gastrectomy and D2 lymphadenectomy
by Gotoda et al[29], which revealed that these patients
had no risk or a lower risk of lymph node metastasis
than risks of mortality from a gastrectomy. Proposed
extended indications for ESD include T1a tumors that
are (1) differentiated without ulceration beyond 2 cm in
size; (2) differentiated with ulceration up to 3 cm; and
(3) undifferentiated without ulceration up to 2 cm. Large
scale feasibility studies showed no differences in the 5-year
overall (97.1%) and disease-specific (100%) survival rate
of curative resection between the primary and expanded
indications for endoscopic resections[30]. However, these
extended indications remain investigational. Long-term
ESD results from prospective clinical trials by the Japan
Clinical Oncology Group (JCOG 0607 study) are pending, which may validate the expanded ESD indications[31].
JCOG 0607 study, a phase Ⅱ trial with 330 patients enrolled from 26 institutions, aims to evaluate the efficacy,
safety and 5-year overall survival (OS) of patients undergoing ESD resection of T1a EGC under the expanded
endoscopic treatment guidelines[31].

ROLE OF THERAPEUTIC ENDOSCOPY IN
THE TREATMENT OF EARLY GASTRIC
CANCER
Endoscopic resection techniques in the treatment of EGC
Endoscopic approaches in the treatment of EGC were
first performed in Japan in 1974[8], but it was not until
1984 that EMR was first described[11]. Initially, EMR technique involved injecting saline under the lesion thus raising the tissue and allowing it to be grasped for snaring[11].
Over time, EMR has evolved through the use of different
injection solutions, such as hypertonic saline with dilute
epinephrine, addition of cap-fitted panendoscopes, and
variceal ligation devices to capture the lesions[12-15]. The
main disadvantage of EMR is that for lesions larger than
15mm, a piecemeal pathological specimen is inevitable,
greatly impacting pathologists’ ability to adequately stage
patients[8,16]. ESD was developed at the National Cancer
Center Hospital in Japan to overcome the limitations of
EMR. In comparison with EMR, ESD allows for the resection of larger EGC lesions en bloc by dissection along
the submucosal plane, thus preserving the specimen for
more accurate pathologic assessment[17-20]. Resection with
ESD, however, requires more advanced endoscopic skills
and instrumentation to perform.
Pathological specimen processing
Endoscopic resection provides a specimen that will allow
for assessment of the depth of tumor invasion, degree
of differentiation and presence of lymphovascular inva-
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Outcomes for endoscopic resection
Although no randomized controlled studies (RCTs) exist comparing endoscopic resections with formal surgical resections[32], cohort studies have revealed that EMR
treated patients had 5 and 10 year disease-specific survival
of greater than 95% and the incidence of recurrence is
approximately 6%[33]. In addition, these studies revealed
that endoscopic approaches had favorable complication
rates and quality of life compared to formal surgical resections[33]. ESD has also been shown to result in higher
complete resection rates and recurrence-free rates when
compared to EMR[34].
Complications from endoscopic resections include
pain, bleeding and perforation. To prevent delayed bleeding following therapeutic endoscopy, patients are kept
fasting the day of the surgery and are asked to begin fluid
intake the day following resection and to resume a regular
diet the second day after resection[8]. Resected gastric submucosal beds close within 6-8 wk, and patients are discharged on proton pump inhibitors for that duration[8,25].
Perforations are commonly closed with the aid of endoclips and often do not require additional surgical intervention[8,25]. Although Oda et al[34], in their retrospective
multicenter study, revealed that the 3-year recurrence-free
rate was higher with ESD than EMR (97.6% vs 92.5% respectively), ESD also proved to be associated with higher
perforation rates (3.6% vs 1.2% respectively).

involves the placement of 3 balloon trocars into the
abdomen and into the lumen of the stomach through
the anterior wall. The balloon equipped ports, one for
the laparoscope and two for laparoscopic instruments,
prevent air leak and fix the ports to the gastric wall[37].
LIGMR enabled mucosal resection of any part of the
stomach except for the anterior wall while preserving
the muscularis propria[37]. LWR, which allows for a fullthickness resection of lesions from the anterior stomach
wall, was performed after endoscopic confirmation of an
accessible lesion. Two approaches have been described.
LWR can be performed using the “lesion lifting method”,
which entails introduction of a hollow needle at the point
of the lesion for the application of a T-tack in the lumen
of the stomach. The T-tack serves as an anchor lifting
the lesion allowing it to be resected with a laparoscopic
stapler[38]. The second method for LWR, first described
by Kitano et al[39], involves making an incision in the seromuscular layer of the anterior stomach wall over the
lesion, causing the mucosal lesion to bulge through and
allowing for resection. The seromuscular layer is then
sutured to close the defect[39]. As endoscopic techniques
of EMR and ESD have become established as safe and
effective treatment strategies for EGC confined to the
mucosa, the use of LIGMR and LWR have largely decreased[36].
LG is increasingly used for the treatment of EGC
with potential lymph node involvement [36]. In Japan
and Korea, EGC is considered the only indication for
laparoscopic gastrectomy. Several RCTs have been published comparing laparoscopic to open gastric resection
conducted mainly in patients with EGC [40-43]. These
mostly single-center studies have favorably supported
laparoscopic resection for EGC, with benefits including
reduced operative blood loss, less post-operative pain
and earlier discharge from hospital[44-46]. A recent metaanalysis has found that patients undergoing LG were associated with faster return of bowel function but longer
operative times and less harvested lymph nodes[47]. Ongoing RCTs are being performed to determine whether
there is a significant difference in oncologic outcomes
between the two groups. The Japan Clinical Oncology
Group (JCOG 0912 study) and the Korean Laparoscopic
Gastrointestinal Surgery Study Group (KLASS 01 Study)
have initiated large multi-center RCTs comparing longterm survival for EGC following laparoscopic gastrectomy and open gastrectomy[48,49].
In addition, in Korea, a separate phase Ⅲ study
(KLASS 02) has been initiated to evaluate the feasibility of laparoscopic resection in advanced gastric cancer
(AGC) patients[48]. As we await those results, a recent
systematic review and meta-analysis comparing LG with
OG for AGC, performed by Chen et al[50], revealed similar safety and oncologic outcomes to those seen in the
treatment of EGC. In the treatment of AGC, studies
consistently revealed a reduction in intra-operative blood
loss during LG in comparison to OG[50]. Although delicate dissection along with the complexity of performing

Follow-up after endoscopic resection
Endoscopic surveillance following definitive treatment
of gastric cancer is required to monitor for evidence of
recurrence. Abnormalities including mucosal surface
changes, wall thickening or stricture, should be investigated with multiple biopsies (4-6) and alongside endoscopic
ultrasound (EUS)[27]. Treatment of recurrence with further endoscopic resections is controversial.

ROLE OF LAPAROSCOPY IN THE
TREATMENT OF EARLY GASTRIC
CANCER
Laparoscopic resection techniques in the treatment of
EGC
Although therapeutic endoscopy has become a standard
treatment modality for selected EGC lesions, formal
gastrectomy with lymphadenectomy remains the gold
standard for most gastric cancers. Increasingly, laparoscopic resection has been used in the minimally invasive
treatment for EGC[10,35]. Laparoscopic approaches that
have been described for the treatment of EGC cancer
include (1) Laparoscopic intragastric mucosal resections
(LIGMR); (2) Laparoscopic wedge resection (LWR); and
(3) Laparoscopic gastrectomy (LG).
Initially, laparoscopic resection techniques were used
in the treatment of EGC that was strictly limited to the
mucosa with no risk of lymph node involvement[36].
LIGMR, which was first described by Ohashi et al[37],
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an adequate lymphadenectomy during LG was shown to
be more time consuming and requiring extensive technical expertise[50], studies have shown a learning curve of
approximately 50 LG cases before operative times can
be reduced[51-53] and that times were not longer for LGs
performed in large high-volume specialized centers[54,55].
As shown in studies evaluating LG for EGC, Chen et
al[50] also revealed a reduced number of post-operative
complications (i.e., wound infections, respiratory complications), reduced use of analgesic use, and earlier return
of bowel function in the LG group for AGC. Furthermore, their systematic review revealed that LG for AGC
had similar cancer recurrence and long-term survival rate
to patients treated by OG[50]. Therefore existing studies
show that LG for the treatment of AGC is both safe and
feasible, and results from large multi-center RCTs with
extended follow up will shed more light on its oncologic
applicability[50].

lesions.
Laparoscopic pylorus-preserving gastrectomy
Pylorus-preserving gastrectomy (PPG), which was originally limited to the treatment of benign gastric diseases
such as gastric ulcers[61], has become an increasingly accepted treatment modality for EGC patients. The preservation of pyloric function in gastric resections has shown
improvements over conventional distal gastrectomy in
the prevention of dumping syndrome[62], the prevention of bile reflux[63] and reduced post-operative weight
loss[64]. Laparoscopic-assisted PPG (LAPPG), which introduces the benefits of laparoscopic surgery, including
lower post-operative pain, shorter hospitalization, early
return of bowel function, and better cosmesis, is a modality for the treatment of EGC in many institutions in
Japan and South Korea[65]. LAPPG involves preservation
of the right gastric artery and the pyloric branch of the
vagus nerve required to maintain pyloric circulation and
motility[64,66]. However, there are concerns that LAPPG
does not allow for adequate suprapyloric lymph node
dissection[67]. Studies that have evaluated the incidence
of lymph node metastasis following distal gastrectomies
for EGC have found a 4% rate of metastasis to the suprapyloric lymph nodes[68,69], although 29%-34% of those
patients were found to be T2-T3 gastric cancer after final
pathological evaluation[67]. A retrospective survey of the
Gastric Cancer Data Base in Japan by Akiyama et al[12]
revealed a 0.2% metastasis rate of the suprapyloric lymph
nodes after evaluation of 3646 cases of T1 tumors located in the body of the stomach.
Indications for performing LAPPG include (1) intramucosal or submucosal gastric adenocarcinoma without lymph node involvement (cT1, cN0); and (2) tumor
lesion located in the distal stomach (4.5 cm to 5 cm proximal to the pyloric ring)[65]. A study performed by Morita
et al[70], evaluating 611 patients who underwent a PPG for
T1 gastric cancer had a 5-year OS rate of 96.3%. Hiki et
al[71] evaluated 305 patients treated by PPG and revealed a
5-year OS rate of 98%. While Jiang et al[72] evaluated 188
patients who underwent a LAPPG and revealed a 3-year
OS rate and 3-year disease-specific survival rate of 97.8%
and 99.3%.

Combination of endoscopic and laparoscopic
approaches
Laparoscopic and endoscopic cooperative surgery (LECS)
was developed by Hiki et al[56] and Nunobe et al[57] for the
dissection of submucosal tumors of the stomach. The
LECS technique involves initial endoscopic identification and confirmation of tumor location followed by
ESD[56,57]. Laparoscopic serosal dissection is performed
and a stapling device is applied to close the incision
line[56,57]. LECS is indicated in the treatment of EGCs
larger than 3 cm in diameter located at the greater curvature of the stomach or for lesions with extensive ulcerations that may not be amenable to ESD[57]. Importantly,
LECS does not involve lymphadenectomy.
Combining endoscopic resection with laparoscopic
lymphadenectomy has also been investigated in cases
where lymph node involvement cannot be disregarded[58,59]. Abe et al[59] noted early and delayed gastric ischemia of the preserved stomach secondary to division of
major feeding arteries during lymphadenectomy, which
resulted in gastric perforation in 1 of 21 patients. In addition, 2 out of 21 patients exhibited gastric emptying problems, although preoperative quality of life was maintained
with no dietary restrictions[59]. Further studies are necessary before this becomes an acceptable alternative to gastrectomy without compromising oncologic principles[59].

Laparoscopic proximal gastrectomy and laparoscopic
subtotal gastrectomy with small remnant pouch
Proximal tumors are commonly treated with a total
gastrectomy[73]. Laparoscopy-assisted total gastrectomy
(LATG) is a technically difficult procedure relative to a
laparoscopy-assisted distal gastrectomy (LADG) and is
associated with higher rates of post-operative complications of increased operative blood loss and increased
length of hospitalization[74,75]. In addition, Lee et al[76]
showed that LATG was associated with an increased rate
of anastomotic stricture in comparison to LADG (26.9%
vs 8.0%, respectively).
PG has been proposed as a function-preserving approach for EGC[67]. Due to the association with mark-

ROLE OF FUNCTION-PRESERVING
RESECTIONS AND LAPAROSCOPY
Resection techniques have been developed with the aim
of reducing the functional sequelae of radical gastric
resections including dumping syndrome, reflux gastroesophagitis and weight loss[60]. Minimally-invasive procedures combining laparoscopic resections with functionpreserving gastric surgery include (1) pylorus-preserving
gastrectomy (PPG) for distal lesions; (2) proximal gastrectomy (PG) for proximal lesions; and (3) laparoscopic
subtotal with small remnant gastric pouch for proximal
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edly higher rates of complications including anastomotic
stenosis, reflux esophagitis and no change in nutritional
status in comparison to total gastrectomies, An et al[77]
concluded that PG are not a better option than total
gastrectomy for proximal third EGC. There has been
no apparent advantage with laparoscopic-assisted PG
(LAPG)[78].
To improve post-operative quality of life, Jiang et al[79]
have developed a novel approach for selected patient
with proximal EGC, laparoscopy-assisted subtotal gastrectomy (LAsTG), which involves preserving a small
proximal gastric pouch. LAsTG carries some concerns
pertaining to oncological and reconstruction safety with
the preservation of a limited remnant stomach[67]. The indications for LAsTG include (1) a pre-operative diagnosis
of T1N0 EGC; (2) tumor location is in the proximal
third of the stomach; (3) distance between tumor and
gastroesophageal junction (GEJ) of 5 cm; and (4) remnant gastric stump measuring 2-3 cm from GEJ[67].

required to assess oncological outcomes following RAG,
as well as addressing important concerns regarding costeffectiveness[81].

ROLE OF SENTINEL LYMPH NODE
BIOPSY IN THE TREATMENT OF EARLY
GASTRIC CANCER
Accurate assessment of lymph node status is an integral
part to determination of clinical outcomes and for therapeutic planning in gastric cancer. EGC is associated with
5-year OS rates of greater than 90% and pathological
data have suggested that the majority of lymph nodes resected do not contain metastases[29,86-88]. Further, extensive
lymphadenectomies are associated with increased risk
of complications[89]. Sentinel lymph node (SLN) biopsy
is well-established in the treatment of breast cancer and
melanoma, and allows for lymph node assessment with
limited dissection and reduced complications[90]. SLN biopsy has been investigated as an alternative to extensive
lymphadenectomy in the treatment of EGC. Mapping
for SLN biopsy has been completed with dye, radiocolloid, as well as combinations of dye and radio-colloid.
Potential anatomical limitations to SLN mapping exist in
gastric cancer, due to the complex and unpredictable lymphatic drainage of the stomach, increasing the likelihood
of skip metastases.
A systematic review on the accuracy of SLN biopsy
in gastric cancer was performed by Cardoso et al[91]. This
study revealed an overall calculated false negative rate
(FNR) of 34.7% with dye alone, 18.5% with radio-colloid
alone, and 13.1% for the combination of dye and radiocolloid[91]. A recent systematic review performed by Can
et al[92], reveals accuracy rates ranged from 78% to 100%.
In addition, there has been publication of the results of
a multicenter trial (JCOG study 0302), which evaluated
the feasibility and accuracy of diagnosis using SLN biopsy in T1 gastric cancer[93]. Final results revealed a high
FNR and accrual was suspended early. Primary analysis
revealed a FNR of 46% (13/28) and 7 of 13 patients
had nodal metastases outside the lymphatic basin[93].
However, a recent prospective multicenter trial in Japan
performed by Kitagawa et al[94], revealed a higher accuracy
of nodal evaluation for metastasis (93%) and lower FNR
(7%) compared to JCOG 0302 results. This drastic difference in results may be explained by the difference in the
procedural learning phase in both studies[94]. In JCOG
0302, only five cases were required as the minimum for
the initial leaning phase, while a minimum of 30 cases
were required for the learning phase in the multicenter
trial performed by Kitagawa et al[94]. Thus at present, SLN
biopsy remains an experimental treatment modality in
gastric cancer[93].

ROLE OF ROBOTIC ASSISTED
GASTRECTOMY IN THE TREATMENT OF
EARLY GASTRIC CANCER
Robot-assisted gastrectomy (RAG) may allow surgeons
to overcome some of the technical limitations of laparoscopic resections for EGC [80]. Robotics improves
visualization by providing a magnified, high-definition,
three-dimensional image that allows the surgeon to
identify smaller anatomical structures[81]. In addition, manipulation of tissue is improved with the elimination of
physiologic tremor and articulating tools providing seven
degrees of freedom and reproducing the movement of
the human hand[81]. Accordingly, RAG may be advantageous to performing the more technically challenging D2
lymphadenectomy[81]. Articulating robotic instruments
may allow for the dissection of LNs from difficult lymphatic stations around major vessels and organs[81].
Long-term survival results following RAG are required to assess oncological outcomes, however studies
have shown this approach to be adequate in terms of
resection margins, lymphadenectomy and staging[82,83]. No
differences were noted in terms of the number of lymph
nodes harvested when comparing open, laparoscopic and
robotic gastrectomy, however the estimated blood loss
was significantly less in the robotic group in comparison
with the other two approaches[84]. A recent meta-analysis
of three non-randomized controlled trials was performed
by Xiong et al[85]. Operative time was significantly longer in the RAG group in comparison to the LG group
but was associated with significantly less intra-operative
blood loss[85]. Furthermore, the comparison of RAG
with LG revealed no differences in the number of lymph
nodes harvested, length of hospitalization, and morbidity and mortality rates[85]. In addition, several studies have
reported shorter learning curves for RAG compared to
LG (20 cases vs 50 cases, respectively). Further studies are
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transluminal endoscopic surgery (NOTES) and singleincision laparoscopic surgery (SILS), are currently being
investigated as minimally-invasive treatment options for
EGC[95]. NOTES entails incision-less surgery to access
the peritoneal cavity through natural orifices[96]. Although
it has been applied sporadically in bariatric surgery, Nakajima et al[97] have shown that transvaginal NOTES may
represent an option for performing partial gastrectomy
for patients with gastric submucosal tumors. Hybrid
procedures are being developed including NOTES with
SLN biopsy and NOTES with laparoscopy with the
goal of expanding indications for its application[96,98]. In
comparison to NOTES, which is still in early stages of
development, SILS shows earlier promise in the treatment of gastric cancer. SILS is frequently applied in appendix, gallbladder, colon and bariatric surgery[95]. With
favorable cosmetic results, Omori et al[99] demonstrated
SILS distal gastrectomy as a feasible and safe approach
for EGC, while Ahn et al[95] performed the first SILS total
gastrectomy with D1 lymphadenectomy for proximal
EGC. As instrumentation improves and surgeon experience increases, these novel approaches show potential in
improving cosmesis and reducing post-operative pain in
comparison to the current laparoscopic approaches.
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CONCLUSION

11

The prognosis of gastric cancer patients can be improved
by early detection and treatment. Minimally-invasive approaches to patients with early gastric cancer have been
developed to improve quality of life without compromising oncologic outcomes. EMR and ESD have been
shown to be safe and effective treatments for carefully selected patients with EGC. Long term clinical trial results
are still pending from Japan for extended criteria, and it is
likely that endoscopic approaches have an increasing role
in the treatment of EGC. In patients with EGC that are
not candidates for endoscopic resection, laparoscopic and
robotic resections allow for the appropriate curative resection and lymphadenectomy with the benefits of minimally invasive surgery, including improved pain, reduced
blood loss, and shorter hospital length of stay. Growing
interest in minimally invasive function-preserving resections will need to be supported with further study to assess oncologic safety. The roles of laparoscopy combined
with endoscopic resections as well as SLN biopsy remains
to be determined. Important to all these advancements in
the treatment of EGC is the continued efforts to assess
safety and function without compromising curability.
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Core tip: The authors in this review present an update
on treatment of gastric cancer in relation to the role of
extent of lymphadenectomy and of new nonoperative
strategies, to employ preoperatively, intraoperatively,
and postoperatively. The above therapeutical options
are assessed by reviewing the most authoritative, large,
and referenced randomised controlled trials and metaanalyses published in the English literature.

Abstract
Gastric cancer is one of the leading causes of death for
cancer worldwide, although geographical variations in
incidence exist. Over the last decades, its incidence and
mortality have gradually decreased in Western countries, while these have increased, or remained stable,
in the other world regions. Gastric cancer is often diagnosed at an advanced stage, with the only notable exception of Japan, where nationwide screening programs
are enforced, due to local high incidence. Curativeintent surgery (i.e. , gastrectomy, total or partial, and
lymphadenectomy) remains the cornerstone of treatment of gastric cancer. Much has been debated about
the extent of lymph node dissection and, although it is
a valuable contribution to staging and cure, operative
treatment only represents one aspect of overall effective management, as the risk of both locoregional and
distant recurrences are high, and bear a poor prognosis. As a matter of fact, surgery, as a single modality
treatment, has probably achieved its maximum efficacy
for local control and survival, while other accompanying nonsurgical treatment modalities have to be taken
into account, although their role is still the subject of
considerable debate. The authors in this review present
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INTRODUCTION
Gastric cancer is one of the most common malignancies in the world. Over the last decades, its incidence and
mortality have gradually decreased in Western countries,
while these have increased, or remained stable, in the
other world regions. In countries with a higher incidence,
nationwide endoscopic screening programs lead to earlier
identification of a large number of gastric cancers, while,
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Table 1 Regional lymph nodes as defined by the Japanese
[10]
Research Society for Gastric Cancer (JGCA, 1998)
No. 1 Right paracardial LN
No. 2 Left paracardial LN
No. 3 LN along the lesser curvature
No. 4 LN along greater curve
(short gastric vessels, left and right gastroepiploic vessels)
No. 5 Suprapyloric LN
No. 6 Infrapyloric LN
No. 7 LN along the left gastric artery
No. 8 LN along the common hepatic artery
(anterosuperior and posterior group)
No. 9 LN around the celiac artery
No. 10 LN at the splenic hilum
No. 11 LN along the splenic artery (proximal and distal tract)
No. 12 LN in the hepatoduodenal ligament (along hepatic artery, bile
duct and portal vein)
No. 13 LN retropancreatic
No. 14 LN along superior mesenteric vessels (vein and artery)
No. 15 LN along the middle colic vessels
No. 16 LN paraaortic (of upper, middle and lower abdominal aorta, in
relation to the intragastric tumor site)
The classification includes also the following lymph node compartments:
No. 17 LN on the anterior surface of the pancreatic head
No. 18 LN along the inferior margin of the pancreas
No. 19 Infradiaphragmatic LN1
No. 20 LN in the esophageal hiatus of the diaphragm1
No. 110 Paraesophageal LN in the lower thorax1
No. 111 Supradiaphragmatic LN1
No. 112 Posterior mediastinal LN1

19

20
2
1
3
7
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8
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When the gastric carcinoma also invades the esophagus. LN: Lymph
nodes.

Figure 1 Location of gastric lymph node stations according to Japanese
Research Society for Gastric Cancer (JRSSC)[10]. For description of numbers, see Table 1.

problem of lymph node dissection
Gastric carcinoma shows a high tendency to lymph node
metastasis. The risk of regional nodal involvement increases with deep penetration through the gastric wall[4],
and the nodal extension of the cancer takes place gradually, radiating from primary location via the lymphatic system[5,6]. Nodal metastases are observed in 3%-5% of gastric carcinomas which are limited to the mucosa, in
11%-25% of those which extend to the submucosa, in
50% of those which reach the muscularis (T2), and in
83% of those which extend to the serosa (T3)[7,8]. After
curative radical resection, local recurrence is represented,
in 87.5% of cases, by nodal metastases to local or regional lymph node stations[9]. The Japanese Classification of
Gastric Carcinoma (Japanese Gastric Cancer Association,
JGCA, 1998)[10] has defined 16 different lymph node stations (n) which drain the stomach. These are subdivided
in three levels, according to their distance from the tumor
(Figure 1, Table 1), thus entailing three types of lymph
node dissection (D) that can be associated to total or partial gastrectomy: D1, in which perigastric lymph nodes
from n1 to n6 are removed (N1 level); D2, in which perigastric lymph nodes are removed as well as those located
along the main arterial vessels from n7 to n12 (N2 level);
D3, in which stations n13 to n16 are removed, as well as
those mentioned before (N3 level) (Table 2). During the
‘60s, the Japanese authors first introduced D2 lymphade-

in Western countries, the lack of similar screening programs often causes later diagnoses.
Surgery with lymphadenectomy is the best treatment
option for resectable gastric cancer, as it provides better results both in terms of progression-free survival
and prognosis. Long-term survival after radical surgery
strongly depends on the stage of the tumor. The resection of tumors limited to the mucosa shows a survival
rate of 90%-95%[1-3]. On the other hand, progression
of the disease through the gastric wall and/or through
regional lymph nodes shows higher recurrence rates of
the disease, with five-year survival rates lower than 30%
in Western countries[3]. Over the last decades, this has led
to the development of further treatment options, such
as extension of lymphadenectomy, and the use of pre-,
intra-, and postoperative chemoradiotherapy. Indication,
timing, and effectiveness of these options, however, are
still controversial. The aim of this paper is to report on
the current views on treatment of gastric cancer, and to
possibly clarify the topics introduced above. Data from
randomized controlled trials (RCT) and meta-analysis are
reported. RCTs are considered the gold standard of all
research design, while meta-analysis provide a comprehensive up-to-date summary of the average effect of all
the relevant RCTs and are a reliable guidance for clinical
practice and future research.
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Gastric Cancer Trial[22] and the Medical Research Council
(MRC) Gastric Cancer Surgical Trial (STO1)[23] published
the morbidity and mortality results of two multicentric
RCTs. The studies, conducted, respectively, on 711 and
400 patients receiving curative D1 or D2 resection for
advanced gastric carcinoma, showed a higher incidence
of postoperative complications and mortality and longer
duration of hospitalization in patients treated with more
extended lymph node dissection. Both studies also
showed that the higher number of postoperative complications and mortality observed in the D2 group were not
linked to the extent of the lymphadenectomy as such,
rather to associated pancreatectomy and/or splenectomy.
The protocol of D2 lymph node dissection, in case of
total gastrectomy, included these resections[10,24] in order
to remove all lymph nodes in stations 10 and 11 (Table 1).
In the late ‘90s[25,26], the same authors reported the longterm survival data. Both trials showed that, 5 years after
surgery, the survival rate, risk of relapse, risk of death for
cancer and duration of disease free survival were not significantly different in D1 and D2 groups. However, in the
MRC STO1 trial[26], a better long-term survival was observed in patients receiving D2 gastrectomy without pancreatectomy and/or splenectomy. On the basis of these
data, the British National Health Service Cancer Guidance in 2001 discouraged the use of D2 resection in routine clinical practice[27]. On the other hand, lymphadenectomies even more extended than D2 have been
performed since the ‘80s in several specialized Japanese
centers, on the grounds that lymph node para-aortic metastases (N3) were frequently observed (20%-30% of
cases)[28,29]. Some Japanese authors (JCOG 9501)[30] published in 2004 a multicentric RCT on 523 patients receiving surgical treatment for gastric cancer, comparing
short-term results in D2 standard and in D2 extended to
para-aortic lymph nodes. In the extended para-aortic
lymphadenectomy group, duration of surgery and intraoperative blood loss were significantly higher (P =
0.0001), while mortality and reoperation rates were not
statistically different compared to standard D2 group.
However, morbidity in the more extended surgery group
was slightly higher than in the standard group (P = 0.067).
Uni- and multivariate analysis later conducted by the
same authors[31], showed that key factors for complications were: age > 56 (P = 0.026), associated pancreatectomy (P = 0.004), duration of surgery > 297 min (P =
0.045) and a body mass index (BMI) ≥ 25 (P = 0.002).
The long-term results of the same trial[32] were published
in 2008, showing no significant differences between standard and extended para-aortic lymphadenectomy in terms
both of 5-year overall survival (69.2% vs 70.3%) and of
5-year disease-free survival (62.6% vs 61.7%). Interestingly, extended D2 resection only showed better results in
terms of 5-year survival in patients without lymph node
metastasis (HR for death 0.39; P = 0.009), while it resulted pointless in those with lymph node metastases (HR
for death 1.39; P = 0.04). Based on these data, standard
D2 resection was judged as adequate by the authors for

Table 2 Nodal compartments to be removed for each type
of lymph node dissection as defined by the Japanese Research
[10]
Society for Gastric Cancer (JGCA, 1998)
Tumor site

LN D1 dissection LN D2 dissection LN D3 dissection

Upper stomach
Middle stomach

1, 2, 3, 4
1, 3, 4, 5, 6

Lower stomach

3, 4, 5, 6

4, 7, 8, 9, 10, 11
7, 8, 9, 11, 12

5, 6, 8, 12, 16
4, 8, 10, 11, 12, 13,
14, 16
1, 7, 8, 9, 11, 12,
4, 8, 12, 13, 16
14

LN: Lymph nodes.

nectomy[11], which they still consider as the standard procedure to associate with curative gastric resection, as it
yields the best results in terms of local recurrence and of
long term survival. In Western countries, D2 lymph node
dissection is not as common as Japan, not only due to
lower incidence of gastric cancer (and, consequently, to
the fact that surgeons have less experience with this technique), but mainly to high morbidity and mortality linked
to this type of lymph node dissection. Indeed, D2-D3
lymphadenectomy is a challenging surgical procedure,
which implies a thorough surgical training conducted under the supervision of experienced gastric surgeons[12]. A
significant difference between Japanese clinical outcomes
and those of other countries has been observed in shortand long-term results and in loco-regional control, with
better results for Japanese clinical records. The systematic
lymph node dissection practiced since the ‘60s-‘70s by
Japanese surgeons may have contributed to achieve better
results [13]. The International Union Against Cancer
(UICC)[14] adopted in 1997 a new classification system for
lymph node metastases, which, unlike the Japanese system, was not based on the anatomic location of positive
nodes[15], but on their number. It was recommended that
at least 15 lymph nodes should be removed and examined for proper staging. Secondaries affecting 1 to 6
lymph nodes were classified as pN1, from 7 to 15 as
pN2, more than 15 as pN3. It has been shown[16] that
lymph node removal was much higher with D2 resection
(more than 25 lymph nodes) than with D1 (less than 25
lymph nodes), and that survival is related to the number
of lymph nodes with metastasis [17-19]. The extent of
lymphadenectomy, therefore, has always been controversial. Most Western surgeons criticize D2 dissection because some benefits have only been confirmed in retrospective observations[20]. RCTs, mainly conducted by
Western authors, since the ‘80s compare short-term and
long-term results in D1 and D2 resections. Dent performed a RCT on 43 cases[21], and the group who received D2 resection (21 patients), showed worse results
compared to the D1 lymphadenectomy group (22 patients) in terms of duration of surgery, blood transfusion
requirement, postoperative morbidity, and duration of
hospital stay. Four patients in D2 group required reoperation; in both groups there were no postoperative deaths.
There was no difference in the probability of survival at
a median follow-up of 3 years. In the mid-‘90s, the Dutch
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patients with potentially curable advanced gastric carcinoma. Short-[33] and long-term[34] results of a comparative
RCT between D1 and D3 (the D3 definition reported
in[34] did not include para-aortic lymph nodes), conducted
on 221 patients who received curative surgery in a singleinstitution (Taipei Veterans General Hospital, Taiwan)
were reported in 2004 and 2006. No cases of operative
mortality were observed in the two groups. Duration of
surgery, blood loss, blood transfusion required, volume
of abdominal drainage, duration of postoperative stay (P
= 0.001), and number of surgical complications (P <
0.001) resulted higher in D3 group. The incidence of
complications was higher (P = 0.017) in patients receiving resection with distal pancreatectomy and splenectomy.
Overall 5-year survival was higher in D3 group (59.5% vs
53.6%, P = 0.041), while 5-year recurrences after R0
(radical resection) showed no difference (50.6% in D1
group and 40.3% in D3 group, P = 0.197). The authors
concluded that D3 dissection improves survival rates, and
suggested that it should be performed in specialized centers in order to limit the chance of postoperative complications. A RCT conducted by the East Asia Surgical Oncology Group in 2008[35] compared data of 135 patients
treated with D2 gastrectomy with those of 134 patients
receiving D4 gastrectomy (in D4 dissection inter-, pre-,
and latero-aortic lymph nodes of abdominal aorta as far
as bifurcation are removed). No significant advantages
were observed in terms of 5-year survival in patients who
received extended lymphadenectomy (P = 0.80). Twelve
patients of D4 group with metastases to para-aortic
lymph-nodes had a median survival of 2.8 years, and a
5-year survival rate of 25%. The authors maintained that
D4 dissection is not the best treatment option for patients with gastric carcinoma, whereas D2 dissection is
recommended if performed by experienced surgeons.
The Dutch Gastric Cancer Group Trial[36], published in
2004, updated data on survival of 711 patients previously
enrolled in published RCTs[22,25]. At a median follow-up
of 11 years, survival rates were 30% in D1 group and
35% in D2 group (P = 0.53), the risk of recurrence was
70% and 65%, respectively (P = 0.43). The authors concluded that D2 lymph node dissection can be recommended only if operative morbidity and mortality can be
reduced. A further update of these data was published in
2010[37], with a median follow-up of 15.2 years. The overall 15-year survival was 21% after D1 resection and 29%
after D2 resection (P = 0.34). Gastric cancer-related mortality rates resulted significantly higher in D1 than in D2
(41% vs 37%; P = 0.01). The incidence of local recurrence (D1 = 22% vs D2 = 12%) and distant recurrence
(D1 = 19% vs D2 = 13%) were different, albeit not significantly. Patients who received splenectomy and pancreatectomy had significantly lower overall survival rates in
both D2 and D1 groups. On the other hand, patients
who received D2 resection without pancreatico-splenectomy had a significantly higher overall 15-year survival
compared to patients receiving D1 resection (35% vs
22%, P = 0.006). The authors concluded that D2 resec-
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tion should be considered the standard procedure to treat
resectable gastric carcinoma. The Italian Gastric Cancer
Study Group[38] in 2010 published a multicentric RCT on
267 patients, comparing the short-term results of D1 and
D2 gastrectomy for curable gastric cancer. Pancreaticosplenectomy was not considered as a routine part of the
D2 gastrectomy and spleen and pancreas were removed
only when indicated by the surgeon. The study did not
show significant differences in terms of operative mortality, morbidity and duration of postoperative hospital stay.
The authors concluded that D2 gastrectomy is a safe option to treat gastric carcinoma of Western patients as
well, if it is performed in specialized centers. Three metaanalyses of RCTs evaluating D1 vs D2 vs D3 lymphadenectomy for operable gastric carcinoma were conducted
in 2009[39], 2011[40], and 2012[41]. These three studies examined 14, 6 and 5 RCTs, totaling 3432, 1876 and 1642
patients, respectively. The 2009 meta-analysis[39], conducted on Western and Asiatic trials, compared D1 and D2
dissections and D2 and D3 dissections. In the first comparison, duration of surgery, operative mortality and
postoperative complications resulted significantly lower
in D1 dissection than in D2 (P = 0.00001, P < 0.001, P <
0.001), while 3- and 5-year survival rates did not show
significant differences. No substantial differences were
found between D2 and D3 dissections in relation to operative mortality, postoperative morbidity, operative time,
and hospital stay. The meta-analysis of 2011 [40] also
showed better results for D1 dissections, with shorter duration of postoperative hospitalization (P = 0.0036), lower incidence of mortality (P = 0.0054), complications (P
= 0.0002), anastomotic dehiscence (P = 0.0001), and reoperations (P = 0.006). However, no differences were
observed in 5-year survival (P = 0.76). The meta-analysis
of 2012[41] confirmed a higher incidence of mortality and
reoperations after D2 resection compared to D1 (P =
0.02 and P < 0.0001 respectively). The hospital mortality
was significantly higher for D2 resections performed before 1995 (P = 0.0003), while after that date hospital
mortality was no longer different between groups (P =
0.70). A further analysis showed that the difference in
hospital mortality was related to associated distal pancreas and/or spleen removal. Patients in D2 group with
spleen preservation had significantly lower hospital mortality than those who had their spleen resected (P <
0.0001). Overall 5-year survival was not significantly different in the two types of lymph node dissection (P =
0.58). Main data regarding the extent of nodal dissection
are shown in Table 3.
In conclusion, in Western countries the prognostic
value of D2 lymphadenectomy is still controversial, while
in Eastern countries it is considered a standard procedure,
likely to be further extended. Japanese authors do not
even conduct RCT comparing D1 and D2 lymphadenectomies, on the grounds that they consider D1 dissection
unethical. Data indicate that D2 dissection is an adequate
and potentially beneficial staging and treatment approach
if operative mortality is avoided. Dissections extended
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Table 3 Main data regarding the extent of nodal dissection
Survival (P value)

Recurrence (P value)

D1 < D2 (nv)
D1 < D2 (0.001)

At 3 yr (NS)
-

-

D1 < D2 (0.04)

D1 < D2 (0.001)

-

-

D1: 380; D2: 331

-

-

At 5 yr D1 vs D2 (NS)

At 5 yr D1 vs D2 (NS)

RCT D1 vs D2

D1: 200; D2: 200

-

-

At 5 yr D1 vs D2 (NS)

At 5 yr D1 vs D2 (NS)

RCT D2 vs D3

D2: 263; D3: 260

D2 vs D3 (NS)

D2 < D3 (NS)

-

-

RCT D2 vs D3

D2: 263; D3: 260

-

-

At 5 yr D2 vs D3 (NS)

At 5 yr D2 vs D3 (NS)

RCT D1 vs D3
RCT D1 vs D3
RCT D1 vs D2

D1: 110; D3: 111
D1: 110; D3: 111
D1: 380; D2: 331

None
-

D1 < D3 (0.012)
-

At 5 yr D1 < D3 (0.041) At 5 yr D1 vs D2 (NS)
At 11 yr D1 vs D2 (NS) At 11 yr D1 vs D2 (NS)

RCT D1 vs D2

D1: 380; D2: 331

-

-

At 15 yr D1 vs D2 (NS) At 15 yr D1 > D2 (0.005)

RCT D1 vs D2

D1: 133; D2: 134

D1 vs D2 (NS)

D1 vs D2 (NS)

-

-

Meta-analysis
D1 vs D2
Meta-analysis
D2 vs D3
Meta-analysis
D1 vs D2
Meta-analysis
D1 vs D2

D1: 907; D2: 875

D1 < D2 (0.001)

D1 < D2 (0.0001)

-

D2: 599; D3: 588

D2 vs D3 (NS)

D2 vs D3 (NS)

At 3 and 5 yr D1 vs D2
(NS)
-

D1: 946; D2: 930

D1 < D2 (0.005)

D1 < D2 (0.0002)

At 5 yr D1 vs D2 (NS)

-

D1: 845; D2 797

D1 < D2 (0.002)

D1 < D2 (0.0001)

At 5 yr D1 vs D2 (NS)

-

Ref.

Study design

No. of patients

Dent et al[21], 1988
Bonenkamp et al[22], 1995
Dutch D1D2 trial
Cuschieri et al[23], 1996
MRC ST01
Bonenkamp et al[25], 1999
Dutch D1D2 trial
Cuschieri et al[26], 1999
MRC ST01
Sano et al[30], 2004
JCOG Study 9501
Sasako et al[32], 2008
JCOG Study 9501
Wu et al[33], 2004
Wu et al[34], 2006
Hartgrink et al[36], 2004
Dutch D1D2 trial
Songun et al[37], 2010
Dutch D1D2 trial
Degiuli et al[38], 2010
IGCSG
Yang et al[39], 2009

RCT D1 vs D2
RCT D1 vs D2

D1: 22; D2: 21
D1: 380; D2: 331

None
D1 < D2 (0.004)

RCT D1 vs D2

D1: 200; D2: 200

RCT D1 vs D2

Memon et al[40], 2011
Seevaratnam et al[41], 2012

Post-operative
Post-operative
mortality (P value) morbidity (P value)

-

RCT: Randomized controlled trial; NS: Not significant; nv: Not valued.

to para-aortic lymph nodes does not show significant
advantages in terms of survival. Splenectomy and distal
pancreatectomy increase operative morbidity and mortality. D2 dissection is considered a difficult procedure, and
should be performed by experienced surgeons in specialized centers. Authors suggest that a surgeon should perform at least 200 gastrectomies under the supervision of
an experienced surgeon before he can perform D2 lymph
node dissections with acceptable morbidity and mortality
rates[12]. In Western countries, due to the lower incidence
of gastric carcinoma, a surgeon is very unlikely to achieve
such an experience.

and post-operative treatments have been developed in the
last decades, in order to improve loco-regional control of
disease and long term survival.
Adjuvant treatments
Adjuvant chemoradiotherapy: Adjuvant treatments for
gastric carcinoma have been employed since the ‘70s[44-46],
on the assumption that if surgery alone could not cure
the disease, as shown by the high incidence of local and
distant recurrences, adjuvant treatments could improve
the outcomes by acting on the remaining tumor. Theoretically, adjuvant treatments should eradicate cancer cells
already metastasized prior to surgery or accidentally disseminated during surgery. Therefore, the level of surgical
radicality or the residual tumor after surgery can affect
the results of adjuvant therapies. Furthermore, these
treatments do not show significant benefits compared to
surgery alone for early stage tumors (T1, N0)[10], in which
surgery is likely to achieve the cure[47]. The results of one
of the first RCTs on this issue were published in 1984[44].
The study was conducted on 62 patients receiving resective surgery for poor-prognosis cardia and gastric adenocarcinoma. The studied population was randomized to
either surgery alone (23 patients) or to surgery with adjuvant treatment [intravenous (iv) 5-fluorouracil plus radiotherapy for 4-5 wk: 39 patients]. The 5 year survival rate
was 23% in the experimental group, while it only reached

Perioperative therapies
In Western countries, the 5-year survival rates for advanced gastric carcinoma treated with potentially curative
surgery range between 25% and 30%[16]. Recurrences
occur in the abdomen in 40%-60% of the cases, both as
the only site and as part of a systemic diffusion of disease[9,42,43]. The most frequent abdominal sites of recurrence are the area previously occupied by the tumor, the
anastomosis and the non-resected regional lymph nodes.
These data show that surgery, as a single modality treatment, cannot detect and remove the satellite micrometastases around the primary tumor, nor the tumor cells
disseminated during the operative maneuvers. Pre-, intra-
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4% in controls (P < 0.052). Patients of the experimental
group had a significantly longer postoperative diseasefree period (P = 0.02) and lived longer than controls (P
= 0.012). A lower incidence of loco-regional recurrence
in experimental group was observed (39% vs 54%), but
it did not reach statistical significance. The British Stomach Cancer Group published preliminary and final data
of a RCT, in 1989[45] and in 1994[46], respectively, which
included 436 patients resected for gastric carcinoma,
randomized to either receive surgery alone (145 patients),
surgery with radiotherapy (4500-5000 Gy in 25 fractions,
153 patients), or surgery followed by chemotherapy (iv
5-fluorouracil, adriamicin, mitomycin C given intravenously, for eight cycles: 138 patients). The tumors were
at stage Ⅱ-Ⅳ, in stage Ⅳ were included also local nonradical resections. The median time to randomization was
13 d, with a range of 1-81 d. The chemotherapy protocol
was completed by 42% of patients of that group, while
the radiotherapy protocol was completed by 102 of the
117 patients (87.2%) who had been randomized for adjuvant radiotherapy. The protocols were not completed
for the following reasons: worsening postoperative health
status, withdrawal of consent, gastrointestinal, hematological and biochemical alterations due to the adjuvant
treatments. The median overall survival was 15 mo, significantly influenced by the stage of primary lesion (P <
0.0001). The overall survival did not differ significantly in
the three randomized groups (P = 0.07), and the 5-yearsurvival of the two experimental groups was not significantly different from that of the control group. Clinical
recurrence in the area of the stomach or in regional
lymph nodes was significantly lower (P < 0.01) in the two
experimental groups. The milestone of adjuvant chemoradiotherapy treatment, however, is the multicentric RCT
of Intergroup 0116 (SWOG 9008)[42], whose data were
published in 2001. This study examined 556 patients
who received curative surgery [only R0 resections were
considered, while macroscopic (R2) and microscopic
(R1) residual disease in relation to surgical treatment
or to resulting pathology report of the removed specimen were excluded] for gastric carcinoma at stage IBIVM0[48]. AD2 lymphadenectomy was recommended, but
it was performed in 10% of the cases, 36 % had a D1
dissection, and 54% had a D0 lymphadenectomy (not all
perigastric lymph nodes were removed). After gastrectomy 281 patients were randomized for experimental
adjuvant treatment with chemotherapy (iv 5-fluorouracil
and leucovorin) and loco-regional radiotherapy (area of
the stomach bed and regional lymph nodes, 4500 cGy),
while the other 275 patients received surgery alone. Of
the 281 patients assigned to the experimental group,
64% completed the protocol treatment, while 17% did
not, because of hematological and gastrointestinal side
effects. Other reasons for suspending treatment were
disease progression and withdrawal of consent. Before
and after radiotherapy deviations from protocol were observed in 40% of cases. After a median follow-up period
of 5 years, the median survival period in the experimental
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group was 36 mo, compared to 27 mo in controls. The
3-year survival rate was higher in the experimental group
(50% vs 41%). The HR for death in controls, compared
to the experimental group, was 1.35 (P = 0.005); the HR
for recurrence was also higher in the control group than
in the experimental group: 1.52 (P < 0.001). The median
duration of recurrence-free survival was 30 mo in the
experimental group and 19 mo in controls. The 3-year
recurrence-free survival rate was 48% in the experimental
group and 31% in controls. Recurrence was observed in
64% of patients in the control group and in 43% of patients in the experimental group. The incidence of both
local and regional recurrence was lower in the experimental group (19% vs 29% and 65% vs 72%, respectively).
The study showed that postoperative loco-regional
radiotherapy and systemic chemotherapy significantly
improved both overall and recurrence-free survival. In
relation to these results, adjuvant chemoradiotherapy
for gastric carcinoma has become common, although
the Intergroup 0116 trial was criticized as the adjuvant
treatment was considered a form of “compensation” for
the type of employed lymphadenectomy. This criticism
seems justified, considering the results of a retrospective
study published in 2010[49] which examined survival and
recurrence data of 91 patients receiving macroscopic radical gastrectomy with at least D1 lymphadenectomy (perigastric lymph nodes), for gastric carcinoma at stage Ⅰb[50]
Ⅳ (AJCC) followed by radiotherapy (on gastric area,
anastomosis, and regional lymph nodes) combined with
different chemotherapy schedules (fluorouracil and leucovorin, capecitabine alone or capecitabine and cisplatin).
The control group included 694 patients from the Dutch
Gastric Cancer Group Trial[25,36] who were randomized
between D1 (369 patients) and D2 lymphadenectomy
(325 patients). The characteristics of the studied population differed significantly in sex, age, parietal extension
of the tumor, lymph node involvement, histological type
of tumor, radicality of surgery, and extension of lymphadenectomy. At the time of analysis, the median followup for the experimental group was 19 mo, while that of
controls was 51 mo. Over a 24-mo period, local recurrence was significantly lower in the experimental group
(HR = 3.23; P = 0.0015). This was especially due to the
high incidence of local recurrence after D1 resections in
controls, compared to D1 resections of the experimental
group (HR = 11.1; P = 0.001). The D2 resections in the
experimental group and in the controls showed no significant differences in terms of local recurrence. Survival at
24-mo was not significantly different in the experimental
group and in the controls, both overall and in D1 and D2
resections. The outcomes were significantly better in the
experimental group than in controls in relation to overall survival at 24 mo after R1 resection (HR = 2.91; P =
0.002) and to local recurrence after R1 (HR = 5.36; P =
0.02) and after R0 (HR = 2.53; P = 0.03).
The results of an observational study on the efficacy
of adjuvant chemoradiotherapy after D2 gastrectomy
for operable gastric carcinoma were published in 2005[51].
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The experimental group included 544 patients radically
resected (R0), receiving the same adjuvant treatment performed in Intergroup 0116 trial (SWOG-9008)[42]. The
controls comprised 446 patients who received the same
surgery as the experimental group. In the experimental
group there was a higher incidence of undifferentiated
carcinomas (P = 0.0021), and of stage ⅢA (P = 0.005)
and stage Ⅳ (P = 0.0011) (AJCC)[50] carcinomas than
in controls. The treatment protocol was completed in
75.2% of the experimental cases. Forty three percent of
patients in the experimental group and 49.8% in the control group had died at a median follow-up of 66 mo. The
median duration of overall survival in the experimental
group was significantly longer than in controls (95.3 mo
vs 62.6 mo), with a HR for death of 0.80 (P = 0.02) in the
experimental group, which entails a 20% reduction of the
death risk. Five-year survival was significantly higher in
the experimental group than in controls (57.1% vs 51%;
P = 0.01). The survival benefit of adjuvant treatment was
observed for all stages of gastric carcinoma and the average duration of recurrence-free survival was higher in the
experimental group (75.6 mo vs 52.7 mo; HR for recurrence 0.80; P = 0.016). The probability of recurrence-free
survival at 5 years was 54.5% in the experimental group
and 47.9% in controls (P = 0.01). The HR for recurrence
was better in the experimental group for all stages of
gastric carcinoma, and in both groups distant recurrences
prevailed (37.7%). The incidence of loco-regional recurrence within the radiation field was lower in the experimental group than in the surgery-alone group (14.9% vs
21.7%; P = 0.005). The Intergroup 0116 (SWOG 9008)
in 2009[52] and in 2012[53] published the updated results
of the earlier 2001 RCT[42] at a median follow-up of
more than 10 years. The HR for overall survival and the
HR for relapse-free survival were still better in the experimental group (HR = 1.32, P = 0.004; HR = 1.51, P
= 0.001 respectively) than in controls. Recurrence rates
were significantly lower (P < 0.001) in the experimental
group. Furthermore, diffuse histotype tumors, which are
more frequent in women, had lower response to adjuvant treatment. A meta-analysis published in 2007[54] was
aimed to determine if there was any benefit of employing adjuvant chemoradioterapy, compared to surgery
alone. The five RCTs analyzed included 868 patients, 444
in the experimental group and 424 in the controls. The
adjuvant treatment protocol was not completed in 26.7%
of patients due to hematological and gastrointestinal
toxicity. The experimental group showed a 5-year OR for
mortality significantly lower than the control group (0.45;
P = 0.00001). The authors comment that the benefits
of adjuvant chemoradiotherapy treatment may outweigh
the risks in patients with a high probability of local and
distant recurrence, while the risks outweigh the benefits
in patients with low probability of local and distant failure. The results of a multicentric trial of the Adjuvant
Chemoradiation Therapy in Stomach Cancer (ARTIST)[55]
were published in 2011. The study included 458 patients
who received curative D2 gastrectomy for cancer and
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randomized to receive two types of adjuvant treatment
after surgery. One group (226 patients) was assigned to
receive chemotherapy (capecitabine and cisplatin for 6
cycles), while the other group (230 patients), was assigned
to receive chemoradiotherapy (capecitabine and cisplatin
for 2 cycles, then radiotherapy with capecitabine for 5
wk and capecitabine and cisplatin for 2 cycles). The adjuvant protocol was completed by 75.4% of patients in
the chemotherapy group and by 81.7% of patients in the
chemoradiotherapy group. Gastrointestinal and hematological toxicity of grade 3-4 was observed in both groups
with similar rates, while neutropenia was more frequent
in the chemioradiotherapy group (43.6% vs 35%). After
a median follow-up of 53.2 mo, these authors observed
72 cases of recurrence in the chemotherapy group and
55 cases in the chemoradiotherapy group (P = NS). No
significant statistical differences were observed in locoregional and distant recurrence rates within the two
populations. The 3-year disease-free survival rates were
78.2% in the chemoradiotherapy group and 74.2 in the
chemotherapy group (P = 0.086).
In relation to patients with lymph node metastases,
disease-free survival was longer in the chemoradiotherapy
than in the chemotherapy group (77.5% vs 72.3%, P =
0.035). At multivariate analysis, the duration of stageadjusted disease-free survival was positively influenced by
chemoradiotherapy in cases with lymph node metastasis
(HR = 0.68, 95%CI: 0.47-0.99; P = 0.04). Main data regarding adjuvant chemoradiotherapy for gastric cancer
are shown in Table 4.
Adjuvant chemotherapy: The clinical trials of adjuvant
chemotherapy for gastric carcinoma have a long history,
therefore many drug regimens have been studied, but few
report evidenced survival benefit[56-58]. One of the main
large-scale RCTs (more than 500 patients), in which adjuvant chemotherapy was tested in patients receiving curative surgery for gastric cancer (stage Ⅱ, ⅢA, ⅢB[10]) was
examined, was published in 2007 by ACTS-GS group[59].
In this multicentric study 529 patients were randomized
to receive adjuvant chemotherapy (S-1, an oral fluoropyrimidine, 6-wk cycles for one year), while 530 patients
were treated by surgery alone. Patients of both groups
were followed up for 5 years after surgery. The first interim analysis, conducted one year after enrollment of
the last patient, at a median follow-up of 3 years, showed
that the chances of overall and relapse-free survival of
the experimental group might be significantly higher than
those of controls and close to the predetermined threshold value (P < 0.001). Therefore the trial was closed.
Adverse events of grade 3-4 were observed in both
groups, although with higher rates in the experimental
group. Sixty five percent of patients of the experimental
group completed the treatment, but for 46.5% of them
the chemotherapy dosage was reduced. Reasons for the
interrupting adjuvant treatment included withdrawal of
consent, complications, disease progression. The HR
for death and for recurrence in the experimental group
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Table 4 Main data regarding adjuvant chemoradiotherapy for gastric cancer
Ref.

Study design

Moertel et al[44], 1984

RCT surgery alone (S) vs
surgery + chemoradiotherapy
(SCRT)
Allum et al[45], 1989 BSCG
RCT surgery alone (S) vs
surgery + chemoradiotherapy
(SCRT) vs surgery +
chemotherapy (SCT)
Hallissey et al[46], 1994
RCT surgery alone (S) vs
BSCG
surgery + chemoradiotherapy
(SCRT) vs surgery +
chemotherapy (SCT)
Macdonald et al[42], 2001
RCT surgery alone (S) vs
INT-0116
surgery + chemoradiotherapy
(SCRT)
Dikken et al[49], 2010
Retrospective surgery
alone (S) vs surgery +
chemoradiotherapy (SCRT)
Kim et al[51], 2005
Observational surgery
alone (S) vs surgery +
chemoradiotherapy (SCRT)
Smalley et al[53], 2012
RCT surgery alone (S) vs
INT-0116
surgery + chemoradiotherapy
(SCRT)
Fiorica et al[54], 2007
Meta-analysis surgery
alone (S) vs surgery +
chemoradiotherapy (SCRT)
Lee et al[55], 2011
RCT surgery +
chemoradiotherapy (SCRT) vs
surgery + chemotherapy (SC)

No. of patients

Survival (P value) Disease free survival
(P value)

Recurrence
(P value)

Loco-regional
recurrence (P value)

At 5 yr
S < SCRT
(0.02)
-

-

S vs SCRT
(NS)

S: 145
SCRT: 153
SCT: 138

At 5 yr
S < SCRT
(0.05)
At 5 yr
S vs SCRT
vs CT (NS)

-

S vs SCRT (NS)
S vs SCT (NS)

S: 145
SCRT: 153
SCT: 138

At 5 yr
S vs SCRT
vs CT (NS)

-

-

-

S: 275
SCRT: 281

At 3 yr
S < SCRT
(0.005)
At 24 mo S vs SCRT
(NS)

At 3 yr
S < SCRT
(0.001)
At 24 mo
S vs SCRT (NS)

At 3 yr
S > SCRT
(0.001)
-

At 3 yr
S > SCRT
(0.0001)
At 24 mo
S > SCRT (0.0015)

At 5 yr
S < SCRT
(0.01)
At 10 yr
S < SCRT
(0.0046)
At 5 yr
S < SCRt
(0.00001)
-

At 5 yr
S < SCRT
(0.01)
At 10 yr
S < SCRT
(0.001)
-

-

At 10 yr
S > SCRT
(0.006)
-

At 5 yr
S > SCRT
(0.005)
Ar 10 yr
S > SCRT
(0.0001)
-

At 3 yr
SCRT vs SC (NS)

SCRT vs SC
(NS)

S: 39
SCRT: 23

S: 694
SCRT: 91
S: 446
SCRT: 544
S: 227
SCRT: 282
S: 424
SCRT: 444
SCRT: 230
SC: 228

SCRT vs SC (NS)

RCT: Randomized controlled trial; NS: Not significant.

compared to those of controls were 0.68 (P = 0.003) and
0.62 (P = 0.001), respectively. The 3-year overall survival
rates were 80.1% in the experimental group and 70.1% in
controls (P = 0.003). The 3-year recurrence-free survival
rates were 72.2% in the chemotherapy group and 59.6%
in the surgery-alone group (P < 0.001). The rates of
nodal and peritoneal recurrence were higher in the control group (P = 0.006). The 5-year update of this trial[60]
confirmed the benefits of adjuvant chemotherapy compared to surgery alone in terms of 5-year survival (71.7%
vs 61.1%), HR for death (HR = 0.66, 33.1% reduction of
death risk in the experimental group), 5-year recurrencefree survival rate (65.4% vs 53.1%), HR for recurrence
(HR = 0.65, 34.7% reduction of recurrence risk in the
experimental group). The percentages of five-year overall and recurrence-free survival were analyzed according to the tumor stage (Ⅱ, ⅢA, ⅢB),and proved to be
better in the experimental group than in controls (HR
between 0.50 and 0.79). An Asiatic multicentric RCT,
whose results were published in 2012[61], examined the
effects of adjuvant chemotherapy on disease-free survival (oral capecitabine and iv oxaliplatin, for 8 cycles in
6 mo) compared to surgery alone. Of the 1035 patients
of the study, all receiving radical surgery and D2 lymph
node dissection for gastric cancer at stage Ⅱ-ⅢB[10], 515
were randomized to receive surgery alone, 520 to receive
adjuvant chemotherapy. Sixty seven percent of patients
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in the experimental group completed treatment. Adverse
events of grade 3-4 were nine times more common in
the experimental group and required reduction of dosage, delay in administration, or interruption of chemotherapy. Also this trial showed the benefits of adjuvant
chemotherapy compared to surgery alone in terms of
3-year disease-free (74% vs 59%, HR = 0.56; P < 0.0001),
overall survival (83% vs 78%, HR = 0.72; P = 0.049),
recurrence or new occurrences of gastric cancer (18% vs
30%), loco-regional recurrence (21% vs 44%). The benefits of adjuvant chemotherapy on 3-year disease-free survival were clear even when analyzed according to stage
of the tumor, but not for patients without lymph node
metastases. The results of two meta-analyses assessing if
patients with gastric cancer could benefit from chemotherapy after curative resection were published in 2009[62]
and in 2010[63]. These researches considered 12 RCTs,
with a total of 3809 patients[62], and 17 RCTs, with a total
of 3838 patients[63], respectively. Over 60% of the patients in the experimental group completed the treatment
protocol[62]. The overall survival rates at 5 and 10 years
were higher in the adjuvant chemotherapy groups than in
controls, even if the differences were not significant in all
the RCTs. In the two meta-analyses the HR for death was
significantly better (between 0.78 and 0.82) (P < 0.001),
with a reduction of the death risk ranging from 18% to
22% in the experimental group. Estimated median over-
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all survival was 4.9 years in the surgery-alone group and
7.8 years in the adjuvant chemotherapy group. The rates
of absolute benefits in the experimental group were 5.8%
(55.3% vs 49.6%) at 5 years, and 7.4% (44.9% vs 37.5%)
at 10 years,compared to the surgery-alone group[63]. Adjuvant chemotherapy better influenced disease-free survival
than surgery alone, with a HR of 0.82 (P < 0.001). The
rate of absolute benefit for five-year disease-free survival
after adjuvant chemotherapy was 5.3 (54.0% vs 48.7%)
compared to surgery alone[62]. With regard to the various
chemotherapy regimens (mono chemotherapy and polychemotherapy) used in the RCTs examined in the two
meta-analyses, 5-fluorouracil was used in all the studies,
and anthracycline and mitomycin C were used along with
it in various trials. Adjuvant monochemotherapy showed
a significant benefit in 5-year survival compared to surgery alone (71.4% vs 53.9%, HR = 0.6; P = 0.03), with
better results compared to adjuvant polychemotherapy[63].
The data of these two meta-analyses confirm those of
another meta-analysis dated 2008 in terms of survival
rate and disease-free survival[64]. In addition, the latter
study proved a positive influence of adjuvant therapy in
relation to loco-regional and distant recurrence rate (RR
= 0.78).
The main disadvantage of adjuvant treatments, both
chemotherapy and chemoradiotherapy, is that these
cannot be performed before post-surgery healing is
complete and the general conditions of the patients are
satisfactory. Therefore, postoperative complications or
slow recovery after surgery can delay the beginning of
the treatment. Due to the anatomic conditions created
by surgery, radiotherapy can affect other organs and possibly cause irradiation damage. Chemotherapy can often
cause negative effects or toxicity in the gastrointestinal
system of patients whose new anatomical gastrointestinal
conditions created by surgery often cause functional alterations. Main data regarding adjuvant chemotherapy for
gastric cancer are shown in Table 5.

that the health conditions after the neoadjuvant treatment
will not allow for surgery[65]. For these reasons, the studies which have been examined report a limited number
of patients because of difficulty of enrollment or early
closure of the trials, with consequences on the quality of
the studies.
Neoadjuvant chemotherapy: The Dutch Gastric Cancer Group in 2004 published the long-term results of
the RCT FAMTX[66], which examined the effect of preoperative chemotherapy (methotrexate, 5-fluorouracil,
leucovorin and doxorubicin every four weeks for 4
cycles) in patients with gastric carcinoma, in terms of resectability and survival. After randomization, the analysis
was conducted on 27 patients in the experimental group
(neoadjuvant chemotherapy followed by surgery) and on
29 controls (surgery alone). The interval between randomization and surgery in the experimental group was
significantly longer than in controls (P < 0.001). Forty
four percent of patients in the experimental group interrupted chemotherapy because of toxicity. Lymphadenectomy was limited to perigastric lymph nodes (D1) in both
groups. The rate of curative resections (R0) was similar in
both groups. The median postoperative follow-up for the
two groups was 83 mo. The median survival after randomization was 18.2 mo in the experimental group and
30.3 mo in controls. The 5-year survival rate was 21% in
the experimental group and 34% in controls (P = 0.17).
The last data confirmed a trend to adverse effects due
to preoperative chemotherapy, although not significant.
The survival rates of patients receiving curative surgery
(R0) were 32% in the experimental group and 53% in
controls. The trial was closed after the enrollment of 59
patients and after an interim analysis showed inadequate
rates of curative resections in the experimental group.
The results of a RCT of the European Organization
for Research and Treatment of Cancer were published
in 2010[67]. This study compared neoadjuvant chemotherapy and surgery alone in patients with gastric and
cardia adenocarcinoma, at clinical stage UICC Ⅲ and Ⅳ,
cM0. Patients were randomized in experimental group
(72 patients) treated with neoadjuvant chemotherapy (iv
cisplatin, folinic acid, fluorouracil, 2 cycles of 48 d), and
controls (72 patients), only receiving surgery. Sixty two
percent of patients in the experimental group completed
neoadjuvant treatment. Reasons for interruption of treatment were: toxicity, withdrawal of consent and progression of the disease. Surgical resection was performed
within 14 d from randomization in controls (68 patients),
and within four weeks from last day of chemotherapy
in the experimental group (70 patients). D2 gastrectomy
was performed in the majority of patients. In the experimental group, the tumor had smaller dimensions than in
controls, and in both groups a complete resection was
possible in 87.5% of cases. Postoperative morbidity was
more frequent in the experimental group (P = 0.09),
operative mortality was observed in one patient of the
controls and in two patients of the experimental group.

Neoadjuvant treatments
The aim of neoadjuvant treatments is to reduce the
biological potential of tumor cells, to increase surgical
radicality, and to eradicate subclinical micrometastases.
The advantages of neoadjuvant treatments lie in the fact
that patients who receive these are in good health condition, the treatment can start immediately after diagnosis
and clinical staging are conducted. If radiotherapy is performed, the treatment is aimed at the target organ that,
anyway, will be resected, while if chemotherapy is performed, the possible gastrointestinal side effects are not
worsened by the anatomical and functional alterations
that may occur after surgery. Also, the downsizing of the
neoplasm after neoadjuvant treatment can facilitate surgery. For these reasons, the neoadjuvant treatment seems
attractive and can be administered to more patients than
adjuvant treatment. The disadvantage of neoadjuvant
treatment is that it delays surgery, with the possibility that
the tumor will extend beyond the stage of resectability or
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Table 5 Main data regarding adjuvant chemotherapy for gastric cancer
Ref.

Study design

Sakuramoto et al[59], 2007

Sasako et al[60], 2011

Bang et al[61], 2012

Liu et al[64], 2008

Sun et al[62], 2009

Paoletti et al[63], 2010

n

RCT
S: 530
Surgery alone (S) vs surgery + SC: 529
chemoterapy (SC)
RCT
S: 530
Surgery alone (S) vs surgery + SC: 529
chemoterapy (SC)
RCT
S: 515
Surgery alone (S) vs surgery + SC: 520
chemoterapy (SC)
Meta-analysis
S: 2313
Surgery alone (S) vs
SC: 2286
surgery + chemoterapy (SC)
Meta-analysis
S: 1914
Surgery alone (S) vs surgery + SC: 1931
chemoterapy (SC)
Meta-analysis
S: 1885
Surgery alone (S) vs surgery + SC: 1953
chemoterapy (SC)

Survival

Disease free

(P value, HR, RR)

Survival
(P value, HR, RR)

Recurrence
(P value)

Recurrence (P value)

At 3 yr
S < SC (0.003)
At 5 yr
SC benefit vs S
HR = 0.66
At 3 yr
SC benefit vs S
HR = 0.72 (0.049)
At median 5 yr
SC benefit vs S
RR = 0.85 (0.00001)
At 5 yr
SC benefit vs S
HR = 0.78 (0.001)
At 10 yr
SC benefit vs S
HR = 0.82 (0.001)

Loco-regional

At 3 yr
S < SC (0.001)

At 3 yr
S > SC (0.001)

At 3 yr
S > SC (0.006)

At 5 yr
SC benefit vs S
HR = 0.65
At 3 yr
SC benefit vs S
HR = 0.56 (0.0001)
At median 5 yr
SC benefit vs S
RR = 0.85 (0.04)

At 5 yr
S > SC (0.008)

At 5 yr
S > SC (0.005)

At 3 yr
S > SC (0.0006)

At 3 yr
S > SC (0.0003)

At median 5 yr
At median 5 yr
SC benefit vs S
SC benefit vs S
RR = 0.78
RR between 0.62-0.65

At 10 yr
SC benefit vs S
HR = 0.82 (0.001)

RCT: Randomized controlled trial.

In the experimental group, a complete clinical response
was obtained in 5.8% of patients, while a partial clinical
response was obtained in 30.4%. Following pathological
assessment of the operative specimen, 81.9% of patients
in the experimental group had received a radical resection
(R0), compared to 66.7% of controls (P = 0.036). In the
experimental group, complete pathological response was
observed in 7.1% of the patients, and 65.7% of tumors
in the experimental group were T0-1-2, which compares
to 50% in controls. Lymph node metastases and lymphatic invasion were significantly higher in controls (P
= 0.018 and P = 0.01 respectively). At a median followup of 4.4 years, however, no significant survival benefit
was observed in the experimental group (HR for overall
survival 0.84; P = 0.46). In a multicentric RCT, published
in 2010[68], the short-term effects of neoadjuvant chemotherapy (docetaxel, cisplatin, 5-fluorouracil for 4 cycles of
21 days) in 34 patients with gastric carcinoma (T3-4 any
N M0 or any T N1-3 M0 TNM 1997) were examined,
comparing them with the same chemotherapy in adjuvant
treatment (in 35 patients). Patients in the neoadjuvant
group received surgery 3-4 wk after beginning the last
cycle of therapy. Neoadjuvant therapy was completed in
74% of patients of that group. D1 lymphadenectomy
was always performed, and it was sometimes extended
to some stations of the main local vessels[10]. Although
it is not possible to compare the two groups, because of
the characteristics of the study, radical R0 resection was
performed in 85% of cases in the neoadjuvant group and
in 91% of the adjuvant group. Complete pathological
response was observed in 12% of cases in the neoadjuvant group. Postoperative complications and operative
mortality did not differ significantly (P = 0.86) in the two
groups. Complete adjuvant therapy was administered to
34% of patients in the adjuvant group. Thirty four per-
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cent of patients in this group did not receive adjuvant
treatment. Severe adverse events were more frequent in
the adjuvant group (P = 0.07).
D’Ugo et al[69], based on a study with a single treatment group of 34 patients with resectable gastric carcinoma, state that the postponement of resection in favour
of a systemic treatment does not exclude patients from
the benefits of a potentially curative delayed resection
and does not worsen surgical outcomes. However, they
also admit that tumor progression affects some patients.
This statement alone would be enough to suggest an accurate selection of those patients who can benefit from
preoperative chemotherapy.
Pre- and post-operative chemotherapy (perioperative chemotherapy): This approach presents the disadvantages of both modalities. Besides, a percentage of
patients does not start postoperative treatment due to
progression of the disease, toxicity during preoperative
treatment, withdrawal of consent, or postoperative complications.
The results of an international multicentric RCT were
published in 2006[43] by Medical Research Council Adjuvant Gastric Infusional Chemotherapy (MAGIC), and it
has become a landmark for all the following studies on
neoadjuvant and adjuvant treatments for gastric carcinoma. The study examined 503 patients with gastric, esophagogastric junction and distal esophageal adenocarcinoma, amenable to curative surgery. Seventy four percent
of the examined cases were gastric carcinomas. Patients
were randomized to receive perioperative chemotherapy
(250 patients, three preoperative cycles and three postoperative cycles of epirubicin, cisplatin and fluorouracil for
21 d) or surgery alone (253 patients). Eighty six percent
of patients in the experimental group (215 patients) com-
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pleted neoadjuvant treatment, and toxic effects of the
therapy were the main reasons for interruption. Two hundred and twenty nine patients of the experimental group
were resected. One hundred and four of them completed
the three cycles of pre- and post-operative chemotherapy.
The main reasons for not performing postoperative therapy were: progression of the disease, death, withdrawal
of consent. The median interval between randomization
and surgery was 99 d in the experimental group and 14
d in controls. Smaller maximum diameter of the tumor,
higher number of T1-T2 tumor and smaller lymph node
involvement were observed in the experimental group,
with significant differences as compared to controls (P =
0.001, P = 0.002, P = 0.01, respectively). The percentages
of death, death for progression of the disease, local and
distant recurrence were higher in controls. The HR for
progression risk and for death in the experimental group
was better than in the control group (HR = 0.66; P =
0.001 and HR = 0.75; P = 0.009 respectively). Even after
stratification, HR for death was better in the experimental
group (0.74; P = 0.008). The percentages of survival at 5
years were 36.3% in the experimental group and 23% in
controls.
The results of the French multicentric RCT FLNCC
ACCORD07-FFCD 9703 were published in 2011[70]. This
research compared pre- and postoperative chemotherapy
in patients with resectable gastric, esophagogastric junction and distal esophagus adenocarcinoma (cisplatin,
fluorouracil; 2-3 preoperative cycles and 3-4 postoperative cycles of 28 d) with surgery alone. One hundred and
thirteen patients were randomized in the experimental
group, 111 in the controls. Seventy five percent of the
adenocarcinomas were in the distal esophagus or in the
esophagogastric junction. Eighty seven percent of patients in the experimental group received at least 2 cycles
of preoperative chemotherapy. Toxicity of grade 3-4 developed during preoperative therapy in 38% of patients
in the experimental group. Surgery was performed in
96.5% of cases in the experimental group, at a median
interval of 78 d after randomization, and in 99% of
controls, at a median interval of 13 d after randomization. R0 resections and a lower incidence of lymph node
metastases were found in the experimental group (P =
0.04 and P = 0.054 respectively). Fifty percent of patients in the experimental group received postoperative
chemotherapy. At a median follow-up of 5.7 years, the
experimental group showed a significant benefit in terms
of overall (HR for death 0.69; P = 0.02) and disease-free
survival (HR = 0.65; P = 0.003) compared to controls.
The 5-year survival rates were 38% in the experimental
group vs, 24% in controls. The disease-free survival rates
were 34% and 19%, respectively. At multivariate analysis,
preoperative chemotherapy was a significant prognostic
factor (P = 0.01). The results of this trial, in relation to
gastric carcinoma, need to be cautiously assessed, considering that gastric adenocarcinomas were only 25% of all
the adenocarcinomas.The study protocol of an international multicentric RCT, CRITICS (ChemoRadiotherapy
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after induction Chemotherapy in Cancer of the Stomach,
NCT00407186), was published in 2011[71]. According to
this study, patients with a resectable gastric cancer (stage
IB-IVa AJCC 6th edition) should be treated with three
cycles of preoperative chemotherapy (epirubicin, cisplatin, capecitabine) followed by surgery with D2 lymphadenectomy, then, following these, three more cycles of the
same chemotherapy or chemoradiotherapy. The number
of patients to be enrolled is high, 788 patients. These
should be randomized after diagnosis and before beginning neoadjuvant treatment. The primary endpoint is to
improve overall survival compared to surgery alone. It is
expected that the results of this trial will be useful to treat
patients with resectable gastric cancer.

Neoadjuvant and intraoperative
radiotherapy
The aim of neoadjuvant and intraoperative radiotherapy
is to reduce the biological potential of tumor cells, to
increase surgical radicality by reducing the extension
of the tumor, and to eliminate residual subclinical local metastases after surgery. The surgeons, however, are
particularly concerned about the technical difficulties of
operating in a pretreated field, because of the possibility of wound anastomotic healing problems, damage to
nearby abdominal organs, and postoperative pulmonary
complications. Also for these reasons, these methods of
treatment are not common, and there are few trials examining their efficacy. In addition, these techniques also
bear logistic difficulties, especially in relation to intraoperative radiotherapy.
The short- and long-term results of a RCT were
published in 1998[72] examining the role of neoadjuvant
radiotherapy compared to surgery alone, in the treatment
of gastric cardia adenocarcinoma. After randomization,
the experimental group included 171 patients, compared
to 199 controls. The radiation dose was 40 Gy, and it was
administered in 4 wk. Surgery was performed 2-4 wk
after completion of radiotherapy. The rates of overall,
radical and palliative resectability were significantly higher
in the experimental group (P = 0.01, 0.001, 0.025 respectively). The experimental group presented a smaller local
extension of the tumor, a lower number of patients with
lymph node metastases and a lower number of lymph
nodes affected by metastases (P < 0.01, P < 0.001 and
P < 0.0001 respectively). Preoperative radiotherapy obtained better overall 5- and 10-year survival rates, both
in resected and in non-resectable patients, while the difference compared to surgery alone was only significant
(P = 0.009) in the latter. Non-resectable patients in the
experimental group had significantly longer mean and
median survivals (P = 0.008) than non-resectable patients
in controls. After histological examination, it was observed that a higher effect of radiotherapy on tumor cells
corresponded to better 5-year survival rates (P = 0.05).
Local and lymph node recurrences were lower in the experimental group (P < 0.025 and P < 0.005 respectively)
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years compared to surgery alone (OR = 0.57; P = 0.0001
and OR = 0.62; P = 0.002, respectively). One other metaanalysis, in 2009[75], also considered the role of neoadjuvant and adjuvant intraoperative radiotherapy in gastric
carcinoma. The modalities of the analysis, however, do
not allow to understand which results refer to the various
types of radiotherapy.

than in controls. It should be considered that the examined cases were adenocarcinoma of gastric cardia, which
can account for the positive results. The data of a RCT
of Russian MRRC RAMS were published in 2000[73]. It
randomized 40 patients with gastric carcinoma to receive
concentrated preoperative radiotherapy (20 Gy in 5 d),
gastrectomy and intraoperative radiotherapy (IORT,
20 Gy) and 38 patients to receive gastrectomy alone.
The use of IORT allows for a higher administration of
radiations directly on a target area and, together with
concentrated adjuvant radiotherapy, it has the theoretical
potential to reduce local and regional recurrence and to
improve survival. D1 gastrectomy was prevalently performed in the two groups. In 25% of cases neoadjuvant
radiotherapy caused toxicity in the experimental group,
but the preoperative radiotherapy treatment was always
completed. Postoperative complications were observed
in 35% of cases in the experimental group and in 50% in
the control group. Overall survival was not significantly
different in the two groups (P = 0.31). However, in the
experimental group a benefit in survival was observed,
when lymph nodes were metastasized (P = 0.04), when
tumors were T3-4 (P = 0.04), and for stage Ⅱ and Ⅲ
A tumors (P = 0.04). This trend was also seen in T3-4
N1-2 cases: median survival time was 21.4 mo in the experimental group, 9.0 mo in controls. These data confirm
that, for T1-2 N0 stage tumors, neoadjuvant and adjuvant
therapies do not improve the results of surgery, which, in
these particular instances, is ideal and sufficient. The data
of another RCT of the MRRC RAMS were published
in 2002[74]. This research examined the short- and longterm outcomes of neoadjuvant radiotherapy employed
in resectable gastric carcinomas. Fifty one patients were
randomized in the experimental group and treated with
concentrated preoperative radiotherapy (20 Gy administered in 5 consecutive days) followed by surgery within
4-5 d. The 51 controls received surgery within 7 d from
randomization. Radiotherapy, completed by all patients in
the experimental group, was generally well tolerated. D1
gastrectomy was always performed, and postoperative
(surgical and non-surgical) complications were more frequent in the experimental group,while operative mortality
did not differ in the two groups. Long-term survival in
the two groups was not significantly different (39% in the
experimental group vs 30% in controls after 5 years; 32%
in the experimental group vs 18% in the control group
after 10 years) (P = 0.55), although median duration of
survival of tumors T3-4 and of tumors with positive
lymph nodes was longer in the experimental group. The
survival curves in the experimental group became better
than in controls three years after surgery. The authors
comment that the long-term aim of radiotherapy is to
reduce the development of loco-regional recurrence, and
the trend of the curves confirmed that this result had
been achieved. A meta-analysis was conducted in 2007[54],
examining four RCTs for a total of 405 patients treated
with adjuvant radiotherapy for resectable gastric carcinoma, and it showed a benefit of radiotherapy after 3 and 5
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Intraperitoneal chemotherapy
Negative outcomes after surgery for gastric carcinoma
are related, in 50% of the cases, to dissemination of the
tumor in the peritoneal cavity[9,76]. The peritoneum is
involved either as a result of trans-parietal invasion by tumor cells, or of intraperitoneal seeding caused by surgical
maneuvers such as manipulation of the tumor or section
of lymphatic and blood vessels. Chemotherapy medications injected during neoadjuvant or adjuvant therapies
do not reach effective concentration at peritoneal level.
Intraperitoneal chemotherapy aims at eradicating tumor
cells after surgery by using high concentrations of drugs
in the peritoneum, thus reducing systemic toxicity. The
use of intraperitoneal chemotherapy can be considered
a procedure with prophylactic and therapeutic aim, but,
to date, it is not accepted as a standard therapy[77]. It can
be given in several ways: as hypertermic intraoperative
intraperitoneal chemotherapy (HICC), as normothermic
intraoperative intraperitoneal chemotherapy (NIIC), as
early postoperative chemotherapy (EPIC) or as delayed
postoperative intraperitoneal chemotherapy (DPIC).
Some problems are still unsolved: the short- and longterm outcomes of intraperitoneal chemotherapy, the
correct timing, the role of hyperthermia, the drugs to
be employed, and, more importantly, the selection of
patients to be treated. Since the ‘90s, several RCT have
been conducted, especially by Eastern authors, in order
to examine the role of intraperitoneal chemotherapy in
gastric carcinoma, with the use of cisplatin, mitomycin
C, 5-fluorouracil alone or in combination, comparing
intraperitoneal chemotherapy to surgery alone[78-80]. The
results of these studies are ambiguous. A RCT in 2001[80]
showed a survival benefit in patients with resection of
stage Ⅳ and stage Ⅲ gastric cancer followed by intraperitoneal chemotherapy (mitomycin C and 5-fluorouracil),
compared to surgery-alone controls, while there was no
significant benefit in patients with stage Ⅰ or Ⅱ. The
5-year survival for patients with stage Ⅲ and stage Ⅳ
disease were 57% and 28% in the treated group, and 23%
and 5% in the surgery-alone controls, respectively (P =
0.0024 and P = 0.0098). The benefits of intraperitoneal
chemotherapy on survival were significant as compared
to controls in tumors with gross serosal invasion (P =
0.0004), lymph node metastases (P = 0.0027), in tumors
> 5 cm in diameter (P = 0.0029), and in poorly differentiated tumors (P = 0.0004). Furthermore, the incidence
of peritoneal dissemination in the treated group was
15%, compared to 30% after surgery alone (P = 0.03).
A significant benefit in terms of long-term survival (P
= 0.03) and peritoneal recurrence (P = 0.00008) of pa-

260

February 8, 2015|First Edition|

Giuliani A et al . Gastric cancer treatment

tients who received gastrectomy for gastric carcinoma
with macroscopic serosal invasion had been observed in
a previous RCT[81]. A meta-analysis published in 2003[82]
examined the use of intraperitoneal chemotherapy in
patients with gastric cancers resected with curative aim.
Eight RCTs were examined, 495 patients were randomized in the experimental group, while 500 patients only
received surgery. The analysis showed that intraperitoneal
chemotherapy, administered during or immediately after surgery, obtained some benefit compared to surgery
alone. A more recent meta-analysis, published in 2007[83]
examined 13 RCTs in which patients with advanced gastric or gastroesophageal junction adenocarcinoma who
received curative resection were randomized to receive
surgery with associated intraperitoneal chemotherapy (873
patients), or surgery alone (775 patients). HR of the overall 3-year survival was better in the intraperitoneal chemotherapy group in all the modalities of administration,
but the benefit was particularly significant in cases treated
with HICC alone or with associated EPIC (HR = 0.60;
P = 0.002 and HR = 0.45; P = 0.0002 respectively). The
relative risk (RR) of locoregional recurrence, examined
for HICC, NIIC and EPIC, did not show significant differences between experimental group and controls. The
incidence of perioperative mortality of the procedures
of intraperitoneal chemotherapy was not significantly different than in controls (RR = 1.03; P = 0.96). The most
common postoperative complications in the experimental group were intra-abdominal abscess (RR = 2.37; P =
0.003) and neutropenia (RR = 4.33; P = 0.007).

2

3
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CONCLUSION
Gastric carcinoma still represents one of the main causes
of death for cancer in the world, although it presently
has a lower incidence in Western countries. The adoption of programs of primary and secondary prophylaxis
and the use of effective treatments are the only ways to
tackle this condition. The optimal treatment for advanced
gastric carcinoma is still controversial. Surgical gastric
resection (partial or total) associated with lymphadenectomy of perigastric and regional lymph node stations (D2)
represents the treatment of choice. However, surgery
alone cannot guarantee satisfactory results for patients
with advanced disease. The use of multimodal therapies,
chemotherapy and radiotherapy, alone or combined, used
as neoadjuvant, intraoperative or adjuvant treatments
is supported by a series of trials substantiating their effectiveness on recurrence and survival. Timing, type of
therapy, dosing of administration and possible combination between different modalities still have to be assessed
and tailored in order to achieve the best outcome in the
individual patient.
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Treatment options in patients with metastatic gastric
cancer: Current status and future perspectives
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troesophageal adenocarcinoma should be considered.
Other agents targeting vascular endothelial growth
factor, mammalian target of rapamycin, and other
biological pathways have also been investigated in
clinical trials, but showed little impact on the survival
of patients. In this review, systemic chemotherapy
and targeted therapies for metastatic gastric cancer
in the first- and second-line setting are summarized in
the light of recent advances.
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Abstract
Despite advances in the treatment of gastric cancer,
it remains the world’s second highest cause of cancer
death. As gastric cancer is often diagnosed at an advanced stage, systemic chemotherapy is the mainstay
of treatment for these patients. However, no standard
palliative chemotherapy regimen has been accepted
for patients with metastatic gastric cancer. Palliative
chemotherapy including fluoropyrimidine, platin compounds, docetaxel and epirubicin prolongs survival,
and improves a high quality of life to a greater extent
than best supportive care. The number of clinical
investigations associated with targeted agents has
recently increased. Agents targeting the epidermal
growth factor receptor 1 and human epidermal growth
factor receptor 2 (HER2) have been widely tested.
Trastuzumab was the first target drug developed, and
pivotal phase Ⅲ trials showed improved survival when
trastuzumab was integrated into cisplatin/fluoropyrimidine-based chemotherapy in patients with metastatic
gastric cancer. Trastuzumab in combination with chemotherapy was thus approved to be a new standard
of care for patients with HER2-positive advanced
esophagogastric adenocarcinoma. Thus, the evaluation of HER2 status in all patients with metastatic gas-
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Core tip: Although palliative chemotherapy have been
demonstrated to improve survival and quality of life,
the prognosis of patients with metastatic gastric cancer
remains poor and responses to first-line chemotherapy
are partial and heterogeneous. In order to improve the
results of currently available treatments, remarkable
advancements in new targeted agents have recently
been obtained. The addition of trastuzumab to cisplatin/fluoropyrimidine-based chemotherapy significantly
improved survival in patients with human epidermal
growth factor receptor 2-positive metastatic gastric
cancer, which is now the new standard of care. Our
manuscript will elucidate current systemic chemotherapy and promising targeted therapies for metastatic
gastric cancer in the first- and second-line setting in the
light of recent advances.
Original sources: Bilici A. Treatment options in patients with
metastatic gastric cancer: Current status and future perspectives.
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international consensus regarding the best management
approach[13-16], and meta-analysis of these studies[12] has
demonstrated that combination chemotherapy is superior to monotherapy, with a HR of 0.83 for OS (95%CI:
0.74-0.93) in favor of combination chemotherapy.
In the early 1980s, the FAM chemotherapy regimen
(fluorouracil, doxorubicin mitomycin) was accepted as
the gold standard regimen for patients with metastatic
gastric cancer[17]. Subsequently, in a study carried out by
Webb et al[18], 274 patients with metastatic esophagogastric cancer were randomly assigned to receive either epirubicin, cisplatin and fluorouracil (ECF) or fluorouracil,
doxorubicin, and methotrexate (FAMTX). The patients
treated with ECF had a significantly longer median OS
(8.9 mo vs 5.7 mo, P = 0.0009) than the FAMTX group.
Multiple randomized studies have compared various
fluorouracil-based regimens and of all the combination
regimens, ECF has been considered to be the reference
standard regimen in the United States and Europe based
on OS and quality of life benefits[19].
The REAL-2 trial reported that oxaliplatin and
capecitabine were found to be noninferior to cisplatin
and fluorouracil, with manageable toxicity profiles[20].
This trial compared capecitabine with fluorouracil and
oxaliplatin with cisplatin in 1002 patients with advanced
esophageal, gastroesophageal junction, or gastric cancer.
In a two-by-two design, patients with histologically confirmed advanced esophagogastric cancer were randomized to receive one of four epirubicin-based regimens
[ECF, epirubicin, oxaliplatin and fluorouracil (EOF),
epirubicin, cisplatin and capecitabine (ECX) and epirubicin, oxaliplatin and capecitabine (EOX)]. The median OS
times in the ECF, EOF, ECX and EOX groups were 9.9,
9.3, 9.9 and 11.2 mo, respectively. For the capecitabinefluorouracil and oxaliplatin-cisplatin comparisons, the
results indicated a noninferior median OS in patients
treated with capecitabine rather than 5-FU (HRdeath: 0.86;
95%CI: 0.82-0.99) and in patients treated with oxaliplatin
in place of cisplatin (HRdeath: 0.92; 95%CI: 0.80-1.10)[20].
Since REAL-2, oxaliplatin and capecitabine have often
been substituted for cisplatin and 5-FU within the ECF
regimen in many cancer centers.
Another phase Ⅲ randomized noninferiority trial,
ML17032, performed by Kang et al[21], compared the
combination capecitabine and cisplatin (XP) with the
combination of fluorouracil and cisplatin (FP) in patients
with previously untreated advanced gastric cancer in the
first-line setting. Both overall response rates (ORR) and
median OS times were superior for patients treated with
the XP regimen (ORR; 41% vs 29% and OS; 10.5 mo vs 9.3
mo, respectively), although the median progression-free
survival (PFS) time was found to be similar for both regimens (5.6 mo for XP and 5.0 mo for FP). The authors
concluded that capecitabine is as effective as fluorouracil
in the treatment of patients with advanced esophagogastric cancer. Thereafter, a meta-analysis of the REAL-2
and ML17032 trials demonstrated that OS was superior
in the 654 patients who received capecitabine-based

INTRODUCTION
Gastric cancer is the second most common cause of
cancer death worldwide. Although the overall incidence
and mortality of this disease have dramatically declined
over the last few decades, it remains a major health problem[1,2]. Radical gastrectomy is the only curative treatment
of gastric cancer, but recurrences are common, being
detected in approximately 60% of patients[3]. In addition,
gastric cancer is often diagnosed at an advanced stage,
other than in Japan and Korea, where screening is widely
performed. For these patients, systemic chemotherapy is
the mainstay of treatment[4,5]. Although recent phase Ⅲ
studies showed some benefit from chemotherapy regimens including docetaxel, capecitabine, irinotecan, cisplatin and oxaliplatin[5], there is no internationally accepted
standard of care.
Treatment responses and prognosis are highly variable
even within the same stage. Therefore, a thorough understanding of cancer biology is essential for better management of gastric cancer in the future. To date, molecular
targets such as epidermal growth factor (EGFR) receptor, vascular endothelial growth factor (VEGF) receptor
and human epidermal growth factor receptor 2 (HER2)
have been tested by clinical trials in metastatic gastric
cancer[6,7]. A recent phase Ⅲ trial proved the benefit of
trastuzumab (anti-HER2 antibody) in combination with
chemotherapy in advanced HER2-positive gastric cancer
or esophagogastric junction[8]. Despite these marked advances, the prognosis of patients with advanced gastric
cancer remains poor. Therefore, new therapeutic molecular targets are required to improve the survival of
patients[7].
In this article, we review the currently available treatments in light of the most recent publications and guidelines, along with promising therapeutic options that are
still under development for patients with advanced gastric
cancer.

CURRENT TREATMENT OPTIONS FOR
ADVANCED GASTRIC CANCER
First-line chemotherapy
Palliative chemotherapy versus best supportive care (BSC)
for patients with metastatic gastric cancer has been evaluated in several clinical trials, which showed that palliative
chemotherapy improved overall survival (OS) for several
mo longer on average than supportive care[9-12]. A metaanalysis performed by Wagner et al[12] demonstrated an
overall HR of 0.39 (95%CI: 0.28-0.52) for OS in favor of
chemotherapy compared with BSC, which translates to a
benefit in weighted mean average survival of about 6 mo.
Moreover, chemotherapy also provided relief of symptoms, and improved and prolonged a high quality of life
more than BSC[9].
In the last 20 years, multiple randomized trials testing different combination regimens in patients with
metastatic gastric cancer have indicated that there is no
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0.86, 95%CI: 0.73-1.02) in the previous meta-analysis[5].
Furthermore, irinotecan-based regimens have also been
tested comprehensively and found to be active in single
arm and randomized clinical trials[29-34]. In a phase Ⅲ
randomized trial performed by Dank et al[32], irinotecan
in combination with fluorouracil and folinic acid (IF)
was compared with the combination of cisplatin and
infusional fluorouracil (CF) in patients with advanced adenocarcinoma of esophagogastric cancer. The results of
this trial showed that the IF regimen resulted in improved
TTP, but not OS, compared with CF. However, IF was
better with respect to toxic deaths, discontinuation for
toxicity, severe neutropenia, thrombocytopenia and stomatitis. The authors concluded that IF may provide an
acceptable, platinum-free front-line treatment alternative
for metastatic gastric cancer. Another phase Ⅱ trial revealed that the combination of capecitabine and irinotecan had a similar ORR (37.7% vs 42%, respectively) and
median PFS (4.2 mo vs 4.8 mo, respectively), but a trend
towards better median OS (10.2 mo vs 7.9 mo, respectively) than the capecitabine-cisplatin regimen[34].
S-1 is an oral fluoropyrimidine that includes three
different agents: tegafur, gimeracil (5-chloro-2,4 dihydropyridine) and oteracil (potassium oxonate). This novel
oral agent has shown promising results in patients with
advanced gastric cancer, but the majority of data supporting the use of S-1 for advanced gastric cancer are
from studies including Asian patients[5,35]. The randomized phase Ⅲ SPIRITS trial in 298 patients with advanced
gastric cancer showed that both the median PFS (6.0 mo
vs 4.0 mo) and median OS (13 mo vs 11 mo, P = 0.04) for
patients who received combined S1 plus cisplatin were
significantly better than those of patients who received
S-1 alone in an Asian population. On the other hand, the
grade 3 and 4 toxicity rates were significantly higher[36].
Tegafur is metabolized differently in Western and
Asian populations, and as a result, the maximally tolerated dose also differs. Therefore, Western experience with
combined S-1 plus cisplatin for advanced gastric cancer is
limited, but also promising[37,38]. In their phase Ⅲ FLAGS
trial including 1053 patients with advanced esophagogastric adenocarcinoma, Ajani et al[39] randomized patients to
cisplatin plus either 5-FU or S-1. They showed that the
median OS was not significantly inferior with S-1/cisplatin compared to the CF regimen (8.6 mo vs 7.9 mo).
In addition, S-1/cisplatin was associated with a more
favorable side effect profile and fewer treatment-related
deaths[39]. It is thought that the lower cisplatin dose intensity in the S-1/cisplatin arm (75 mg/m2 vs 100 mg/m2)
may have contributed to the survival and toxicity results.
Despite the results of the FLAGS trial, future studies are
needed to confirm the activity of S-1 in Western populations. Recently, updated results of the phase Ⅲ START
trial presented at the 2012 ESMO meeting showed that
among the 635 patients with metastatic gastric cancer analysed, the median OS time was 12.48 mo when S-1 was
combined with docetaxel compared to 10.78 mo in patients who received S-1 alone. Neutropenia was the most

regimens compared with the 664 patients treated with
fluorouracil-based combinations, but there was no significant difference with respect to PFS between treatment
groups[22].
An incremental improvement in OS was also suggested in the V325 trial[23]. This randomized multinational
phase Ⅲ trial evaluated the combination of docetaxel,
cisplatin and fluorouracil (DCF) in patients with untreated advanced gastric cancer. Four hundred and fortyfive patients were randomized to receive either DCF
every 3 wk or cisplatin and fluorouracil (CF). Time-toprogression (TTP) for patients who received DCF was
significantly longer than that of patients treated with CF
(5.6 mo vs 3.7 mo; HR = 1.47; 95%CI: 1.19-1.82; P <
0.001; risk reduction 32%). Moreover, the median OS
time was significantly worse for patients who received
DCF compared with patients who received CF (9.2 mo
vs 8.6 mo; HR = 1.29; 95%CI: 1.0-1.6; P = 0.02; risk reduction 23%)[23]. High toxicity rates were reported in this
trial, especially involving febrile neutropenia, which was
more common in patients who received DCF (29% vs
12%); the death rate in the study was 10.4% for patients
who received the DCF regimen and 9.4% for patients
treated with the CF arm.
As the DCF regimen resulted in high toxicity profiles, several clinical trials have tested modifications of
the DCF regimen with the aim of reducing toxicity and
improving tolerability[24-26]. The recent GATE phase Ⅱ
study carried out by Van Cutsem et al[27] showed that the
combination of docetaxel, oxaliplatin and fluorouracil
(DOF) had a better RR, TTP and median OS time (47%,
7.7 and 15 mo, respectively) compared with the combination docetaxel and oxaliplatin (23%, 4.5 and 9 mo, respectively) and docetaxel, oxaliplatin and capecitabine (26%,
5.6 and 11 mo, respectively) in patients with previously
untreated advanced gastric cancer. Furthermore, the
DOF regimen produced a better safety profile compared
to other regimens.
Al-Batran et al[28], in their phase Ⅲ trial, reported that
median PFS showed a tendency to be better in patients
who received a combination of fluorouracil, leucovorin
and oxaliplatin (FLO) than that of patients who received
a combination of fluorouracil, leucovorin and cisplatin
(FLP) (5.8 mo vs 3.9 mo, P = 0.077). On the other hand,
the median OS time did not differ significantly (10.7 mo
vs 8.8 mo, P > 0.05) between the two groups. Thereafter, the authors performed a post hoc subgroup analysis
in patients older than 65 years, and the FLO regimen
produced a significantly superior RR (41.3% vs 16.7%),
median PFS (6.0 mo vs 3.1 mo, P = 0.029) and timeto-treatment failure (5.4 mo vs 2.4 mo, P < 0.001), and
an improved median OS (13.9 mo vs 7.2 mo, P = 0.08)
compared with the FLP regimen. In addition, there was
significantly less toxicity with FLO in this trial.
The comparison of irinotecan-containing versus nonirinotecan-containing regimens (mainly fluorouracilcisplatin) showed a nonstatistically significant trend
toward better survival with irinotecan (HR for death:
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Table 1 Selected phase III clinical trials of current chemotherapy regimens for patients with advanced gastric cancer in the first-line setting
Ref.
Van Cutsem et al[23]
Cunningham et al[20]
Kang et al[21]
Al-Batran et al[24]
Dank et al[32]
Koizumi et al[36]
Ajani et al[39]
Yoshida et al[40]

Regimen

No. of patients

Response rate

Median PFS/TTP and OS (mo)

DCF vs CF
EOF vs EOX vs ECX vs
ECF
CX vs CF
FLC vs FLO
IF vs CF
CS vs S
CS vs CF
DS vs S

445
1002

37% vs 25%
42.4% vs 47.9% vs 46.4% vs
40.7%
41% vs 29%
34.8% vs 24.5%
31.8% vs 25.8%
54% vs 31%
29.1% vs 31.9%
38.8% vs 26.8%

TTP, 5.6 vs 3.7; OS, 9.2 vs 8.6
PFS, 6.5 vs 7.0 vs 6.7 vs 6.2;
OS, 9.3 vs 11.2 vs 9.9 vs 9.9
PFS, 5.6 vs 5.0; OS, 10.5 vs 9.3
PFS, 5.8 vs 3.9; OS, 10.7 vs 8.8
TTP, 5.0 vs 4.2; OS, 9.0 vs 8.7
PFS, 6.0 vs 4.0; OS, 13 vs 11
PFS, 4.8 vs 5.5; OS, 8.6 vs 7.9
PFS, 5.29 vs 4.17; OS, 12.48 vs 10.78

316
220
333
305
1053
635

DCF: Docetaxel, cisplatin and fluorouracil; CF: Cisplatin and fluorouracil; EOF: Epirubicin, oxaliplatin and fluorouracil; EOX: Epirubicin, oxaliplatin and
capecitabine; ECX: Epirubicin, cisplatin and capecitabine; ECF: Epirubicin, cisplatin and fluorouracil; CX: Cisplatin and capecitabine; FLO: Fluorouracil,
leucovorin and oxaliplatin; FLC: Fluorouracil, leucovorin and cisplatin; IF: Irinotecan and cisplatin; CS: Cisplatin and S-1; S: S-1; DS: Docetaxel and S-1; PFS:
Progression-free survival; OS: Overall survival; TTP: Time-to progression.

95%CI: 0.60-0.91, P = 0.0046). There was no significant
difference in rates of any adverse event, and cardiotoxicity was equally rare in both arms (an asymptomatic
decrease in the left ventricular ejection fraction, 5% vs
1%). Grade 3 to 4 heart failure was reported in one and
two patients, respectively. In subgroup analysis, trastuzumab was most effective in prolonging survival in the
subgroup of patients with IHC 3+ tumors (HR = 0.66,
95%CI: 0.50-0.87), less effective in patients with IHC 2+
tumors (HR = 0.78, 95%CI: 0.55-1.10), and ineffective
in those with HER2 gene-amplified, but non proteinexpressing (IHC 0 or 1+) tumors[8]. In the light of these
findings, trastuzumab in combination with chemotherapy
was approved to be a new standard of care for patients
with HER2-positive advanced esophagogastric adenocarcinoma. Therefore, all patients with metastatic gastroesophageal adenocarcinoma should be evaluated in terms
of HER2 status.
Lapatinib, an orally active tyrosine kinase inhibitor, has double targeted inhibition of both EGFR1 and
HER2. The results of the randomized, phase Ⅲ TyTAN
trial were presented at the 2013 ASCO Gastrointestinal
Cancer Symposium[47]. The addition of lapatinib produced no significant benefit with respect to PFS (5.4
mo vs 4.4 mo) or OS (11.0 mo vs 8.9 mo) in the intent
to treat population of advanced gastric cancer. On the
other hand, there was significant benefit in both PFS (5.6
mo vs 4.2 mo) and OS (14.0 mo vs 7.6 mo) for patients
with IHC 3+. The preliminary results of the TRIO-013/
LOGiC trial were presented at the 2013 ASCO annual
meeting[48]. In 545 patients with advanced gastroesophageal cancer, the benefit derived from the addition of lapatinib to chemotherapy was tested in first-line treatment.
The combination of lapatinib and capecitabine/oxaliplatin did not significantly improve the median OS (12.2 mo
vs 10.5 mo, HR = 0.91, 95%CI: 0.73-1.12) compared with
chemotherapy alone. No correlation between intensity
of staining for HER2 by IHC and outcomes was found.
However, in subgroup analysis, Asian patients (median
OS, 16.5 mo vs 10.9 mo, HR 0.68) and those under age
60 (median OS, 12.9 mo vs 9 mo, HR 0.69) seemed to
benefit from lapatinib. The addition of lapatinib was as-

frequent adverse event in the docetaxel/S-1 arm, with
one death occurring from grade 4 thrombocytopenia[40].
Selected phase Ⅲ clinical trials of current chemotherapy
regimens for patients with advanced gastric cancer in the
first-line setting are summarized in Table 1.
Targeted therapy
Anti-HER2 agents: EGFR overexpression has been
found in different cancer types including gastric cancer
and is believed to be associated with tumor invasion, high
grade histology, and poor prognosis[41]. The EGFR family comprises four members, of which epidermal growth
factor receptor 1 (EGFR1) and HER2 (EGFR-Ⅱ) have
been comprehensively investigated as targets for drugs
in patients with metastatic gastric cancer. HER2 amplification and HER2 overexpression increase from 12%
to 27% and 9% to 23%, respectively, in esophagogastric
cancer, a similar percentage to that seen in breast cancer[42-46]. HER2 positivity is reported to be more frequent
in patients with intestinal histology (34%) than in those
with diffuse-type histology (6%), as well as in gastroesophageal junction (32%) compared to gastric cancer
(18%)[46].
The trastuzumab for gastric cancer (ToGA) trial, a
pivotal randomized, prospective, multicenter, phase Ⅲ
clinical trial, evaluated the efficacy of anti-HER2 trastuzumab in combination with chemotherapy in patients
with HER-2-positive advanced, mostly metastatic, gastric cancer[8]. After screening 3807 patients, 584 eligible
HER2-positive patients according to immunohistochemistry (IHC) and fluorescence in situ hybridization (FISH),
were randomized to trastuzumab plus chemotherapy
(fluorouracil or capecitabine and cisplatin) or chemotherapy alone. The study treatment was administered
every 3 wk for six cycles, and trastuzumab was continued
every 3 wk until disease progression, unacceptable toxicity, or withdrawal of consent. Crossover to trastuzumab
at disease progression was not permitted. The ORR was
significantly higher in the trastuzumab-containing arm
(47% vs 35%). At a median follow-up of 17.1 to 18.6
mo, the median OS was significantly longer in the trastuzumab-containing arm (13.8 mo vs 11.1 mo, HR = 0.74,
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Anti-VEGF agents have recently been developed and
comprise monoclonal antibodies and TKIs.
Bevacizumab is a humanized monoclonal antibody
against VEGF, which is an endothelial cell-specific mitogen and the most potent driver of angiogenesis in
tumorigenesis as it increases microvascular permeability.
The inhibition of VEGF-A prevents pathological angiogenesis by inhibiting its interaction with VEGFR-2.
This inhibition by bevacizumab has had a positive impact
on patient outcomes in several malignancies including
colorectal, lung, and renal cell carcinoma, as well as recur
rent glioblastoma[50]. Several phase Ⅱ trials produced
promising results when using bevacizumab in combination with different chemotherapeutic agents in treatmentnaive patients with locally advanced or metastatic gastric
cancer[61-63].
The recently published AVAGAST, phase Ⅲ trial
evaluated the benefit of bevasizumab in combination
with cisplatin and capecitabine as a first-line therapy in
774 patients with advanced gastric carcinoma[64]. Patients
received capecitabine and cisplatin (XP) in combination
with either bevacizumab or a placebo. AVAGAST did not
reach its primary endpoint with no significant difference
in OS (12.1 mo in bevacizumab-arm vs 10.1 mo in placebo-chemotherapy arm; HR = 0.87, P = 0.1002); however,
both PFS (6.7 mo vs 5.3 mo, HR = 0.80, P = 0.0037) and
ORR (46.0% vs 37.4%, P = 0.0315) improved significantly in the bevacizumab arm. In an unplanned subgroup
analysis, OS for the pan-American subgroup was 6.8 mo
for placebo vs 11.5 mo for bevacizumab (HR = 0.63). For
European and Asian-Pacific subgroups, the OS was 8.6 vs
11.1 mo (HR = 0.85), and 12.1 mo vs 13.9 mo (HR = 0.97),
respectively, with all results favoring bevacizumab. It was
not clear whether the discrepancy came from genetic
differences in ethnicity or from differences in treatment
patterns, but Asian patients had fewer EGJ primaries, a
lower frequency of liver metastases, and received secondline chemotherapy more often than did pan-American
patients. Similar negative results for the addition of bevacizumab to XP in Asian patients with advanced gastric
cancer were also presented at the 2012 ASCO Gastrointestinal Cancers Symposium in a preliminary report of
the AVATAR study[65].
Ramucirumab (IMC-1121B) is a fully humanized
monoclonal antibody aganist VEGFR-2[66]. Several phase
Ⅱ and phase Ⅲ trials are currently underway or planned
including ramucirumab plus chemotherapy vs chemotherapy plus placebo or best supportive care in both the firstand second-line setting (NCT00917384, NCT01170663,
NCT01246960).
Apatinib is a TKI agent targeting VEGFR-2 (VEGFR), and its anti-angiogenesis effect has been demonstrated in preclinical tests. A recently published phase Ⅱ trial
tested apatinib in patients with chemotherapy-refractory
advanced metastatic gastric cancer. The median OS times
were 2.50, 4.83 and 4.27 mo, in the placebo, apatinib 850
mg, once and apatinib 450 mg, twice daily arms respectively, and the median PFS times were 1.40, 3.67, and 3.20

sociated with increased toxicity.
Anti-EGFR1 agents: EGFR is a transmembrane tyrosine kinase receptor involved in the proliferation and
survival of cancer cells. EGFR overexpression is associated with advanced stages and poor prognosis in gastric cancer patients[49], and EGFR expression has been
reported in 60% of gastric cancer patients[50,51]. AntiEGFR monoclonal antibodies bind to the extracellular
domain of EGFR in its inactive state; they compete for
receptor binding by occluding the ligand-binding region,
and thereby block ligand-induced EGFR tyrosine kinase
activation. Cetuximab is a chimeric monoclonal antibody
targeting EGFR and it’s inhibition prevents tumor cell
growth, angiogenesis, invasion, and metastasis, and induces apoptosis. The efficacy of this anti-EGFR monoclonal
antibody in combination with chemotherapy has been reported in several phase Ⅱ clinical trials[52-54]. On the other
hand, the benefit derived from the addition of cetuximab
to chemotherapy could not be confirmed in a phase Ⅲ
trial comparing chemotherapy alone in the first-line setting. In a recent phase Ⅲ (EXPAND) trial, 904 patients
with advanced gastroesophageal adenocarcinoma were
randomized to capecitabine and cisplatin with or without
cetuximab[55]. The median PFS for patients who received
the cetuximab-chemotherapy regimen was 4.4 mo compared with 5.6 mo for patients treated with chemotherapy
alone (HR = 1.09, 95%CI: 0.92-1.29, P = 0.32). Moreover, the cetuximab arm resulted in more grade 3-4 adverse events (88% vs 77%). Similar results were reported
in another phase Ⅲ trial of panitumumab. The REAL3
trial evaluated the benefit of the addition of panitumumab to chemotherapy in 553 patients with previously
untreated advanced unselected esophagogastric cancer[56].
Patients were randomly allocated (1:1) to receive up to
eight 21-day cycles of EOX or modified EOX (with a reduction in oxaliplatin to 100 mg/m2 and capecitabine to
1000 mg/m2 per day) plus panitumumab. The authors indicated that the addition of panitumumab was associated
with a similar response rate but a significantly worse OS
(median 8.8 mo vs 11.3 mo). In the light of these results,
the addition of an anti-EGFR antibody to chemotherapy
cannot be considered a standard approach for patients
with advanced esophagogastric adenocarcinoma.
Small molecule tyrosine kinase inhibitors (TKI) have
also been tested for advanced esophagogastric cancer in
phase Ⅱ trials. The activity of erlotinib was suggested in
patients with unresectable or metastatic adenocarcinoma
originating in the EGJ or stomach in first-line treatment
in the SWOG trial[57]. Six of the 70 patients obtained an
ORR (9%, one complete), all of whom had EGJ tumors.
The predictive significance of EGFR expression with respect to clinical outcome was not shown.
Anti-VEGF/VEGFR agents: VEGF is overexpressed
by up to 60% and its overexpression correlates with an
advanced stage, higher risk of recurrence and tumor aggressiveness and is an indicator for poor prognosis[58-60].
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Table 2 Phase-Ⅲ trials regarding targeted therapies in advanced gastric cancer
Ref.

Study/setting

Treatment

No. of patients Response rate

Anti-HER2 agents
Bang et al[8]
ToGA/first-line
Trastuzumab + CX/CF vs CX/CF
Bang et al[47]
TyTAN/second-line
Lapatinib + P vs P
Hecht et al[48]
TRIO-013/LOGiC/first-line
Lapatinib + CAPOX vs CAPOX
Anti EGFR1 agents
Lordick et al[55]
EXPAND/first-line
Cetuximab + CX vs CX
Waddell et al[56]
REAL-3/first-line
Panitumumab + mEOX vs EOX
Anti-VEGF agents
Ohtsu et al[64]
AVAGAST/first-line
Bevacizumab + CX vs placebo + CX
mTOR inhibitors
Ohtsu et al[76]
GRANITE-1/first-line
Everolimus + BSC vs placebo + BSC

Median PFS/TTP and OS (mo)

584
430
545

47% vs 35%
NA
53% vs 40%

PFS, 6.7 vs 5.5; OS, 13.8 vs 11.1
PFS, 5.4 vs 4.4; OS, 11.0 vs 8.9
PFS, 6.0 vs 5.4; OS, 12.2 vs 10.5

904
553

29% vs 30%
42% vs 46%

PFS, 4.4 vs 5.6; OS, 9.4 vs 10.7
PFS, 6.0 vs 7.4; OS, 8.8 vs 11.3

774

46% vs 37.4%

PFS, 6.7 vs 5.3; OS, 12.1 vs 10.1

656

4.5% vs 2.1%

PFS, 1.7 vs 1.4; OS, 5.4 vs 4.3

HER2: Human epidermal growth factor receptor 2; EGFR1: Epidermal growth factor receptor 1; VEGF: Vascular endothelial growth factor; mTOR:
Mammalian target of rapamycin; CX: Cisplatin and capecitabine; CF: Cisplatin and fluorouracil; P: Paclitaxel; CAPOX: Capecitabine and oxaliplatin; EOX:
Epirubicin, oxaliplatin and capecitabine; mEOX: Modified EOX; BSC: Best supportive care; PFS: Progression-free survival; TTP: Time-to progression; OS:
Overall survival; NA: Not applicable.

mo respectively. The differences between the apatinib and
placebo groups were statistically significant for both PFS
(P < 0.001) and OS (P < 0.001 and 0.0017)[67]. Toxicities
were tolerable or manageable. A phase Ⅲ trial evaluating
apatinib vs placebo for patients with advanced gastric cancer in the third-line setting is ongoing (NCT01512745).
Sunitinib and sorafenib are multi-target TKIs that also
inhibit the VEGF receptor, as well as other TKs. Early
reported phase Ⅱ trials have indicated mixed results. In
a phase Ⅱ trial of sunitinib monotherapy for second-line
treatment of metastatic gastric cancer, a partial response
was obtained in only two of 78 patients, while another
25 showed a best response of stable disease ≥ 6 wk.
Median PFS and OS were 2.3 and 6.8 mo, respectively[68].
Another open-label randomized phase Ⅱ trial for the
second-line treatment of 107 patients with unresectable
or metastatic gastric cancer evaluated the combination
of sunitinib plus docetaxel vs docetaxel monotherapy[69].
Although the sunitinib arm was associated with a significantly higher ORR, there was no significant difference
in either TTP or OS. The combination of sorafenib plus
docetaxel and cisplatin was tested in a phase Ⅱ trial in
the first-line setting for patients with locally advanced or
metastatic esophagogastric adenocarcinoma[70]. This trial
demonstrated that the ORR was 41% and the median
OS was 13.6 mo; the major grade 3 or 4 toxicity was
neutropenia. However, these results will need to be further evaluated in a randomized trial in comparison with
historical data on docetaxel plus cisplatin alone. There
are a number of studies of locally advanced or metastatic
gastroesophageal adenocarcinoma patients currently underway or planned for sunitinib and sorafenib combined
with capecitabine-cisplatin or oxaliplatin-capecitabine,
S-1-cisplatin, the FOLFIRI regimen, and new agents
(NCT00555620, NCT00524186, NCT01020630). Table
2 shows selected phase Ⅲ clinical trials of targeted therapies in patients with advanced gastric cancer.

tiple signals from growth factors and hormones and plays
a central role in the control of cell survival, hyperplasia,
apoptosis, and other important physiological functions
critical to tumorigenesis and cancer development, and is
thus a potential target of anti-cancer therapy[71]. The first
mTOR targeting agent was everolimus, an oral mTOR
serine/threonine kinase inhibitor approved for the treatment of renal cell carcinoma, breast cancer, and progressive neuroendocrine tumors of pancreatic origin[72-74]. A
phase Ⅱ study performed by Doi et al[75], in 53 patients
with previously treated metastatic gastric cancer, reported
that the median PFS and OS times were 2.7 and 10.1 mo,
respectively, with good tolerability. A subsequent phase
Ⅲ GRANITE-1 trial evaluated everolimus or BSC plus
placebo in 656 previously treated advanced gastric cancer
patients and the results of this trial showed insignificant
benefit for the median OS (5.39 mo) in the everolimus
arm when compared to the placebo arm (4.3 mo, P =
0.1244). On the other hand, promising results regarding PFS with everolimus treatment were reported in this
study. The median PFS time was 1.68 mo in patients
who received everolimus compared with patients treated
with placebo (1.41 mo, HR = 0.68, P < 0.0001)[76]. There
are currently several ongoing phase Ⅱ and Ⅲ studies in
metastatic gastroesophageal adenocarcinoma patients
comparing everolimus combined with paclitaxel, 5-FU,
cisplatin, leucovorin and capecitabine (NCT01248403,
NCT00632268, NCT01099527).
c-MET (mesenchymal-epithelial transition factor)
is an oncogene encoding membrane TK receptor, and
binding of hepatocyte growth factor (HGF), its ligand,
to the receptor TK MET is implicated in the malignant process of multiple cancers, making disruption
of this interaction a promising therapeutic strategy.
MET expression or amplification has been found to be
associated with poor prognosis in gastric cancer[77,78].
Onartuzumab is a humanized, monovalent (one-armed)
monoclonal antibody against the MET receptor and
blocks HGF binding to MET. The efficacy and safety of
onartuzumab in combination with mFOLFOX6 in pa-

Other targeted agents: Mammalian target of rapamycin
(mTOR) is a serine/threonine kinase that integrates mul-
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tients with metastatic HER2-negative gastroesophageal
adenocarcinoma is currently being evaluated in phase Ⅱ
and Ⅲ trials (NCT01590719, NCT01662869). Rilotumumab is another human monoclonal antibody (IgG2)
against HGF that blocks binding of HGF to its receptor
MET, inhibiting HGF/MET-driven activities in cells. A
phase Ⅱ, double-blind, randomized study evaluated the
efficacy and safety of rilotumumab with ECX regimen
in patients with previously untreated metastatic gastroesophageal adenocarcinoma. The primary results of this
study showed that the primary endpoint of PFS showed
a tendency for a better outcome with rilotumumab plus
ECX. The addition of rilotumumab to chemotherapy
improved the median PFS from 4.2 to 5.6 mo (HR =
0.64). The secondary endpoint of OS also trended in
favor of rilotumumab, with an improved median OS
from 8.9 to 11.1 mo (HR = 0.73). The most common
adverse events seen in the rilotumumab plus ECX arms
were peripheral edema, neutropenia, anemia, thrombocytopenia and deep vein thrombosis. An exploratory
analysis according to the MET protein expression level
was presented at the 2012 ASCO annual meeting[79]. The
addition of rilotumumab to ECX chemotherapy in patients with gastric tumors with high MET expression improved the median OS from 5.7 to 11.1 mo (HR = 0.29,
P = 0.012). Conversely, in patients with gastric tumors
with low MET expression, the addition of rilotumumab
to chemotherapy was associated with a trend towards
unfavorable OS (HR = 1.84). These results have led to a
phase Ⅲ study to confirm the efficacy of rilotumumab
in advanced esophagogastric cancer with high MET expression. This study is currently ongoing (RILOMET-1
trial, NCT01697072).
According to pre-clinical studies, histone deacetylase
inhibitors (HDAC) have been found to be potential therapeutic targets in gastric cancer[80]. Vorinostat is a novel
targeted agent that prevents tumor cell proliferation,
survival and angiogenesis through histone deacetylase
inhibition. Phase Ⅰ/Ⅱ studies comparing the effect of
vorinostat with that of standard chemotherapy regimens
in patients with advanced gastric cancer are underway
(NCT01045538 and NCT00537121).

nificant improvement in median OS (5.3 mo) versus BSC
(3.8 mo) (HR = 0.657, P = 0.007), and patients were also
significantly more likely to receive further salvage chemotherapy. There was no difference in median OS between
docetaxel and irinotecan (5.2 mo vs 6.5 mo, P = 0.116).
In a smaller randomized, AIO trial carried out by
Thuss-Patience et al[83], 40 patients with tumor progression after first-line chemotherapy and a PS of 0-2 were
randomized to BSC or single-agent irinotecan. The
median OS was significantly longer for patients treated
with irinotecan chemotherapy than that of patients who
received BSC (4 mo vs 2.4 mo, HR = 0.48, P = 0.012).
Similarly, the phase Ⅲ COUGAR-02 trial showed a
modest survival benefit for single-agent docetaxel (75
mg/m2 every 3 wk) in 168 patients who progressed within
6 mo of a platinum/fluoropyrimidine chemotherapy
regimen. A preliminary report of this trial was presented
at the 2013 ASCO annual meeting and the addition of
docetaxel to BSC was associated with few ORR (7%), stable disease in 46% and a modest but statistically significant
prolongation of median OS (5.2 mo vs 3.6 mo)[84]. A high
rate of grade 4 toxicity was noted in the docetaxel arm,
but symptom scores for pain were significantly better.
A meta-analysis of these trials was recently published[81]. The authors indicated that a significant reduction in the risk of death (HR = 0.64, P < 0.0001) was
found with second-line chemotherapy. In addition, subgroup analysis showed a significant reduction in the risk
of death with both irinotecan (HR = 0.55, P = 0.0004)
and docetaxel (HR = 0.71, P = 0.004). In conclusion,
the authors reported evidence to support the efficacy of
second-line chemotherapy in the treatment of metastatic
gastric cancer. In the light of these findings, although
not all patients may be eligible for second-line therapy, it
should be considered an option in appropriate patients.
A results of randomized, phase Ⅲ, TCOG GI-0801
trial was presented at the 2013 ASCO Gastrointestinal
Cancers Symposium and median PFS for irinotecan plus
cisplatin (4.17 mo) was significantly better than irinotecan
alone (3.03 mo; P = 0.0324) in patients with previously
treated with S-1-based chemotherapy for advanced gastric cancer[85]. No significant differences were detected in
the TTF and RR (TTF, 3.4 mo vs 2.9 mo; RR; 21.9% vs
16.4% with irinotecan plus cisplatin and irinotecan alone,
respectively). OS was immature. Related adverse events
were comparable with irinotecan plus cisplatin and irinotecan. The authors concluded that irinotecan in combination with cisplatin has promising efficacy for the secondline chemotherapy compared with single agent irinotecan
for metastatic gastric cancer. Recent phase Ⅲ clinical
trials of second-line chemotherapy regimens for patients
with advanced gastric cancer after failure of the first-line
regimen are described in Table 3.

Second-line chemotherapy
Despite the improvement in survival of patients with
metastatic gastric cancer, most patients develop progression of disease after first-line chemotherapy. Some patients with gastric cancer after failure of the first-line regimen are treated with second-line chemotherapy, but there
was no standard second-line option until the positive
results of recent phase Ⅲ trials[81]. In a Korean trial 202
patients with advanced gastric cancer who had received
one or two prior chemotherapy regimens involving both
a fluoropyrimidine and a platinum agent, and with a performance status (PS) of 0 or 1, were randomly assigned
to either salvage chemotherapy (docetaxel 60 mg/m2
every 3 wk or irinotecan 150 mg/m2 every 2 wk) or best
supportive care in a 2:1 fashion[82]. The authors showed
that second-line chemotherapy was associated with a sig-
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Table 3 Second-line chemotherapy trials in patients with advanced gastric cancer
Ref.
Kang et al[82]
Thuss-Patience et al[83]
Ford et al[84]
Shimada et al[85]

Regimen

No. of patients

Response rate

Median PFS/TTP and OS (mo)

Docetaxel or irinotecan + BSC vs BSC
Irinotecan vs BSC
Docetaxel + BSC vs BSC
Irinotecan + cisplatin vs irinotecan

202
40
168
130

44% vs 5%
7% vs NA
21.9% vs 16.4%

TTP, NA; OS, 5.3 vs 3.8
PFS, 2.6 vs NA; OS, 4.0 vs 2.4
PFS, 5.6 vs 5.0; OS, 5.2 vs 3.6
PFS, 4.17 vs 3.03; OS, NA

BSC: Best supportive care; NA: Not applicable; PFS: Progression-free survival; OS: Overall survival; TTP: Time-to progression.

static gastric cancer remains poor and responses to firstline chemotherapy are modest and heterogeneous. Therefore, in patients with refractory gastric cancer, although
not all patients may be eligible, second-line chemotherapy
should be considered an option in appropriate patients
in the light of recent phase Ⅲ trials and meta-analyses.
In order to improve the results of currently available
treatments, clinical investigations of targeted agents have
recently been conducted. Agents targeting EGFR1 and
HER2 have been widely tested. The addition of trastuzumab to cisplatin/fluoropyrimidine-based chemotherapy significantly improved survival in patients with HER2positive metastatic gastric cancer, which is now the new
standard of care by recent ToGA trial. However, this
benefit is limited to only approximately 20% of patients
with metastatic gastric cancer. Therefore, there remains a
critical need for both the development of more effective
agents. Other clinical trials of agents targeting VEGF,
mTOR, and other biological pathways, have shown
marginally positive results. However, future studies are
needed to confirm the benefit of adding these targeted
agents to chemotherapy and for the detection of novel,
molecular, predictive factors and therapeutic targets in
order to identify better and optimal treatment modalities
for metastatic gastric cancer.
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Core tip: Recent technological advances in genome-wide
analysis tools have revealed various molecular aberrations in cancer. Although gastric cancer involves multiple
genetic and epigenetic alterations, aberrant DNA methylation in gene promoter regions is thought to play a
critical role in gastric carcinogenesis. From the etiological viewpoint, two pathogens, Helicobacter pylori (H.
pylori ) and Epstein-Barr virus (EBV), are known to participate in gastric carcinogenesis. Chronic inflammation
in the gastric mucosa due to H. pylori and EBV infection
of gastric epithelial cells has been reported to cause aberrant promoter methylation, which may contribute to
the tumorigenic mechanisms of these pathogens.

Abstract
Gastric cancer is a leading cause of cancer death
worldwide, and significant effort has been focused on
clarifying the pathology of gastric cancer. In particular,
the development of genome-wide analysis tools has
enabled the detection of genetic and epigenetic alterations in gastric cancer; for example, aberrant DNA
methylation in gene promoter regions is thought to play
a crucial role in gastric carcinogenesis. The etiological
viewpoint is also essential for the study of gastric cancers, and two distinct pathogens, Helicobacter pylori
(H. pylori ) and Epstein-Barr virus (EBV), are known to
participate in gastric carcinogenesis. Chronic inflammation of the gastric epithelium due to H. pylori infection
induces aberrant polyclonal methylation that may lead
to an increased risk of gastric cancer. In addition, EBV
infection is known to cause extensive methylation, and
EBV-positive gastric cancers display a high methylation
epigenotype, in which aberrant methylation extends
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INTRODUCTION
Gastric cancer is a leading cause of cancer death worldwide[1]. Malignant tumors, including gastric cancer, are
known to arise through multiple genetic and epigenetic
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alterations[2], and these molecular changes eventually
impact the expression of cancer-associated genes, such
as oncogenes and tumor-suppressor genes. Historically,
one of the most common genetic alterations in cancer is
mutation of the TP53 gene[3,4]. TP53 is a core tumor-suppressor gene, and more than half of all gastric cancers
demonstrate loss of TP53 function due to genetic alterations[5]. Another example is CDH1, the gene encoding a
calcium-dependent cell-to-cell adhesion glycoprotein that
is responsible for familial diffuse type gastric cancers due
to germline mutations[6]. However, sporadic gastric cancers also display CDH1 somatic mutations at a constant
rate[7]. Moreover, recent whole-genome exome analyses in
gastric cancer have identified mutations in several genes,
including ARID1A, PIK3CA, and FAT4[8,9].
Although gastric cancer involves various molecular
alterations, aberrant promoter methylation plays a major
role in gastric carcinogenesis[10-15]. p16INK4A is the most
well-known tumor-suppressor gene that is silenced by
promoter methylation; the promoter region of p16INK4A
is aberrantly methylated in 25%-42% of gastric cancers[10,11,16,17], while mutations or deletions are very rare[16].
RUNX3 is also a significant tumor-suppressor gene in
gastric cancer[18], and approximately half of all gastric
cancer cases lose RUNX3 expression due to hemizygous
deletion and promoter hypermethylation, while point
mutations are rarely reported. Although mutations in
DNA mismatch-repair genes such as MLH1 and MSH2
are quite rare in gastric cancers[19,20], promoter methylation of MLH1 represents a major cause of microsatellite
instability (MSI)[21,22], which is observed in 31%-67% of
gastric cancers[19,23].
Several scanning methods have been developed to
identify novel tumor-suppressor genes silenced by promoter methylation[24-30], and genome-wide analysis has
demonstrated unusual clustering of aberrant methylation
in a subset of cancer cases. The phenotype presenting atypical methylation of cytosine-phosphate-guanine
(CpG) islands, termed the CpG island methylator phenotype (CIMP), was first described in colorectal cancers[31].
Gastric cancer was also evaluated using methylation
markers for colorectal cancer CIMP, and CIMP was also
found to be present in gastric cancer[10]. Genome-wide
analysis of aberrant DNA methylation in gastric cancer
was first performed using the methylation-sensitiverepresentational difference analysis (MS-RDA) method to
identify methylation-associated silenced genes, including
novel tumor-suppressor genes[32-34]. Using silenced genes
as markers, a subset of gastric cancers was demonstrated
to harbor unusual accumulation of aberrant methylation
in promoter CpG islands[32].
Environmental factors are also significantly related to
the induction of aberrant DNA methylation, and etiological studies have provided evidence that two distinct infectious agents, Helicobacter pylori (H. pylori) and Epstein-Barr
virus (EBV), are closely associated with gastric carcinogenesis[35-37]. Here, we review aberrant DNA methylation
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in gastric cancer and the association between methylation
and infection with these two unique pathogens.

EPIGENETIC MODIFICATION AND DNA
METHYLATION
Physiological function of DNA methylation
“Epigenetics”, as compared to “genetics”, is defined as
the study of genomic DNA modifications that are heritable during cell division but do not involve a change in
the DNA sequence itself, such as DNA methylation and
histone modification[12,13,38]. DNA methylation is the covalent modification of a methyl group on the 5-position
of cytosine at CpG dinucleotides[38,39]. CpG islands are
genomic regions that contain dense CpG dinucleotides,
and they are located in the promoter regions of approximately half of all genes. CpG islands are generally free
from DNA methylation, allowing for the expression of
downstream genes whose transcription is regulated by
histone modification[13].
In normal cellular processes, DNA methylation is
used for robust gene silencing, such as genome imprinting [40] and X-chromosome inactivation [41]. Moreover,
tissue-specific patterns of methylation or changes in
methylation during cellular differentiation have been discovered at CpG-poor promoters[42] and inter- and intragenic CpG islands[43]. In addition, when cells encounter
foreign nucleic acid, such as viral DNA, host cells take
advantage of DNA methylation as a defensive system to
inactivate foreign nucleic acid[44].
Aberrant DNA methylation in cancers
Broadly speaking, aberrant DNA methylation in cancer is
divided into two categories: “genome-overall hypomethylation” and “regional hypermethylation”. The former,
global hypomethylation, was discovered in the 1980s[45]
and can be defined as a decrease in 5-methylcytosine
content throughout the genome. CpG dinucleotides
show heterogeneous distribution, especially in repetitive
sequences, which are typically methylated in normal tissue[46,47]. In cancers, these repetitive sequences demonstrate aberrant hypomethylation[48], promoting genomic
instability and cancer progression[49-51]. Loss of imprinting
is another example of an epigenetic alteration related to
aberrant hypomethylation[52], and loss of imprinting in
IGF2 was shown to be involved in the early events of
carcinogenesis and was associated with increased colorectal cancer risk[53,54]. A subset of male germ line-specific
genes, specifically the MAGE gene families, was discovered to be a cancer antigen in malignant melanoma[55].
These genes are repressed by promoter methylation in
normal somatic tissues but are activated through promoter hypomethylation in several types of cancers[56,57].
The latter type of DNA methylation, regional hypermethylation, arises in CpG islands [58-60]. Aberrant
methylation of promoter CpG islands leads to inappro-
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priate transcriptional silencing, and this phenomenon is
regarded as one of the major mechanisms for inactivating tumor-suppressor genes[2,12-14]. Promoter methylation
in tumor-suppressor genes has been discovered in various cancers, including RB in sporadic retinoblastoma[61],
VHL in renal cell carcinoma[62], CDH1 in hepatocellular
carcinoma[63], and p16INK4A in various cancers[64].
In embryonic stem (ES) cells, the Polycomb repressive complex (PRC) plays a significant role in reversibly
repressing gene expression. In ES cells, these PRC-target
genes are frequently methylated compared to non-PRCtarget genes in various cancers[65]. Our comprehensive
methylation analysis of gastric cancer revealed significant
enrichment of aberrant methylation in PRC-target genes
in a subset of gastric cancers with a high-methylation epigenotype[37]. However, another subset of gastric cancer
demonstrated an extensively high methylation epigenotype that displayed extended methylation in both PRCtarget genes and non-PRC-target genes. This phenotype
was detected in EBV-positive gastric cancer, and it will be
discussed in detail later in this review.
Among the factors known to cause aberrant DNA
methylation in non-cancerous tissues, aging is known
to promote the accumulation of DNA methylation[66,67].
Indeed, age-dependent promoter methylation could explain the association between cancer and aging[68]. Recent
whole-genome bisulfite sequencing comparing newborn
and centenarian genomes demonstrated that centenarian
DNA had a lower DNA methylation content throughout
the genome and showed the more hypomethylated CpGs
in promoters, exonic, intronic, and intergenic regions,
whereas a greater level of DNA methylation was observed
in CpG island promoters[69]. Another report showed that
replicative senescent human cells exhibited features similar
to the cancer epigenome, such as widespread DNA hypomethylation and focal hypermethylation[70]. Epidemiological studies have also revealed that the epigenetic status is
influenced by various environmental factors[67] and can be
associated with cancer incidence or prognosis[71,72].
Among environmental factors, chronic inflammation
is a significant inducer of aberrant DNA methylation, as
demonstrated by the analysis of non-cancerous tissues,
such as colonic mucosae with ulcerative colitis[73], liver
tissue with chronic hepatitis[74], esophageal mucosae with
inflammatory reflux esophagitis[75], and gastric mucosae
with chronic gastritis[76]. In a mouse colitis model induced
by dextran sodium sulfate, aberrant CpG island methylation in colonic epithelial cells was shown to accumulate
gradually on a monthly basis[77]. Interestingly, even in
severe combined immunodeficiency (SCID) mice lacking
functional T and B lymphocytes, DNA methylation was
induced at the same level as in the background strain of
mice, suggesting that functional T and B lymphocytes are
not essential for methylation accumulation.
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H. PYLORI AND ABERRANT DNA
METHYLATION
Two distinct pathogens, H. pylori and EBV, are known to
be involved in gastric carcinogenesis. First, we will discuss
the association between chronic inflammation due to H.
pylori and DNA methylation.
H. pylori, discovered in 1983 by Marshall BJ and Warren JR[78], is a helix-shaped Gram-negative bacterium
present in the stomach of approximately half of the
world’s population[79,80]. Recent prospective cohort studies indicate that H. pylori infection plays an essential role
in various disorders, including gastric cancer[35,36], chronic
gastritis[78], intestinal metaplasia[81,82], and gastric lymphoma[83]. In 1994, the World Health Organization concluded
that “H. pylori is a definite carcinogen” based on epidemiological evidence[79,80].
Two pathways have been proposed to play a role in
gastric carcinogenesis resulting from H. pylori infection:
the direct interaction of H. pylori with the gastric epithelium and its indirect involvement through chronic inflammation. Ultimately, however, both of these pathways
cooperate to promote gastric carcinogenesis.
Direct interaction of H. pylori with gastric epithelium
The direct mechanism by which H. pylori contributes to
gastric carcinogenesis is attributed to its pathogenicity.
Most Gram-negative bacteria exert pathogenicity through
the acquisition of an exogenous gene cluster, termed a
pathogenicity island (PAI). H. pylori also contains a cag
PAI, which consists of an approximate 40-kbp stretch of
DNA encoding approximately 30 genes, including those
of the type Ⅳ secretion system[84]. The pathogenicity of
H. pylori depends on whether it contains cytotoxin-associated gene A (CagA) protein or not. Almost all strains of
H. pylori in East Asia contain the CagA protein, whereas
this frequency in Western strains is limited to 60%. The
pathogenicity of the CagA protein is exerted via injection
into gastric epithelial cells through type Ⅳ secretion systems (Figure 1). The CagA protein contains a conserved
motif in the C-terminus, the EPIYA motif, which dictates the severity of its pathogenicity. East Asian strains
of CagA exert more aggressive cytotoxicity compared to
Western strains[85].
Host cellular responses against injected CagA protein
display several patterns. These include (1) enhanced cell
motility that induces a growth-factor-like phenotype,
termed hummingbird, in host gastric cells[86]; (2) disruption of the epithelial apical-junctional complex[87]; and (3)
epithelial proliferative and proinflammatory responses
associated with the development of chronic gastritis and
gastric cancer[88]. Therefore, CagA plays a key role in gastric carcinogenesis, although the direct involvement of
CagA or other components of H. pylori in the induction
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→ methylation = Yes
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Figure 1 Schematic representation about infectious condition and pathogenicity of Helicobacter pylori. Pathogenicity of Helicobacter pylori (H. pylori) is exerted through injection of CagA into gastric epithelial cells using type Ⅳ secretion system. Inflammatory cell infiltration due to H. pylori might be more significant factor
in induction of aberrant DNA methylation (left). Injection of CagA leads to proliferation of epithelial cells, but it is still unclear whether it plays an important role in methylation induction in epithelial cells (right).

of CDH1 promoter methylation in gastric cancers[99,100].
Furthermore, the role of IL-1β in H. pylori-induced gastric inflammation and DNA methylation was confirmed
using IL-1 receptor type 1 knockout mice[101].

of DNA methylation has not been clarified.
Chronic inflammation induced by H. pylori
H. pylori indirectly promotes pathogenicity by inducing
chronic inflammation. Chronic inflammation generally
involves the accumulation of molecular damage through
a variety of mechanisms, such as DNA damage by free
radicals[89] or aberrant expression of activation-induced
cytidine deaminase (AID)[90]. Moreover, chronic inflammation induces aberrant DNA methylation[74]. Rather
than H. pylori infection itself, inflammatory cell infiltration
by H. pylori might be a more significant factor for the induction of aberrant DNA methylation[91]. In a Mongolian
gerbil model, suppression of aberrant DNA methylation
by 5-aza-dC treatment reduced, but did not entirely prevent, the incidence of H. pylori-induced gastric cancers[92].
This result demonstrates that aberrant DNA methylation
contributes to H. pylori-related gastric carcinogenesis, although some direct influences of H. pylori, without aberrant DNA methylation, may also be significant.
H. pylori infection induces aberrant promoter methylation in tumor-suppressor genes, including p16INK4A,
LOX, and CDH1[34,93]. Although eradication of H. pylori
can reduce the level of promoter methylation, a certain
amount of methylation remains[91,94]. This observation
suggests that not only fully differentiated gastric epithelial cells but also stem/progenitor cells might acquire
aberrant methylation. In human ulcerative colitis and
hepatitis, increased expression of IL-1β , IL-8, NOS2, and
TNF was observed[95-98], and these genes may represent
a common factor associated with the induction of aberrant DNA methylation during chronic inflammation. In
particular, IL-1β is thought to be significant, as a specific
single-nucleotide polymorphism of IL-1β is associated
with increased gastric cancer risk and increased incidence
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EBV AND ABERRANT DNA
METHYLATION
EBV is another pathogen known to be involved in gastric
carcinogenesis.
EBV and gastric carcinogenesis
EBV is a gamma-herpes virus consisting of a doublestrand DNA genome approximately 170 kbp in length.
EBV may cause infectious mononucleosis during initial
infection, and more than 90% of adult individuals become EBV carriers[102], as this virus can be maintained
asymptomatically in a latent form in memory B lymphocytes. However, EBV displays the characteristics of
an oncogenic virus; indeed, it was initially discovered in
human neoplastic cells, specifically a Burkitt’s lymphoma
cell line, in 1964[103]. Subsequently, EBV was associated
with several types of malignant tumors, such as nasopharyngeal carcinoma[104], Hodgkin lymphoma[105], and
opportunistic lymphoma in immunocompromised individuals[106,107]. Moreover, a subgroup of gastric cancer
patients infected with EBV was discovered in 1990[108],
and this unique subgroup is distributed throughout the
world, without regional or racial deviation, at a rate of
7%-15%[109, 110].
EBV-positive (EBV+) gastric cancers show distinct
clinicopathological features. First, EBV+ gastric cancers
demonstrate EBV infection in almost all neoplastic cells
of the tumor, which has been confirmed by in situ hy-
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H. pylori
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inflammatory
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(EBV+)
Cell-to-cell contact?

EBV infection
→ extensive methylation

Figure 2 Schematic representation about infectious condition and pathogenicity of Epstein-Barr virus. Direct cell-to-cell contact between B lymphocyte and
gastric epithelial cell may perhaps be the most likely model to infect with Epstein-Barr virus (EBV) into epithelial cells in vivo (left). EBV infection induces extensive
promoter methylation, which should contribute to tumorigenesis. H. pylori: Helicobacter pylori.

pylori is a prerequisite for EBV to infect gastric epithelial
cells.

bridization for a non-coding small RNA, EBER, which is
abundantly expressed in the nuclei of infected neoplastic
cells. In addition, the clinical features of EBV+ gastric cancers differ from EBV-negative (EBV-) gastric cancers due
to their male predominance, proximal location, and relatively favorable prognosis[111]. Histopathologically EBV+
gastric cancers demonstrate characteristic features of a
poorly differentiated adenocarcinoma with marked infiltration of lymphocytes into the stromal tissue, which has
been reported as “gastric cancer with lymphoid stroma”[112].
EBV has a double-stranded DNA genome that exists in a linear form in viral particles. After EBV enters
the host cell, the viral DNA circularizes via the fusion of
terminal repeats at both ends, and it maintains its circular
form in the nuclei of latently infected cells without integration into the host genome[113]. Southern blot analysis
for terminal repeats has demonstrated that EBV present
in neoplastic cells is mono- or oligo-clonal, even in advanced stages[114-116]. Moreover, all of the cancerous cells
are positive for EBER-in situ hybridization in all cases of
EBV+ gastric cancer. This fact indicates that EBV infection occurs at the initial, or a very early stage, of carcinoma development, and it implies a profound association
of EBV with gastric carcinogenesis.
The mechanism underlying EBV infection in the
gastric mucosal epithelium remains unclear, while the
viral receptor molecule for CD21 in B lymphocytes is not
expressed on epithelial cells[117]. Because co-cultivation
of virus-producing lymphocytes demonstrates a much
greater efficiency of infection (up to 800-fold) compared
to cell-free infection, direct cell-to-cell contact between B
lymphocytes and gastric epithelial cells is the most likely
model to explain how EBV infects epithelial cells in vivo
(Figure 2)[118]. This hypothesis supports histopathological data showing that the background mucosa of EBV+
gastric cancer presents atrophic gastritis with lymphocyte infiltration due to H. pylori infection[119]. However, it
remains unclear whether chronic inflammation with H.
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DNA methylation in EBV-positive gastric cancer
EBV+ gastric cancer forms a distinct subgroup of gastric
cancer. Previous reports have indicated that promoter
methylation is observed more frequently in EBV+ gastric
cancers than in EBV gastric cancers, despite analyzing
a limited number of cancer-associated genes[120-122]. We
performed a comprehensive analysis of promoter methylation in clinical gastric cancers and found that gastric
cancers clustered into three distinct subgroups. Interestingly, EBV+ gastric cancers displayed an extremely high
methylation phenotype, termed the EBV+ epigenotype[37].
Moreover, genes specifically methylated in EBV+ gastric
cancers were shown to expand not only within PRCtarget genes in ES cells but also to non-PRC-target genes.
This result implies that EBV+ gastric cancer is methylated via a unique mechanism(s). Subsequently, to clarify
the causal role of EBV infection, we performed in vitro
EBV infection experiments in low-methylation MKN7
gastric cancer cells to determine whether these cells
would acquire extensive methylation and, as a result, the
EBV+-specific methylation epigenotype. The induced
methylation repressed multiple genes, including multiple
tumor-suppressor genes, suggesting a role for EBV in
tumorigenesis[37].
The inducer of aberrant DNA methylation remains
elusive. EBV exists in three latent forms defined by the
expression pattern of latent genes. Lymphoblastoid cell
line (LCL) and transformed primary B lymphocytes
infected with EBV express all latent genes, LMPs (1,
2A, 2B), EBNAs (1, 2, 3A, 3B, 3C, LP), EBERs (1, 2),
and BARTs, and this expression program is referred
to as type Ⅲ latency. In contrast, Burkitt’s lymphoma
shows type Ⅰ latency, with the minimum expression of
EBNA1, EBERs, and BARTs only. Type Ⅱ latency, in
which LMP1 and LMP2 are expressed in addition to
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latency Ⅰ genes, is observed in EBV-associated Hodgkin
lymphoma, peripheral natural killer/T-cell lymphoma,
and nasopharyngeal carcinoma. EBV + gastric cancer
shows type Ⅰ (or Ⅱ) latency and expresses EBNA1, EBERs, BARTs, and LMP2A[105,111,123].
Several studies have elucidated the function of latent
genes for promoter methylation. LMP1 was reported to
down-regulate CDH1 gene expression and induce cell migration using cellular DNA methylation machinery[124,125].
LMP2A plays an essential role in epigenetic abnormalities
by inducing promoter methylation of PTEN[126]. EBER1
and EBER2 are small non-coding RNAs of approximately 170 bases in length that are abundantly expressed
in the nuclei of latently infected cells, up to 107 copies
per cell. Although some oncogenic properties of EBERs
have been reported, such as the contribution of efficient
growth transformation of B lymphocytes[127,128] or the
induction of insulin-like growth factor 1 (IGF-I) acting
as an autocrine growth factor in gastric cancer or nasopharyngeal carcinoma cells[129,130], the distinct influence of
epigenetic modification remains unclear. Moreover, while
these viral genes may play a role in aberrant methylation,
methylation induction at the genome-wide scale, which
can result from EBV infection, has not been demonstrated through the forced expression of any viral gene[37].
Rather than viral factors, host cellular mechanisms
may play more important roles in the induction of aberrant methylation. In type Ⅰ latency, while host cells
induce dense methylation in the viral genome to silence
most viral genes, the host genome itself is also extensively hypermethylated[131,132]. In type Ⅲ latency, such as LCL,
neither the viral genome nor the host cellular genome is
significantly hypermethylated[132], and this observation
implies that a host-driven mechanism that induces DNA
methylation in the viral genome may affect methylation
of the host genome. Recent exome sequencing analysis
demonstrated that ARID1A was frequently mutated in
EBV+ gastric cancer[8,133], and other chromatin remodelers were also mutated[9]. While it is not known whether
mutation of these genes is causally associated with aberrant methylation in EBV+ gastric cancer, these chromatin
remodelers may play a role in protecting the epigenomic
status of the host genome from the pressure of methylation induction. Further investigation is necessary to
clarify the roles of host cellular factors in methylation
induction.

cess of gastric carcinogenesis, and application of this
knowledge for clinical use could aid in diagnosis, risk
management, and prevention. Epigenetic aberrations can
accumulate at early stages of carcinogenesis, preceding
genomic mutations in polyclonal tissues; aberrant DNA
methylation is therefore a powerful biomarker for the
early detection of cancers and/or cancer risk. Moreover,
from prophylactic or therapeutic viewpoints, aberrant
DNA methylation could represent an attractive target due
to its reversible nature. For example, a patient with persistent DNA methylation after H. pylori eradication might be
a candidate for demethylation therapy to prevent gastric
cancer. Moreover, in EBV+ gastric cancers, aberrations in
chromatin remodeling factors in background fields may
promote EBV infection or carcinogenesis and could represent a target for the prevention of EBV+ gastric cancer.

REFERENCES
1
2

3

4

5

6

7

8

CONCLUSION
9

In gastric carcinogenesis, aberrant promoter methylation
plays a major role by inactivating tumor-suppressor genes.
Two pathogens, H. pylori and EBV, may contribute to
carcinogenesis through the induction of aberrant methylation in gastric epithelial cells, although further study is
necessary to elucidate the detailed molecular mechanisms
underlying the induction of aberrant promoter methylation in response to infection with these two pathogens.
Understanding these mechanisms could clarify the pro-

WCGO|www.wjgnet.com

10

281

Parkin DM, Bray F, Ferlay J, Pisani P. Global cancer statistics, 2002. CA Cancer J Clin 2005; 55: 74-108 [PMID: 15761078]
Vogelstein B, Papadopoulos N, Velculescu VE, Zhou S,
Diaz LA, Kinzler KW. Cancer genome landscapes. Science
2013; 339: 1546-1558 [PMID: 23539594 DOI: 10.1126/science.1235122]
Baker SJ, Fearon ER, Nigro JM, Hamilton SR, Preisinger
AC, Jessup JM, vanTuinen P, Ledbetter DH, Barker DF, Nakamura Y, White R, Vogelstein B. Chromosome 17 deletions
and p53 gene mutations in colorectal carcinomas. Science
1989; 244: 217-221 [PMID: 2649981]
Malkin D, Li FP, Strong LC, Fraumeni JF, Nelson CE, Kim
DH, Kassel J, Gryka MA, Bischoff FZ, Tainsky MA. Germ
line p53 mutations in a familial syndrome of breast cancer,
sarcomas, and other neoplasms. Science 1990; 250: 1233-1238
[PMID: 1978757]
Tamura G, Kihana T, Nomura K, Terada M, Sugimura T,
Hirohashi S. Detection of frequent p53 gene mutations in
primary gastric cancer by cell sorting and polymerase chain
reaction single-strand conformation polymorphism analysis. Cancer Res 1991; 51: 3056-3058 [PMID: 2032245]
Guilford P, Hopkins J, Harraway J, McLeod M, McLeod N,
Harawira P, Taite H, Scoular R, Miller A, Reeve AE. E-cadherin germline mutations in familial gastric cancer. Nature
1998; 392: 402-405 [PMID: 9537325 DOI: 10.1038/32918]
Becker KF, Atkinson MJ, Reich U, Becker I, Nekarda H,
Siewert JR, Höfler H. E-cadherin gene mutations provide
clues to diffuse type gastric carcinomas. Cancer Res 1994; 54:
3845-3852 [PMID: 8033105]
Wang K, Kan J, Yuen ST, Shi ST, Chu KM, Law S, Chan TL,
Kan Z, Chan AS, Tsui WY, Lee SP, Ho SL, Chan AK, Cheng
GH, Roberts PC, Rejto PA, Gibson NW, Pocalyko DJ, Mao M,
Xu J, Leung SY. Exome sequencing identifies frequent mutation of ARID1A in molecular subtypes of gastric cancer. Nat
Genet 2011; 43: 1219-1223 [PMID: 22037554 DOI: 10.1038/
ng.982]
Zang ZJ, Cutcutache I, Poon SL, Zhang SL, McPherson JR,
Tao J, Rajasegaran V, Heng HL, Deng N, Gan A, Lim KH,
Ong CK, Huang D, Chin SY, Tan IB, Ng CC, Yu W, Wu Y,
Lee M, Wu J, Poh D, Wan WK, Rha SY, So J, Salto-Tellez M,
Yeoh KG, Wong WK, Zhu YJ, Futreal PA, Pang B, Ruan Y,
Hillmer AM, Bertrand D, Nagarajan N, Rozen S, Teh BT,
Tan P. Exome sequencing of gastric adenocarcinoma identifies recurrent somatic mutations in cell adhesion and chromatin remodeling genes. Nat Genet 2012; 44: 570-574 [PMID:
22484628 DOI: 10.1038/ng.2246]
Toyota M, Ahuja N, Suzuki H, Itoh F, Ohe-Toyota M, Imai K,

February 8, 2015|First Edition|

Matsusaka K et al . DNA methylation and gastric cancer

11
12
13
14
15
16

17
18

19

20

21

22

23
24

25

26

Baylin SB, Issa JP. Aberrant methylation in gastric cancer associated with the CpG island methylator phenotype. Cancer
Res 1999; 59: 5438-5442 [PMID: 10554013]
Kaneda A, Kaminishi M, Yanagihara K, Sugimura T, Ushijima T. Identification of silencing of nine genes in human gastric cancers. Cancer Res 2002; 62: 6645-6650 [PMID: 12438262]
Baylin SB, Herman JG. DNA hypermethylation in tumorigenesis: epigenetics joins genetics. Trends Genet 2000; 16:
168-174 [PMID: 10729832]
Jones PA, Baylin SB. The fundamental role of epigenetic
events in cancer. Nat Rev Genet 2002; 3: 415-428 [PMID:
12042769 DOI: 10.1038/nrg816]
Feinberg AP, Tycko B. The history of cancer epigenetics.
Nat Rev Cancer 2004; 4: 143-153 [PMID: 14732866 DOI:
10.1038/nrc1279]
Ushijima T, Sasako M. Focus on gastric cancer. Cancer Cell
2004; 5: 121-125 [PMID: 14998488]
Lee YY, Kang SH, Seo JY, Jung CW, Lee KU, Choe KJ,
Kim BK, Kim NK, Koeffler HP, Bang YJ. Alterations of
p16INK4A and p15INK4B genes in gastric carcinomas. Cancer 1997; 80: 1889-1896 [PMID: 9366289]
Shim YH, Kang GH, Ro JY. Correlation of p16 hypermethylation with p16 protein loss in sporadic gastric carcinomas.
Lab Invest 2000; 80: 689-695 [PMID: 10830779]
Li QL, Ito K, Sakakura C, Fukamachi H, Inoue Ki, Chi XZ,
Lee KY, Nomura S, Lee CW, Han SB, Kim HM, Kim WJ,
Yamamoto H, Yamashita N, Yano T, Ikeda T, Itohara S, Inazawa J, Abe T, Hagiwara A, Yamagishi H, Ooe A, Kaneda A,
Sugimura T, Ushijima T, Bae SC, Ito Y. Causal relationship
between the loss of RUNX3 expression and gastric cancer.
Cell 2002; 109: 113-124 [PMID: 11955451]
Akiyama Y, Nakasaki H, Nihei Z, Iwama T, Nomizu T,
Utsunomiya J, Yuasa Y. Frequent microsatellite instabilities
and analyses of the related genes in familial gastric cancers.
Jpn J Cancer Res 1996; 87: 595-601 [PMID: 8766523]
Keller G, Grimm V, Vogelsang H, Bischoff P, Mueller J,
Siewert JR, Höfler H. Analysis for microsatellite instability
and mutations of the DNA mismatch repair gene hMLH1 in
familial gastric cancer. Int J Cancer 1996; 68: 571-576 [PMID:
8938136 DOI: 10.1002/(SICI)1097-0215(19961127)68:5<571::
AID-IJC3>3.0.CO;2-W]
Leung SY, Yuen ST, Chung LP, Chu KM, Chan AS, Ho JC.
hMLH1 promoter methylation and lack of hMLH1 expression in sporadic gastric carcinomas with high-frequency
microsatellite instability. Cancer Res 1999; 59: 159-164 [PMID:
9892201]
Fleisher AS, Esteller M, Wang S, Tamura G, Suzuki H, Yin J,
Zou TT, Abraham JM, Kong D, Smolinski KN, Shi YQ, Rhyu
MG, Powell SM, James SP, Wilson KT, Herman JG, Meltzer
SJ. Hypermethylation of the hMLH1 gene promoter in human gastric cancers with microsatellite instability. Cancer
Res 1999; 59: 1090-1095 [PMID: 10070967]
Rhyu MG, Park WS, Meltzer SJ. Microsatellite instability occurs frequently in human gastric carcinoma. Oncogene 1994;
9: 29-32 [PMID: 8302591]
Hayashizaki Y, Hirotsune S, Okazaki Y, Hatada I, Shibata H,
Kawai J, Hirose K, Watanabe S, Fushiki S, Wada S. Restriction landmark genomic scanning method and its various applications. Electrophoresis 1993; 14: 251-258 [PMID: 8388788]
Ushijima T, Morimura K, Hosoya Y, Okonogi H, Tatematsu
M, Sugimura T, Nagao M. Establishment of methylationsensitive-representational difference analysis and isolation
of hypo- and hypermethylated genomic fragments in mouse
liver tumors. Proc Natl Acad Sci USA 1997; 94: 2284-2289
[PMID: 9122186]
Gonzalgo ML, Liang G, Spruck CH, Zingg JM, Rideout
WM, Jones PA. Identification and characterization of differentially methylated regions of genomic DNA by methylation-sensitive arbitrarily primed PCR. Cancer Res 1997; 57:
594-599 [PMID: 9044832]

WCGO|www.wjgnet.com

27

28

29
30

31

32

33

34

35

36

37

38
39
40
41
42

282

Huang TH, Laux DE, Hamlin BC, Tran P, Tran H, Lubahn
DB. Identification of DNA methylation markers for human
breast carcinomas using the methylation-sensitive restriction fingerprinting technique. Cancer Res 1997; 57: 1030-1034
[PMID: 9067264]
Toyota M, Ho C, Ahuja N, Jair KW, Li Q, Ohe-Toyota M,
Baylin SB, Issa JP. Identification of differentially methylated sequences in colorectal cancer by methylated CpG
island amplification. Cancer Res 1999; 59: 2307-2312 [PMID:
10344734]
Huang TH, Perry MR, Laux DE. Methylation profiling of
CpG islands in human breast cancer cells. Hum Mol Genet
1999; 8: 459-470 [PMID: 9949205]
Shiraishi M, Chuu YH, Sekiya T. Isolation of DNA fragments associated with methylated CpG islands in human adenocarcinomas of the lung using a methylated DNA binding
column and denaturing gradient gel electrophoresis. Proc
Natl Acad Sci USA 1999; 96: 2913-2918 [PMID: 10077611]
Toyota M, Ahuja N, Ohe-Toyota M, Herman JG, Baylin
SB, Issa JP. CpG island methylator phenotype in colorectal
cancer. Proc Natl Acad Sci USA 1999; 96: 8681-8686 [PMID:
10411935]
Kaneda A, Kaminishi M, Nakanishi Y, Sugimura T, Ushijima T. Reduced expression of the insulin-induced protein
1 and p41 Arp2/3 complex genes in human gastric cancers.
Int J Cancer 2002; 100: 57-62 [PMID: 12115587 DOI: 10.1002/
ijc.10464]
Kaneda A, Takai D, Kaminishi M, Okochi E, Ushijima T.
Methylation-sensitive representational difference analysis
and its application to cancer research. Ann N Y Acad Sci
2003; 983: 131-141 [PMID: 12724218]
Kaneda A, Wakazono K, Tsukamoto T, Watanabe N, Yagi Y,
Tatematsu M, Kaminishi M, Sugimura T, Ushijima T. Lysyl
oxidase is a tumor suppressor gene inactivated by methylation and loss of heterozygosity in human gastric cancers. Cancer Res 2004; 64: 6410-6415 [PMID: 15374948 DOI:
10.1158/0008-5472.CAN-04-1543]
Uemura N, Okamoto S, Yamamoto S, Matsumura N, Yamaguchi S, Yamakido M, Taniyama K, Sasaki N, Schlemper RJ.
Helicobacter pylori infection and the development of gastric
cancer. N Engl J Med 2001; 345: 784-789 [PMID: 11556297
DOI: 10.1056/NEJMoa001999]
Ohnishi N, Yuasa H, Tanaka S, Sawa H, Miura M, Matsui A,
Higashi H, Musashi M, Iwabuchi K, Suzuki M, Yamada G,
Azuma T, Hatakeyama M. Transgenic expression of Helicobacter pylori CagA induces gastrointestinal and hematopoietic neoplasms in mouse. Proc Natl Acad Sci USA 2008; 105:
1003-1008 [PMID: 18192401]
Matsusaka K, Kaneda A, Nagae G, Ushiku T, Kikuchi Y,
Hino R, Uozaki H, Seto Y, Takada K, Aburatani H, Fukayama
M. Classification of Epstein-Barr virus-positive gastric cancers
by definition of DNA methylation epigenotypes. Cancer Res
2011; 71: 7187-7197 [PMID: 21990320 DOI: 10.1158/0008-5472.
CAN-11-1349]
Feinberg AP. Cancer epigenetics takes center stage. Proc
Natl Acad Sci USA 2001; 98: 392-394 [PMID: 11209042 DOI:
10.1073/pnas.98.2.392]
Laird PW, Jaenisch R. The role of DNA methylation in cancer genetic and epigenetics. Annu Rev Genet 1996; 30: 441-464
[PMID: 8982461 DOI: 10.1146/annurev.genet.30.1.441]
Li E, Beard C, Jaenisch R. Role for DNA methylation in genomic imprinting. Nature 1993; 366: 362-365 [PMID: 8247133
DOI: 10.1038/366362a0]
Lyon MF. Gene action in the X-chromosome of the mouse (Mus
musculus L.). Nature 1961; 190: 372-373 [PMID: 13764598]
Nagae G, Isagawa T, Shiraki N, Fujita T, Yamamoto S, Tsutsumi S, Nonaka A, Yoshiba S, Matsusaka K, Midorikawa Y,
Ishikawa S, Soejima H, Fukayama M, Suemori H, Nakatsuji
N, Kume S, Aburatani H. Tissue-specific demethylation
in CpG-poor promoters during cellular differentiation.

February 8, 2015|First Edition|

Matsusaka K et al . DNA methylation and gastric cancer

43

44

45

46
47

48
49
50

51

52

53

54

55

56

57

58

Hum Mol Genet 2011; 20: 2710-2721 [PMID: 21505077 DOI:
10.1093/hmg/ddr170]
Illingworth R, Kerr A, Desousa D, Jørgensen H, Ellis P,
Stalker J, Jackson D, Clee C, Plumb R, Rogers J, Humphray
S, Cox T, Langford C, Bird A. A novel CpG island set identifies tissue-specific methylation at developmental gene loci.
PLoS Biol 2008; 6: e22 [PMID: 18232738 DOI: 10.1371/journal.pbio.0060022]
Taniguchi Y, Nosaka K, Yasunaga J, Maeda M, Mueller
N, Okayama A, Matsuoka M. Silencing of human T-cell
leukemia virus type I gene transcription by epigenetic
mechanisms. Retrovirology 2005; 2: 64 [PMID: 16242045 DOI:
10.1186/1742-4690-2-64]
Gama-Sosa MA, Slagel VA, Trewyn RW, Oxenhandler R,
Kuo KC, Gehrke CW, Ehrlich M. The 5-methylcytosine content of DNA from human tumors. Nucleic Acids Res 1983; 11:
6883-6894 [PMID: 6314264]
Dunn BK. Hypomethylation: one side of a larger picture.
Ann N Y Acad Sci 2003; 983: 28-42 [PMID: 12724210]
Esteller M, Herman JG. Cancer as an epigenetic disease:
DNA methylation and chromatin alterations in human
tumours. J Pathol 2002; 196: 1-7 [PMID: 11748635 DOI:
10.1002/path.1024]
Jürgens B, Schmitz-Dräger BJ, Schulz WA. Hypomethylation of L1 LINE sequences prevailing in human urothelial
carcinoma. Cancer Res 1996; 56: 5698-5703 [PMID: 8971178]
Chen RZ, Pettersson U, Beard C, Jackson-Grusby L, Jaenisch
R. DNA hypomethylation leads to elevated mutation rates.
Nature 1998; 395: 89-93 [PMID: 9738504 DOI: 10.1038/25779]
Eden A, Gaudet F, Waghmare A, Jaenisch R. Chromosomal
instability and tumors promoted by DNA hypomethylation.
Science 2003; 300: 455 [PMID: 12702868 DOI: 10.1126/science.1083557]
Yamada Y, Jackson-Grusby L, Linhart H, Meissner A, Eden
A, Lin H, Jaenisch R. Opposing effects of DNA hypomethylation on intestinal and liver carcinogenesis. Proc Natl
Acad Sci USA 2005; 102: 13580-13585 [PMID: 16174748 DOI:
10.1073/pnas.0506612102]
Cui H, Cruz-Correa M, Giardiello FM, Hutcheon DF, Kafonek DR, Brandenburg S, Wu Y, He X, Powe NR, Feinberg
AP. Loss of IGF2 imprinting: a potential marker of colorectal cancer risk. Science 2003; 299: 1753-1755 [PMID: 12637750
DOI: 10.1126/science.1080902]
Sakatani T, Kaneda A, Iacobuzio-Donahue CA, Carter MG,
de Boom Witzel S, Okano H, Ko MS, Ohlsson R, Longo DL,
Feinberg AP. Loss of imprinting of Igf2 alters intestinal
maturation and tumorigenesis in mice. Science 2005; 307:
1976-1978 [PMID: 15731405 DOI: 10.1126/science.1108080]
Kaneda A, Feinberg AP. Loss of imprinting of IGF2: a
common epigenetic modifier of intestinal tumor risk.
Cancer Res 2005; 65: 11236-11240 [PMID: 16357124 DOI:
10.1158/0008-5472.CAN-05-2959]
van der Bruggen P, Traversari C, Chomez P, Lurquin C, De
Plaen E, Van den Eynde B, Knuth A, Boon T. A gene encoding an antigen recognized by cytolytic T lymphocytes on
a human melanoma. Science 1991; 254: 1643-1647 [PMID:
1840703]
De Smet C, Loriot A, Boon T. Promoter-dependent mechanism leading to selective hypomethylation within the 5’
region of gene MAGE-A1 in tumor cells. Mol Cell Biol 2004;
24: 4781-4790 [PMID: 15143172 DOI: 10.1128/MCB.24.11.478
1-4790.2004]
Loriot A, De Plaen E, Boon T, De Smet C. Transient downregulation of DNMT1 methyltransferase leads to activation
and stable hypomethylation of MAGE-A1 in melanoma
cells. J Biol Chem 2006; 281: 10118-10126 [PMID: 16497664
DOI: 10.1074/jbc.M510469200]
Bird AP. CpG-rich islands and the function of DNA methylation. Nature 1986; 321: 209-213 [PMID: 2423876 DOI:
10.1038/321209a0]

WCGO|www.wjgnet.com

59
60

61

62

63

64

65

66

67

68
69

70

71

72

73
74

283

Gardiner-Garden M, Frommer M. CpG islands in vertebrate genomes. J Mol Biol 1987; 196: 261-282 [PMID: 3656447]
Takai D, Jones PA. Comprehensive analysis of CpG islands in human chromosomes 21 and 22. Proc Natl Acad Sci
USA 2002; 99: 3740-3745 [PMID: 11891299 DOI: 10.1073/
pnas.052410099]
Ohtani-Fujita N, Fujita T, Aoike A, Osifchin NE, Robbins
PD, Sakai T. CpG methylation inactivates the promoter activity of the human retinoblastoma tumor-suppressor gene.
Oncogene 1993; 8: 1063-1067 [PMID: 8455933]
Herman JG, Latif F, Weng Y, Lerman MI, Zbar B, Liu S, Samid D, Duan DS, Gnarra JR, Linehan WM. Silencing of the
VHL tumor-suppressor gene by DNA methylation in renal
carcinoma. Proc Natl Acad Sci USA 1994; 91: 9700-9704 [PMID:
7937876]
Yoshiura K, Kanai Y, Ochiai A, Shimoyama Y, Sugimura T,
Hirohashi S. Silencing of the E-cadherin invasion-suppressor gene by CpG methylation in human carcinomas. Proc
Natl Acad Sci USA 1995; 92: 7416-7419 [PMID: 7543680]
Merlo A, Herman JG, Mao L, Lee DJ, Gabrielson E, Burger
PC, Baylin SB, Sidransky D. 5’ CpG island methylation is
associated with transcriptional silencing of the tumour suppressor p16/CDKN2/MTS1 in human cancers. Nat Med
1995; 1: 686-692 [PMID: 7585152]
Widschwendter M, Fiegl H, Egle D, Mueller-Holzner E,
Spizzo G, Marth C, Weisenberger DJ, Campan M, Young J,
Jacobs I, Laird PW. Epigenetic stem cell signature in cancer.
Nat Genet 2007; 39: 157-158 [PMID: 17200673 DOI: 10.1038/
ng1941]
Issa JP, Ottaviano YL, Celano P, Hamilton SR, Davidson
NE, Baylin SB. Methylation of the oestrogen receptor CpG
island links ageing and neoplasia in human colon. Nat Genet
1994; 7: 536-540 [PMID: 7951326 DOI: 10.1038/ng0894-536]
Christensen BC, Houseman EA, Marsit CJ, Zheng S,
Wrensch MR, Wiemels JL, Nelson HH, Karagas MR, Padbury JF, Bueno R, Sugarbaker DJ, Yeh RF, Wiencke JK,
Kelsey KT. Aging and environmental exposures alter tissuespecific DNA methylation dependent upon CpG island
context. PLoS Genet 2009; 5: e1000602 [PMID: 19680444 DOI:
10.1371/journal.pgen.1000602]
Issa JP. Epigenetic variation and human disease. J Nutr
2002; 132: 2388S-2392S [PMID: 12163698]
Heyn H, Li N, Ferreira HJ, Moran S, Pisano DG, Gomez A,
Diez J, Sanchez-Mut JV, Setien F, Carmona FJ, Puca AA,
Sayols S, Pujana MA, Serra-Musach J, Iglesias-Platas I,
Formiga F, Fernandez AF, Fraga MF, Heath SC, Valencia
A, Gut IG, Wang J, Esteller M. Distinct DNA methylomes
of newborns and centenarians. Proc Natl Acad Sci USA
2012; 109: 10522-10527 [PMID: 22689993 DOI: 10.1073/
pnas.1120658109]
Cruickshanks HA, McBryan T, Nelson DM, Vanderkraats
ND, Shah PP, van Tuyn J, Singh Rai T, Brock C, Donahue G,
Dunican DS, Drotar ME, Meehan RR, Edwards JR, Berger
SL, Adams PD. Senescent cells harbour features of the
cancer epigenome. Nat Cell Biol 2013; 15: 1495-1506 [PMID:
24270890 DOI: 10.1038/ncb2879]
Waterland RA, Michels KB. Epigenetic epidemiology of
the developmental origins hypothesis. Annu Rev Nutr
2007; 27: 363-388 [PMID: 17465856 DOI: 10.1146/annurev.
nutr.27.061406.093705]
Marsit CJ, Houseman EA, Schned AR, Karagas MR, Kelsey
KT. Promoter hypermethylation is associated with current smoking, age, gender and survival in bladder cancer.
Carcinogenesis 2007; 28: 1745-1751 [PMID: 17522068 DOI:
10.1093/carcin/bgm116]
Issa JP, Ahuja N, Toyota M, Bronner MP, Brentnall TA. Accelerated age-related CpG island methylation in ulcerative
colitis. Cancer Res 2001; 61: 3573-3577 [PMID: 11325821]
Kondo Y, Kanai Y, Sakamoto M, Mizokami M, Ueda R,
Hirohashi S. Genetic instability and aberrant DNA methyla-

February 8, 2015|First Edition|

Matsusaka K et al . DNA methylation and gastric cancer

75

76

77

78
79

80

81

82

83

84

85

86

87

88

tion in chronic hepatitis and cirrhosis--A comprehensive
study of loss of heterozygosity and microsatellite instability
at 39 loci and DNA hypermethylation on 8 CpG islands in
microdissected specimens from patients with hepatocellular
carcinoma. Hepatology 2000; 32: 970-979 [PMID: 11050047
DOI: 10.1053/jhep.2000.19797]
Eads CA, Lord RV, Kurumboor SK, Wickramasinghe K,
Skinner ML, Long TI, Peters JH, DeMeester TR, Danenberg
KD, Danenberg PV, Laird PW, Skinner KA. Fields of aberrant CpG island hypermethylation in Barrett’s esophagus and associated adenocarcinoma. Cancer Res 2000; 60:
5021-5026 [PMID: 11016622]
Maekita T, Nakazawa K, Mihara M, Nakajima T, Yanaoka
K, Iguchi M, Arii K, Kaneda A, Tsukamoto T, Tatematsu M,
Tamura G, Saito D, Sugimura T, Ichinose M, Ushijima T.
High levels of aberrant DNA methylation in Helicobacter
pylori-infected gastric mucosae and its possible association
with gastric cancer risk. Clin Cancer Res 2006; 12: 989-995
[PMID: 16467114 DOI: 10.1158/1078-0432.CCR-05-2096]
Katsurano M, Niwa T, Yasui Y, Shigematsu Y, Yamashita S,
Takeshima H, Lee MS, Kim YJ, Tanaka T, Ushijima T. Earlystage formation of an epigenetic field defect in a mouse colitis model, and non-essential roles of T- and B-cells in DNA
methylation induction. Oncogene 2012; 31: 342-351 [PMID:
21685942 DOI: 10.1038/onc.2011.241]
Marshall BJ, Warren JR. Unidentified curved bacilli in the
stomach of patients with gastritis and peptic ulceration.
Lancet 1984; 1: 1311-1315 [PMID: 6145023]
Nomura A, Stemmermann GN, Chyou PH, Kato I, PerezPerez GI, Blaser MJ. Helicobacter pylori infection and
gastric carcinoma among Japanese Americans in Hawaii.
N Engl J Med 1991; 325: 1132-1136 [PMID: 1891021 DOI:
10.1056/NEJM199110173251604]
Parsonnet J, Friedman GD, Vandersteen DP, Chang Y,
Vogelman JH, Orentreich N, Sibley RK. Helicobacter pylori infection and the risk of gastric carcinoma. N Engl J
Med 1991; 325: 1127-1131 [PMID: 1891020 DOI: 10.1056/
NEJM199110173251603]
Craanen ME, Dekker W, Blok P, Ferwerda J, Tytgat GN. Intestinal metaplasia and Helicobacter pylori: an endoscopic
bioptic study of the gastric antrum. Gut 1992; 33: 16-20
[PMID: 1740271]
Rugge M, Cassaro M, Leandro G, Baffa R, Avellini C, Bufo
P, Stracca V, Battaglia G, Fabiano A, Guerini A, Di Mario F.
Helicobacter pylori in promotion of gastric carcinogenesis.
Dig Dis Sci 1996; 41: 950-955 [PMID: 8625768]
Weber DM, Dimopoulos MA, Anandu DP, Pugh WC,
Steinbach G. Regression of gastric lymphoma of mucosaassociated lymphoid tissue with antibiotic therapy for Helicobacter pylori. Gastroenterology 1994; 107: 1835-1838 [PMID:
7958698]
Bourzac KM, Guillemin K. Helicobacter pylori-host cell interactions mediated by type IV secretion. Cell Microbiol 2005; 7:
911-919 [PMID: 15953024 DOI: 10.1111/j.1462-5822.2005.00541.
x]
Hatakeyama M. Anthropological and clinical implications
for the structural diversity of the Helicobacter pylori CagA
oncoprotein. Cancer Sci 2011; 102: 36-43 [PMID: 20942897
DOI: 10.1111/j.1349-7006.2010.01743.x]
Segal ED, Cha J, Lo J, Falkow S, Tompkins LS. Altered
states: involvement of phosphorylated CagA in the induction of host cellular growth changes by Helicobacter pylori. Proc Natl Acad Sci USA 1999; 96: 14559-14564 [PMID:
10588744]
Amieva MR, Vogelmann R, Covacci A, Tompkins LS,
Nelson WJ, Falkow S. Disruption of the epithelial apicaljunctional complex by Helicobacter pylori CagA. Science
2003; 300: 1430-1434 [PMID: 12775840 DOI: 10.1126/science.1081919]
Suzuki M, Mimuro H, Kiga K, Fukumatsu M, Ishijima N,

WCGO|www.wjgnet.com

Morikawa H, Nagai S, Koyasu S, Gilman RH, Kersulyte
D, Berg DE, Sasakawa C. Helicobacter pylori CagA phosphorylation-independent function in epithelial proliferation
and inflammation. Cell Host Microbe 2009; 5: 23-34 [PMID:
19154985 DOI: 10.1016/j.chom.2008.11.010]
89 Tretyakova NY, Burney S, Pamir B, Wishnok JS, Dedon PC,
Wogan GN, Tannenbaum SR. Peroxynitrite-induced DNA
damage in the supF gene: correlation with the mutational
spectrum. Mutat Res 2000; 447: 287-303 [PMID: 10751613]
90 Matsumoto Y, Marusawa H, Kinoshita K, Endo Y, Kou
T, Morisawa T, Azuma T, Okazaki IM, Honjo T, Chiba T.
Helicobacter pylori infection triggers aberrant expression
of activation-induced cytidine deaminase in gastric epithelium. Nat Med 2007; 13: 470-476 [PMID: 17401375 DOI:
10.1038/nm1566]
91 Niwa T, Tsukamoto T, Toyoda T, Mori A, Tanaka H,
Maekita T, Ichinose M, Tatematsu M, Ushijima T. Inflammatory processes triggered by Helicobacter pylori infection cause aberrant DNA methylation in gastric epithelial
cells. Cancer Res 2010; 70: 1430-1440 [PMID: 20124475 DOI:
10.1158/0008-5472.CAN-09-2755]
92 Niwa T, Toyoda T, Tsukamoto T, Mori A, Tatematsu M,
Ushijima T. Prevention of Helicobacter pylori-induced gastric cancers in gerbils by a DNA demethylating agent. Cancer Prev Res (Phila) 2013; 6: 263-270 [PMID: 23559452 DOI:
10.1158/1940-6207.CAPR-12-0369]
93 Ushijima T, Nakajima T, Maekita T. DNA methylation as
a marker for the past and future. J Gastroenterol 2006; 41:
401-407 [PMID: 16799880 DOI: 10.1007/s00535-006-1846-6]
94 Nakajima T, Enomoto S, Yamashita S, Ando T, Nakanishi
Y, Nakazawa K, Oda I, Gotoda T, Ushijima T. Persistence
of a component of DNA methylation in gastric mucosae
after Helicobacter pylori eradication. J Gastroenterol 2010; 45:
37-44 [PMID: 19821005 DOI: 10.1007/s00535-009-0142-7]
95 Cappello M, Keshav S, Prince C, Jewell DP, Gordon S.
Detection of mRNAs for macrophage products in inflammatory bowel disease by in situ hybridisation. Gut 1992; 33:
1214-1219 [PMID: 1427374]
96 Llorent L, Richaud-Patin Y, Alcocer-Castillejos N, RuizSoto R, Mercado MA, Orozco H, Gamboa-Domínguez A,
Alcocer-Varela J. Cytokine gene expression in cirrhotic and
non-cirrhotic human liver. J Hepatol 1996; 24: 555-563 [PMID:
8773910]
97 McLaughlan JM, Seth R, Vautier G, Robins RA, Scott BB,
Hawkey CJ, Jenkins D. Interleukin-8 and inducible nitric oxide synthase mRNA levels in inflammatory bowel disease at
first presentation. J Pathol 1997; 181: 87-92 [PMID: 9072008]
98 Mihm S, Fayyazi A, Ramadori G. Hepatic expression of
inducible nitric oxide synthase transcripts in chronic hepatitis C virus infection: relation to hepatic viral load and liver
injury. Hepatology 1997; 26: 451-458 [PMID: 9252158 DOI:
10.1002/hep.510260228]
99 El-Omar EM, Carrington M, Chow WH, McColl KE, Bream
JH, Young HA, Herrera J, Lissowska J, Yuan CC, Rothman N,
Lanyon G, Martin M, Fraumeni JF, Rabkin CS. Interleukin-1
polymorphisms associated with increased risk of gastric
cancer. Nature 2000; 404: 398-402 [PMID: 10746728 DOI:
10.1038/35006081]
100 Chan AO, Chu KM, Huang C, Lam KF, Leung SY, Sun YW,
Ko S, Xia HH, Cho CH, Hui WM, Lam SK, Rashid A. Association between Helicobacter pylori infection and interleukin 1beta polymorphism predispose to CpG island methylation in gastric cancer. Gut 2007; 56: 595-597 [PMID: 17369391
DOI: 10.1136/gut.2006.113258]
101 Huang FY, Chan AO, Lo RC, Rashid A, Wong DK, Cho
CH, Lai CL, Yuen MF. Characterization of interleukin-1β
in Helicobacter pylori-induced gastric inflammation and
DNA methylation in interleukin-1 receptor type 1 knockout
(IL-1R1(-/-)) mice. Eur J Cancer 2013; 49: 2760-2770 [PMID:
23664095 DOI: 10.1016/j.ejca.2013.03.031]

284

February 8, 2015|First Edition|

Matsusaka K et al . DNA methylation and gastric cancer
119 Kaizaki Y, Sakurai S, Chong JM, Fukayama M. Atrophic
gastritis, Epstein-Barr virus infection, and Epstein-Barr
virus-associated gastric carcinoma. Gastric Cancer 1999; 2:
101-108 [PMID: 11957081 DOI: 10.1007/s101209900003]
120 Kang GH, Lee S, Kim WH, Lee HW, Kim JC, Rhyu MG,
Ro JY. Epstein-barr virus-positive gastric carcinoma demonstrates frequent aberrant methylation of multiple genes
and constitutes CpG island methylator phenotype-positive
gastric carcinoma. Am J Pathol 2002; 160: 787-794 [PMID:
11891177 DOI: 10.1016/S0002-9440(10)64901-2]
121 Chang MS, Uozaki H, Chong JM, Ushiku T, Sakuma K, Ishikawa S, Hino R, Barua RR, Iwasaki Y, Arai K, Fujii H, Nagai
H, Fukayama M. CpG island methylation status in gastric
carcinoma with and without infection of Epstein-Barr virus.
Clin Cancer Res 2006; 12: 2995-3002 [PMID: 16707594 DOI:
10.1158/1078-0432.CCR-05-1601]
122 Ushiku T, Chong JM, Uozaki H, Hino R, Chang MS, Sudo M,
Rani BR, Sakuma K, Nagai H, Fukayama M. p73 gene promoter methylation in Epstein-Barr virus-associated gastric
carcinoma. Int J Cancer 2007; 120: 60-66 [PMID: 17058198]
123 Fukayama M, Hino R, Uozaki H. Epstein-Barr virus and
gastric carcinoma: virus-host interactions leading to carcinoma. Cancer Sci 2008; 99: 1726-1733 [PMID: 18616681 DOI:
10.1111/j.1349-7006.2008.00888.x]
124 Tsai CN, Tsai CL, Tse KP, Chang HY, Chang YS. The Epstein-Barr virus oncogene product, latent membrane protein
1, induces the downregulation of E-cadherin gene expression via activation of DNA methyltransferases. Proc Natl
Acad Sci USA 2002; 99: 10084-10089 [PMID: 12110730]
125 Tsai CL, Li HP, Lu YJ, Hsueh C, Liang Y, Chen CL, Tsao
SW, Tse KP, Yu JS, Chang YS. Activation of DNA methyltransferase 1 by EBV LMP1 Involves c-Jun NH(2)-terminal
kinase signaling. Cancer Res 2006; 66: 11668-11676 [PMID:
17178861]
126 Hino R, Uozaki H, Murakami N, Ushiku T, Shinozaki A,
Ishikawa S, Morikawa T, Nakaya T, Sakatani T, Takada K,
Fukayama M. Activation of DNA methyltransferase 1 by
EBV latent membrane protein 2A leads to promoter hypermethylation of PTEN gene in gastric carcinoma. Cancer Res
2009; 69: 2766-2774 [PMID: 19339266]
127 Yajima M, Kanda T, Takada K. Critical role of Epstein-Barr
Virus (EBV)-encoded RNA in efficient EBV-induced B-lymphocyte growth transformation. J Virol 2005; 79: 4298-4307
[PMID: 15767430 DOI: 10.1128/JVI.79.7.4298-4307.2005]
128 Wu Y, Maruo S, Yajima M, Kanda T, Takada K. Epstein-Barr
virus (EBV)-encoded RNA 2 (EBER2) but not EBER1 plays a
critical role in EBV-induced B-cell growth transformation. J
Virol 2007; 81: 11236-11245 [PMID: 17686859 DOI: 10.1128/
JVI.00579-07]
129 Iwakiri D, Eizuru Y, Tokunaga M, Takada K. Autocrine
growth of Epstein-Barr virus-positive gastric carcinoma cells
mediated by an Epstein-Barr virus-encoded small RNA.
Cancer Res 2003; 63: 7062-7067 [PMID: 14612496]
130 Iwakiri D, Sheen TS, Chen JY, Huang DP, Takada K.
Epstein-Barr virus-encoded small RNA induces insulin-like
growth factor 1 and supports growth of nasopharyngeal
carcinoma-derived cell lines. Oncogene 2005; 24: 1767-1773
[PMID: 15608666 DOI: 10.1038/sj.onc.1208357]
131 Fernandez AF, Rosales C, Lopez-Nieva P, Graña O, Ballestar E, Ropero S, Espada J, Melo SA, Lujambio A, Fraga
MF, Pino I, Javierre B, Carmona FJ, Acquadro F, Steenbergen RD, Snijders PJ, Meijer CJ, Pineau P, Dejean A, Lloveras
B, Capella G, Quer J, Buti M, Esteban JI, Allende H, Rodriguez-Frias F, Castellsague X, Minarovits J, Ponce J, Capello
D, Gaidano G, Cigudosa JC, Gomez-Lopez G, Pisano DG,
Valencia A, Piris MA, Bosch FX, Cahir-McFarland E, Kieff
E, Esteller M. The dynamic DNA methylomes of doublestranded DNA viruses associated with human cancer. Genome Res 2009; 19: 438-451 [PMID: 19208682]
132 Kaneda A, Matsusaka K, Aburatani H, Fukayama M. Ep-

102 Niedobitek G, Agathanggelou A, Steven N, Young LS.
Epstein-Barr virus (EBV) in infectious mononucleosis: detection of the virus in tonsillar B lymphocytes but not in desquamated oropharyngeal epithelial cells. Mol Pathol 2000;
53: 37-42 [PMID: 10884920]
103 Epstein MA, Barr YM. Cultivation in vitro of human lymphoblasts from Burkitt’s malignant lymphoma. Lancet 1964;
1: 252-253 [PMID: 14090852]
104 zur Hausen H, Schulte-Holthausen H, Klein G, Henle W,
Henle G, Clifford P, Santesson L. EBV DNA in biopsies of
Burkitt tumours and anaplastic carcinomas of the nasopharynx. Nature 1970; 228: 1056-1058 [PMID: 4320657]
105 Young LS, Rickinson AB. Epstein-Barr virus: 40 years on. Nat
Rev Cancer 2004; 4: 757-768 [PMID: 15510157 DOI: 10.1038/
nrc1452]
106 Nalesnik MA, Jaffe R, Starzl TE, Demetris AJ, Porter K,
Burnham JA, Makowka L, Ho M, Locker J. The pathology of
posttransplant lymphoproliferative disorders occurring in
the setting of cyclosporine A-prednisone immunosuppression. Am J Pathol 1988; 133: 173-192 [PMID: 2845789]
107 Duval A, Raphael M, Brennetot C, Poirel H, Buhard O,
Aubry A, Martin A, Krimi A, Leblond V, Gabarre J, Davi
F, Charlotte F, Berger F, Gaidano G, Capello D, Canioni D,
Bordessoule D, Feuillard J, Gaulard P, Delfau MH, Ferlicot S,
Eclache V, Prevot S, Guettier C, Lefevre PC, Adotti F, Hamelin R. The mutator pathway is a feature of immunodeficiency-related lymphomas. Proc Natl Acad Sci USA 2004; 101:
5002-5007 [PMID: 15047891 DOI: 10.1073/pnas.0400945101]
108 Burke AP, Yen TS, Shekitka KM, Sobin LH. Lymphoepithelial carcinoma of the stomach with Epstein-Barr virus demonstrated by polymerase chain reaction. Mod Pathol 1990; 3:
377-380 [PMID: 2163534]
109 Shibata D, Weiss LM, Hernandez AM, Nathwani BN, Bernstein L, Levine AM. Epstein-Barr virus-associated nonHodgkin’s lymphoma in patients infected with the human
immunodeficiency virus. Blood 1993; 81: 2102-2109 [PMID:
8386027]
110 Tokunaga M, Land CE, Uemura Y, Tokudome T, Tanaka S,
Sato E. Epstein-Barr virus in gastric carcinoma. Am J Pathol
1993; 143: 1250-1254 [PMID: 8238241]
111 Fukayama M, Ushiku T. Epstein-Barr virus-associated gastric carcinoma. Pathol Res Pract 2011; 207: 529-537 [PMID:
21944426 DOI: 10.1016/j.prp.2011.07.004]
112 Watanabe H, Enjoji M, Imai T. Gastric carcinoma with lymphoid stroma. Its morphologic characteristics and prognostic correlations. Cancer 1976; 38: 232-243 [PMID: 947518]
113 Kutok JL, Wang F. Spectrum of Epstein-Barr virus-associated diseases. Annu Rev Pathol 2006; 1: 375-404 [PMID:
18039120 DOI: 10.1146/annurev.pathol.1.110304.100209]
114 Imai S, Koizumi S, Sugiura M, Tokunaga M, Uemura Y,
Yamamoto N, Tanaka S, Sato E, Osato T. Gastric carcinoma:
monoclonal epithelial malignant cells expressing EpsteinBarr virus latent infection protein. Proc Natl Acad Sci USA
1994; 91: 9131-9135 [PMID: 8090780]
115 Fukayama M, Hayashi Y, Iwasaki Y, Chong J, Ooba T, Takizawa T, Koike M, Mizutani S, Miyaki M, Hirai K. Epstein-Barr
virus-associated gastric carcinoma and Epstein-Barr virus
infection of the stomach. Lab Invest 1994; 71: 73-81 [PMID:
8041121]
116 Uozaki H, Fukayama M. Epstein-Barr virus and gastric
carcinoma--viral carcinogenesis through epigenetic mechanisms. Int J Clin Exp Pathol 2008; 1: 198-216 [PMID: 18784828]
117 Yoshiyama H, Imai S, Shimizu N, Takada K. Epstein-Barr
virus infection of human gastric carcinoma cells: implication of the existence of a new virus receptor different from
CD21. J Virol 1997; 71: 5688-5691 [PMID: 9188650]
118 Imai S, Nishikawa J, Takada K. Cell-to-cell contact as an
efficient mode of Epstein-Barr virus infection of diverse
human epithelial cells. J Virol 1998; 72: 4371-4378 [PMID:
9557727]

WCGO|www.wjgnet.com

285

February 8, 2015|First Edition|

Matsusaka K et al . DNA methylation and gastric cancer
stein-Barr virus infection as an epigenetic driver of tumorigenesis. Cancer Res 2012; 72: 3445-3450 [PMID: 22761333
DOI: 10.1158/0008-5472.CAN-11-3919]
133 Abe H, Maeda D, Hino R, Otake Y, Isogai M, Ushiku AS,
Matsusaka K, Kunita A, Ushiku T, Uozaki H, Tateishi Y,

Hishima T, Iwasaki Y, Ishikawa S, Fukayama M. ARID1A
expression loss in gastric cancer: pathway-dependent roles
with and without Epstein-Barr virus infection and microsatellite instability. Virchows Arch 2012; 461: 367-377 [PMID:
22915242 DOI: 10.1007/s00428-012-1303-2]
P- Reviewers: Leal MF, Lee HC, Zou CL S- Editor: Qi Y
L- Editor: A E- Editor: Ma S

WCGO|www.wjgnet.com

286

February 8, 2015|First Edition|

WCGO

World Clinical
Gastrointestinal Oncology

2015 First Edition
bpgoffice@wjgnet.com

ISBN 978-0-9914430-2-4
© 2015 Baishideng Publishing Group Inc. All rights reserved.

2014 ADVANCES IN GASTRIC CANCER
WJG 20th Anniversary Special Issues (8): Gastric cancer

An updated review of gastric cancer in the next-generation
sequencing era: Insights from bench to bedside and vice

versa

Hiroyuki Yamamoto, Yoshiyuki Watanabe, Tadateru Maehata, Ryo Morita, Yoshihito Yoshida, Ritsuko Oikawa,
Shinya Ishigooka, Shun-ichiro Ozawa, Yasumasa Matsuo, Kosuke Hosoya, Masaki Yamashita,
Hiroaki Taniguchi, Katsuhiko Nosho, Hiromu Suzuki, Hiroshi Yasuda, Yasuhisa Shinomura, Fumio Itoh
cancer-related death worldwide. There is an increasing
understanding of the roles that genetic and epigenetic alterations play in GCs. Recent studies using nextgeneration sequencing (NGS) have revealed a number
of potential cancer-driving genes in GC. Whole-exome
sequencing of GC has identified recurrent somatic mutations in the chromatin remodeling gene ARID1A and
alterations in the cell adhesion gene FAT4, a member
of the cadherin gene family. Mutations in chromatin
remodeling genes (ARID1A , MLL3 and MLL ) have been
found in 47% of GCs. Whole-genome sequencing and
whole-transcriptome sequencing analyses have also
discovered novel alterations in GC. Recent studies of
cancer epigenetics have revealed widespread alterations in genes involved in the epigenetic machinery,
such as DNA methylation, histone modifications, nucleosome positioning, noncoding RNAs and microRNAs.
Recent advances in molecular research on GC have
resulted in the introduction of new diagnostic and
therapeutic strategies into clinical settings. The antihuman epidermal growth receptor 2 (HER2) antibody
trastuzumab has led to an era of personalized therapy
in GC. In addition, ramucirumab, a monoclonal antibody targeting vascular endothelial growth factor receptor (VEGFR)-2, is the first biological treatment that
showed survival benefits as a single-agent therapy in
patients with advanced GC who progressed after firstline chemotherapy. Using NGS to systematically identify
gene alterations in GC is a promising approach with
remarkable potential for investigating the pathogenesis
of GC and identifying novel therapeutic targets, as well
as useful biomarkers. In this review, we will summarize
the recent advances in the understanding of the molecular pathogenesis of GC, focusing on the potential
use of these genetic and epigenetic alterations as diagnostic biomarkers and novel therapeutic targets.
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Abstract
Gastric cancer (GC) is one of the most common malignancies and remains the second leading cause of
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wide alterations in GC, several NGS studies in GC have
recently been published[18].
In this review, we summarize the key findings of past
reports pertaining to the genetics and epigenetics of GC
and their relationship to and future application in NGS.
We also describe the recurrently mutated genes and alterations in GC identified by NGS technology and discuss
the basic framework for future investigations, including
the challenges of using NGS as a tool for biomarker and
therapeutic target discovery.

© 2015 Baishideng Publishing Group Inc. All rights reserved.

Key words: Next-generation sequencing; Microsatellite
instability; MicroRNA; Epigenetic field defect; Gastric
washes; Insulin-like growth factor 1 receptor
Core tip: The genetic and epigenetic alterations in gastric cancers (GC) have biological and clinical implications. Recent advances in the molecular research of
GC have introduced new diagnostic and therapeutic
strategies to clinical settings. In this review, we summarize the key findings of past reports pertaining to the
genetics and epigenetics of GC and their relationship to
and future applications in next-generation sequencing
(NGS). We also describe the recurrently mutated genes
and alterations in GC identified by NGS technology and
discuss the basic framework for future investigations,
including the challenges of using NGS as a tool for biomarker and therapeutic target discovery.

MICROSATELLITE INSTABILITY
A type of genetic instability characterized by alterations
in length within simple repeat microsatellite sequences,
termed microsatellite instability (MSI), occurs in approximately 15% of sporadic GCs, mainly as a result
of epigenetic changes[19-22]. Genetic and epigenetic inactivation of DNA mismatch repair (MMR) genes leads
to the mutator phenotype, mutations in cancer-related
genes and cancer development (Figure 2). MSI underlies
a distinctive carcinogenic pathway because MSI-positive
(MSI+) GCs exhibit many differences in clinical, pathological and molecular characteristics compared with MSInegative (MSI-) GCs[19-22]. The differences in genotype
occur because defective MMR results in a strong mutator
phenotype with a very specific mutation spectrum. MSI
mainly accumulates frameshift mutations in the repeated
sequences located in the coding regions of a target tumor
suppressor or other tumor-related genes[23-26]. The atypical genotype of MSI+ GCs also includes specific patterns
of gene dysregulation. MSI+ GCs often show epigenetic
alterations, such as hypermethylation of various genes,
including the key MMR gene MLH1. The differences in
genotype and phenotype between MSI+ and MSI- GCs
are likely linked to their differences in biological and clinical features. Recent findings from NGS analysis, such as
the frequent mutation of the AT-rich interactive domain
1A (ARID1A) in MSI+ GCs, support this notion[27,28].
The clinicopathological, genetic, epigenetic, prognostic and therapeutic characteristics of MSI+ GCs are
becoming clearer, but further research is still required.
Because molecular targeting therapeutics are being used
in clinical settings and trials, the differential regulation of
molecular target genes in MSI+ and MSI- GCs[29,30] needs
to be clarified. Diagnostic characterization of the MSI
status of GCs thus has important implications for basic
and clinical oncology.

Original sources: Yamamoto H, Watanabe Y, Maehata T,
Morita R, Yoshida Y, Oikawa R, Ishigooka S, Ozawa S, Matsuo
Y, Hosoya K, Yamashita M, Taniguchi H, Nosho K, Suzuki H,
Yasuda H, Shinomura Y, Itoh F. An updated review of gastric
cancer in the next-generation sequencing era: Insights from
bench to bedside and vice versa. World J Gastroenterol 2014;
20(14): 3927-3937 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i14/3927.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i14.3927

INTRODUCTION
Gastric cancer (GC) is the second highest cause of global
cancer mortality. GC is a heterogeneous disease with multiple environmental etiologies and alternative pathways of
carcinogenesis[1,2]. One of the major etiologic risk factors
for GC is Helicobacter pylori (H. pylori) infection, but only a
small proportion of individuals infected with H. pylori develop GC[3,4]. There is an increasing understanding of the
roles that genetic and epigenetic alterations play in GCs
(Figure 1). Consequently, the development of appropriate
biomarkers that reflect an individual’s cancer risk is essential to reduce the mortality from GC[5,6]. Recent advances
in molecular research of GC have brought new diagnostic and therapeutic strategies into clinical settings.
Next-generation sequencing (NGS) is a technology that involves the parallel sequencing of enormous
amounts of short DNA strands from randomly fragmented copies of a genome[7,8]. NGS methods used for
genome[9], exome[10], epigenome[11] and transcriptome[12]
sequencing have the potential to provide novel avenues
towards achieving a comprehensive understanding of
diseases, including cancer[13,14]. Such advances have also
shown puzzling tumor heterogeneity with limited somatic
alterations shared between tumors of the same histopathologic subtype[15-17]. Although NGS techniques are
just beginning to expand our abilities to detect genome-
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Frequent inactivating mutations of ARID1A in molecular
subtypes of GC identified by exome sequencing
Holbrook et al[31] analyzed 50 GC samples with targeted
deep sequencing of the DNA of 384 genes. In addition
to the previously reported mutations in genes belonging
to various pathways, the authors found tractable target
genes, such as the genes for the thyrotropin receptor and
the Rho-associated coiled-coil containing protein kinases
ROCK1 and ROCK2. Wang et al[27] performed exome
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Figure 1 Genetic and epigenetic alterations in gastric carcinogenesis. The model for gastric carcinogenesis is presented based on genetic and epigenetic alterations. Methylation of the genes in blue appears to be involved in an epigenetic field defect. H. pylori: Helicobacter pylori; MSI: Microsatellite instability; EBV: EpsteinBarr virus; CIMP: CpG island methylator phenotype.

sequencing of 22 GC samples and found novel mutated
genes and pathway alterations involved in chromatin
modification. A validation study confirmed frequent
inactivating mutations or protein loss of the ARID1A
gene, which encodes one of the subunits in the Switch/
Sucrose Nonfermentable (SWI-SNF) chromatin remodeling complex. The mutation spectrum for ARID1A
differed among molecular subtypes of GC; mutations
were detected in 83% of GCs with MSI, 73% of GCs
with EBV infection and 11% of GCs without EBV and
MSI. Moreover, ARID1A mutations were negatively associated with TP53 mutations. ARID1A alterations were
associated with better prognosis in a stage-independent
manner. These results suggest the importance of altered
chromatin remodeling in the pathogenesis of GC.

also found in 47% of GCs. ARID1A mutations were
detected in 8% of GCs (9/110) and were associated with
concurrent PIK3CA mutations and MSI. Both FAT4
and ARID1A showed tumor-suppressor activity in functional assays. Somatic inactivation of FAT4 and ARID1A
may thus be key tumorigenic events in a subset of GCs.
Because PI3K inhibitors are currently in clinical testing
as treatment for GC[32], it will be interesting to evaluate
whether the tumor responses to these compounds are affected by the genomic status of ARID1A.
Frequent loss of ARID1A expression in GC with EBV
infection or MSI
Mutations of ARID1A lead to a loss of protein expression in GC and are particularly associated with EBV
infection or MSI. Abe et al[33] investigated the significance
of the loss of ARID1A in 857 GC cases, including 67
EBV+ and 136 MLH1-lost MSI+ GCs. Loss of ARID1A
expression was significantly more frequent in cases of
EBV+ (23/67; 34%) and MSI+ (40/136; 29%) GCs than
in cases of EBV-/MSI- (32/657; 5%) GCs. Loss of ARID1A was correlated with larger tumor size, deeper depth
of invasion, lymph node metastasis and poorer prognosis
in cases of EBV-/MSI- GC. A correlation with tumor size
and diffuse-type histology was found only in the MSI+
GC; no correlation was observed in EBV+ GC. Loss of
ARID1A expression in EBV+ GC was frequent in the
early stage of GC, but EBV infection did not cause loss
of ARID1A in GC cell lines. Thus, loss of ARID1A may
be an early event in EBV+ GC and may precede EBV
infection in gastric epithelial cells. On the other hand,

Recurrent somatic mutations in cell adhesion and
chromatin remodeling genes identified by exome
sequencing
Zang et al[28] also analyzed a spectrum of somatic alterations in GC by sequencing the exomes of 15 GC specimens, including 11 intestinal-type, 1-mixed-type, and 3
diffuse-type adenocarcinomas and their matched normal
DNAs. TP53 (11/15 tumors), PIK3CA (3/15) and ARID1A (3/15) were frequently mutated. Among the frequently mutated genes, cell adhesion was the most significant biological pathway affected. A prevalence screening
confirmed mutations in FAT4, a member of the cadherin
gene family, in 5% of GCs (6/110) and FAT4 genomic
deletions in 4% (3/83) of GCs. Mutations in chromatin
remodeling genes (ARID1A, MLL3 and MLL) were
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pathways[36-40]. The causes of aberrant miRNA expression
patterns in cancer include DNA copy number amplification or deletion, inappropriate transactivation, transcriptional repression by oncogenic and other factors, failure
of miRNA post-transcriptional regulation and genetic
mutation or transcriptional silencing associated with hypermethylation of the CpG island promoters.
There is accumulating evidence to support the notion
that miRNA alterations play a key role in the pathogenesis of GC[41-44]. A large number of miRNAs with different biological functions have been found to be altered
and correlated with clinicopathological characteristics
and/or prognosis in GC. Moreover, the clinical potential
of miRNA alterations as minimally invasive diagnostic
biomarkers and therapeutic targets has been extensively
reported[37,40,42,44]. Recent studies have shown that tumorderived miRNAs are present and stable in circulation,
and the levels of circulating miRNAs are detectable and
quantifiable. Both tissue and soluble miRNAs are candidates for diagnostic biomarkers and therapeutic targets
in GCs[44]. The basic strategy of current miRNA-based
treatment studies is to either antagonize the expression
of target oncogenic miRNAs with antisense therapy and
other technology or to restore the function of impaired
tumor suppressor miRNAs[42].
The inclusion of different isoforms of miRNA
(isomiRs) that are natural variants of mature miRNAs
will form a detailed miRnome. Because expression of
isomiRs can be estimated by NGS, NGS platforms provide the most effective method of miRNA profiling,
leading to the identification of the miRNA alterations
with clinical applications. Li et al [45] sequenced small
RNAs from one pair of GC and noncancerous tissue and
found that isomiR patterns are significantly different between these tissues. Moreover, these authors found that
the 5p arm and 3p arm miRNAs derived from the same
pre-miRNAs have different tissue preferences in GC and
noncancerous tissue, suggesting a novel mechanism regulating mature miRNA selection.

CIMP
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DNA methylation
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(Frameshift) mutations in (non)coding
BAX , HDAC2 , TARBP2 , XPO5

DNA methylation

ARID1A mutation

mRNA alterations
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Figure 2 Molecular pathway for microsatellite instability+ gastric cancer.
The model for the carcinogenesis of microsatellite instability (MSI)+ gastric cancer is presented. CIMP: CpG island methylator phenotype.

loss of ARID1A may be involved in the progression of
EBV-/MSI- GCs. Thus, loss of ARID1A appears to have
different, pathway-dependent roles in GC.

WHOLE-GENOME SEQUENCING
ANALYSIS OF GC
To explore the complete list of somatic alterations in
GC, Nagarajan et al[34] combined massively parallel short
read and DNA paired-end tag sequencing for the first
whole-genome analysis of two GCs, one with CIN and
the other with MSI. Integrative analysis and de novo assemblies revealed the architecture of a wild-type KRAS
amplification, a common driver event in GC[35]. Three
distinct mutational signatures were discovered against a
genome-wide backdrop of oxidative and MSI-associated
mutational signatures. Combining sequencing data from
40 complete GC exomes and targeted screening of an
additional 94 independent GCs led to the discovery of
ACVR2A, RPL22 and LMAN1 as recurrently mutated
genes in MSI+ GC and the identification of PAPPA as a
recurrently mutated gene in TP53 wild-type GC. These
results highlight how whole-genome sequencing analysis
can provide relevant information about tissue-specific
carcinogenesis that would otherwise be missed in exomesequencing data. WGS of more GCs will uncover more
recurrently altered genes.

WHOLE-TRANSCRIPTOME SEQUENCING
OF GC
The first comprehensive RNA-seq study in GC has been
recently published. Kim et al[46] applied a whole-transcriptome sequencing approach to 24 GC samples and
six noncancerous tissue specimens. Importantly, these
authors developed a multilayered integrative analysis to
identify various types of transcriptional aberrations, such
as differentially expressed mRNAs and miRNAs, as well
as recurrently mutated genes. A central metabolic regulator gene, AMPKa2 (PRKAA2), was identified as a potential functional target in GC. Six key miRNAs (miR-548d3p, miR-20b, miR-135b, miR-140-3p, miR-93 and miR19a) in GC were also identified.

miRNA alterations
A microRNA (miRNA) is a small noncoding RNA that
regulates gene expression at the posttranscriptional level
and is critical in many biological processes and cellular
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ment and maintenance of tissue-specific gene expression
patterns in mammals. Disruption of epigenetic regulation
can lead to altered gene function and malignant cellular
transformation[47]. Recent cancer epigenetic studies have
revealed various alterations in the epigenetic machinery in
GC, including DNA methylation, histone modifications,
nucleosome positioning, noncoding RNAs and miRNAs[48-52]. Aberrant DNA methylation in the promoter
CpG islands of genes results in inactivation of tumor
suppressor and other tumor-related genes in cancer cells
and is the most well-defined epigenetic hallmark in GC.
Methylation of a large number of genes with different
biological functions has been found to be correlated with
the clinicopathological characteristics and prognosis in
GC[48-52]. DNA methylation with its advantages as a biomarker for the detection of cancer in biopsy specimens
and body fluids that can be obtained non-invasively, such
as serum and gastric washes, may have a clinical application in GC. Detection of aberrant DNA methylation of
genes, such as CDH1, DAPK, GSTP1, p15, p16, RARβ ,
RASSF1A, RUNX3 and TFPI2, in the serum may be a
useful biomarker for the detection of GC[50]. Studies of
DNA methylation and histone modification using NGS
technologies, such as whole-genome bisulfite sequencing
and targeted bisulfite sequencing, will lead to new discoveries and improve our knowledge of the epigenomics of
GC[11].

for miRNAs that were induced by treatment of GC cells
with 5-aza-2’-deoxycytidine and 4-phenylbutyrate. Hypermethylation of the neighboring CpG island epigenetically
silenced miR-34b and miR-34c. Methylation of the miR34b/c CpG island was frequently observed in GC cell
lines (13/13, 100%) but not in normal gastric mucosa
from healthy H. pylori-negative individuals. Transfection
of the precursors of miR-34b and miR-34c into GC cells
suppressed growth and changed the gene expression
profile. Methylation of miR-34b/c was found in a majority of primary GCs (83/118, 70%). Notably, analysis of
the non-cancerous gastric mucosae from GC patients
(n = 109) and healthy individuals (n = 85) revealed that
methylation levels were higher in the gastric mucosae of
patients with multiple GC lesions than in the mucosae
from those patients with single GC and the mucosae
from healthy H. pylori-positive individuals. These results
suggest that miR-34b and miR-34c are novel tumor suppressors frequently silenced by DNA methylation in GC.
Methylation of miR-34b/c appears to be significantly involved in an epigenetic field defect in the stomach and to
be a useful biomarker to identify individuals at high risk
for multiple GC.
Methylation of miR-34b/c in the mucosa of the
noncancerous gastric body may be a useful biomarker
for predicting the risk of metachronous GC
Metachronous GC can develop after endoscopic resection of GC and is not predictable based on the clinical
characteristics alone. Aberrant DNA methylation in
noncancerous gastric mucosa has been implicated in
gastric carcinogenesis and may be a useful biomarker of
GC risk. Suzuki et al[55] evaluated the clinical utility of
DNA methylation as a biomarker of metachronous GC
risk. Scheduled follow-up endoscopy was performed in
129 patients after curative endoscopic resection of early
GC. Biopsy specimens were collected from noncancerous mucosa in the gastric antrum and body. A quantitative methylation analysis of miR-34b/c, SFRP1, SFRP2,
SFRP5, DKK2 and DKK3 using bisulfite pyrosequencing was performed on the collected biopsy specimens.
The utility of the methylation status for predicting the
risk of developing metachronous GC was analyzed using Kaplan-Meier and Cox proportional hazards models.
During the follow-up period, 17 patients (13%) developed metachronous GCs. The cumulative incidence
of metachronous GC was significantly higher among
patients with elevated miR-34b/c, SFRP2 and DKK2
methylation in the gastric body. Elevated methylation of
miR-34b/c showed the most significant association with
the risk of metachronous GC; the cumulative incidence
of metachronous GC was much higher in the high miR34b/c-methylation group than in the low methylation
group. Multivariate analysis adjusted for age, sex, H.
pylori status and pathological findings showed that miR34b/c methylation in the gastric body was an independent predictor of metachronous GC risk. Methylation of
miR-34b/c in the mucosa of the noncancerous gastric

Association of the aberrant methylation of RASGRF1
with an epigenetic field defect and an increased risk of
GC
Aberrant DNA methylation is implicated in the epigenetic field defect seen in GC. Thus, it is important to
identify predictive biomarkers by screening for DNA
methylation in the noncancerous background gastric
mucosa of patients with GC. Using methylated-CpG
island amplification coupled with CpG island microarray (MCAM) analysis, Takamaru et al[53] found 224 genes
that were methylated in the noncancerous gastric mucosa
of patients with GC. Among them, RASGRF1 methylation was significantly elevated in the gastric mucosa from
patients with either intestinal- or diffuse-type GC, compared with the mucosa from healthy individuals. RASGRF1 methylation was independent of mucosal atrophy
and could be used to distinguish both serum pepsinogen
test-positive and -negative patients with GC from healthy
individuals. Ectopic expression of RASGRF1 suppressed
colony formation and Matrigel invasion by GC cells.
RASGRF1 methylation appears to be significantly involved in the epigenetic field defect of the stomach and
to be a useful biomarker to identify individuals at high
risk for GC.
Association of aberrant methylation of miR-34b/c with
an epigenetic field defect and an increased risk of GC
The silencing of miRNAs is often associated with CpG
island hypermethylation. Thus, to identify epigenetically silenced miRNAs in GC, Suzuki et al[54] screened
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Figure 3 Methylation levels of Sox17 before and after endoscopic submucosal dissection. Methylation levels of Sox17 were analyzed by pyrosequencing using
the DNA recovered from gastric washes before and after endoscopic submucosal dissection[57].

body may be a useful biomarker for predicting the risk
of metachronous GC. Finally, NGS technologies may
characterize an epigenetic field defect more clearly and
highlight more useful biomarkers.

tween methylation levels in tumor biopsy samples and
gastric washes was noted. MINT25 methylation showed
the best sensitivity (90%) and specificity (96%), and it had
the greatest area under the receiver operating characteristic curve (0.961) in terms of tumor detection in gastric
washes. MINT25 methylation in gastric washes may be a
sensitive and specific marker for the screening of GC.

Sensitive and specific detection of early GC by DNA
methylation analysis of gastric washes
Because many mucosal cells can be found in the gastric
juice, the detection of molecular markers in the gastric
juice was a possible noninvasive approach to detect GC.
However, the use of gastric juice as a molecular diagnostic or predictive tool has been previously reported to
be impractical because the DNA is easily degraded by
gastric acidity. In this regard, Watanabe et al[56] have developed a new method for GC detection by DNA methylation in gastric washes but not in gastric juice. These
authors analyzed 51 candidate genes in 7 GC cell lines
and 24 GC samples (training set). They then selected 6
genes (MINT25, RORA, GDNF, ADAM23, PRDM5
and MLF1) for further analyses. The methylation status
of these genes was analyzed in a test set consisting of
131 GCs at various stages. The 6 candidate genes were
validated in a different population of 40 primary GC
samples and 113 noncancerous gastric mucosa samples.
The 6 genes showed differential methylation in GC and
normal mucosa in the training, test and validation sets.
GDNF and MINT25 were the most sensitive molecular
markers of early-stage GC, whereas PRDM5 and MLF1
were markers of a field defect. A close correlation be-
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Detection of early GC by DNA methylation analysis of
Sox17 in gastric washes
Although minimally invasive treatment is widely accepted for early-stage GC, appropriate risk markers to
detect residual cancer after endoscopic resection and the
potential for recurrence are not available. To find candidate genes that might be markers for the detection of
early GC, Oishi et al[57] performed methylated CpG island
amplification microarray analysis on 12 gastric washes
(from the pre- and post-endoscopic treatment of six
patients). Among the candidate genes, the Sox17 gene
was selected for further analysis. The DNA methylation
status of Sox17 was examined in a validation set consisting of 128 gastric wash samples (64 pre-treatment and 64
post-treatment) from cases of early GC. Sox17 showed
significant differential methylation in the pre- and posttreatment gastric washes of early GC patients (Figure 3).
Moreover, the treatment of GC cells that lacked Sox17
expression with the methyltransferase inhibitor 5-aza-2′deoxycytidine restored the gene’s expression. Additionally, the introduction of exogenous Sox17 into silenced
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GC cells suppressed colony formation. The data suggest
that the silencing of Sox17 occurs frequently in early GC
and plays a key role in the disease. Gastric wash-based
DNA methylation analysis could be useful for the early
detection of recurrence following endoscopic resection
in early GC patients. Interestingly, the usefulness of gastric wash-based molecular testing for antibiotic resistance
in H. pylori has also been reported[58]. It will be interesting
to analyze gastric washes using NGS.

dysregulation of HER2 downstream signal effectors
and interaction of HER2 with other membrane receptors (Figure 4). The PI3K-Akt pathway is one of the
main downstream signaling pathways of HER2. It is well
known that PIK3CA mutations and PTEN inactivation
cause over-activation of a downstream signal without
activation of an upstream signal. The frequencies of
PIK3CA mutations and PTEN inactivation in GC have
been reported to be 4%-25% and 16%-77%, respectively.
However, little is known about the association between
HER2 expression and PI3K-Akt pathway alterations in
GC. Sukawa et al[29] have found that HER2 overexpression was significantly correlated with pAkt expression
in GC tissues. Furthermore, pAkt expression was correlated with poor prognosis. These results suggest that
the PI3K-Akt pathway plays an important role in HER2positive GC. Moreover, PIK3CA mutations and PTEN
inactivation could affect the effectiveness of HER2targeting therapy. Thus, it is necessary to clarify not only
HER2 alterations but also PI3K-Akt pathway alterations
to optimize HER2-targeting therapy in patients with GC.
In this regard, NGS will be useful for the identification
of complicated mechanisms of trastuzumab resistance in
GC. The only approved targeted therapy for patients with
advanced GC is trastuzumab. It is hoped that NGS will reveal a driver gene alteration that will make other targeted

Anti-HER2 antibody trastuzumab has led to an era of
personalized therapy in GC
Trastuzumab is an antibody that targets the HER2 extracellular domain and induces antibody-dependent cellular
cytotoxicity and inhibition of the HER2 downstream
signals (Figure 4). In the ToGA study, standard chemotherapy regimens (capecitabine plus cisplatin or fluorouracil plus cisplatin) combined with trastuzumab resulted
in a longer survival time than standard regimens without
trastuzumab in patients with HER2-positive GC [59].
Thus, HER2 expression has become a major concern
in GC[60]. HER2 overexpression is observed in 7%-34%
of GC cases. Mechanisms of resistance to trastuzumab
have been reported in breast cancer. There are various
mechanisms underlying trastuzumab resistance, such
as alterations of the HER2 structure or surroundings,
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therapies possible[13,61].

1 (IGF1) receptor, c-MET], MEK inhibitors and drugs
targeting the Hedgehog pathway[65].
Dysregulation of the IGF1 and IGF2/IGF1R system
has been implicated in the pathogenesis of GC[66-69]. The
expression levels of both IGFs and IGF1R are increased
in GC. IGF1R is also involved in angiogenesis and lymphangiogenesis through the modulation of VEGF expression in a GC cell line[70]. IGF1R blockade reduced tumor
angiogenesis and enhanced the effects of bevacizumab
in a GC cell line. Thus, targeting IGF1R in combination with agents that block the VEGF pathway may have
therapeutic utility in GC. Moreover, targeting the novel
miR-7/IGF1R/Snail axis has been reported to be useful
as a therapeutic approach to block GC metastasis[71].

Monoclonal antibodies targeting VEGF (AVAGAST trial)
and VEGFR-2 (REGARD trial) in advanced GC
Several vascular endothelial growth factor (VEGF)-targeted agents have been developed, including neutralizing
monoclonal antibodies (MoAbs) to VEGF/VEGFRs,
soluble VEGF receptors and tyrosine kinase inhibitors
(TKIs). The anti-VEGF MoAb bevacizumab has been
approved for colorectal cancers. VEGF and VEGF
receptor-2 (VEGFR-2)-mediated signaling and angiogenesis contribute to the pathogenesis and progression
of GC. The Avastin in Gastric Cancer (AVAGAST) trial
was a multinational, randomized, placebo-controlled trial
designed to evaluate the efficacy of adding bevacizumab
to capecitabine-cisplatin in the first-line treatment of
advanced GC[62]. The study showed that adding bevacizumab to the chemotherapy regimen in patients with
advanced GC improved the progression-free survival and
tumor response rate but not the overall survival. A following biomarker evaluation analysis revealed that plasma
VEGF-A and tumor neuropilin-1 are strong biomarker
candidates for predicting the clinical outcome in patients
with advanced GC treated with bevacizumab[63]. In this
regard, NGS will be a powerful method for the identification of predictive biomarkers.
To analyze whether ramucirumab, a monoclonal antibody targeting VEGFR-2, prolongs survival in patients
with advanced GC, an international, randomized, doubleblind, placebo-controlled, phase 3 trial was conducted in
29 countries[64]. In total, 355 patients with advanced gastric or gastro-esophageal junction adenocarcinoma and
disease progression after first-line chemotherapy were
randomly assigned (2:1) to receive best supportive care
plus either ramucirumab 8 mg/kg (n = 238) or placebo
(n = 117), intravenously once every 2 wk. The primary
endpoint was overall survival. The median overall survival was 5.2 mo in the ramucirumab group and 3.8 mo
in the placebo group (HR = 0.776, 95%CI: 0.603-0.998,
P = 0.047). The survival benefit with ramucirumab remained unchanged after multivariate adjustment for other
prognostic factors (multivariate HR = 0.774, 95%CI:
0.605-0.991, P = 0.042). Thus, ramucirumab is the first
biological treatment given as a single drug that showed
survival benefits in patients with advanced gastric or gastro-esophageal junction adenocarcinoma who progressed
after first-line chemotherapy. The findings also validate
VEGFR-2 signaling as an important therapeutic target in
advanced GC.

CONCLUSION
The genetic and epigenetic alterations in GCs continue
to inspire biological and clinical implications. Recent advances in the molecular study of GC have brought new
diagnostic and therapeutic strategies into clinical settings.
The advantages of using DNA methylation as a biomarker for the detection of GC in biopsy specimens and noninvasive body fluids such as serum and gastric washes
may have a possible clinical application in GC. Further
analysis is required to gain a deeper insight into GC carcinogenesis, a better understanding of disease pathogenesis
and the development of new diagnostic and therapeutic
approaches targeting essential pathogenic alterations. In
this regard, the rapid advances in NGS technologies will
hopefully continue to reveal driver alterations of GC,
further our understanding of gastric carcinogenesis and
improve the therapy for each individual tumor. The characterization of genes that were discovered by NGS rather
than by laboratory and clinical research is also necessary.
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Core tip: Endoscopic submucosal dissection (ESD) for
intramucosal undifferentiated (UD) type early gastric
cancer (EGC) without ulceration and with diameter
≤ 2 cm is regarded as an investigational treatment
according to the Japanese gastric cancer treatment
guidelines. In contrast, the controversial results about
the safety of ESD for UD-EGC fulfilling the criteria have
been reported and a little is known about the long-term
outcomes. Therefore, in this review, we focused on the
safety and therapeutic efficacy of ESD for UD-EGC with
reference to risks for lymph node metastasis within the
proposed criteria as well as the short-term and longterm outcomes of ESD for UD-EGC.

Abstract
Although endoscopic submucosal dissection (ESD) is
now accepted for treatment of early gastric cancers
(EGC) with negligible risk of lymph node (LN) metastasis, ESD for intramucosal undifferentiated type EGC
without ulceration and with diameter ≤ 2 cm is regarded as an investigational treatment according to the
Japanese gastric cancer treatment guidelines. This consideration was largely based on the analysis of surgically resected EGCs that contained undifferentiated type
EGCs; however, results from several institutes showed
some discrepancies in sample size and incidence of LN
metastasis. Recently, some reports about the safety and
efficacy of ESD for undifferentiated type EGC meeting
the expanded criteria have been published. Nonetheless, only limited data are available regarding long-term
outcomes of ESD for EGC with undifferentiated histology so far. At the same time, endoscopists cannot ignore
the patients’ desire to guarantee quality of life after
the relatively non-invasive endoscopic treatment when
compared to conventional surgery. To satisfy the needs
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INTRODUCTION
Early gastric cancer (EGC) is defined as gastric cancer
that is confined to the mucosa or submucosa, irrespective
of the presence of regional lymph node (LN) metasta-
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Depth

Mucosal cancer
No ulceration

Histology

≤ 20 mm

> 20 mm

Submucosal cancer
Ulceration

≤ 30 mm

> 30 mm

SM1

≤ SM2

≤ 30 mm

Any size

Differentiated
Undifferentiated
Absolute indications for EMR or ESD

Expanded indications for ESD

Consider surgery

Surgery (Gastrectomy and lymph node dissection)

Figure 1 Absolute and expanded indication for endoscopic mucosal resection and endoscopic submucosal dissection for early gastric cancer. SM1: Tumor invasion into the upper third of the submucosa (≤ 500 μm); SM2: Tumor invasion into the mid-third of the submucosa (> 500 μm). EMR: Endoscopic mucosal
resection; ESD: Endoscopic submucosal dissection.

ses[1]. In the Eastern hemisphere, up to 70% of all gastric
cancers are diagnosed as EGCs (due to mass population
screening)[2-4], whereas in the Western hemisphere, the
rate of gastric cancers identified as EGCs accounts for
only about 15%[5,6]. EGC reveals a favorable prognosis
compared with advanced gastric cancer, with 5-year survival rates being in excess of 90% to 95%, based on Korea, Japan, and European data[7-13].
In Eastern countries, endoscopic resection (ER),
including endoscopic mucosal resection (EMR) and endoscopic submucosal dissection (ESD), has been widely
accepted as a minimally invasive treatment for EGC with
a negligible risk of LN metastasis[14-18]. Recently, considerable data have also been reported from the Western
world as ER is gaining wide acceptance[19-21]. Tumors indicated for ER as a standard treatment are differentiatedtype adenocarcinomas without ulceration, of which the
depth of invasion is clinically diagnosed as mucosal layer
and the diameter is ≤ 20 mm[22]. Gotoda et al[23] studied
surgically resected specimens of EGC and suggested the
following four expanded indication criteria for endoscopic treatment of EGC without LN metastasis: (1) differentiated intramucosal cancer without ulceration, regardless
of size; (2) differentiated intramucosal cancer with ulceration and diameter ≤ 30 mm; (3) differentiated minute
submucosal penetrative cancer in diameter ≤ 30 mm;
and (4) undifferentiated (UD) type intramucosal cancer
without ulceration and diameter ≤ 20 mm. In particular,
surgery was still considered in the UD-EGC meeting the
expanded criteria because endoscopic en-bloc removal was
sometimes difficult in this type of tumors (Figure 1)[24,25].
However, Hirasawa et al[26] added to the body of evidence
that there is no LN metastasis in patients with UDEGC within the expanded criteria. This study revealed
the 95%CI of the calculated risk of metastasis to nodes
was 0%-0.96%, while the earlier study by Gotoda et al[23]
showed that of risk was 0%-2.6% due to small sample
size (n = 141), which may potentially be inferior to the
outcomes of surgical resection.
Along these lines, the Japanese gastric cancer treatment guidelines (2010, ver. 3) state that ER for these UDEGCs is regarded as an investigational treatment, and
that ESD, not EMR, should be employed. In contrast,
clinical practice guidelines, according to both National
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Comprehensive Cancer Network[27] and European Society for Medical Oncology[28], do not yet recognize ER for
EGCs meeting the expanded criteria as safe. Moreover,
the controversial results about the safety of ESD for
UD-EGC fulfilling the criteria have been reported and a
little is known about the long-term outcomes. Therefore,
in this review, we focused on the safety and therapeutic
efficacy of ESD for UD-EGC with reference to risks for
LN metastasis within the proposed criteria as well as the
short-term and long-term outcomes of it.

PREOPERATIVE ASSESSMENT OF LN
METASTASIS
The most important factor concerning endoscopic treatment with curative intent is the prediction of regional LN
metastasis before treatment[22,27,28]. Reported rates of LN
metastasis in EGC range from 5.7% to 20% based on
the analysis of surgically resected specimen of EGC[29-34].
UD-EGC demonstrates 4.2% to 4.9% and 19.0% to
23.8%of LN metastasis in the mucosal and submucosal
invasive tumors, respectively[23,26]. To date, no imaging
modality has been proven to be consistently accurate in
assessing LN metastasis in EGC[35,36]. Endoscopic ultrasound (EUS) is one of most studied procedures for the
locoregional staging of gastric cancer. Reported sensitivities and specificities of EUS to detect LN metastases
in gastric cancers varied widely, between 16.7% and
95.3%, and between 48.4% and 100%, respectively[35].
EUS demonstrated a moderate accuracy that seems to
describe advanced T stage (T3 and T4) better than N or
less advanced T stage[37,38]. Although a clinically relevant
benefit of EUS to distinguish intramucosal lesions from
submucosal lesions should be further improved[39], EUS
is an important imaging modality for preoperative assessment to exclude LN metastasis as well as to confirm
deeper wall invasion including the proper muscle layer.
Nevertheless, we should consider that UD histology
would cause under-diagnosis and affect the accuracy of
EUS compared to the differentiated histology[40].
In addition to the diagnostic role of magnifying endoscopy with narrow-band imaging (ME-NBI) for determining tumor margin in EGC[41,42], ME-NBI has been
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Table 1 Curability for endoscopic resection of early gastric
cancer

RISK FACTORS FOR LN METASTASIS
AND PROPOSED CRITERIA FOR ESD

Curability criteria

Because currently available imaging modalities fail to accurately evaluate nodal status, endoscopic resectability according to nodal status in EGC and subsequent curability
are still determined by means of the presence or absence
of certain tumor characteristics which were obtained from
the analysis of surgically resected EGC. According to the
Japanese gastric cancer treatment guidelines[22], the main
risk factors predictive of LN metastasis in EGC are histologic type, depth of invasion, ulceration, size, and lymphovascular invasion largely based on two large-scale datasets[23,26]. These factors consist of absolute and expanded
indications as well as curability of ER with en bloc resection
and negative lateral/vertical margin (Table 1)[22,51]. A metaanalysis by Kwee et al[52] identified the characteristics related
to LN metastasis in EGC, including age, gender, location,
size, macroscopic type, ulceration, histologic type in accordance with Japanese and Lauren classification, lymphovascular invasion, submucosal vascularity, a proliferating cell
nuclear antigen labeling index, a matrix metalloproteinase9-positivity, a gastric mucin phenotype, and a vascular endothelial growth factor-C-positivity. These factors revealed
partially different correlations with LN metastasis in intramucosal and submucosal EGCs, respectively.
With regard to LN metastasis particularly in UDEGC, many recent studies investigated the risk factors
and suggested their criteria for ER of UD-EGC (Table
2)[23,26,53-65]. The overall rates of LN metastasis in UDEGC varied from 7.9% to 24.5%; however, the heterogeneous composition in subtypes of UD histology in
lesions from 15 studies should be taken into account.

Curative
resection

Curative
resection for
expanded
indications

Non-curative
resection

En bloc resection, no lateral and vertical margin
positivity, no lymphovascular invasion
Intramucosal cancer, differentiated histology, size ≤
20 mm, No ulcerative finding
En bloc resection, no lateral and vertical margin
positivity, no lymphovascular invasion
Intramucosal cancer, differentiated histology, size >
20 mm, no ulcerative finding
Intramucosal cancer, differentiated histology, size ≤
30 mm, presence of ulcerative finding
SM 1 depth of invasion, differentiated histology, size
≤ 30 mm, no ulcerative finding
Intramucosal cancer, undifferentiated histology, size
≤ 20 mm, no ulcerative finding
Any resection that does not satisfy one of the above
criteria

SM: Submucosa.

suggested as a supporting tool for the assessment of
invasion depth in EGC[43-46]. In contrast to the usefulness
of ME-NBI for evaluating invasive depth in esophageal
or colon cancer[47,48], the utility of ME-NBI for determining invasion depth in EGC is not conclusive, because the
invasive tumor is often not exposed at the surface and the
mucosal structure remains, even when cancer invades the
submucosa. Therefore, it is difficult to estimate reliably
the depth of invasion by surface appearance[49]. ME-NBI
should also distinguish findings suggestive of submucosal invasion from those indicative of the UD histologic
type[44,45]. The findings of a nonstructural pattern in the
neoplastic lesion of the stomach on ME[45] or no surface
pattern and sparse microvessels (markedly distorted,
isolated, heterogeneous) or with avascular areas on MENBI[44] are indicative of undifferentiated type adenocarcinoma or differentiated cancer with deep submucosal invasion. In contrast, ME-NBI images of UD-EGC were very
closely related to the histopathological findings in other
study[50], and therefore, this imaging tool can be useful
in the pretreatment assessment of the histopathological
patterns of cancer development and the lateral extent of
UD-EGC. Thus, the role of ME-NBI in differentiation
of histologic types in addition to invasive depth should be
validated through further prospective studies.
Other imaging modalities including abdominal ultrasound (AUS), computed tomography (CT), magnetic
resonance imaging (MRI), and positron emission tomography (PET) achieved limited success to stage preoperative LN status[35,36]. A meta-analysis by Seevaratnam et al[36]
showed that imaging modalities range in overall accuracy
from 53.4% (MRI) to 68.1% (AUS), in sensitivity from
40.3% (PET) to 85.3% (MRI), and in specificity from
75.0% (MRI) to 97.7% (PET), with no significant differences between modalities. To date, there are no clinically
relevant imaging tools to detect the submucosal invasion
and the LN metastasis in EGC that are critical conditions
for determining proper candidates for ER.

WCGO|www.wjgnet.com

Size of lesion
Although the intramucosal lesions without ulceration and
diameter ≤ 20 mm have been considered as rational criteria for ESD in UD-EGC by Japanese researchers[23,26],
different ER criteria have also been suggested with various standards in size, depth of invasion, and presence of
ulcerative finding[53-65]. Concerning lesion size, a majority
of recent studies (11/15, 73.3%) suggested that a diameter of 20 mm to 30 mm would be the upper limit of the
size criterion for UD-EGC to be amenable to treatment
with ESD; however, the remaining four studies proposed
a diameter of 10 or 15 mm as the upper limit of the criterion, based on their results suggesting the possibility of
LN metastasis even in smaller UD-EGC[54,60,64,65]. Debates
over the size criterion were highlighted by several reports
of LN metastasis of UD-EGCs within the expanded
criteria, including a diameter ≤ 20 mm[31,66-70]. Moreover,
the size discrepancy between pathologic size and endoscopic size should be resolved, because we can only
determine the indications of ER based on the endoscopically estimated size. While a previous study revealed that
endoscopic visual estimation method was found to show
reliable agreement with pathologic measurements in
EGC treated with ER[71], other earlier ESD series showed
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Table 2 Proposed criteria for endoscopic resection of undifferentiated type early gastric cancer
Study

Year

Tong et al[53]

2011

Kim et al[54]

Country

No. of
No. of
patients with patients with
PD/SRC/MC
UD-EGC

LNM in Risk factors related to
LNM in
LNM in UD-EGC
UD-EGC, proposed
criteria
n (%)

193

81/102/7/31

46 (23.8)

0/72

2011 South Korea

707

288/419/0

65 (9.2)

0/101

Li et al[55]

2010

108

85/16/7

16 (14.8)

0/25

Park et al[56]
Kunisaki et al[57]

2009 South Korea
2009
Japan

215
573

Only SRC
182/378/13

17 (7.9)
74 (12.9)

0/57
0/85

China

China

Hirasawa et al[26] 2009

Japan

3843

NA

504 (13.1)

0/310

Hanaoka et al[58]

2009

Japan

143

NA

35 (24.5)

0/41

Ye et al[59]

2008 South Korea

591

266/316/9

79 (13.4)

0/119

Park et al[60]

2008 South Korea

234

Only PD

25 (21.6)

0/56

Li et al[61]

2008

85

Only PD

12 (14.1)

0/25

Li et al[62]

2008 South Korea

646

307/330/9

61 (9.4)

1/201

Ha et al[63]

2008 South Korea

641

248/388/5

100 (15.6)

0/77

Hyung et al[64]

2004 South Korea

289

NA

43 (14.9)

NA

Abe et al[65]
Gotoda et al[23]

2004
2000

175
2341

68/104/3
NA

32 (18.3)
243 (10.4)

0/6
0/141

China

Japan
Japan

Proposed criteria of ER for UD-EGC
Size, mm

Depth of
invasion

Size, depth of invasion, NS or ≤ 20 M or SM
LVI, Histologic type
Size, depth of invasion,
153
M
2
LVI, Age
Size, depth of invasion,
20
M
LVI
Depth of invasion, LVI
25
SM2
Size, depth of invasion,
20
M
LVI
Size, depth of invasion,
20
M
LVI
4
Size, depth of invasion,
30
≤ 500 μm
LVI, Histologic type
Size, depth of invasion,
25
M
LVI
Size, depth of invasion,
15
M or
LVI
≤ 500 μm
Size, depth of invasion,
20
M
LVI
Size, depth of invasion,
20
M
LVI
Size, depth of invasion,
20
M
LVI, histologic type
Size, depth of invasion,
15
M
LVI, histologic type
Size, LVI
10
M
Size, depth of invasion,
20
M
LVI, histologic type,
ulcer, macroscopic type

Ulcer LVI
NS

No

NS

No

NS

No

NS
NS

No
No

No

No

NS

No5

NS

No

NS

No

NS

No

NS

No

NS

No

NS

No

NS
No

No
No

1

Three patients had EGCs with histology of undifferentiated adenocarcinoma; 2Young age less than 45 years was related to the lymph node metastasis of
only poorly-differentiated carcinoma; 3Size criteria were ≤ 25 mm in poorly-differentiated adenocarcinomas and ≤ 15 mm in signet-ring cell carcinomas,
respectively; 4The depth of invasion in proposed criteria was ≤ 500 μm or no more from the lower margin of the muscularis mucosae; 5Hanaoka et al also
suggested the proportion of undifferentiated components < 50% as one of criteria. UD-EGC: Undifferentiated type early gastric cancer; PD: Poorly-differentiated adenocarcinoma; SRC: Signet-ring cell carcinoma; MC: Mucinous carcinoma; LNM: Lymph node metastasis; ER: Endoscopic resection; LVI: Lymphovascular invasion; M: Mucosa; SM: Submucosa; NS: Not significant; NA: Not available.

ies. More importantly, the majority of recent studies
reported the LN metastasis in a depth of submucosal
invasion[23,26,54,55,57,59,61-65].

the mean size discrepancies ranged from 5.8 mm to 6.8
mm, which are not negligible in ER for EGC[72,73]. In
UD-EGC, the margins of the lesion tend to be obscured
compared to the differentiated histology, which was
found to cause frequent margin failure of ESD in our
previous report[74]. Thus, a standard reliable measurement
method is required through further prospective studies[75].

Ulceration
Ulceration within the lesion is the representative finding
with heterogeneity. More than moderate heterogeneity
was identified at previous meta-analysis with possible explanation for this heterogeneity due to the interobserver
variability between studies for the assessment of tumor
ulcerations[52]. Furthermore, this may be due to the different definitions in addition to the interobserver variability
for the assessment of ulcerations[52,67,75,80]. Though most
of the recent studies (13/15, 86.7%) did not consider the
ulcer finding in their proposed criteria, patients with tumor ulcerations had a significantly higher risk of LN metastasis in intramucosal EGC irrespective of histological
type at meta-analysis[52]. And ulcerous change decreases
the accuracy of EUS diagnosis for the invasive depth
of EGC[81]. Therefore, we do not consider ER for UDEGCs with ulceration as safe.

Submucosal invasion
Some studies suggest that a shallow submucosal invasion is an acceptable depth of invasion in ESD for
UD-EGC[53,56,58,60]. However, this suggestion should be
reserved until EUS is more reliable for determination of
invasive depth, because there is a high chance of endosonographically underestimated depth of invasion and
subsequently higher vertical margin positivity in poorlydifferentiated EGC[40,74], in addition to the difficult assessment of depth of invasion in UD-EGC[76-79]. Additionally, the numbers of enrolled UD-EGCs in these studies,
suggesting a minute submucosal invasion as a criterion
for ER, were relatively small compared with other stud-
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Table 3 Clinical characteristics of representative studies on endoscopic resection for undifferentiated type early gastric cancer
Study

Year

Country

Kim et al[80]
Abe et al[87]
Park et al[88]
Okada et al[89]
Kamada et al[76]
Yamamoto et al[90]
Kang et al[73]
Kim et al[74]

2013
2013
2012
2012
2012
2010
2010
2009

South Korea
Japan
South Korea
Japan
Japan
Japan
South Korea
South Korea

1

1

No. of patients No. of patients
Age (yr)
Sex (male) SM invasion Ulcer
Size (mm) Size > 20 mm
with UD-EGC with PD/SRC
74
55/19
61.8 ± 12.0
40 (54.1)
16 (21.6) 11 (14.9) 19.9 ± 12.5
36 (48.6)
97
18/77/22
62.0 (35.0-88.0)3 55 (56.7)
19 (19.6)
9 (9.3)
12.03
14 (14.4)
77
47/154
60.9 (33.0-82.0) 49 (63.6)
12 (15.6)
4 (5.2)
23.3 ± 14.0
35 (45.5)
1035
12/91
59.0 (34.0-91.0) 48 (46.6)
10 (9.7)
1 (1.0) 8.0 (1.0-33.0)3
NA
46
NA
65.5 (29.0-90.0) 24 (52.2)
7 (15.2)
1 (2.2)
NA
8 (17.4)
58
48/10
64.0 (33.0-81.0) 31 (53.4)
7 (12.1)
2 (3.4) 11.0 (2.0-28.0)
5 (8.6)
60
30/30
56.7 ± 10.4
31 (51.7)
17 (28.3) 17 (28.3) 26.3 ± 12.9
31 (51.7)
58
17/41
55.0 (26.0-81.0) 26 (44.8)
NA
0 (0)
13.3 ± 6.5
4 (6.9)

Data are expressed as absolute numbers (percentage) or mean ± SD. 1Data are expressed as mean with standard deviation or range; 2Two patients had EGCs
with histology of moderately to poorly differentiated adenocarcinoma; 3Data are expressed as median with or without range; 4Fifteen patients had EGCs
with mixed type histology; 5A total of 103 EGCs in 101 patients were enrolled. UD-EGC: Undifferentiated typr early gastric cancer; PD: Poorly-differentiated adenocarcinoma; SRC: Signet-ring cell carcinoma; SM: Submucosa; NA: Not available.

Lymphovascular invasion
Only the absence of lymphovascular invasion was the criterion included by all studies, which was consistent with
the results of a meta-analysis revealing that lymphatic
tumor invasion is the strongest predictor for LN metastasis in both mucosal and submucosal gastric cancer[52].
For this reason, EGCs with lymphovascular invasion in
endoscopically resected specimen should be treated by
further surgery[22]. However, the Japanese gastric cancer treatment guidelines are not based on the status of
lymphovascular invasion. The lymphovascular invasion
is involved in the decision of curability of ER, since its
evaluation can only be available in specimens obtained
by ER. Moreover, the determination of lymphovascular
invasion sometimes lacks objectivity possibly because of
the inability to distinguish lymphatics from blood vessels
on conventional hematoxylin-eosin staining[82]. Several
studies suggested an endoscopic elevated macroscopic
type[83] and a stromal cell-derived factor-1α as risk factors
of lymphovascular invasion[84] with reports of usefulness
of immunohistochemical staining for detection[82,85,86].
Considering the importance of lymphovascular invasion
for prediction of LN metastasis, prospective studies of
preoperative prediction for lymphovascular invasion are
warranted.

the expanded criteria, respectively. The two studies that
included patients who refused surgery and lesions with
ulcerations in endoscopic finding showed relatively high
submucosal invasion and ulceration rates. The inaccurate
endoscopic size estimation in UD-EGCs is well noted in
the studies, because the lesions with size > 20 mm were
noted in up to 45.5% of lesions[88]. Particularly, the study
including intramucosal UD-EGC with size ≤ 20 mm
regardless of ulcerations revealed notably higher SM invasion (28.3%), ulcer finding (28.3%), and size > 20 mm
(51.7%) rates[73]. The overall inaccuracies of assessment
of depth of invasion, ulcerative findings, and size of
UD-EGC tumors fulfilling the expanded criteria are not
negligible, and thus ESD criteria based on endoscopic
and histologic findings in UD-EGC should have more restrictions compared to differentiated EGC. To overcome
this limitation, new methods beyond the current level of
technology are strongly needed.

SHORT-TERM OUTCOMES
In addition to a very low possibility of LN metastasis, the
safety of ESD for UD-EGC can be established based
on the feasibility of curative resection with acceptable
complication rates and consequently favorable long-term
outcomes.
Short-term outcomes, including en bloc resection, complete resection, curative resection, and complication rates,
of ER for UD-EGC are listed in Table 4[73,74,76,80,87-90].
Whereas homogeneous definitions of en bloc resection
applied for the studies, the definitions of complete resection category were heterogeneous depending on the involvement of en bloc resection or lymphovascular invasion
or submucosal invasion[73,74,80,87,90]. Additionally, the definitions of curative resection in some studies did not clarify
the involvement of en bloc resection[80,89,90]. The overall
rates of en bloc resection, complete resection, and curative
resection of ER for UD-EGCs varied from 83.1% to
100%, from 55.0% to 90.7%, and from 31.1% to 82.5%,
respectively, while those of ESD for UD-EGCs meeting the expanded criteria ranged from 91.3% to 99.0%,
from 89.7% to 90.7%, and from 63.9% to 82.5%, respec-

CLINICAL CHARACTERISTICS
Clinical characteristics of recent representative studies on
ER for UD-EGC are summarized in Table 3[73,74,76,80,87-90].
All eight studies were analyzed retrospectively. The numbers of lesions ranged from 46 to 103 lesions and were
not large enough to elicit conclusive results. Six studies
performed solely ESD[73,76,80,87,89,90] and the rest carried
out both EMR and ESD[74,88]. Inclusion criteria of these
studies were based on the expanded criteria except those
of two studies by Kim et al[80] and Kang et al[73]. The study
by Kim et al[80] included patients who refused surgery and
were treated by ESD as an experimental treatment. The
study by Kang et al[73] included patients with UD-EGC
with ulceration. Submucosal invasion and ulcers were
noted in 9.7%-19.6% and 1.0%-9.3% of lesions satisfying
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Table 4 Short-term outcomes of endoscopic resection for undifferentiated early gastric cancer n (%)
Study

LMP

Kim et al[80]
Abe et al[87]
Park et al[88]
Okada et al[89]
Kamada et al[76]
Yamamoto et al[90]
Kang et al[73]
Kim et al[74]

VMP

LVI

NA
NA
10 (12.5)
5 (5.2)
4 (4.1)
3 (3.1)
12 (15.6)3
5 (6.5)
5 (4.9)3
2 (2.0)
5 (10.9)
4 (8.7)
4 (8.7)
1 (1.7)
0 (0.0)
2 (3.4)
14 (23.3) 11 (18.3) 15 (25.0)
10 (52.6)
9 (47.4)
NA

1

2

resection

En bloc

Complete
resection

Curative
resection

OP after ER

67 (90.5)
96 (99.0)
64 (83.1)
102 (99.0)
42 (91.3)
57 (98.3)
60 (100)
49 (84.5)

54 (73.0)
88 (90.7)
NA
NA
NA
52 (89.7)
33 (55.0)
39 (67.2)

23 (31.1)
62 (63.9)
35 (45.5)
85 (82.5)
NA
46 (79.3)
NA
NA

19/51 (37.3)
NA
NA
1 (1.4)
21/35 (60.0) 1/21 (4.8) 2/21 (9.5)
4 (4.1)
11/42 (26.2)
NA
0/11 (0.0)
NA
10/18 (55.6) 2/10 (20.0) 0/10 (0.0)
9 (8.7)
5
1/5 (20.0)
NA
2/46 (4.3)
8/12 (66.7) 2/8 (25.0) 0/8 (0.0)
5 (8.6)
15/27 (55.6) 6/15 (40.0) 2/15 (13.3)
1 (1.7)
9/19 (47.4) 4/9 (44.4) 1/9 (11.1)
8 (13.8)

Residual
2
tumor

LNM

Bleeding

Perforation
3 (4.1)
4 (4.1)
NA
1 (1.0)
2 (4.3)
2 (3.4)
1 (1.7)
1 (1.7)

1

Proportions are ratio of additional operation to incomplete or non-curative endoscopic resection; 2Data are the incidence of residual tumor or lymph node
metastasis in specimens obtained by additional operation; 3Data are cases with lateral and/or vertical margin positivity. LMP: Lateral margin positivity;
VMP: Vertical margin positivity; LVI: Lymphovascular invasion; OP: Operation; ER: Endoscopic resection; LNM: Lymph node metastasis; NA: Not available.

tively[76,87,89,90]. The results of ESD for cases within the
expanded criteria were comparable with the outcomes
of ESD for differentiated EGCs fulfilling the criteria
of 93.0% to 95.7% and 81.0% to 91.1% for en bloc and
complete resection rates, respectively[91-93]. In contrast, the
curative resection rate seems to be lower than that of differentiated EGCs, which is 91.1%[93]. This may arise from
less accurate endoscopic size estimation in UD-EGC due
to an ill-defined margin of tumor infiltration[41,94,95] and
several distinct features of UD-EGC, including a larger
size and submucosal infiltration that can lead to higher
rates of lymphovascular invasion[73,82,90,96-98], compared
with EGCs with differentiated histology. Therefore, the
achievement of reasonable curative resection rate in ESD
for UD-EGC is critical by means of more precisely defining of curable lesions.
Further surgical treatments were performed in 26.2%
to 60.0% of patients with incomplete or non-curative
ER. The presence of residual tumor and LN metastasis
in surgical specimens after incomplete or non-curative
ER were detected in 4.8% to 44.4% and 0% to 13.3%
of cases. The overall rates of bleeding and perforation
varied from 1.4% to 13.8% and from 1.0% to 4.3%,
respectively, whereas those of ESD for UD-EGCs meeting the expanded criteria ranged from 4.1% to 8.7% and
from 1.0% to 4.3%, respectively. The results from lesions
within the criteria were comparable with the bleeding
and perforation rates of ESD for differentiated EGCs
fulfilling the criteria, which were 2.1% to 4.9% and 2.4%
to 6.6%, respectively[91-93]. In terms of procedure-related
complications, ESD for UD-EGC appears not to be inferior to ESD for EGC with differentiated histology.

was 100%, which was as high as the reported data for
gastrectomy[99,100]; however, the median follow-up period
was only 36 mo. The cumulative 3- and 5-year diseasefree survival rates are 96.7% (95%CI: 92.0%-100%) and
96.7% (95%CI: 92.0%-100%), respectively. During the
follow-up period, all patients survived, and no cases of
local recurrence and/or distant metastasis were observed.
There were only second ESDs for one synchronous lesion of one patient 6 mo after the primary ESD (1/78,
1.3%) and two metachronous lesions of another patient
after 23 mo (1/78, 1.3%).
Abe et al[87] analyzed the overall 5-year survival of
79 UD-EGC patients that underwent ESD, while they
enrolled 97 patients for short-term outcomes analyses.
Of the 46/79 patients in the long-term outcome group
who had curative resection, none had local recurrence or
LN or distant metastasis, and none died of gastric cancer
during a median follow-up of 76.4 mo. The 5-year overall
survival rate after curative resection was 93.0%, and no
patient died of gastric cancer. These favorable results are
comparable to long-term outcomes of those who underwent ESD for differentiated EGC and surgery for intramucosal gastric cancer, which have the overall survival
rates of 92.4% to 97.1%[101-103] and 93.5%[104], respectively.
The 5-year cumulative incidence of metachronous gastric
cancer was 11.4% in the patients with curative resection
and they were treated with ESD.
Kim et al[80] reported consistent results showing a local
recurrence rate of 5.5% and a 5-year overall survival rate
of 93.7% among 74 enrolled patients with median follow-up period of 34 mo (range 7-81 mo). All 4 recurred
lesions did not meet the expanded indications and all
underwent noncurative resection. There was no mortality
related to ESD for treatment of EGC during follow-up,
whereas a total of five patients died after ESD due to underlying diseases (four patients) and lung metastasis (one
patient).
The questionnaire study on long-term outcomes of
curative ESD for EGC at six Japanese institutions with
follow-up rates of at least 90% over a minimum 5-year
period was reported by Oda et al[51]. Of a total of 1289
patients with curative resections for the expanded indications, the long-term outcomes of 58 patients with

LONG-TERM OUTCOMES
Only limited data are available regarding long-term outcomes of ESD for UD-EGC[51,80,87,89], although the recurrences after ER have been shown in 0% to 6.9% with follow-up durations ranging from 16 to 45.6 mo[73,74,76,88,90].
Okada et al[89] reported the first study regarding long-term
outcomes of ESD for UD-EGC with limited median
follow-up periods. The 5-year cause-specific survival rate
among 78 patients with curative resection of UD-EGC
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Undifferentiated histologic type EGC

Mucosal cancer

Tumor size ≤ 20 mm

Ulcer (-)

Submucosal cancer

Tumor size > 20 mm

Ulcer (+)

ESD

LVI (-)

LVI (+)

Follow up

Surgery (gastrectomy and lymph node dissection)

Figure 2 Treatment algorithm for undifferentiated type early gastric cancer according to depth of invasion, tumor size, ulceration, and lymphovascular
invasion. EGC: Early gastric cancer; ESD: Endoscopic submucosal dissection; LVI: Lymphovascular invasion.

intramucosal UD-EGC ≤ 20 mm in size without ulcerations were analyzed, and 96.6% of them (56/58) were
followed up for at least 5 years. The overall mortality rate
was 10.7% (6/56), and there was no local recurrence, or
distant metastasis, or gastric cancer-related death during
their long-term follow-up periods.
In addition to the 5-year survival outcomes, the longterm data on metachronous EGCs after ESD for UDEGC are also lacking. The cumulative incidences of
metachronous lesions varied from 1.3% to 11.4% during median follow-up periods with a range of 36-76.4
mo[87-89]. This finding is comparable to the annual incidences of metachronous lesions after ESD for differentiated EGC, which ranged from 1.9% to 3.9%[105,106]
as well as reports of remnant gastric cancers occurring
in 1.8% to 5% of patients who have had surgical treatment for gastric cancer[107,108]. Therefore, careful periodic
endoscopic surveillance should be performed, because
UD histology is a possible risk factor associated with the
occurrence of metachronous lesions after ER[109]. Although the clinical importance of scheduled endoscopic
surveillance after curative resection are recently evaluated through large-volume multicenter study[110], further
studies on surveillance follow-up after curative ESD for
UD-EGC, compared with curative cases in differentiated
EGC, are warranted.

ever, a number of technical controversies should be
resolved to accept the laparoscopic sentinel node mapping and consequent intraoperative ESD as an acceptable
treatment. These include the accuracy of intraoperative
pathological diagnosis, the necessity of full-thickness resection, and the possibility of cancer cells being present
in afferent lymphatic vessels leading to sentinel nodes[111].
In particular, a well-designed, multicenter feasibility study
of laparoscopic sentinel node mapping and biopsy for
UD-EGC should be conducted, though the accuracy of
determining LN status by laparoscopic sentinel node biopsy is generally acceptable in cases with EGC[112-114].
Natural orifice transluminal endoscopic surgery
(NOTES) is another promising area to supplement ESD
by providing for the means for performing secure gastric
closure at the time of the accidental perforation without
recourse to surgical operation, or as a complement for
endoscopic sentinel node biopsy[115-117]. The potential
indications of NOTES have been suggested with a wide
spectrum of upper gastrointestinal diseases, including
submucosal malignancy and morbid obesity in female patients[118-120]. Furthermore, the first prospective study of
14 patients with EGC who had a risk for LN metastasis
and who were treated by hybrid NOTES was reported
and suggested that hybrid NOTES may be useful as a
bridge between ER and laparoscopic surgery[121]. Nevertheless, given the relatively technical complexity and limits, NOTES has not been proven to remarkably superior
to laparoscopic means so far.

PROSPECTS FOR THE FUTURE
A combination of laparoscopic sentinel node biopsy
and ESD for UE-EGC is an attractive option as a novel,
whole stomach-preserved, minimally invasive approach
with histological confirmation of LN metastasis. How-
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outcomes, the expanded criteria for ESD of UD-EGC
are feasible with reference to therapeutic efficacy and
safety in the long-term period if curative resection is
accomplished, although more long-term outcomes are
needed. We now suggest the treatment algorithm for
UD-EGC according to depth of invasion, tumor size,
ulceration, and lymphovascular invasion (Figure 2). This
is consistent with the conditions of curative resection
according to the Japanese gastric cancer treatment guidelines[23,26]. However, we should recognize the limitation
of current diagnostic and histological tools to predict LN
metastasis. The innovative improvement of preoperative
imaging modalities and well-defined criteria predictive
of LN metastasis from multicenter, prospective studies
would reduce the limitation.
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Core tip: In this review, we summarize recent somatic
mitochondrial DNA (mtDNA) alterations identified in
gastric cancer, and the relationship between these alterations and the clinicopathological features of gastric
cancer. We suggest that point mutations and mtDNA
copy number decreases are the two most common
mtDNA alterations that potentially result in mitochondrial dysfunction in gastric cancer. Mitochondrial dysfunction-generated reactive oxygen species may be involved in the malignant changes of gastric cancer. The
search for strategies to prevent the mtDNA alterations
and inhibit the mitochondrial retrograde signaling will
benefit the development of novel treatments for gastric
cancer and other malignancies.

Abstract
Energy metabolism reprogramming was recently identified as one of the cancer hallmarks. One of the underlying mechanisms of energy metabolism reprogramming is mitochondrial dysfunction caused by mutations
in nuclear genes or mitochondrial DNA (mtDNA). In the
past decades, several types of somatic mtDNA alterations have been identified in gastric cancer. However,
the role of these mtDNA alterations in gastric cancer
progression remains unclear. In this review, we summarize recently identified somatic mtDNA alterations
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Somatic mitochondrial DNA
alterations in gastric cancer
Several studies have identified various types of mtDNA
alterations in gastric cancer[13-15], including point mutations, large-scale deletions, insertions, and copy number
changes.
In one of our studies[15], 65% of the examined gastric
cancer patients carried at least one mtDNA somatic point
mutation. Among the identified point mutations, 69% occur in the D-loop region of mtDNA, 27% are found in
the protein-coding region, and 4% are located in tRNA
genes. Compared with other cancers, these mutations are
similar in their incidence and distribution (Table 1)[15-38].
The D-loop region of mtDNA is the most frequent site
of somatic mutation in cancers. Because the D-loop
region contains the major regulatory sites for mtDNA
replication and transcription, mutations near these sites
might affect mtDNA copy number in cancers.
Given that the mtDNA D-loop region is a hot spot
for somatic mutations in gastric cancer as well as other
cancers, numerous studies focus on somatic mutations
in this region[13,39-43]. The incidence of somatic mtDNA
point mutations in the D-loop of gastric cancer patients
ranges from 4% to 48%. The most common mutations
in this region are mononucleotide repeat variants of the
poly-cytosine (poly-C) sequence at nucleotide positions
(np) 303-309 (D310) in mtDNA[8]. The variants were also
identified in normal subjects[44] and patients with neurodegenerative diseases[45]. The effect of these variants is
not clearly defined.
Moreover, several somatic point mutations identified
in the mtDNA protein-coding region and tRNA genes in
gastric cancer patients are potentially harmful[15]. These
mutations include missense mutations (e.g., G3697A and
G4996A) that cause amino acid substitutions at the highly evolutionarily conserved amino acid residues, frameshift mutations (e.g., 12418insA) that result in truncated
polypeptides, and tRNA mutations (e.g., 7472insC) that
potentially alter tRNA structure. Moreover, studies have
demonstrated that these mutations are pathogenic and
associated with mitochondrial diseases[15]. tRNA gene
mutations as well as missense and frame-shift mutations
in the mitochondrial genome may promote mitochondrial
dysfunction in gastric cancer cells.
A common 4977-bp mtDNA deletion occur less frequently in gastric cancers compared with the corresponding noncancerous stomach tissues[13,46,47], though largescale mtDNA deletions are the most common mutation
in the somatic tissues of aged human subjects[9]. This
finding is consistent with observations in other types of
cancer[8,9]. The low accumulation of large-scale mtDNA
deletions in cancer could result because an increased frequency of these mutations may cause severe mitochondrial dysfunction and sensitize the cells to apoptosis. Any
cells harboring high levels of large-scale mtDNA deletions could be eliminated during tumorigenesis[9].
Unlike large-scale deletions, a 50-bp deletion flanked

INTRODUCTION
Gastric cancer is one of the most common causes of
death in cancer patients throughout the world. Surgical resection with radical lymph nodes dissection is the
primary therapy for gastric cancer[1]. Chemotherapy is an
alternative treatment for unresectable gastric cancer or
tumor recurrence after surgical resection. However, the
response to chemotherapy remains unsatisfactory. Thus,
it is important to identify novel drug targets and develop
effective treatments for gastric cancer.
Based on the conceptual progress of the past decades, energy metabolism reprogramming was recently
included as one of the cancer hallmarks[2]. Warburg[3,4]
first proposed that tumor cells, unlike normal cells,
exhibit increased glycolytic activity and reduced mitochondrial respiration even in the presence of oxygen.
This phenomenon is known as the “Warburg effect”.
Increasing lines of evidence suggest that various molecular mechanisms generate the Warburg effect[5,6]. One of
these mechanisms is mitochondrial dysfunction resulting
from mutations in nuclear genes or mitochondrial DNA
(mtDNA)[5-9].
Mitochondria are intracellular organelles in eukaryotic
cells that participate in bioenergetics metabolism and
cellular homeostasis, including the generation of ATP
through respiration and oxidative phosphorylation (OXPHOS), the production of reactive oxygen species (ROS),
and the initiation and execution of apoptosis[10]. Mitochondria contain multiple copies of mitochondrial DNA
(mtDNA). Human mtDNA is a 16.6-kb double-stranded, circular DNA molecule that encodes 13 respiratory
enzyme complex polypeptides, 22 transfer RNAs and
2 ribosomal RNAs required for mitochondrial protein
synthesis[10]. Because mtDNA is essential for the maintenance of functionally competent organelles, the accumulation of mtDNA mutations or decreased mtDNA copy
number is expected to affect energy production as well as
enhance ROS generation and cell survival, and these processes may be involved in aging, mitochondrial diseases
or cancer[9-12].
In the past decade, somatic mtDNA alterations have
been identified in several types of cancer[8,9], including
gastric cancer[13-15]. However, the role of these mtDNA
alterations in tumorigenesis and cancer progression remains unclear. In this article, we review recent findings
on somatic mtDNA alterations in gastric cancer. In addition, we discuss the potential factors that may lead to
mtDNA mutations and propose a role of mtDNA alterations and mitochondrial dysfunction in the progression
of gastric cancer.

WCGO|www.wjgnet.com

311

February 8, 2015|First Edition|

Lee HC et al . MtDNA alterations in gastric cancer progression
Table 1 The distribution of somatic mitochondrial DNA mutations in human cancers n (%)
Cancer

Cases

Adult leukemia
Bladder cancer
Breast cancer

Esophageal cancer
Follicular thyroid cancer
Gastric cancer
Head-and-neck cancer
Hepatocellular cancer
Lung cancer
Medulloblastoma
Oncocytic head-and-neck tumor
Oncocytic pituitary adenoma
Oncocytic thyroid tumor
Oral cancer
Ovarian cancer
Pancreatic cancer
Papillary thyroid cancer
Parathyroid adenoma
Renal cell cancer

Renal oncocytomas
Total

No. of cancers with mutation No. of mutations

24
14
18
19
15
58
20
3
31
13
10
44
14
55
15
25
25
45
18
300
10
5
7
30
8
9
15
9
859

9 (37.5)
9 (64.3)
11 (61.1)
14 (73.7)
14 (93.3)
27 (46.6)
11 (55.0)
3 (100.0)
20 (64.5)
6 (46.2)
5 (50.0)
23 (52.3)
6 (47.1)
33 (60.0)
6 (40.0)
16 (64.0)
18 (72.0)
26 (57.8)
14 (77.8)
240 (80.0)
6 (60.0)
4 (80.0)
3 (42.9)
15 (50.0)
5 (62.5)
7 (77.8)
7 (46.7)
9 (100.0)
567 (66.0)

9
20
12
27
45
40
14
4
26
9
24
34
10
56
18
18
20
30
26
645
15
4
4
27
6
9
14
14
1180

by a 9-bp direct repeat at nps 298-306 and 348-356 of
the mtDNA D-loop region was reportedly found at high
levels in four gastric cancers[48]. This deletion is associated
with decreased mtDNA copy number in cancer[49].
A 260-bp tandem duplication/triplication mtDNA
mutation in the D-loop region was identified in approximately 13% of the examined gastric cancers[14]. The
duplicate/triplicate insertion of an 260-bp fragment is
flanked by two poly-C sequences at nps 303-309 and
568-573[13,14,44]. The insertion was also detected in other
types of cancer[14]. However, the occurrence of this mutation does not appear to be specific to cancer cells[14,44,50-52].
Decreased mtDNA copy number was frequently
detected in gastric cancer patient tissues compared with
corresponding noncancerous stomach tissue [13,53]. Alterations in mtDNA copy number change (increase or
decrease) appear to be tissue specific[7,8,54]. A decreased
mtDNA copy number is also found in the majority of
hepatocellular carcinomas[49] and breast cancers[55].
These findings reveal that somatic point mutations
and a decreased mtDNA copy number are two common mtDNA alterations in gastric cancer. The increased
rate of somatic mtDNA alterations in gastric cancer is
also observed in other cancers, suggesting that these two
types of somatic mtDNA alterations are common events
in human cancer progression. These mtDNA alterations
may result from similar factor(s) and/or play a consistent
role in the tumorigenesis of gastric cancer and other malignancies.
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D-loop

rRNA

tRNA

mRNA

Ref.

2 (22.2)
6 (30.0)
7 (58.3)
22 (81.5)
17 (37.8)
21 (52.5)
9 (64.3)
2 (50.0)
18 (69.2)
6 (66.7)
23 (95.8)
21 (61.8)
7 (70.0)
18 (32.1)
11 (61.1)
0
3 (15.0)
0
20 (76.9)
355 (55.0)
11 (73.3)
0
0
6 (22.2)
1 (16.7)
4 (44.4)
4 (28.6)
1 (7.1)
595 (50.5)

1 (11.1)
3 (15.0)
0
1 (3.7)
3 (6.7)
2 (5.0)
1 (7.1)
2 (50.0)
0
1 (11.1)
0
1 (2.9)
1 (10.0)
1 (1.8)
0
0
0
0
0
36 (5.6)
3 (20.0)
1 (25.0)
0
1 (3.3)
2 (33.3)
1 (11.1)
4 (28.6)
0
65 (5.5)

0
0
0
0
2 (4.4)
2 (5.0)
0
0
1 (3.8)
0
0
2 (5.9)
2 (20.0)
3 (5.4)
3 (16.7)
0
2 (10.0)
0
0
21 (3.3)
0
1 (25.0)
0
1 (3.3)
0
1 (11.1)
1 (7.1)
0
42 (3.6)

6 (66.7)
11 (55.0)
5 (41.7)
4 (14.8)
23 (51.1)
15 (37.5)
4 (28.6)
0
7 (26.9)
2 (22.2)
1 (4.2)
10 (29.4)
0
34 (60.7)
4 (22.2)
18 (100.0)
15 (75.0)
30 (100.0)
6 (23.1)
233 (36.1)
1 (6.7)
2 (50.0)
4 (100.0)
19 (70.4)
3 (50.0)
3 (33.3)
5 (35.7)
13 (92.9)
478 (40.4)

[16]
[17]
[18]
[19]
[20]
[21]
[22]
[23]
[15]
[17]
[24]
[25]
[17]
[26]
[27]
[28]
[28]
[29]
[30]
[31]
[32]
[33]
[23]
[34]
[35]
[36]
[37]
[38]

SEVERAL POTENTIAL FACTORS
MAY CAUSE TO SOMATIC mtDNA
ALTERATIONS IN GASTRIC CANCER
The mutation type could provide clues regarding factors
that potentially contributing to somatic mtDNA alterations in gastric cancer. Among the mtDNA mutations
identified in gastric cancer, 46% of the somatic point mutations are transition mutations (e.g., T-to-C or G-to-A),
and another 46% result from mononucleotide or dinucleotide repeat instability (e.g., poly-C or poly-A)[15].
Compared with other types of cancer, 60% of the mutations are transition mutations, 31% are mononucleotide
or dinucleotide repeat instability, and 4% are transversion
mutations (e.g., T-to-A or G-to-C) (Table 2)[15-38]. These
findings indicate that transition mutations and mononucleotide or dinucleotide repeat instability are two major
types of somatic mtDNA mutations in cancers.
Given that the mitochondrial electron transport chain
is a major site for intracellular ROS formation, oxidative
mtDNA damage is predicted to be an important factor
promoting mtDNA mutations and genome instability in
cancers. However, whether steady-state levels of oxidative mtDNA damage are increased in gastric cancer compared with corresponding noncancerous stomach tissue
remains unknown.
The main pyrimidine and purine product of oxidative
DNA base damage is thymine glycol and 7,8-dihydro-
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Table 2 The types of somatic mitochondrial DNA mutations in human cancers n (%)
Cancer

Cases

Adult leukemia
Bladder cancer
Breast cancer

Esophageal cancer
Follicular thyroid cancer
Gastric cancer
Head-and-neck cancer
Hepatocellular cancer
Lung cancer
Medulloblastoma
Oncocytic head-and-neck
tumor
Oncocytic pituitary adenoma
Oncocytic thyroid tumor
Oral cancer
Ovarian cancer
Pancreatic cancer
Papillary thyroid cancer
Parathyroid adenoma
Renal cell cancer

Renal oncocytomas
Total

No. of cancers with
mutation (%)

No. of
mutations

Transitions

Transversions Mono-/di-nucleotide repeat
instability

Others

Ref.

24
14
18
19
15
58
20
3
31
13
10
44
14
55
15
25

9 (37.5)
9 (64.3)
11 (61.1)
14 (73.7)
14 (93.3)
27 (46.6)
11 (55.0)
3 (100.0)
20 (64.5)
6 (46.2)
5 (50.0)
23 (52.3)
6 (47.1)
33 (60.0)
6 (40.0)
16 (64.0)

9
20
12
27
45
40
14
4
26
9
24
34
10
56
18
18

9 (100.0)
14 (70.0)
6 (50.0)
22 (81.5)
33 (73.3)
20 (50.0)
3 (21.4)
3 (75.0)
12 (46.2)
7 (77.8)
15 (62.5)
19 (55.9)
8 (80.0)
47 (83.9)
13 (72.2)
13 (72.2)

0
3 (15.0)
1 (8.3)
1 (3.7)
7 (15.6)
2 (5.0)
1 (7.1)
0
0
0
0
0
1 (10.0)
1 (1.8)
0
1 (5.6)

0
1 (5.0)
5 (41.7)
4 (14.8)
5 (11.1)
17 (27.5)
9 (64.3)
1 (25.0)
12 (46.2)
2 (22.2)
9 (37.5)
13 (38.2)
1 (10.0)
8 (14.3)
5 (27.8)
1 (5.6)

0
2 (10.0)
0
0
0
1 (2.5)
1 (7.1)
0
2 (7.7)
0
0
2 (5.9)
0
0
0
3 (16.7)

[16]
[17]
[18]
[19]
[20]
[21]
[22]
[23]
[15]
[17]
[24]
[25]
[17]
[26]
[27]
[28]

25
45
18
300
10
5
7
30
8
9
15
9
859

18 (72.0)
26 (57.8)
14 (77.8)
240 (80.0)
6 (60.0)
4 (80.0)
3 (42.9)
15 (50.0)
5 (62.5)
7 (77.8)
7 (46.7)
9 (100.0)
567 (66.0)

20
30
26
645
15
4
4
27
6
9
14
14
1180

10 (50.0)
22 (73.3)
12 (46.2)
356 (55.2)
10 (66.7)
3 (75.0)
4 (100.0)
18 (66.7)
2 (33.3)
6 (66.7)
13 (92.9)
7 (50.0)
707 (59.9)

0
1 (3.3)
4 (15.4)
20 (3.1)
0
1 (25.0)
0
1 (3.7)
1 (16.7)
0
1 (7.1)
2 (14.3)
49 (4.2)

9 (45.0)
5 (15.2)
8 (30.8)
237 (36.7)
4 (26.7)
0
0
6 (22.2)
1 (16.7)
3 (33.3)
0
4 (28.6)
370 (31.4)

1 (5.0)
2 (6.7)
2 (14.3)
32 (5.0)
1 (6.7)
0
0
2 (7.4)
2 (33.3)
0
0
1 (7.1)
54 (4.6)

[28]
[29]
[30]
[31]
[32]
[33]
[23]
[34]
[35]
[36]
[37]
[38]

8-oxo-2’-deoxyguanosine (8-oxodG), respectively[56-59].
Thymine glycol is poorly mutagenic, but 8-oxodG can result in G-to-T transversion mutations during replication
because unrepaired 8-oxodG can pair with adenine[60].
However, the most common mtDNA mutations in cancer are transition mutations rather than the mutational
consequences specific to 8-oxodG (G-to-T transversion).
Therefore, DNA lesions other than 8-oxodG could be
primarily responsible for mtDNA transition mutations
in cancer. Some studies indicated that oxidative lesion
8-oxodG can be efficiently repaired in mtDNA[61]. In addition, oxidative DNA damage can produce a range of
base lesions, and the mutagenic potential of these lesions
has not been fully elucidated[62]. In fact, some of these
lesions may be responsible for ROS-mediated mtDNA
mutagenesis. Moreover, reactive nitrogen species (RNS)
can deaminate adenine to hypoxanthine, cytosine to uracil, and guanine to xanthine, thereby causing transition
mutations[63,64]. Thus, it is possible that mtDNA transition
mutations in cancer could result from the deamination
of adenine, cytosine, or guanine by RNS. Alternatively,
factors other than oxidative damage are primarily responsible for the formation of mtDNA mutations, such as
defects in mtDNA polymerase or repair systems[61,65].
Oxidative damage could also contribute to mononucleotide or dinucleotide repeat instability in mtDNA[63].
The mononucleotide repeat in the D310 poly-C sequence
of the D-loop region, the most common site of somatic
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mtDNA mutations in cancer, is the site most susceptible
oxidative damage in mtDNA[66]. Moreover, extensive oxidative damage to the mononucleotide repeats may result
in slippage and/or misincorporation of nucleotides during mtDNA replication or repair by mtDNA polymerase
(POLG). Importantly, it has been reported that POLG
is a target of oxidative damage[67] and frequently harbors
mutations in cancerous tissues[68]. Specifically, mutations
were identified in all three domains of the POLG protein, including the exonuclease domain, the linker region
and the polymerase domain[63]. In addition, increased
mtDNA mutations are observed in Polgexo-/- and Polgexo+/mice[69,70]. Therefore, defects in the polymerase and repair activities of POLG might enhance the generation
of mtDNA mutations and genome instability in cancer.
However, whether a general defect in POLG per se leads
to increased mutations or genome instability in the D-loop
region compared with other region in the mitochondrial
genome and the mechanisms governing this action remains unknown.
Some studies indicated that Helicobacter pylori (H. pylori)
infection can affect mitochondrial function and impair
DNA repair mechanisms, thereby inducing genetic instability of nuclear and mitochondrial DNA in gastric
cells[71-73]. Therefore, H. pylori infection may promote
mtDNA instability and contribute to gastric carcinogenesis in infected individuals.
Decreased mtDNA copy number could result from
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and are more frequent in gastric cancer patients with H.
pylori-associated chronic gastritis compared with cancerfree patients[81]. These findings suggest that mtDNA
mononucleotide instability may be involved in the early
stages of gastric carcinogenesis.
A significant association between decreased mtDNA
copy number and ill-defined gastric cancers, including
the ill-defined ulcerative and infiltrating (Borrmann’s type
Ⅲ) and diffusely infiltrating (Borrmann’s type Ⅳ) types,
was observed[13]. A recent report further confirmed that
mtDNA copy number is significantly decreased in gastric
cancer, particularly in ill‑defined stage Ⅲ and Ⅳ cases,
and suggested that alterations in mtDNA copy number
may correlate with DNA methylation[53]. Because most
patients with Borrmann’s type Ⅲ and Ⅳ gastric cancer
have a poorer prognosis and reduced 5-year survival rate
after gastrectomy, these findings suggest that decreased
mtDNA copy number may modify gastric cancer progression.

mutations in the D-loop region. Because this region is
the control site for mtDNA replication and transcription,
mutations in the region could repress the rates of primer
synthesis and mtDNA replication. This hypothesis is supported by the observation that decreased mtDNA copy
number is associated with the mutations in the D-loop
region[49].
In addition, decreased mtDNA copy number in
cancer could be attributed to defects in mitochondrial
biogenesis or other proteins localized to the mitochondria (e.g., p53 or SIRT3). Defects or decreased expression
in several factors involved in mtDNA replication and
maintenance as well as mitochondrial biogenesis, such
as POLG[68], peroxisome proliferator-activated receptor
[74]
γ coactivator-1 (PGC-1) , mitochondrial single-strand
DNA binding protein (mtSSB)[74], and mitochondrial
transcription factor A (mtTFA)[74], have been observed in
cancer. Decreased mtDNA copy number correlates with
reduced expression of PGC-1 in HCC[74] and mtTFA in
colorectal cancer[75]. These findings suggest that reduced
mitochondrial biogenesis may lead to decreased mtDNA
copy number in cancers. Moreover, the tumor suppressor
p53 can localize to mitochondria, and contribute to the
maintenance of mtDNA stability through interactions
with POLG[76]. Thus, the loss of p53 in cancer may lead
to decreased mtDNA copy number. In addition, the mitochondrial deacetylase SIRT3 is down-regulated and acts
as a tumor suppressor in several cancers, including gastric
cancer[77-79]. The loss of SIRT3 expression is an independent prognostic marker for reduced disease-free survival
and overall survival in gastric cancer[78,79]. The loss of
SIRT3 is correlated with decreased mtDNA integrity and
mtDNA copy number[77].
Therefore, enhanced mtDNA damages and/or reduced efficiency in the mtDNA replication and repair
activities as well as the loss of mitochondrial-localized
proteins may contribute to mtDNA somatic mutations
and decreased copy number in gastric cancer.

The potential roles of mtDNA
mutations and mitochondrial
dysfunction in gastric cancer
progression
In gastric cancer, somatic point mutations in the mitochondrial coding region are potentially harmful mutations
that may cause mitochondrial dysfunction. These harmful mtDNA mutations along with decreased mtDNA
copy number contribute to mitochondrial dysfunction.
In addition, decreased mitochondrial aconitase (ACO2)
expression, decreased respiratory capacity, and mitochondrial complex Ⅰ deficiency were observed in gastric cancer[82,83]. These findings have been suggested as a mechanism to explain the Warburg effect. However, the role
of mtDNA mutations and mitochondrial dysfunction in
tumorigenesis and cancer progression remains unclear in
gastric cancer.
Among the mtDNA mutations identified in gastric
cancers, the role of the 12418insA mutation in tumorigenesis has been examined using a cybrid cell model
(though not in gastric cancer cells)[84]. The 12418insA mutation is an “A” nucleotide insertion in the mononucleotide repeat of a poly-adenosine (poly-A) sequence at np
12418-12425 in mtDNA. The mutation causes a frameshift and premature termination of the ND5 gene, thereby resulting in a truncated ND5 subunit protein. In addition to gastric cancer[15], this mutation was also reported
in the rotenone-resistant VA2B cell line[85], colorectal
cancer[86], HCC[25], and breast cancer specimens [21]. A
study revealed that the heteroplasmic 12418insA mutation contributes to reduced oxidative phosphorylation
and increased ROS production in human cancer cells
and promotes tumorigenesis in nude mice[84]. The report
provided evidence suggesting that mtDNA mutation and
mitochondrial dysfunction contribute to tumorigenesis.
Additional evidence was obtained from an approach

Clinical correlations of somatic
mtDNA alterations in gastric
cancers
To understand the roles of somatic mtDNA alterations
in gastric cancer progression, the analysis of the clinicopathological features of cancers harboring these mutations may provide insight.
We analyzed the relationships between each somatic
mtDNA mutation and the clinicopathological features of
gastric cancer. However, no significant correlation was
observed between the clinicopathological features of gastric cancer and somatic point mutations in the D-loop[13,43]
or the mitochondrial genome[15], the 4977-bp deletion[13],
or the tandem duplication/triplication of mtDNA[14].
For mutations of a specific mononucleotide repeat
(D310) of mtDNA, the mutations are not associated
with nuclear microsatellite instability in gastric cancer[80],
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using mitochondrial specific inhibitors to suggest that
mitochondrial dysfunction enhances chemo-resistance
and cell migration in human gastric cancer cells[15,87]. Oligomycin-induced mitochondrial dysfunction promotes
cisplatin resistance and enhances cell migration in a human gastric cancer cell line[15]. Moreover, mitochondrial
inhibitors (antimycin A and oligomycin) increased intracellular ROS levels, and the antioxidant N-acetyl-cysteine
preventes the enhanced cell migration mediated by the
mitochondrial inhibitors. These results suggest that ROS
generated by defective mitochondria may be involved in
the mechanism[15,87]. In addition, the mitochondrial inhibitors increase the expression of the cell adhesion molecule
alpha5-integrin via ROS induction[87]. alpha5-integrin on
the cell surface is required for mitochondrial dysfunctionenhanced cell migration[87]. These findings suggest that
ROS-mediated increased alpha5-integrin expression
might serve as the molecular basis by which mitochondrial dysfunction promotes gastric cancer cell migration.
An addition approach employed a method to select the subpopulation of cancer cells demonstrating
enhanced migration. This study indicated that highly
migratory gastric cancer cells display reduced oxygen
consumption rates, increased intracellular ROS content
and increased alpha5-integrin expression compared with
the parental cells[87]. Importantly, the evidence from clinicopathological studies with gastric cancer specimens suggest that alpha5-integrin expression is highly correlated
with gastric cancer invasion[87]. These results further support the association between mitochondrial dysfunction
and cell migration in gastric cancer.
Although most of the studies were not focused on
gastric cancer, data from several lines of research have
substantiated the pathological role of mtDNA mutation
or mitochondrial dysfunction in cancer. Using cybrid cell
models, pathogenic mtDNA mutation (e.g., the T8993G
transversion) have been shown to promote tumor growth
in nude mice by preventing apoptosis[88-90]. Moreover, it
was reported that the mtDNA mutation-mediated mitochondrial dysfunction contributes to metastatic cancer
phenotypes, and ROS induction is mechanistically involved[88,91]. Mitochondrial inhibitors or mtDNA depletion can induce chemo-resistance or enhance the invasive
phenotypes of various cancers[92-96]. “Retrograde signaling,” signaling from mitochondria to the nucleus[97,98], has
been proposed to be mechanistically involved. However,
the common biomolecules involved in retrograde signaling remain undefined. The detailed mechanisms by which
mtDNA mutation and mitochondrial dysfunction affect
gastric cancer progression require further investigations.

bolic reprogramming or the “Warburg effect” in gastric
cancers. Clinical correlative analyses reveal that decreased
mtDNA copy number is associated with the ill-defined
ulcerated and infiltrating types as well as the diffusely
infiltrating types of gastric cancer, which might correlate
with poorer patient prognosis[13]. However, the presence
of somatic mtDNA point mutations in gastric cancers
does not correlate with tumor size and grade, or patient
survival[15]. This finding might be attributed to the possibility that these mtDNA point mutations do not always
affect mitochondrial function nor contribute to gastric
cancer progression. In addition, different heteroplasmic
levels of the same mtDNA mutation might produce
varying results for tumorigenesis and cancer progression. The results are consistent with in vitro studies using
mitochondrial inhibitors, suggesting that mitochondrial
dysfunction might induce chemo-resistance and enhance
cell migration in part in gastric cancer cells[15,84]. Thus, the
role of specific mtDNA point mutation in mitochondrial
function and gastric cancer progression warrants further
study.
Among the somatic mtDNA mutations identified in
gastric cancer, transition mutations and mononucleotide
or dinucleotide repeat instability, not transversion mutations, are the two most common types of mutation.
Transition mutations may not result from oxidative DNA
damage; rather, these mutations may result from specific
types of DNA damage and/or reduced efficiency in
mtDNA replication and repair activities as well as other
undefined mechanisms.
Increasing lines of evidence have important implications in the pathological role of mtDNA mutation or mitochondrial dysfunction in gastric cancer. Increased ROS
production induced by mitochondrial dysfunction may
be involved in the malignant changes of gastric cancer.
However, the detailed mechanism by which mtDNA mutation and mitochondrial dysfunction affect gastric cancer
progression remains unclear. Elucidation of the factors
causing mtDNA mutations and activating retrograde
signaling pathways in gastric cancer will be important for
understanding the role of mitochondria and mtDNA in
gastric cancer. The search for strategies to prevent mtDNA alterations and inhibit these pathways will aid in the
development of novel treatments for gastric cancers.
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Core tip: This review elucidates the relationship between caudal-related homeobox transcription factor 2
(CDX2) and gastric carcinoma, and promotes research
to establish whether CDX2 induces drug resistance in
gastric cancer. The review highlights that CDX2-positive
expression should be a useful maker for diagnosis for
patients with intestinal-phenotype gastric cancer, because of this useful maker, future drug and gene therapy targets in gastric cancer might be influenced.
Original sources: Yan LH, Wei WY, Xie YB, Xiao Q. New
insights into the functions and localization of the homeotic
gene CDX2 in gastric cancer. World J Gastroenterol 2014;
20(14): 3960-3966 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i14/3960.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i14.3960

Abstract
INTRODUCTION

Gastric cancer is one of the most frequent cancers,
and it ranks the third most common cancer in China.
The most recently caudal-related homeobox transcription factor 2 (CDX2) is expressed in a large number
of human gastrointestinal cancers. In addition, gastric
epithelial cell mutations in CDX2 result in tumor promotion, which is characterized by cellular drug resistance
and a high proclivity for developing cancer. A series of
publications over the past years suggests a mechanism
by which CDX2 overexpression results in multidrug resistance. CDX2 appears to forward control regenerating
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Caudal-related homeobox transcription factor 2 (CDX2)
is a member of the caudal type homeobox gene family.
The encoded protein is a major regulator of intestinespecific genes and is involved in cell growth and differentiation, but also has several other functions, including
early embryonic development of the intestinal tract, and
intestinal inflammation and tumorigenesis[1-3]. We showed
that multidrug resistance was reversed in gastric cancer
SGC7901/DDP cells in vitro and in vivo by CDX2 down-
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regulation[4]. Overexpression of CDX2 in HT-29 cells
revealed increased resistance to the known substrates of
multidrug resistance protein (MDR1), vincristine and
paclitaxel, which was reversed by MDR1 inhibitor verapamil[5], thereby supporting cell growth. However, high
expression of CDX2 significantly reduces tumorigenicity
in BGC-823 cells[6], and CDX2 may play a growth-suppressive or proapoptotic role in gastric cancer cells. These
findings suggest that a unique feature of CDX2 gene is
that it plays opposing functions with regard to the regulation of cell growth and death in gastric cancer. However,
the molecular networks connecting CDX2 to its function
and regulation in gastric cancer remain largely unknown.

protein kinase and catalytic domain, which contains the
catalytic domain of the serine/threonine kinase (STK),
mitogen-activated protein kinase (MAPK)/MAK/MRK
overlapping kinase. The protein kinase superfamily is
mainly composed of the catalytic domains of serine/
threonine-specific and tyrosine-specific protein kinases.
It also includes the RIO kinases, which are atypical serine
protein kinases, aminoglycoside phosphotransferases, and
choline kinases[19]. When the catalytic domain of STKs
is activated, these proteins catalyze the transfer of the
γ-phosphoryl group from ATP to hydroxyl groups in
specific substrates such as serine, threonine, or tyrosine
residues of proteins[20]. Duncan et al[21] have reported that
protein kinase and caspase networks induce alterations
in cell survival and frequently accompany transformation
and tumorigenesis.
Subsequent studies have shown that CDX2 controls
the transcription of cellular genes that are essential for
gastric intestinal metaplasia. CDX2 contains catalytic domain of MAPK, which is involved in various key cellular
activities. And the MAPK signaling pathways have been
implicated in the pathogenesis of cancer, which plays a
key role in several steps of tumorigenesis including cancer cell proliferation, migration, and invasion[22]. Cell cycle
progression is related to mutable transcription factors
and cofactors. Several studies have shown that CDX2 is
modified post-translationally, which seems to regulate its
activity and modulate its interactions with other transcription factors and cofactors[17,23].

Identification of CDX2
Several studies have demonstrated that CDX2 is largely
present in intestinal homeostasis and inflammation[7,8].
The first description of the caudal homeobox gene was
in Drosophila by Mlodzik et al[9]. Six years later, James and
Kazenwadel[10] reported CDX2 gene expression in the
intestinal epithelium of adult mice. They found that all
nine homeobox genes were expressed in different regions
of the intestine, with a unique expression profile for
each gene, and CDX2 was present in a single copy in the
mouse genome. Suh and Traber[11] further showed that
the intestine-specific homeobox gene, CDX2, was a transcription factor that regulated both proliferation and differentiation in intestinal epithelial cells. Rao et al[12] showed
that overexpression of CDX2 in intestinal epithelial
cells increased migration in wound healing, while a more
recent work of Gross et al[13] indicated that decreased
CDX2 expression enhanced intestinal cell migration.
A similar phenomenon also occurred in gastric cancer
(GC). Silberg et al[14] showed that ectopic expression of
CDX2 induced gastric intestinal metaplasia in transgenic
mice. Our recent research[15] found that overexpression
of CDX2 inhibited cell growth and proliferation, blocked
entry into the cell cycle S phase, reduced motility and invasion of MGC-803 cells, and increased the rate of apoptosis in GC cells in vitro. Moreover, Dang et al[16] found
that loss of CDX2 predominantly altered the expression
of genes involved in intestinal glandular differentiation
and adhesion, but disruption of CDX2 in MKN45 cells
did not significantly affect their tumorigenic potential.
CDX2 contains two conserved protein domains that
play different roles. The Caudal-like protein activation
region is thought to mediate transcription activation,
which consists of the N termini of proteins belonging to
the caudal-related homeobox protein family. The level of
activation caused by mouse CDX2 is affected by phosphorylation at serine 60 via the mitogen-activated protein
kinase pathway[17]. In this region, CDX2 gene always
has homeodomains that interact with the DNA-binding
domain of DNA replication-related element binding
factor, which is an 80-kDa polypeptide homodimer that
plays an important role in regulating cell-proliferationrelated genes[18]. Another conserved protein domain is the
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role of CDX2 in gastric intestinal
metaplasia
Gastric intestinal metaplasia is a multifocal regenerative
lesion characterized by the presence of intestinal cell
types, such as goblet, Paneth and absorptive cells, alone
or in combination, within the gastric mucosa[24]. The ectopic intestinal glands are completely reorganized, with
displacement of the proliferative zone from the neck region down to the base of the crypt, thus resembling the
normal intestine, concomitant with alterations in the stromal sheath surrounding the metaplastic gland, which also
acquires an intestinal phenotype[25]. Intestinal metaplasia
is thus generally accepted as a preneoplastic lesion conferring increased risk for gastric cancer development[26],
and its cause-effect relationship with Helicobacter pylori
(H. pylori) infection is indisputable. However, intestinal
metaplasia arises in only approximately 30% of infected
individuals, from which only around 7% will develop
gastric cancer[27]. Although low, these percentages acquire
particular importance in countries where the prevalence
of infection remains high, such as Asia[28], where approximately 75% of the population is infected. Over the past
two decades, several animal models of developing intestinal metaplasia have been reported. The Mongolian gerbil
model is the best for recreation of all gastric histological
events following H. pylori infection leading to intestinal
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metaplasia and ultimately gastric cancer, thus corroborating the causal role of infection in preneoplastic lesions
and cancer development. Several studies show that after
long-term infection these animals develop intestinal
metaplastic lesions that resemble human disease[29,30],
which develop into gastric adenocarcinoma.
Recently, the induction of an ectopic intestinal phenotype in the stomach has also been achieved in animal
models by manipulating downstream events in the carcinogenic cascade. Two mouse cell lines have been developed to help understand the causal role of ectopic CDX2
expression in the stomach for development of extensive
intestinal metaplasia[14]. In these models, CDX2 is under
the control of promoters from different gastric-specific
genes that are transcribed during embryonic development[14]. The promoter such as H+/K+-ATPase b-subunit[31], is only active postnatally. Both models display
extensive intestinal metaplasia, presenting all intestinal
cell types except Paneth cells, as well as several intestinespecific gene products typical of the different lineages.
These two models suggest two separate pathways for
metaplastic development. Expression of CDX2 during
fetal development may affect the undifferentiated endodermal cells of the foregut, normally devoid of this protein, and thus interfere with determination of cell fate,
resulting in the induction of intestinal rather than gastric
differentiation in a subset of these cells. Conversely, fresh
expression of CDX2 in differentiated parietal cells suggests cellular transdifferentiation, with loss of gastric
marker expression and gain of intestinal markers.
Other mouse models have been shown or suggested
to exhibit aberrant development of an intestinal phenotype in the stomach. The gastrin knockout mouse shows
achlorhydria and develops intestinal metaplasia, with
CDX2 expression, and gastric tumors[32,33]. Homozygous
mutation of the SHP2-binding site within the interleukin (IL)-6 family receptor gp130 led to the development
of two metaplastic lineages, spasmolytic polypeptideexpressing metaplasia (SPEM) and intestinal-like cells,
as determined by the presence of acidic mucins and
clear brush border morphology, but with no evidence
of goblet cell differentiation[34]. Early stages of intestinal
transformation of the fetal stomach are found in both
Sonic Hedgehog homozygous null[35] and Gli3 null embryos, which lack this downstream effector of Hedgehog signaling[36], as assessed by alkaline phosphatase
activity. However, these changes do not have an overall
impact on gastric differentiation. Finally, intestinal differentiation with associated goblet cells and expression
of CDX2 appear in subcutaneously grafted gastric cells
derived from Runx3-/- mouse fetuses[37]. The same genotype in another mouse strain results in the loss of chief
cells, SPEM, and an intestinal phenotype with CDX2
expression, without apparent inflammation and with increased malignant potential[38].
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CDX2 seems likely as an oncogene
in gastric cancer
CDX2 may have a unique role compared to other CDXs,
showing characteristics of both an oncogene and a tumor
suppressor[39-41]. Many researchers report that CDX2 is
an inhibitor of cancer cell growth. Cell growth inhibition
by CDX2 is associated with significant cell cycle arrest
at the G0/G1 phase and CDX2 suppresses cell proliferation by controlling the G1 and S checkpoints and inducing a specific block in cell cycle progression, after which
the cells are not committed to complete the rest of the
cell cycle. Many genes that are regulated in a cell-specific
manner have CDX2-binding sites as their promoters, and
in some cases CDX2 induces their expression directly.
Some of these gene products play a direct regulatory
role in the cell cycle, for example, Cdc2 and cyclin E[42,43].
Moreover, CDX2 was also forced to express by IL-6,
tumor necrosis factor-α and IL-1β[44,45]. A further study
showed that CDX2 promoter activity is increased by IL-6
in a MEK/ERK and phosphoinositide 3-kinase (PI3K)dependent manner, and deletion of CDX2 binding sites
in the promoter sequence results in loss of IL-6-induced
promoter activity[46]. IL-6 increases CDX2 protein expression in gastric intestinal metaplasia cells that is sufficient
to induce cell death. Enforced expression of CDX2 in
vitro causes apoptosis in several cell types[6,47]. In addition, apoptosis induced by PTEN upregulation in gastric
cancer cells has been shown to be dependent on CDX2,
by triggering PI3K/Akt inactivation. Therefore, it was
surprising to find that gastric expression of CDX2 alone
was sufficient to induce intestinal metaplasia in mice, and
that these mice represented a powerful tool to investigate
the molecular mechanisms that promoted intestinal metaplasia[14]. Moreover, as gastric cancer in humans is often
preceded by intestinal metaplasia, the phenotype described here strongly suggests involvement of CDX2 in
the initiation of the process leading to intestinal neoplasia
of the gastric mucosa. Several lines of evidence suggest
that CDX2 has the potential to function as an oncogene
in gastric carcinoma, promoting the proliferation of cells
beyond their normal constraints[4,5].
For some time, this apoptotic activity of CDX2 was
thought to be similar to that described for another cancer-related protein, c-Myc[48,49]. Elevation of c-Myc occurs
in many tumors, resulting in potent growth promotion[50].
This effect of c-Myc can, however, only occur if the
cell is also receiving appropriate survival signals, for example, leptin[51]. If not, deregulation of c-Myc will cause
programmed cell death[52]. This model, however, does
not completely hold true for CDX2 because mutants
of CDX2 have been described, which although unable
to promote cell cycle progression, retain the ability to
induce programmed cell death[53]. In summary, it appears
that CDX2 acts as an oncogene in gastric cancer.
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CDX2 induces drug resistance in
gastric cancer

CDX2 IS a useful maker for future
drug and gene therapy in gastric
cancer

Regenerating protein (Reg) Ⅳ is a small, 17-kDa secreted
C-type lectin that is expressed in normal enteric neuroendocrine cells and some goblet cells[54]. Reg Ⅳ is expressed
in approximately 37% of gastric cancers and is detectable in the sera of approximately 36% of gastric cancer
patients. Expression of Reg Ⅳ is a marker for prediction
of resistance to 5-fluorouracil-based chemotherapy in
patients with gastric cancer[55]. Oue et al[56] showed that
endogenous CDX2 and Reg Ⅳ expression was correlated
in gastric cancer cell lines and primary tissue, and gastric
intestinal metaplasia. In addition, using an endoplasmicreticulum- regulated form of CDX2 led to rapid induction of Reg Ⅳ expression after 4-hydroxytamoxifen
treatment. Reporter gene assays revealed an important
role for consensus CDX2 DNA binding elements in the
Reg Ⅳ promoter region in its transcription, and subsequent chromatin immunoprecipitation assays showed that
CDX2 bound directly to the Reg Ⅳ promoter[47]. These
results indicate that CDX2 protein directly regulates Reg
Ⅳ expression in gastric cancer and intestinal metaplasia
of the stomach. Reg Ⅳ may exert its function via the epidermal growth factor receptor (EGFR) signaling pathway
in gastric cancer. Overexpression or silencing of Reg Ⅳ
influences the level of EGFR phosphorylation[57]. The
EGFR signaling pathway plays an important role in the
normal physiological function of cells, such as apoptosis,
migration and differentiation. The signaling pathways
downstream of EGFR are also central to the biology
of gastrointestinal cancer. A major recent discovery has
been that two major pathways mediate signal transduction through EGFR: the RAS/RAF/MAPK/ERK and
the PI3K/AKT/PTEN/mTOR pathways [58]. Forced
expression of Reg Ⅳ in gastric cancer cell lines also induces expression of the phosphorylated form of EGFR,
Bcl-2, Bcl-XL, survivin, and the phosphorylated form
of AKT[57]. Therefore, this indicates that CDX2 protein
directly regulates Reg Ⅳ expression, and Reg Ⅳ activates
the EGFR/Akt/AP-1 signaling pathway to improve the
survival rate of cancer cells. The intestinal phenotype of
gastric cancer frequently expresses EGFR[59], therefore, it
is suggested that this Reg-Ⅳ-activated pathway plays an
important role in this subtype of gastric cancer.
Besides, CDX2 also induces expression of the MDR1
gene by which CDX2 directly regulates expression of
the gene through binding to elements in the promoter
region[5]. In fact, it has been reported that postoperative
chemotherapy is not beneficial for patients with intestinal
phenotype gastric cancer[60]. Taken together, it is possible
that in intestinal phenotype gastric cancer, expression (or
ectopic expression) of CDX2 induces Reg Ⅳ and MDR1
expression, resulting in an increase in drug resistance.
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Whether CDX2-positive expression can be considered as
a prognostic factor for gastric cancer has been in dispute
for a long time. Several investigators reported that CDX2
was an independent prognostic indicator for gastric
carcinoma[61,62]. However, we showed that no significant
correlation could be determined between CDX2 and
clinicopathological parameters such as tumor size, invasion and lymph node metastasis in gastric cancer[63]. This
suggests that CDX2 does not affect the progression of
human gastric cancer. These conflicting results were likely
due to small sample sizes. Meta-analysis has recently been
applied to identify prognostic indicators in patients with
malignant diseases[64,65]. Recently, we carried out a metaanalysis that is believed to be the first study to estimate
systematically CDX2 expression and its relationship with
clinicopathological characteristics and 5-year survival
rate of gastric cancer patients. The results indicated that
CDX2 overexpression was significantly associated with
sex, lower clinical stage, tumor differentiation, lower rate
of vascular invasion and lymph node metastasis, as well
as higher 5-year survival rate[66]. Several investigators
have reported that CDX2 expression is associated with
specific morphological and mucin phenotypes of gastric
epithelial dysplasia, and decreased progressively with advanced gastric cancer stage, suggesting a possible tumor
suppressor role for CDX2[67-69]. However, sample sizes
in the meta-analysis were too small, and whether CDX2positive expression is significantly associated with good
prognosis in patients with intestinal phenotype gastric
cancer remains to be fully investigated in the future.

CONCLUSION
Ectopic expression of CDX2 occurs in the stomach and
promotes intestinal metaplasia of the mucosal epithelial
cells, which is an important early event in gastric tumor
formation. In addition, CDX2-positive gastric cancer patients also have a higher 5-year survival rate than CDX2negative patients. Therefore, CDX2 may be an important
factor that affects the prognosis of gastric malignant tumors. CDX2 has attracted increasing interest because of
its importance in modulating various cellular processes in
cell growth or survival, differentiation and apoptosis via
the regulation of gene expression. Even minor changes
in nuclear CDX2 levels and/or its activities may have a
significant effect on gene regulation, and thereby cellular
responses, during disease pathogenesis and treatment.
Therefore, an understanding of the regulatory mechanisms is of importance in intestinal phenotype gastric
cancer. As few studies have reported the relationship be-
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tween clinicopathological parameters and CDX2 in intestinal phenotype gastric cancer, large-sample clinical studies are needed. Elucidation of the CDX2/MDR1/Reg Ⅳ
pathway is a potentially important advance in molecular
oncology. In view of the high frequency of CDX2 mutations in human gastric tumors, new and/or existing pharmacological agents directed against components of this
pathway may have therapeutic benefit.
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Clinical significance of lymph node metastasis in gastric
cancer
Jing-Yu Deng, Han Liang
a consensus that the predictive efficiency of the number of metastatic lymph nodes is far better than the
extent of lymph node metastasis for the prognosis of
gastric cancer worldwide, but other nodal metastatic
classifications of gastric cancer have been proposed
as alternatives to the number of metastatic lymph
nodes for improving the predictive efficiency for patient
prognosis. It is still controversial over whether the ratio between metastatic and examined lymph nodes is
superior to the number of metastatic lymph nodes in
prognostic evaluation of gastric cancer. Besides, the
negative lymph node count has been increasingly recognized to be an important factor significantly associated with prognosis of gastric cancer.
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Core tip: Many issues regarding lymph node metastasis
in gastric cancer need to be addressed for improving
prognostic evaluation. Theoretically, the appropriate
classification of lymph node metastasis is able to improve the accurate prognosis of patients. However, it
is still controversial over which classification of lymph
node metastasis should be deemed as the most powerful predictor of prognosis. The optimal extent of lymph
node dissection has been still debating for several decades in the world. The perfect lymphadenectomy can
provide the abundant count of dissected lymph nodes
for pathological examination, which is considered as
the irreplaceable element for accurate evaluation of
disease status. In addition, the negative node count
should not be considered as a clinical variable without
any significance in prognostic evaluation.

Abstract
Gastric cancer, one of the most common malignancies
in the world, frequently reveals lymph node, peritoneum, and liver metastases. Most of gastric cancer patients present with lymph node metastasis when they
were initially diagnosed or underwent surgical resection, which results in poor prognosis. Both the depth
of tumor invasion and lymph node involvement are
considered as the most important prognostic predictors
of gastric cancer. Although extended lymphadenectomy
was not considered a survival benefit procedure and
was reported to be associated with high mortality and
morbidity in two randomized controlled European trials,
it showed significant superiority in terms of lower locoregional recurrence and disease related deaths compared to limited lymphadenectomy in a 15-year followup study. Almost all clinical investigators have reached
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no information is obtained on lymph nodes other than
the perigastric ones. Conversely, if only the number of
metastatic lymph nodes is used as a criterion, extended
lymphadenectomy (D2 or D3 according to JCGC) could
result in stage migration[28,29]. Better survival rates in extended lymphadenectomy may result from greater staging
accuracy and improvement of stage-specific survival rates
owing to stage migration. Although two randomized
controlled European trials that compared limited lymphadenectomy with extended lymphadenectomy failed to
show a survival benefit from extended lymphadenectomy[30], the lack of experience with the surgical procedure
and with postoperative care were most obvious reasons
to account for the poor outcome of extended lymphadenectomy[31,32]. Recently, researchers demonstrated that
extended lymphadenectomy showed significant superiority in terms of lower locoregional recurrence and disease
related deaths to limited lymphadenectomy in a 15-year
follow-up study[33]. However, the rationale for extended
lymphadenectomy as the conventional procedure of curative gastrectomy has not been elucidated clearly.
In this review, we will discuss the above-mentioned issues regarding lymph node metastasis in gastric cancer in
detail.

2014; 20(14): 3967-3975 Available from: URL: http://www.wjgnet.com/1007-9327/full/v20/i14/3967.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i14.3967

INTRODUCTION
More than half of gastric cancer patients have lymph
node metastasis when they are initially diagnosed or underwent surgical resection, which results in poor prognosis[1-4]. Lymph node involvement is the most important
indictor for overall survival (OS) of gastric cancer patients following curative resection (R0), and the survival
rates markedly decrease with the increase in the number
of metastatic lymph nodes[5-10]. Furthermore, many investigators demonstrated that lymph node metastasis was
an independent risk factor for gastric cancer recurrence
in patients following curative resection[11,12]. The overall
survival of lymph node-negative gastric cancer patients
was significantly longer than that of lymph node-positive
patients, and the overall recurrence rate in lymph nodenegative gastric cancer patients was significant lower than
that in lymph node-positive patients[13-16].
It is certain that a meticulous and deliberate classification of lymph node metastasis can provide the guarantee
of accurately evaluating the prognosis of gastric cancer
patients. To evaluate lymph node metastasis exactly, two
main classifications of metastatic lymph nodes have been
recommended to use in clinic by many investigators. The
first classification was originated from Japan in 1980s,
which defined the status of lymph node metastasis by
the location of metastatic lymph nodes relative to the
primary tumor according to the Japanese Classification
of Gastric Carcinoma (JCGC)[17,18]. In 1997, the International Union Against Cancer (UICC) proposed that
lymph node involvement should be classified according
to the number of metastatic lymph nodes[19-21]. Many
researchers reported that the classification based on the
number of metastatic lymph nodes was more sensitive in
prognostic evaluation of gastric cancer than that based
on the location of metastatic lymph nodes[22-25]. In addition, the ratio between metastatic and dissected lymph
nodes was deemed as an important prognostic indictor
of gastric cancer after surgery[26]. So far, there has not
been a universally accepted classification of metastatic
lymph nodes for evaluating the overall survival of gastric
cancer worldwide.
In view of the fact that regional lymph node metastasis usually begins in early period of gastric cancer,
regional lymph node dissection should be recommended
as part of curative resection. However, it is still debatable over the optimal extent of lymph node dissection
during the curative resection for gastric cancer. Limited
lymphadenectomy (D1 according to JCGC[23]) is limited
to removing the perigastric lymph nodes, which can
not guarantee accurate staging of lymph node metastasis and avoid potentially rudimental metastatic lymph
nodes[27]. When limited lymphadenectomy is performed,

WCGO|www.wjgnet.com

LYMPH NODE METASTASIS FOR
PROGNOSTIC EVALUATION IN GASTRIC
CANCER
In gastric cancer, the presence or absence of lymph node
metastasis is one of the most important prognostic indicators in patients following curative resection. More than
50% of gastric cancer patients have lymph node metastases at diagnosis, which lead to a 5-year survival rate <
30%[4]. Although several investigators reported that the
minority of lymph node-negative gastric cancer patients
had recurrence and poor survival, most investigators
demonstrated that the prognosis of lymph node-negative
gastric cancer patients was significantly better than that
of lymph node-positive patients[34-36]. Hocbwald et al[14]
analyzed the data of actual five-year survivors of gastric
cancer, and found that the nodal status was the most
powerful prognostic factor of outcome within the first
five years after curative surgery for gastric cancer. They
also demonstrated that the number of positive lymph
nodes was the most important determinant of survival
(p < 0.001) by using multivariate analysis. Ichikura et al[37]
demonstrated that the median postoperative survival of
patients with < 4 metastatic lymph nodes was significantly longer than that of patients with 4 or more metastatic
lymph nodes. Gunji et al[38] also found that early gastric
cancer patients with 4 or more metastatic lymph nodes
had a higher probability of recurrence and shorter shortterm survival. In a previous study, we also demonstrated
that gastric cancer patients with positive lymph nodes had
much shorter median OS than those with negative lymph
nodes[39].
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Recurrence is the most common reason of cancer
related death in gastric cancer patients. Owing to the fact
that more than half of gastric cancers was advanced at
the time of diagnosis, even when the curative resection
(R0) was possible, the recurrence could occur in approximately 60% of patients[40]. The recurrence of surgically
resectable gastric cancer is influenced significantly by the
presence of lymph node metastasis. The more the number of metastatic lymph nodes, the worse the prognosis
of gastric cancer patients[41]. Besides, we found that the
number of metastatic lymph nodes was the most important indicator of recurrence after curative surgery[42]. In
a further analysis, we demonstrated that the locoregional
recurrence of gastric cancer was significantly associated
with the number of metastatic lymph nodes (p = 0.025)[43].
Hepatic metastasis is the most frequent distant metastasis
of gastric cancer following curative resection. The detail
mechanism of hepatic metastasis from gastric cancer
after curative resection is unclear. Although the hematogenous metastasis of gastric cancer was deemed as the
most important route of hepatic metastasis following curative resection[44,45], some researchers demonstrated that
lymphatic metastasis should be another reason of hepatic
metastasis[46]. In our previous study, we demonstrated that
lymph node metastasis was not only the most important
factor of hepatic metastasis of gastric cancer following
curative resection, but also the independent factor of the
interval time between radical gastrectomy and hepatic
metastasis[47]. Unlike in the West, peritoneal dissemination
is the main pattern of recurrence after curative gastrectomy in the East[48]. We also demonstrated that peritoneal
dissemination was the most usual recurrence type of gastric cancer after surgery[43]. Meanwhile, we found that the
number of metastatic lymph nodes was significantly associated with the occurrence of peritoneal dissemination.

cancer cells from the primary tumor, the non-quantitative
characteristics of this classification lead to inefficient
evaluation of the prognosis of gastric cancer patients. As
we know, comparatively accurate results of data statistics
should be based on the continuous data or the elaborate
classification of non-continuous data. Therefore, the
UICC has still maintained the classification of lymph
node metastasis based on the number of lymph node
metastasis (the 5th/6th N stage) to provide the accurate
prognostic evaluation for gastric cancer patients since
1997. However, it is still controversial over the best cutoffs of the number of metastatic lymph nodes for prognostic evaluation. So many researchers proposed that the
N staging should be updated for improvement of its accuracy for prognostic evaluation in gastric cancer in clinical application[41,50]. Although the 5th/6th edition UICC
TNM node staging system is deemed to have higher feasibility, objectivity, reproducibility, and increased strength
of prognostic stratification than other edition node staging systems, it has resulted in inevitable controversies
ultimately. There has not been a universally accepted
node staging system for extremely precise evaluation of
the relationship between the 5th/6th edition UICC N stage
and prognosis of gastric cancer patients[50-52]. In 2010, we
identified that the 7th edition UICC N stage was superior
to the 5th/6th UICC N stage and Japanese n stage for
prognostic evaluation in gastric cancer patients[53]. Subsequently, many researchers reported that the 7th edition
UICC N stage could provide a more stratified survival
difference in sub-staged gastric cancer than the 5th/6th
edition UICC N stage, which should be considered to
be much more reasonable compared with the previous
edition N stage, especially between the N1- and N2stage tumors[54-57]. On the other hand, a few authors did
not recommend that the 7th edition UICC N stage as the
optimal classification of lymph node metastasis in gastric
cancer[58,59].
Many studies indicated that the ratio between metastatic and dissected lymph nodes, namely the number of
metastatic lymph nodes to that of dissected lymph nodes,
was an independent prognostic factor for gastric cancer
and other malignant neoplasms, and was reported to be
able to reduce the phenomenon of stage migration[60,61].
Nevertheless, the prognostic superiority of the ratio has
been still controversial for many years[62]. In the previous
study, we demonstrated that the ratio between metastatic
and dissected lymph nodes was inferior to the N stage
for predicting the OS of gastric cancer patients with 15
or more dissected lymph nodes after curative resection[50].
Kulig et al[63] demonstrated that the ratio between metastatic and dissected lymph nodes could not be regarded
as a standard classification of lymph node metastasis
alternative to other classifications after curative gastrectomy plus extended lymphadenectomy. Actually, the
ratio between metastatic and dissected lymph nodes can
not define the number of examined lymph nodes and
formulate the extent of lymph node dissection, which is
considered the potentially key factor interfering with the

THE OPTIMAL CLASSIFICATION OF
LYMPH NODE METASTASIS FOR
PROGNOSIC EVALUATION IN GASTRIC
CANCER
The first classification of metastatic lymph nodes was
originated from Japan in 1980s, which defined the status
of lymph node metastasis by the location of positive
lymph nodes relative to the primary tumor according to
the JCGC. Once extragastric lymph node metastasis is
identified, the probability of systemic cancer dissemination significantly increases in theory. In our latest study,
we demonstrated that extragastric lymph node was an
important factor associated with the dismal prognosis
of patients, even those undergoing extended lymphadenectomy[49]. However, many researchers reported that
classification based on the number of metastatic lymph
nodes was more sensitive in prognostic evaluation of gastric cancer than that based on the location of metastatic
lymph nodes. Although the JCGC classification of lymph
node metastasis can reflect the metastatic pathways of

WCGO|www.wjgnet.com

329

February 8, 2015|First Edition|

Deng JY et al . Lymph node metastasis of gastric cancer

quality of curative surgery and the prognosis of patients.
We also demonstrated that the ratio between metastatic
and dissected lymph nodes could enhance the prognostic
evaluation accuracy of the N stage, although it was identified to be inferior to the N stage for accurate evaluation
of patient prognosis[42].

control. In a Dutch trial, locoregional recurrence was
registered in 58% of cases in the limited lymphadenectomy group and in 45% of cases in the extended lymphadenectomy group. However, the Japan clinical oncology
group 9206-1 trial demonstrated that local relapse rate
was only < 1% following curative gastrectomy with extended lymphadenectomy[76]. Yoshikawa et al[77] analyzed
1041 early gastric cancer patients who underwent extended lymphadenectomy with curative intent, and found
that 15 cases had died of recurrence (1.44%) at the last
follow-up.
Although high morbidity and mortality rates have
been reported in patients requiring extensive gastric resection[78], extended lymphadenectomy has a much lower
morbidity and mortality in Japan than in the West, with
a mortality rate being less than 3%[79]. Biffi et al[80] analyzed 250 gastric cancer patients in a single center and
demonstrated that extended gastrectomy with spleen and
pancreas routine preservation can be considered a safe
treatment for gastric cancer in Western patients, at least
in experienced centers. In the Japan clinical oncology
group study 9501, the reported hospital mortality was
only 0.80%, which is significantly lower compared with
Western reports[81]. Recently, an Italy randomized clinical
trial demonstrated that extended lymphadenectomy could
be considered a safe option, with a mortality of only 3.0%
in Western gastric cancer patients[82]. Wu et al[67] reported
that extended lymphadenectomy was a sufficiently safe
procedure for gastric cancer patients, even without hospital morbidity.

THE APPROPRIATE EXTENT OF LYMPH
NODE DISSECTION
Lymph node metastasis can occur during the early stages
of gastric cancer, and regional lymphadenectomy is recommended as part of radical gastrectomy. However, the
extent of lymphadenectomy to achieve the optimal result
is controversial, and there is no worldwide consensus.
Once extragastric lymph node metastasis of gastric cancer is identified[49], the probability of systemic dissemination of tumor cells will significantly increase. The optimal extent of lymph node dissection is an unavoidable
problem which can interfere with the accurate evaluation
of the extent of lymph node metastasis. Primary tumors
were conventionally resected en bloc with limited or extended lymphadenectomy (D1 or D2-3 according to the
JCGC). The limited lymphadenectomy (D1) entails the
removal of the perigastric nodes only, whereas extended
lymphadenectomy (D2 or D3) involves the removal of
both perigastric and extragastric nodes. Extended lymphadenectomy can afford more exhaustive information of
nodal metastasis than limited lymphadenectomy theoretically, while it has not reached a consensus of the standard
extent of lymph node dissection for gastric cancer. Early
studies have reported that 30%-40% of patients with
metastatic lymph nodes including the second tier lymph
nodes have survived longer than 5 years after extended
lymphadenectomy[64]. Although extended lymphadenectomy was not considered a survival benefit procedure as
it was reported in two randomized controlled European
trials[65,66], the lack of experience with surgical procedure
and with postoperative care was thought to account for
the poor outcome of patients who underwent extended
lymphadenectomy[67-69]. Ultimately, extended lymphadenectomy showed significant superiority in terms of
lower locoregional recurrence and disease related deaths
to limited lymphadenectomy in the 15-year follow-up
study[33]. Recently, many Western clinical researchers also
demonstrated that extended lymphadenectomy could improve survival and decrease the perioperative morbidity
of gastric cancer patients[70-72].
Nodal metastatic stage redefinition and local relapse
decrease were deemed as the most important reasons for
improvement in the prognosis of gastric cancer patients
who underwent extended lymphadenectomy, even in
patients with node-negative gastric cancer[73,74]. Theoretically, extended lymphadenectomy allows to harvest more
lymph nodes and eliminate more broadly perigastric lymphatic tissues which were potentially invaded by tumor
cells, compared with limited lymphadenectomy[75]. The
extent of surgery will especially influence locoregional

WCGO|www.wjgnet.com

THE MINIMUM NUMBER OF LYMPH
NODE DISSECTED
In 1997 the UICC/American Joint Committee on Cancer
(AJCC) recommended, in the 5th edition of the staging
manual, that a minimum of 15 lymph nodes need to be
assessed per patient[83]. However, the 7th edition TNM
classification of N stages of gastric cancer states that
‘‘histological examination of a regional lymphadenectomy specimen will ordinarily include 16 or more lymph
nodes’’. In this classification, it is only a recommendation
and no longer a prerequisite that there is to be no less
than 16 dissected lymph nodes for adequate N stage classification. Of note, the 7th edition N staging does specify
that at least 16 metastatic lymph nodes are required to
assign N3b stage to gastric cancer patients[84]. Studies have
shown that stage migration occurs in patients with a lower
number of lymph nodes examined, creating inaccuracies
in survival prediction[85-87]. Smith et al[31] proposed that the
total lymph node number analyzed is an important and
powerful qualifier of staging information and survival
evaluation for gastric cancer, regardless of the underlying
mechanisms that influence this survival impact of lymph
node counts. They demonstrated that the trend toward
superior survival outcome could be followed to lymph
node counts greater than 40, although there was no unambiguous cutoff point for numerical lymph node analy-
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cal examination[99,100]. It is so crucial that the total harvested lymph nodes must comprise negative lymph nodes,
which is the basic guarantee for really radical resection of
gastric cancer without leaving over any potential metastasis theoretically. By increasing the number of negative
lymph nodes evaluated, the chance of leaving the micrometastasis within negative lymph nodes decreases.
Recent data demonstrate that the immunohistochemical evaluation of histologically negative lymph nodes
detects micro-metastatic disease with varying frequencies
even in early gastric cancer. Kim et al[99] demonstrated that
the incidence of lymph node micro-metastasis in early
gastric cancer patients with negative lymph nodes was
less than 10%. Saito et al[100] demonstrated that the micrometastases within lymph nodes which were determined
by using the immunohistochemical anti-cytokeratin antibody in node-negative early gastric cancer patients were
closely associated with recurrence following curative gastrectomy. Endo et al[101] used anti-cytokeratin antibody to
immunohistochemically detect nodal micrometastasis that
was not identified by routine pathological examination
in 162 patients with apparent node-negative submucosal
gastric cancer. The micrometastasis was detected in 45 of
2048 nodes (2.2%), representing 31 of 162 patients (19%).
Although the micro-metastasis and isolated tumor cells
in negative lymph nodes are considered as the key factors
that could lead to an adverse effect on the OS of patients,
patients with negative lymph node metastasis who were
identified to have isolated tumor cells or micro-metastasis
did not demonstrate a significantly worse prognosis than
those who did not have isolated tumor cells after curative
gastrectomy with extended lymphadenectomy[102]. Harrison et al[103] demonstrated that T3N0M0 gastric cancer
patients who underwent extended lymphadenectomy
had significantly more negative lymph nodes than those
who underwent limited lymphadenectomy, indicating
that extended lymphadenectomy can improve the OS
of T3N0M0 patients. This result is potentially associated with the elimination of micro-metastasis in negative
lymph nodes.
In a previous study, we also found that the negative
lymph node count was an independent predictor of OS
in gastric cancer patients with perigastric node metastasis,
as was the positive lymph node count[104]. Further analysis
demonstrated that the negative node count was the most
intensive predictor of OS in patients with perigastric
lymph node involvement after extended lymphadenectomy. Ultimately, we deduced that extended lymphadenectomy improved the prognosis of patients with
perigastric lymph node involvement possibly by dissecting more negative nodes, compared to the limited lymphadenectomy. Recently, the sentinel node navigation was
demonstrated to be an important factor influencing the
diagnosis and treatment of lymph node metastasis from
gastric cancer, especially in early stage patients[105]. Clinical
application of the sentinel node navigation in gastric cancer is still restricted to early gastric cancer patients, owing
to the complexity of the lymphatic drainage pathways of

sis after curative gastrectomy.
Theoretically, a consensus should be reached that inadequate lymph node assessment directly affects patient
survival[88-90]. Stage migration was occasionally identified
to arise in patients with even great number of dissected
lymph nodes, although many researchers demonstrated
that the effect of stage migration is most usually shown
in patients with a small number of lymph nodes examined[31,91]. It is certain that lymph node counts reflect not
only the actual number of lymph nodes removed intraoperatively but also (or especially) the number of lymph
nodes identified and properly examined during macroscopic and microscopic pathologic analysis[92]. Several investigators reported that the more the number of lymph
node dissection, the longer the disease-free survival
(DFS) of gastric cancer patients[89,90]. Besides, there was
a significantly negative correlation between the number
of dissected lymph nodes and the local recurrence rate in
patients after curative gastrectomy in above-mentioned
studies. In the previous study, we have demonstrated that
patients presented with no less than 15 dissected lymph
nodes had comparatively longer median OS after recurrence, compared to those with less than 15 dissected
lymph nodes[90]. Scartozzi et al[91] reported a remarkable
decrease in local recurrence rate, from 23% in patients
with less than 25 lymph nodes assessed to 4.7% in patients with no less than 25 lymph nodes assessed. They
considered that abundant lymph node dissection should
be associated with good locoregional control. Another
example, in the 15-year analysis of the Dutch D1/D2
randomized controlled trial, local recurrence was 22%
in the D1 group, compared with 12% in the D2 group;
while regional recurrence was 19% in the D1 group, and
13% in the D2 group (P = 0.015)[33]. In 2012, Xu et al[93]
demonstrated that it is necessary to examine at least 16
lymph nodes for accurate pathological examination of
gastric cancer, even in node-negative gastric cancer patients.

NEGATIVE NODES IN GASTRIC CANCER
Negative lymph node count has been fully given importance for its significant association with the prognosis
of patients with a malignant disease[94-96]. It is undoubted
that patients with negative node metastasis present with
a higher 5-year survival rate (5-YSR) and lower recurrence rate than those with positive node metastasis after
curative resection for gastric cancer [97]. Owing to the
comparatively better bio-behaviors of tumor, gastric cancer patients who present with no nodal involvement can
have a higher 5-YSR regardless of lymphadenectomy[98].
Besides, the negative lymph node count is significantly associated with the prognosis of patients. Theoretically, the
negative lymph node count should be deemed as the important guarantee for real R0 resection of gastric cancer
and significantly associated with the OS of gastric cancer
patients owing to micro-metastasis in negative nodes
which could not be identified by conventional pathologi-
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the stomach. The results of two noted random control
trails (JCOG0302 and SNNS) of the sentinel node navigation in Japan failed to demonstrate that the detection
of sentinel lymph nodes could exactly predict the status
of lymph node metastasis intraoperatively, which implied
that lymphadenectomy should be irreplaceable for the
elimination of nodal metastasis[106].
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CONCLUSION
Lymph node metastasis, as one of the most intensively
prognostic indictor of gastric cancer, needs to be further investigated to elucidate the optimal significance for
improving the prognostic evaluation and clinical treatment. Although the number of metastatic lymph nodes
is considered the most appropriate classification of nodal
metastasis for evaluation of OS, the negative lymph node
count is an important variable that can provide important
information contributing to prognostic evaluation and
clinical treatment of gastric cancer. In addition, the extent of lymphadenectomy should be deeply investigated
by studying the basic metastatic mechanism of cancer
cells.
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Core tip: Gastric cancer (GC) is the third most common
cancer and the second most common cause of cancer
death in Asia. Highest incidence rates are observed in
Eastern Asia and varies in other parts of Asia. Mortality
rates are slowly declining but remain a significant public health problem. The seroprevalence of Helicobacter
pylori is very closely related to the incidence of GC in
Asia. In contrast to Western world, management of GC
is focused on prevention and early detection in Eastern
Asia.

Abstract

Original sources: Rahman R, Asombang AW, Ibdah JA. Characteristics of gastric cancer in Asia. World J Gastroenterol 2014;
20(16): 4483-4490 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i16/4483.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i16.4483

Gastric cancer (GC) is the fourth most common cancer
in the world with more than 70% of cases occur in the
developing world. More than 50% of cases occur in
Eastern Asia. GC is the second leading cause of cancer
death in both sexes worldwide. In Asia, GC is the third
most common cancer after breast and lung and is the
second most common cause of cancer death after lung
cancer. Although the incidence and mortality rates
are slowly declining in many countries of Asia, GC still
remains a significant public health problem. The incidence and mortality varies according to the geographic
area in Asia. These variations are closely related to the
prevalence of GC risk factors; especially Helicobacter
pylori (H. pylori ) and its molecular virulent characteristics. The gradual and consistent improvements in
socioeconomic conditions in Asia have lowered the H.
pylori seroprevalence rates leading to a reduction in the
GC incidence. However, GC remains a significant public
health and an economic burden in Asia. There has been
no recent systemic review of GC incidence, mortality,
and H. pylori molecular epidemiology in Asia. The aim

WCGO|www.wjgnet.com

INTRODUCTION
Gastric cancer (GC) is a heterogeneous, multi factorial disease. It endangers human physical and psycho-social wellbeing, causing a significant public health and economic
burden both in the developed and developing countries[1,2].
According to International Agency for Research on Cancer, the global and regional burden of GC is enormous[3].
The incidence and mortality vary widely according to
geographic areas, socio-cultural and economic entities.
GLOBOCAN 2008 data revealed that about one million
new cases of GC were estimated to have diagnosed in
2008, making it the fourth most common malignancy in
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Table 1 Gastric cancer incidence, mortality and prevalence in the world as reported in GLOBOCAN
[3]
2008

World
Asia
Europe
Northern America
Africa

Total incidence

Incidence rate

Total mortality

Mortality rate

5-yr prevalence

(in 1000s)

per 100000

(in 1000s)

per 100000

(in 1000s)

988
727
145
24
22

14.0
18.5
10.3
4.2
4.0

737
530
116
12
21

10.3
13.4
7.9
2.1
3.8

1598
1216
201
37
30

Prevalence
5.5%
10.4%
2.4%
0.8%
2.1%

Table 2 Male gastric cancer incidence, mortality and prevalence in the world as reported in GLOBOCAN
[3]
2008

World
Asia
Europe
Northern America
Africa

Total incidence

Incidence rate

Total mortality

(in 1000s)

per 100000

(in 1000s)

Mortality rate 5-yr prevalence
per 100000

(in 1000s)

640
484
86
15
12

19.7
25.9
14.5
5.8
4.7

463
342
68
7
11

14.2
18.3
11.3
2.8
4.5

1050
819
121
23
16

Prevalence
7.8%
15.7%
2.9%
1.0%
3.0%

Table 3 Female gastric cancer incidence, mortality and prevalence in the world as reported in
[3]
GLOBOCAN 2008

World
Asia
Europe
Northern America
Africa

Total incidence

Incidence rate

Total mortality

Mortality rate

5-yr prevalence

(in 1000s)

per 100000

(in 1000s)

per 100000

(in 1000s)

348
243
59
9
10

9.1
11.7
7.0
2.8
3.3

273
188
47
5
9

6.9
8.9
5.3
1.5
3.2

548
396
79
13
13

the world, after lung, breast, and colorectal cancers. More
than 70% of GC cases occur in developing countries with
half the world’s total cases occurring in Eastern Asia[1,2].
Overall, GC incidence and mortality have fallen dramatically over the past 70 years. Despite its recent decline, GC
is the second leading cause of cancer death in both sexes
worldwide. The highest mortality rates occur in Eastern
Asia while the lowest occur in Northern America. In Asia,
GC is the third most common cancer after breast and
lung. But is the second most cause of cancer death in Asia
after lung cancer[2,3]. Although the incidence and mortality
rates of GC are slowly declining in Asia, it still remains a
significant health problem. Asia is the world’s largest and
most populous continent. With approximately 4.3 billion
people, it accounts for 60% of the world’s current human
population. Asia’s growth rate is very high for the modern
era and has quadrupled during the last 100 years. It is estimated that Asia’s growth rate will remain high[3,4]. There
has been no recent systemic review of GC incidence,
mortality and Helicobacter pylori (H. pylori) molecular epidemiology in Asia.

Prevalence
3.6%
6.2%
1.9%
0.6%
1.5%

2008, accounting for 11.9% of all the cancers diagnosed.
It is the third most common cancer in Asia after breast
and lung cancer[3]. Table 1 shows that the age-standardized rate (ASR) of incidence is highest in Asia (18.5%)
compared to other continents. The ASR of mortality is
also highest (13.4%) and it is second only to lung cancer
(19.15) in Asia. It is the third most prevalent cancer in
Asia after breast and colorectal cancers[3]. The incidence
and mortality rates of GC are also the highest in both
males and females in Asia compared to other continents
(Tables 2 and 3)[3,5].
The incidence and mortality rates are also higher in
Eastern Asia compared to other regions in Asia. This
region includes China, Japan and South Korea, the three
countries with the highest GC incidence and mortality rates, while the lowest rates occur in South-Central
Asia[1,3,5,6]. The age adjusted GC incidence, mortality, and
prevalence rates in the various regions in Asia are summarized in Table 4. In all the four parts of Asia, the rates are
lower in females than males as shown in Tables 5 and 6[1-5].

CURRENT EPIDEMIOLOGY OF GC

CURRENT INCIDENCE TREND OF GC IN
ASIA

More than 727000 cases of GC were diagnosed in Asia in

More than half of the world’s population live in Asia[2]
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Table 4 Gastric cancer incidence, mortality and prevalence in Asia as reported in GLOBOCAN 2008

Eastern Asia
South-Eastern Asia
South-Central Asia
Western Asia

Total incidence

Incidence rate

Total mortality

Mortality rate

5-yr prevalence

(in 1000s)

per 100000

(in 1000s)

per 100000

(in 1000s)

601
43
68
14

30.2
8.6
4.8
9.4

418
35
63
13

20.3
7.1
6.5
8.3

1071
56
68
19

[3]

Prevalence
15.2%
3.9%
2.6%
4.2%

[3]

Table 5 Male gastric cancer incidence, mortality and prevalence in Asia as reported in GLOBOCAN 2008

Eastern Asia
South-Eastern Asia
South-Central Asia
Western Asia

Total incidence

Incidence rate

Total mortality

Mortality rate

5-yr prevalence

(in 1000s)

per 100000

(in 1000s)

per 100000

(in 1000s)

408
24
42
9

42.4
10.9
6.7
12.6

274
20
39
8

28.1
8.9
6.3
11.2

732
32
42
12

Prevalence
21.0%
6.2%
4.3%
5.8%

Table 6 Female gastric cancer incidence, mortality and prevalence in Asia as reported in GLOBOCAN
[3]
2008

Eastern Asia
South-Eastern Asia
South-Central Asia
Western Asia

Total incidence

Incidence rate

Total mortality

Mortality rate

5-yr prevalence

(in 1000s)

per 100000

(in 1000s)

per 100000

(in 1000s)

193
18
26
5

18.3
6.7
3.9
6.7

144
15
23
4

13.0
5.6
3.6
5.9

338
23
26
7

China, Japan and South Korea have reported the highest GC incidence rate both in males and females in the
world. More than half of the total cases of GC are diagnosed in East Asia each year[1,2,5,6]. Overall, the incidence
rate trend of GC in Asia is declining in the last two decades. Although the incidence rate of GC remains somewhat unchanged in some countries of Asia, the overall
incidence rate of GC in East Asia is declining[7]. In China,
the incidence rate of GC in males declined from 41.9
per 100000 in 2000 to 37.1 per 100000 in 2005[8,9]. While
from 2000 to 2005, GC incidence rate decreased from
19.5 to 17.4 per 100000, respectively in females[1,8,9]. In Japan, the incidence rate of GC declined from about 80 to
60 per 100000 from 1980 to 2000. In 2008, the incidence
rate of GC in Japan was 31.1 per 100000 both in males
and females[5,10,11]. In South Korea, the incidence rate of
GC also declined to 65.6 per 100000 in males and 25.8
per 100000 in females[2,6,12]. Many countries of SouthEast Asia (Singapore, Thailand, and Malaysia) have also
observed a slow decline of GC incidence rate over the
last few decades[2,3].
The overall incidence rate of GC in South-Central
Asia is low in comparison to the other parts of Asia.
The incidence of GC in India (3.8 per 100000) is overall less than the worldwide incidence. The age-adjusted
rate of GC among urban registries in India is 3.0-13.2
per 100000[2,3]. Overall, the incidence rate of GC in India is decreasing. However, this declining trend has not
been seen in certain parts of India. Among the major
population-based cancer registries in India, only Mumbai

WCGO|www.wjgnet.com

Prevalence
9.5%
2.6%
1.6%
3.0%

and Chennai have reported a decline in incidence. The incidence rate of GC in other parts of South-Central Asia
like Pakistan, Bangladesh and Sri Lanka is also decreasing
slowly[2-4,13,14].
Western Asia is the land of multiple ethnic groups,
principally from three main backgrounds: Semitic (Arabs
and Jews), Indo-European (Persians and Kurdish) and
Turkic (Turkish and Turkmens). Its geographic location,
which has been under continuous influences from Asia,
Europe and Africa, has variable incidence rates of GC.
The GC rate differs in this region from very high in Iran
(26.1 per 100000) to low in Israel (12.5 per 100000)[3,15,16].
GC occurs nearly 7 times more frequently in Iran than
in Iraq[17]. In Jordan, the overall incidence rate is 4.8 per
100000 (males 5.6 and females 4.1)[3,15,16]. The incidence
rate of GC and its trend remains stable or improving
slowly in most of the countries in Western Asia[3,15-17].

GC MORTALITY IN ASIA
The overall GC mortality rate and its variations according
to geographic areas closely follow the distribution of the
GC incidence rate in the world as well as in Asia. In Asia,
the mortality rate is higher in males than females[3]. Similar to the incidence rate, GC mortality rate is the highest
in Eastern Asia (Table 4)[3]. Mortality rates also vary in
different countries in Asia (Table 7). China has the highest mortality rate from GC (30.1 per 100000) followed
by Japan (20.5 per 100000) and South Korea (13.8 per
100000). The mortality rate is moderate to low in South-
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urban areas of India (overall 3.6, male 4.6, and female 2.7
per 100000 in 2008). But in many rural areas, the mortality rate still remains high and unchanged. The mortality
rates in other countries in South-Central Asia remain low
and unchanged. Iran has the highest mortality rate of GC
in South-Central and Western Asia. The overall mortality rate is 14.1 per 100000 (male 19.9 and female 8.2) and
is slowly declining. The mortality rate remains low and
improving slowly in Jordan (overall 4.5, male 5.2 and female 3.8 per 100000) and Israel (overall 4.7, male 6.7 and
female 3.0 per 100000)[3,13-15].

Table 7 Incidence, mortality and prevalence of gastric cancer
in selected countries in Asia as reported in GLOBOCAN
[3]
2008
Country
China
Japan
South Korea
Indonesia
Malaysia
Thailand
India
Bangladesh
Pakistan
Iran
Iraq
Jordan
Saudi Arabia
Israel

Incidence rate per
100000

Mortality rate per
100000

Prevalence

29.9
31.1
12.1
9.4
8.4
3.5
3.8
5.2
6.3
15.6
3.6
4.8
3.3
8.6

22.3
13.5
9.8
8.8
7.4
2.5
3.6
5.0
5.9
14.1
3.5
4.5
3.0
4.7

5.6%
18.1%
7.0%
4.8%
3.3%
1.5%
1.5%
2.8%
3.0%
8.8%
1.9%
2.2%
2.0%
2.4%

EPIDEMIOLOGY OF HELICOBACTER
PYLORI INFECTION IN ASIA
It is well postulated that the seroprevalence of H. pylori
is very closely related to the incidence of GC. There is a
difference in the seroprevalence of H. pylori infection between countries and within specific regions and communities of individual countries, not only in Asia but also
in other countries of the world. In tandem with the socioeconomic development in many countries, a temporal
decrease in the seroprevalence rate has been reported[2].
The seroprevalence rates of H. pylori infection in
under-developed or developing countries are higher than
in developed countries. The highest seroprevalence rate
is reported in Bangladesh (92%) followed by Kuwait
(84%) and India (79%)[2,19,20]. On the other hand, the seroprevalence rates in developed countries are reported to
be lower. Among East Asian countries, the overall seroprevalence rate is 58.07% in China, 39.3% in Japan, 59.6%
in South Korea and 54.5% in Taiwan[21-24]. Among Southeast Asian countries, the reported seroprevalence rate was
35.9% in Malaysia, 31% in Singapore, 75% in Vietnam
and 57% in Thailand[2,7,18,25-27]. The seroprevalence rates
are also high in many countries of the South-Central and
Western Asia - 78% in Jordan, 77% in Iran, 78% in Iraq,
75% in Saudi Arabia and 72% in Israel[15,28]. In addition, a
temporal effect was also evident with the younger population having low prevalence rates similar to developed
Western countries[2].
A temporal effect in H. pylori seroprevalence rate has
also been noted in Asia[29,30]. In a study from Guangzhou
province in China, it was found that the overall H. pylori
seroprevalence rate had decreased from 62.5% in 1993
to 47% in 2003. Among children aged 1-5 years, the
seroprevalence rate was 19.4% and this rose to 63.2%
among subjects aged 40-50 years. In Japan, the overall
seroprevalence rate was 72.7% in 1974, decreased to
54.6% in 1984 and was 39.3% in 1994. In South Korea,
the seroprevalence rate decreased from 66.9% in 1998
to 59.6% in 2005[31]. In addition to a temporal decline in
the overall seroprevalence rate over time, the younger
population generally has a lower seroprevalence rate.
Current evidence suggests that most H. pylori infection is
acquired in childhood. The data from Asia also indicates
that the rate of H. pylori infection has been decreasing
over the last 40-50 years, with an overall decline in H. py-

Eastern Asia (Malaysia 8.5 per 100000), while relatively
low in South-Central Asia (India 4.6 and Bangladesh
5.7 per 100000). The mortality rates vary in Western
Asia (Iran 19.9, Israel 6.7, Jordan 5.2 and Iraq 3.7 per
100000)[1,3,5,6,8,15].

CURRENT MORTALITY TREND OF GC IN
ASIA
In the new millennium, there have been some distinct
and progressive changes in the pattern of gastrointestinal
cancer - especially in GC in Asia. Despite all the recent
changes in screening, diagnosis, treatment and surveillance, GC still remains the second most common cause
of cancer mortality in Asia[3]. The mortality rate of GC
remains statistically unchanged in some countries of Asia,
however, a significant decline in the mortality rate of GC
in Eastern Asia led to an overall decline in the mortality
rate in Asia[7]. In China, the highest mortality rate was observed in rural areas, especially in Gansu, Henan, Hebei,
Shanxi and Shaanxi Provinces in the middle-western part
of China[8,9]. Although there was a slight increase from
the 1970s to early 1990s, a significant decline in GC mortality was noticed in almost the entire population during
the last decade in China. Between 2000 and 2005, Mortality from GC declined in males, while the number slightly
increased in females, despite the significant declining
trend in mortality rates among all age groups in China.
In 2008, the mortality rates of GC in China were 30.1 in
males and 14.6 in females per 100000[1,7,8].
There has been a significant change in the mortality
trend of GC in Japan. This country has had a significant
decline in the mortality rate of GC from 1980 to 2010.
In 2008, the overall mortality rate was 14.7 per 100000
(20.5 and 12.6 per 100000 in males and females, respectively)[2,3,11]. Similar decline was also observed in South
Korea[2,3,12]. The mortality rate also declined in most of
the countries in Eastern and South-Eastern Asia[2,3,7,18].
There was a decline in the mortality rates of GC in
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lori seroprevalence, similar to that of Western developed
countries[2,32-34]. Evidence related to the survival of H.
pylori outside the gastric niche is limited. Principal route
of transmission yet to be confirmed. There is strong evidence that indicates the prevalence of H. pylori infection
has a strong correlation with access to clean water, suggesting a transmission route to the host[35,36].
The Indian enigma is a subset of the Asian enigma,
which refers to the observations that there are regions
where H. pylori infection is high yet the GC incidence
is relatively low. The term was coined based on the epidemiological observation. The regions where these observations are made are India, Bangladesh, Pakistan and
Thailand[2,4,5]. It is to be acknowledged that there are still
gaps in our appreciation of the process of gastric carcinogenesis. There is also a lack of data documenting the
precise gastric histology in these populations with low
GC but high H. pylori seroprevalence rates[37,38].

tion in intestinal-type GC is higher than in the diffuse
type and in the control group. An association was found
between H. pylori infection and GC located distally (antrum/pylorus)[48].

MANAGEMENT AND OUTCOME OF GC
IN ASIA
GC management has been principally focused on the
management of advanced GC in western populations,
where the risk of GC tends to fall into the low-risk
category. But this statement does not hold true for the
highest-risk continent - Asia, where resources have focused on preventive strategies as well as management
of early stage GC[49]. It is widely accepted that GC, like
many other malignancies, progresses through a cancer
cascade[50]. However, why certain individuals and families have a greater propensity to move along the cascade
towards GC, is most certainly a multi-factorial process,
and arises from complex and multifaceted interactions
between host factors, H. pylori and environmental factors.
Diets high in salt and nitrates carry the highest risks, with
salt in particular demonstrating an ability to augment the
effects of carcinogens. Fresh fruits and vegetables are associated with a reduced risk of GC. But fortification of
the diet with ascorbic acid or use of multivitamins does
not appear to confer the same protection. Studies focusing on sustained measurable alterations in diet sufficient
to affect GC incidence and prevalence are underway[51-53].
However, H. pylori infection has proven to be an interesting target and multiple studies have indicated that H.
pylori infection is a necessary, but not a sufficient causal
factor in the development of GC [51]. Unfortunately,
four randomized placebo-controlled trials evaluating
the impact of H. pylori screening and eradication on GC
prevalence did not show a significant reduction in GC
development; however, there was a non-significant trend
towards risk reduction for GC with H. pylori eradication.
The strategy of population screening and treatment of
H. pylori infection appears to be the strategy of choice in
high GC risk populations in Eastern Asia[54-57].
China, Japan and South Korea are the in champions in
the management of early GC, and this has primarily been
driven by need. Given that these countries have some of
the highest GC, screening is done through barium meal
(Japan), gastroscopy (Japan and South Korea) and serum
pepsinogen/gastroscopy (China)[55-57]. Studies from the
eastern Asia examining the techniques of endoscopic mucosal resection and endoscopic submucosal dissection for
early stage GC have proven that with improving technical
expertise and careful surveillance, the outcome is excellent with high 5-year survival[58]. However, the detection
of early GC is difficult and only systematic population
screening has been shown to increase early detection and
confer a survival advantage[59,60]. Health economics modeling indicates that population endoscopic screening for
early GC is cost effective in moderate- to high-risk populations and may not be economically prudent for other

MOLECULAR EPIDEMIOLOGY OF H.
PYLORI IN ASIA
Different H. pylori strains transpire across diverse geographic regions, and the differences in these strains have
been correlated with the variation in GC epidemiology.
Six main geographic strains were identified, the hpEastAsia is the strain from East Asian countries[39]. It has been
perceived that populations with high GC rates correspond almost exactly to populations with the hpEastAsia
strain. In South Asian countries where H. pylori seroprevalence rates are high but GC prevalence rates are low,
the strains were predominantly hpAsia[29,39-41].
In the milieu of GC carcinogenesis, bacterial virulence factors that have been implicated include the
cytotoxin-associated gene A antigen (CagA), vacuolating cytotoxin (VacA), and outer membrane proteins
(OMP)[41]. Huang et al[42] performed a meta-analysis of 16
studies with 2284 cases and 2770 controls to scrutinize
the relationship between CagA seropositivity and the risk
of GC and indicated that infection with cagA-positive
strains of H. pylori amplified the risk for GC over the
risk associated with H. pylori infection alone. CagA protein has been classified into Western and Eastern types.
The East Asian strain has been documented to be more
virulent than the Western CagA with respect to clinical
outcomes[42,43]. Azuma et al[44] validated that in the grades
of inflammation and mucosal atrophy were significantly
higher in patients infected with Eastern CagA-positive
strains than in those infected with Western CagA-positive
strains. Satomi et al[45] revealed that in Okinawa, Japan,
where both Western and East Asian CagA were present,
the prevalence of East Asian CagA-positive strains was
significantly higher in patients with GC (84.6%) than in
patients with duodenal ulcer (27.3%). There are increased
frequencies of GC in individuals with type O blood and
in secretors [expressing Le (b) antigen], but other studies
have not found any relationship between blood groups
and this infection[46,47]. The prevalence of H. pylori infec-
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part of Asia[59,61].
In the management and outcome of advanced GC,
the majority of the studies have been carried out in the
Western world, as most of the cases of GC are diagnosed
at advanced stages[62]. The backbone of the management
of advanced GC is chemotherapy, which is comparable
between Western world and Asia[63]. The S1-cisplatin
doublet remains the standard chemotherapy regimen for
advanced GC in Japan, replacing 5FU-cisplatin. S1-cisplatin is also available in South Korea, Singapore, Taiwan,
Philippines and China for this indication, but is not approved in North America[64,65]. Fluoro-pyrimidines show
less toxicity in Asian populations, possibly secondary to
polymorphisms in genes encoding drug-metabolizing
enzymes, translating into more options for advanced GC
treatments in Asian populations. Better survival differences after gastrectomy for GC favoring Asians patients
may be explained by different disease patterns, the related
need for fewer extensive procedures, and fewer patient
risk factors in Eastern Asia. In other parts of Asia, the
outcomes after surgery are variable[9,58,66]. The overall 1
and 5-year survivals are comparable between Asia, Europe, and North America according to gender and stage.
there are slight variations of outcomes among different
regions of Asia, depending on socioeconomic condition
and access to medical care[9,65,67].
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Gastric cancer research in Mexico: A public health priority
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with gastric cancer and the development of the disease
(16/48); relationship between the Epstein-Barr virus
and pathologies associated with gastric cancer and the
development of the disease (3/48); molecular markers
for the development of diseases associated with gastric
cancer and gastric cancer (15/48). Mexico requires a
program for the prevention and control of gastric cancer based on national health indicators. This should be
produced by a multidisciplinary committee of experts
who can propose actions that are relevant in the current national context. The few studies of gastric cancer
conducted on the Mexican population in national institutes highlight the poor connection that currently exists
between the scientific community and the health sector
in terms of resolving this health issue. Public policies for
health research should support projects with findings
that can be translated into benefits for the population.
This review serves to identify national research groups
studying gastric cancer in the Mexican population.
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Abstract
This study aimed review studies conducted on Mexican
patients diagnosed with gastric cancer and/or diseases
associated with its development, in which at least one
Mexican institute has participated, and to assess their
contributions to the primary and secondary prevention
of this disease. A search of the Medline database was
conducted using the following keywords: gastric/stomach cancer, Mexico. Studies of the Mexican population
were selected in which at least one Mexican Institute
had participated and where the findings could support
public policy proposals directed towards the primary
or secondary prevention of gastric cancer. Of the
148 studies found in the Medline database, 100 were
discarded and 48 were reviewed. According to the
analysis presented, these studies were classified as:
epidemiology of gastric cancer (5/48); risk factors and
protectors relating to gastric cancer (9/48); relationship
between Helicobacter pylori and pathologies associated

WCGO|www.wjgnet.com

Core tip: The few studies of gastric cancer in the Mexican population included in this review highlight the
poor connection between the scientific community and
the health sector in terms of resolving this health issue. Public policies for health research should support
projects for the creation of gastric cancer research
networks that include experts from different disciplines.
These networks could generate, among other products,
an official Mexican standard (Norma Oficial Mexicana)
for gastric cancer as well as strategies for its prevention, control and treatment.
Original sources: Sampieri CL, Mora M. Gastric cancer research in Mexico: A public health priority. World J Gastroenterol
2014; 20(16): 4491-4502 Available from: URL: http://www.wjgnet.com/1007-9327/full/v20/i16/4491.htm DOI: http://dx.doi.
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increase in the rate of gastric cancer mortality during the
years 1980 to 1997, from 4.43 cases per 100000 habitants
(95%CI: 4.27-4.59) in 1980, to 6.46 (95%CI: 6-28-6.64)
cases in 1997[5]. Interestingly, these authors found a differential trend in mortality per gender, which probably
reflected the regional socioeconomic conditions of the
country[5]. Male:female ratio was 1.2:1.0. The SMR per
state showed that the states with the highest rates were
Yucatan at 149.96 (95%CI: 142.64-157.29), Sonora at
144.67 (95%CI: 138.55-150.80), Zacatecas at 135.95
(95%CI: 128.79-143.10) and Michoacan at 135.57 (95%CI:
131.03-139.71), while the states with the lowest SMR values were Quintana Roo at 56.02 (95%CI: 47.95-64.09);
Estado de Mexico at 57.57 (95%CI: 56.05-59.10) and
Guerrero at 73.64 (95%CI: 70.00-77.28). For females, the
highest index of potential years of life lost (IPYLL) was
found in Chiapas at 192.52 (95%CI: 189.3-195.7), Oaxaca
at 155.48 (95%CI: 152.8-158.2) and Yucatan at 130.01
(95%CI: 126.6-133.4), while the lowest IPYLL was found
in the states of Durango at 64.06 (95%CI: 61.6-66.5),
Sinaloa at 69.11 (95%CI: 67.1-71.1) and Nuevo Leon at
71.00 (95%CI: 69.3-72.6)[5]. For males, the highest IPYLL
was in Chiapas at 169.51 (95%CI: 166.8-172.2), Sonora
at 159.02 (95%CI: 156.1-162.0) and Chihuahua at 125.74
(95%CI: 123.4-128.1), while the lowest IPYLL were in
the states of Quintana Roo at 73.19 (95%CI: 68.7-71.7),
Estado de Mexico at 77.05 (95%CI: 76.2-77.9) and Guerrero at 82.48 (95%CI: 80.6-84.4)[5]; and (3) Tovar-Guzmán
et al[6] (2008), who state that over the period 1980 to 2004
cervical-uterine cancer had a crude mortality rate of 20.2
in 1980, 24.2 in 1989 and 14.4 in 2004 per 10000 women
of age 25 years and over. The age-adjusted mortality rate
was 12.8 in 1980, 15.6 in 1988 and 8.8 in 2004 per 100000
women of age 25 years and over. The highest SMR values were found in the states of Colima at 164.6 (95%CI:
153.3-175.8), Nayarit at 151.2 (95%CI: 143.4-159.0) and
Yucatan at 150.6 (95%CI: 144.7-156.5), while the lowest
values were detected in Estado de Mexico at 59.8 (95%CI:
58.6-61.0), Distrito Federal at 68.3 (95%CI: 66.9-69.7) and
Nuevo Leon at 71.9 (95%CI: 69.2-74.6)[6]. The IPYLL
due to cervical-uterine cancer during this period ranged
from 168.8 (95%CI: 156.0-181.5) in Colima, 154.4 (95%CI:
146.9-161.9) in Tabasco and 149.9 (95%CI: 141.3-158.4)
in Nayarit, to 61.6 (95%CI: 60.2-63.0) in Distrito Federal,
64.9 (95%CI: 63.5-66.3) in Estado de Mexico and 68.4
(95%CI: 65.5-66.3) in Nuevo Leon[6].

org/10.3748/wjg.v20.i16.4491

INTRODUCTION
Mexico: A country of inequality
Mexico, according to the most recent data from the
World Bank, had a gross domestic product of 1178 billion United States dollars in 2012; in 2011, 6.2% of its
spending was invested in health, while 5.3% was spent
on education in 2010 and 0.4% was allocated to science
and technology in 2009[1]. It is considered a country of
medium-high income, with a life expectancy at birth of
77 years[1]. In 2012, the population of Mexico was 120.8
million and it was estimated that 83% of the rural population had access to a water supply[1]. At the beginning
of the 1970s, the number of births per year per 1000
individuals was greater than 7, but in 2009 it was 2.4[2]. In
2010, 6.5 million people were reported as vulnerable in
terms of income and 46% of the population was considered to be in a situation of multidimensional poverty[1].
Cancer in Mexico
Cancer has been one of the most important diseases in
Mexico since the end of the twentieth century, representing a public health problem, not only in terms of
its grave clinical manifestations and high mortality, 75.4
per 100000 habitants in 2011[2], but also in the variety of
individual and environmental risk factors with which it is
associated[3]. In 2011, in populations of age 20 and over,
the malignant tumors that caused the highest number of
deaths in women were: breast (13.8%); cervical-uterine
(10.4%); stomach (7.0%); bronchopulmonary (6.4%);
liver-intrahepatic bile duct (5.5%) and colon (4.3%), while
in men these were: prostate (16.9%); bronchopulmonary
(12.8%); stomach (8.6%); liver-intrahepatic bile duct
(5.3%) and colon (5.3%)[2].
Despite the high mortality of cancer in Mexico, few
studies have provided indicators, such as magnitude, transcendence and vulnerability, of utility to the planning of
this public health problem. Of the studies that do exist,
the foremost are: (1) Tovar-Guzmán et al[4] (1999), who
report that during the period 1980 to 1995, the crude
mortality rate of prostate cancer increased from 3.16
to 6.75 cases per 100000 men of age 40 years and over.
The age-adjusted rate for the same period was 2.71 to
7.01 cases per 100000 men of age 40 years and over. The
standardized mortality ratio (SMR) for the different states
of Mexico showed a loose relationship among different regions, with high SMR values in the states of Baja
California Sur at 183.28 (95%CI: 158.36-208.18), Jalisco
at 161.81 (95%CI: 156.18-167.44) and Aguascalientes at
152.21 (95%CI: 136.115-168.27), while the lower SMR
values corresponded to Quintana Roo at 47.87 (95%CI:
35.86-59.98), Guerrero at 57.69 (95%CI: 52.89-62.49)
and Estado de Mexico at 59.91 (95%CI: 57.46-62.36)[4];
(2) Tovar-Guzmán et al[5] (2001), who report a general
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Gastric cancer in Mexico
In Mexico, despite the fact that gastric cancer represents
the third highest cause of death by cancer in people of
age 20 years or more[2], and is a disease that is subject to
epidemiological surveillance[7], no specific program exists
for its prevention, nor is there an official Mexican standard (Norma Oficial Mexicana) for its prevention, detection, treatment and control. An official clinical practice
guide was only published in 2009 for the diagnosis and
treatment of gastric adenocarcinoma in adult patients[8].

345

February 8, 2015|First Edition|

Sampieri CL et al . Gastric cancer research in Mexico

this familial component[15]. Most cancers are not hereditary in origin and potentially modifiable factors, such the
consumption of alcohol and tobacco, diet and infections,
can have an important effect on their development[3].
Given the relevance of gastric cancer to public health
in Mexico, this study aimed to review those studies that
have been conducted on Mexican patients with a diagnosis of gastric cancer, and/or associated diseases, in which
at least one Mexican institute has participated, and that
have generated knowledge of utility to the primary and
secondary prevention of the disease. In this context, it
is important to highlight that the scientific, technological and commercial sectors in Mexico have been tasked
with researching “Malignant neoplasms in Children and
Adults” with the support of the Sectoral Fund for Research in Health and Social Security (Fondo Sectorial de
Investigación en Salud y Seguridad Social, SSA/IMSS/
ISSSTE). This was done with the aim of reducing the
morbidity, mortality and most prevalent complications
among the susceptible population, as well as to improve
the life quality of cancer patients and reduce the costs
of their care[16]. The products expected from this priority
line of research include effective strategies of prevention, procedures for early diagnosis, new schemes of
treatment; strategies to reduce complications and mortality or improve life quality and proposals for molecular
markers[16]. These research funds are administered by the
National Council of Science and Technology (Consejo
Nacional de Ciencia y Tecnología, CONACyT)[17]. The
National Health Institutes, a group of twelve institutions
belonging to the Ministry of Health (Secretaría de Salud)
that conduct scientific research in the field of health, and
specifically the National Cancerology Institute (Instituto
Nacional de Cancerología, INCan), has the task of developing excellent medical care, teaching and oncological
research in Mexico[18].

It is important to highlight that, in terms of biological behavior and epidemiology, gastric cancers constitute
a highly heterogeneous group of tumors, a fact that is
likely to cause difficulty for the prediction of patient outcome using classifications. Perhaps the best-known classification for gastric cancer is the system of Lauren, which
distinguishes two groups of tumors: intestinal and diffuse. The intestinal type typically presents cohesive neoplastic cells that form gland-like tubular structures, and a
defined pattern of histological changes in healthy gastric
mucosa[9]. In the diffuse type, there is no neoplastic cell
cohesion, so cells infiltrate and thicken the stomach wall
without the formation of a discrete mass[9]. The intestinal
type is normally diagnosed in older people and its development depends on environmental factors[9]. In contrast,
the diffuse type usually occurs in young people, and is associated with individual factors[9]. No specific histological
type of gastric cancer predominates in Mexico, according
to the Lauren classification[10], and gastric cancer exhibits
different behavior in patients under 30 years of age. Nevertheless, delays in diagnosis and behavior of the tumor
are the most important factors in prognosis[11].
Gastric cancer is one of the main causes of hospital
morbidity in Mexican males; the highest rate is found
in the population of 75-79 years of age (47 per 100000
males in this age group), followed by the population of
65 to 74 years of age (38 per 100000)[2]. The most recent
data, produced by the now defunct Histopathological
Register of Malignant Neoplasms (RHNM, by its Spanish
acronym), reported that gastric cancer constituted 3% of
cancer cases diagnosed in Mexico during the year 2000,
with three cases recorded per 100000 habitants[12].
The high mortality[5,13], low survival and the considerable deterioration in life quality of the people suffering
this disease, mean that gastric cancer represents a public
health problem in Mexico that requires research aimed
at proposing health interventions. In theory, prevention
strategies could be effective, given the following factors:
(1) prolonged latency period during which intervention
should be possible[14]; (2) infection with Helicobacter pylori
(H. pylori), which commonly begins in infancy or early
childhood and persists as a chronic gastritis, is a principal
cause of gastric cancer[14]; while chronic infection with H.
pylori is a major force behind the precancerous process,
H. pylori eradication only produces a modest retardation
of the precancerous process[14]; and (3) antioxidant micronutrients may play an etiological role[14]. While there
have been no studies on the incidence of environmental
and inherited gene defects in gastric cancer in Mexico, it
is clear that potentially modifiable factors associated with
the development of the disease can play an important
role in its prevention. According to Anand et al[3], only
5%-10% of all cancers are caused by an inherited gene
defect; although all cancers are a result of multiple mutations, these mutations are the result of interaction with
the environment. In terms of population attributable risk
in gastric cancer, a study conducted in Italy indicated that
approximately 8% of stomach cancers could be related to
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RESEARCH METHODS
Search strategy
The Medline database was searched on the 21st of
August 2013, using the following combinations of key
words: (1) gastric cancer, Mexico; and (2) stomach cancer,
Mexico. English and Spanish language was selected as a
limit. A total of 148 articles were obtained: 111 in English and 37 in Spanish.
Inclusion and exclusion criteria
The abstract of each article was carefully revised to verify
the following criteria: (1) inclusion criteria: the study
must have involved at least 10 Mexican gastric cancer
patients, with associated pathologies or precursor lesions
of gastric cancer, that were in Mexico at the time of the
study; at least one of the authors of the study had to be
ascribed to a Mexican institute; the studies had to have
findings that could support the proposal of public policy
directed towards the primary or secondary prevention
of gastric cancer. The objectives of prevention were
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Table 1 Epidemiological studies of gastric cancer in Mexico
Ref.

Year

Institute of
adscription of
corresponding
author-city

Period of
study

Main finding

[23]

2013

NA

[20]

2012

[22]

2012

IMSS
Mexico City
UV
Veracruz, Veracruz
INCan
Mexico City

[21]

2003

INCMNSZ
Mexico City

1978-2001

[5]

2001

INSP
Cuernavaca,
Morelos

1980-1997

There is no association between altitude and the incidence and
mortality of gastric cancer
From a total of 1803 cases of digestive tract cancers, gastric
cancer was the second most common, with 302 cases (16.76%)
From a total of 767464 cases of digestive system cancers,
gastric cancer was the sixth most common with 27659 cases
(4%): the third most common in males and seventh in females
A total of 90% of the cases were diagnosed in people of age 41
years and more
From a total of 11276 cases of digestive system cancers, 3830
(34%) were of gastric cancer
Increase in adjusted mortality rate
Gender-based differential trend in the magnitude and
prematurity of mortality

2005-2009
1993-2002

Source

Epidemiological observations
Hospital registries from 5
institutions of Veracruz state
Data-base of the histopathological
register of malignant neoplasms in
Mexico (RHNM)
Hospital registries from 6
institutions of Mexico City

INEGI

H. pylori: Helicobacter pylori; NA: Non applicable; IMSS: Mexican Institute of Social Security/Instituto Mexicano del Seguro Social; UV: University of
Veracruz/Universidad Veracruzana; INCan: National Institute of Cancerology/Instituto Nacional de Cancerología; RHNM: Histopathological Register
of Malignant Neoplasms/Registro Histopatológico de Neoplasias Malignas; INCMNSZ: National Institute of Medical Science and Nutrition Salvador
Zubiran/Instituto Nacional de Ciencias Médicas y Nutrición Salvador Zubirán; INSP: National Institute of Public Health/Instituto Nacional de Salud
Pública; INEGI: National Institute of Statistics and Geography/Instituto Nacional de Estadística y Geografía.

considered as follows: primary, avoiding the occurrence
of the disease and secondary, detection of the disease at
early stages, before presentation of symptoms; and (2)
exclusion criteria: literature reviews; case studies; studies
of tertiary prevention (considered as the reduction of
incapacitation and restoration of patient functionality)
of gastric cancer, diagnostic tests, treatment or detection
in the environment of H. pylori; basic science in vitro or in
vivo models in which the authors omitted recommendations for the primary or secondary prevention of gastric
cancer; studies that did not specify the number of gastric
cancer cases or patients with preneoplastic lesions; and
studies of epidemiological description in a medical unit.
Applying these criteria, 100 studies were discarded
and 48 were reviewed. A further 35 studies were incorporated into the introduction and conclusions sections of
this review.

The trend of mortality in cancer, including gastric
cancer, has remained relatively stable in Mexico for at
least 40 years[2,5,13]. In this context, it is notable that of
the total number of publications found in the Medline
database with the key words stomach/gastric cancer and
Mexico, 73% (108/148) were published after the year
2000. Publications from the 1970s and 1980s are practically non-existent.
Nonetheless, data generated by the National Institute
of Statistics and Geography (Instituto Nacional de Estadística y Geografía, INEGI) has made a considerable
contribution to understanding trends in gastric cancer
mortality in Mexico. Epidemiological studies of gastric
cancer are scarce in Mexico; to the best of our knowledge, only one study has presented indicators with which
to prioritize public health problems since 2001[5]. Other
studies analyzed hospital registers[20,21], a now defunct official database[22] or investigated the possible relationship
between altitude and the risk of development of the disease[23], given that altitude has been reported as a factor
associated with gastric cancer in other Latin American
countries (Table 1).
The natural history of gastric cancer includes a long
period of latency[14]: the latency period for alcohol consumption for the development of gastric cancer has been
estimated theoretically at 20 years[24], during which intervention is possible. Research into strategies for screening
subjects that are or have been exposed to risk factors that
increase the probability of developing gastric cancer is
therefore of great importance. Among these risk factors,
the potentially modifiable factors related to lifestyle (dietary habits, smoking, and alcohol consumption) present
a great window of opportunity in terms of primary prevention of the disease.
The studies found in the Medline database relating to

GASTRIC CANCER RESEARCH IN
MEXICO
While support exists in Mexico for research into strategies
of prevention, diagnosis and control of cancer[16], and gastric cancer is a public health problem because of its high
mortality and high percentage of late-stage detection[2,5,13,19],
there are few studies that provide results to support the
development of public policies directed to the prevention
and control of this disease. The paucity of research into
gastric cancer of any form is reflected in the fact that in
the official clinical practice guide for diagnosis and treatment of gastric adenocarcinoma in adult patients[8], produced only five years ago by the Ministry of Health, only
two of the 33 references correspond to studies conducted
on Mexican patients and in Mexican institutes.
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Table 2 Studies of risk and protection factors in gastric cancer in the Mexican population
Ref.

Year

Institute of
adscription of
corresponding
author-city

Main finding

Quantity and type of
groups studied

[25]

2012

2012

[28]

2009

INSP
Cuernavaca,
Morelos

[29]

2003

INSP
Cuernavaca,
Morelos

[30]

1999

INSP
Cuernavaca,
Morelos

[26]

1999

[31]

1998

[32]

1998

1994

Risk of gastric cancer: wine consumption at least 10 glasses per month.
No association with risk for gastric cancer: consumption of beer and distilled
alcoholic beverages including brandy, rum and tequila
Potential risk of gastric cancer: chili pepper consumption

220 gastric cancer
752 controls

[33]

NCI1
Bethesda, MD,
United States
INSP
Cuernavaca,
Morelos
INSP
Cuernavaca,
Morelos
INSP
Cuernavaca,
Morelos

Protective effect against gastric cancer: use of mouthwash, refrigeration of food
and regular consumption of fruit and vegetables
Risk of gastric cancer: omission of breakfast and failure to refrigerate food
Risk of gastric cancer: moderate to high capsaicin consumption synergistically in
genetically susceptible individuals (IL-1B-31C allele carriers) infected with more
virulent
H. pylori (CagA positive) strains
Protective effect against gastric cancer: higher intake of cinnamic acids,
secoisolariciresinol and coumestrol.
Main sources of these molecules: pears, mangos, beans, carrots, squash and
legumes
Risk of gastric cancer: high consumption of capsaicin (90-250 mg of capsaicin per
day, 9-25 jalapeno peppers per day), compared to low-level consumption (0-29.9
mg of capsaicin per day, 0-3 jalapeno peppers per day); this effect is independent
of H. pylori status
Protective effect against gastric cancer: intake of polyunsaturated fat,
fiber and vitamin E, independent of the histological type of the tumor
(intestinal or diffuse)
Risk of gastric cancer: consumption of saturated fat and cholesterol
Protective effect against gastric cancer: intake of yellow and orange vegetables.
Risk of gastric cancer: consumption of fresh and processed meat, dairy products,
fish and salty snacks
No association with risk of gastric cancer: consumption of foods prepared with
corn, wheat or rice

49 gastric cancer
162 controls

[27]

UV
Xalapa,
Veracruz
INSP
Cuernavaca,
Morelos

158 gastric cancer
317 controls

257 gastric cancer
478 controls

234 gastric cancer
468 controls

220 gastric cancer
752 controls

220 gastric cancer
752 controls
220 gastric cancer
752 controls

220 gastric cancer
752 controls

1

In collaboration with the INSP. H. pylori: Helicobacter pylori; UV: University of Veracruz/Universidad Veracruzana; INSP: National Institute of Public
Health/Instituto Nacional de Salud Pública; NCI: National Cancer Institute.

H. pylori produces gastritis in almost all infected individuals, with a minority progressing towards chronic atrophic gastritis[35]. Gastritis is an inflammation of the gastric
mucosa, which does not imply serious complications[34];
in contrast, chronic atrophic gastritis is characterized by a
loss of the parietal and principal cells that drives a reduction in the secretion of peptic acid and increases the risk
of developing gastric cancer[34].
The progression, severity and consequences of infection by H. pylori depend on an interaction of multiple
factors. Those relating to the host include genetic background or physiological and immunological state. Factors
relating to the bacteria include bacterial genomic plasticity, capacity for adaptation to the individual conditions of
the host, modulation of the reaction to the host immune
system response and production of various virulence
factors, such as vacuolating cytotoxin and the cytotoxinassociated antigen A (CagA)[36].
The study of the relationship between H. pylori and
the development of gastric cancer is without doubt a
complex process in Mexico, for many reasons: (1) the
diversity of reported strains[37,38]; (2) association with
modifiable factors[39]; (3) host effect in progression of the

factors associated with the development of gastric cancer
in the Mexican population have practically all been conducted in just two national institutions: the University of
Veracruz (Universidad Veracruzana, UV)[25] and the National Institute of Public Health (Instituto Nacional de
Salud Pública, INSP). This latter institute has, on certain
occasions, benefited from international collaboration[26-33].
Among the factors associated with the development of
gastric cancer in Mexico, those which stand out as presenting the highest risk are omission of breakfast[25] and
the high consumption of capsaicin[27], saturated fat[30],
cholesterol[30], and fresh[26] and processed meat[25,26]. Factors that protect against the development of the disease
are: high consumption of fruit[25,28] and vegetables[28]
(Table 2).
In 1984, Marshall and Warren discovered the etiological role of H. pylori in gastritis and peptic ulcers, for
which they received the Nobel Prize in 2005[34]. Infection
by H. pylori is mainly acquired in infancy via fecal-oral and
oral-oral pathways, and it has been estimated that 50% of
the world’s population could be infected with this bacterium, increasing to 80% of the population within some
developing countries[34].
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Table 3 Studies of Helicobacter pylori in pathologies associated with the development of gastric cancer and gastric cancer in a
Mexican population
Main finding

Ref.

Year

Institute of
adscription of
corresponding
author-city

[39]

2013

[46]

2013

[41]

2013

[47]

2013

[48]

2012

ISSSTE
Culiacan,
Sinaloa
IMSS
Mexico City
INSP
Cuernavaca,
Morelos
INSP
Cuernavaca,
Morelos
UNAM
Mexico City

[49]

2012

IMSS
Failure to express cag19 and cag24 in vivo in precancerous lesions might
Mexico City serve as a biomarker of the risk of development of gastric cancer

[40]

2011

INSP
Vac-A neutralizing antibodies might serve as a biomarker of the risk of
Cuernavaca, development of gastric cancer and duodenal ulcer
Morelos

[43]

2009

[50]

2009

UNAM
Tlalnepantla,
Estado de
Mexico
IMSS
Mexico City

[51]

2008

[38]

2008

[52]

2004

[37]

2004

[53]

2001

[45]

1997

[44]

1993

Quantity and type of groups studied

Association between alcohol consumption and H. pylori infection.
No relationship between H. pylori and smoking and coffee consumption

269 H. pylori positive
269 H. pylori negative

Association between H. pylori and p53 expression and between p53 and
intestinal metaplasia
IgG2 response to CagA could be used as a novel serological marker to
identify patients with H. pylori-associated gastric cancer

104 patients with no evidence of acute or
clinically significant gastric pathology
46 intestinal metaplasia
41 gastric cancer
50 controls
67 gastric cancer
368 non atrophic gastritis
124 preneoplastic lesion
14 gastric cancer
5 peptic ulcer
13 bleeding peptic ulcer
12 dyspepsia
11 gastric cancer
10 non atrophic gastritis
10 duodenal ulcer
90 intestinal metaplasia
60 gastric cancer
52 duodenal ulcer
145 non atrophic gastritis
238 chronic gastritis

No association between CagA and gastric cancer

Correlation of antibody subclass titers with Th1/Th2 markers may aid
pathology characterization and diagnosis

Patients with chronic gastritis had a high incidence of infection by H. pylori;
44% of the H. pylori strains may be considered as highly virulent since they
possessed two or three of the virulence markers analyzed: vacA s1 cagA
babA2
30 genes are significantly associated with non-atrophic gastritis, duodenal
ulcer, or gastric cancer and may serve as risk biomarkers

UNAM
H. pylori is uniformly distributed across the stomach in dyspepsia and has
Mexico City preference for fundus and corpus in gastric cancer.
H. pylori genotype diversity across the systematic whole-organ and tumor is
remarkable.
There is insufficient evidence to support the association of one isolate with a
specific disease, due to the multistrain nature of H. pylori
INSP
H. pylori infection and CagA are risk markers for intestinal metaplasia. In
Cuernavaca, gastric cancer, prevalence of these risk markers decreases, probably reflecting
Morelos
the fact that infection reduces when advanced atrophy and metaplasia
develops
UANL
Absence of the HLA-DQA1*0503 allele could be a host risk factor for the
Nuevo Leon, development of gastric cancer.
Nuevo Leon Infection with H. pylori CagA+, VacA+ strains represents a significant risk in
terms of the development of gastric cancer
INSP
There is no association between nitrite and ascorbic consumption or
Cuernavaca, interactions of these nutrients with seropositivity to H. pylori CagA+.
Morelos
Seropositivity to H. pylori CagA+ strains may be an independent factor in
diffuse gastric cancer
SU1
In regions with a high prevalence of chronic atrophic gastritis, serological
California, screening with CagA alone is an effective test for identifying eligible subjects
United States
INSP
H. pylori infection present in 87.2% of cases and 82.5% of controls
Cuernavaca,
Morelos
INCan
In a high-risk population, precursor lesions for adenocarcinoma are
Mexico City universally associated with H. pylori infection

10 non atrophic gastritis
10 duodenal ulcer
9 gastric cancer
16 gastric cancer
14 dyspepsia

368 non atrophic gastritis
126 precancerous lesions
65 gastric cancer
59 duodenal ulcer
22 gastric cancer H. pylori positive
8 high grade dysplasia H. pylori positive
77 matched controls H. pylori positive
211 gastric cancer
454 controls

178 H. pylori positive
155 H. pylori CagA+
109 gastric cancer
177 controls
245 symptomatic patients

1

In collaboration with INCan, UNAM Mexico City and the Colegio de la Frontera Sur, San Cristobal de las Casas, Chiapas. H. pylori: Helicobacter pylori;
ISSSTE: Institute of Social Security and Services of State Employees/Instituto de Seguridad y Servicios Sociales de los Trabajadores del Estado; IMSS:
Mexican Institute of Social Security/Instituto Mexicano del Seguro Social; INSP: National Institute of Public Health/Instituto Nacional de Salud Pública;
EBV: Epstein-Barr virus; UNAM: National Autonomous University of Mexico/Universidad Nacional Autónoma de México; UANL: Autonomous
University of Nuevo Leon/Universidad Autónoma de Nuevo León; SU: Stanford University; INCan: National Institute of Cancerology/Instituto Nacional
de Cancerología.
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Table 4 Studies of the Epstein-Barr virus in pathologies associated with the development of gastric cancer and gastric cancer in a
Mexican population
Ref.

Year

Institute of
adscription of
corresponding
author-city

[54]

2013

[56]

2005

IMSS
Mexico City
INCan
Mexico City

[55]

1999

INCan
Mexico City

Main finding

Co-infection with EBV and H. pylori in pediatric patients is associated
with severe gastritis
EBV was detected in 7.3% of cases, all pertaining to patients > 50 years
of age.
Among Latin-American countries, Mexico has the lowest frequency of
EBV associated gastric carcinoma
EBV is detected in 8.15% cases, six occur in males and five in females

Quantity and type of groups studied

333 pediatric patients with chronic abdominal pain
330 gastric cancer

135 gastric cancer

H. pylori: Helicobacter pylori; IMSS: Mexican Institute of Social Security/Instituto Mexicano del Seguro Social; INCan: National Institute of Cancerology/
Instituto Nacional de Cancerología; EBV: Epstein-Barr virus.

infection[40,41]; (4) contrasting socioeconomic, sanitary and
climatological conditions of the country, which could affect the presence of the bacterium in the environment[42];
and (5) the differential occurrence of bacterial strains in
diseases associated with the development of gastric cancer[43], precancerous lesions[38,44] and gastric cancer[38]. Of
the studies selected according to the criteria used in this
review, 16/48 (33%) focused on the relationship between
H. pylori and the development of gastric cancer, and have
made a considerable contribution towards the understanding of this complex phenomenon (Table 3).
Contributions made by studies conducted in Mexico
that could support the design of strategies for the prevention and control of gastric cancer (Table 3) include
the knowledge that, in regions with a high prevalence of
chronic atrophic gastritis, serological screening with CagA
is an effective test for identifying eligible subjects[45] and,
in high-risk populations, precursor lesions for gastric cancer are universally associated with H. pylori infection[44].
The role of the Epstein-Barr virus (EBV) in relation
to the development of gastric cancer in Mexico has been
little studied; however, pediatric patients co-infected with
EBV and H. pylori produce more severe clinical charts[54]
and its incidence in gastric cancer is low[55,56] (Table 4).
International studies have suggested certain molecules
as markers in gastric cancer: some of these findings have
been confirmed in Mexico, for example, adhesion molecules, such as E-cadherin[57]; tumor suppressor genes, for
example p53[58]; extracellular matrix remodeling genes;
matrix metalloproteinases (MMPs), such as MMP-9[59];
inflammatory molecules, TNF[60] and IL-8[61]; cell growth
factors and their receptors, such as human epidermal
growth factor receptor 2[62]; and enzymes that participate
in the metabolism of the methyl groups, such as methylenetetrahydrofolate reductase[63] (Table 5). However,
most of these molecules have failed to become popular
as prognostic tools in gastric cancer, probably because
of limitations in their reliability, sensitivity and specificity. However, these are problems that could be solved by
adopting methods to optimize reproducibility: avoiding
sampling variability, increasing the sample size of tumors,
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extending the number of genes analyzed and creating
partnership platforms to study multicenter trials[64], as
well as following international recommendations in relation to the design and execution of studies[65,66].

DISCUSSION
As part of the Mexican Ministry of Health, the National
Council for the Prevention and Treatment of Cancer in
Infancy and Adolescence (Consejo Nacional para la Prevención y el Tratamiento del Cáncer en la Infancia y la
Adolescencia) directs actions for the prevention of cancer in people below 18 years of age[75]. However, a specific program for gastric cancer is required, based on national health indicators and featuring a consensus for the
timely detection of the disease. Experience in countries
with a high incidence of gastric cancer, such as China and
Japan, has shown that mass screening of the asymptomatic population using endoscopy and actions of vigilance
in higher risk subjects have been cost-effective strategies:
they have been able to detect between 50% and 80% of
cases in the early stages[76]. Thus, individuals identified
as being at highest risk can be monitored endoscopically to detect dysplasia and early cancer[14]. In countries
where the incidence of gastric cancer is not so high, for
example the United States and Canada, mass screening
with endoscopy is not recommended: analysis of costeffectiveness shows no justification for the application
these programs[76].
In Mexico, no studies have been conducted on the
prevalence of gastric cancer in each stage of the disease.
One retrospective cohort study conducted in the INCan
in Mexico City in 2001 reported that, in a set of 834 patients with gastric cancer, only 21 (2.5%) were diagnosed
in the early stages of the disease[77]. It is important to clarify that these data relating to the incidence of early stage
gastric cancer came from a reference hospital, for which
reason they should not be taken to reflect the national
trend. To elucidate trends in gastric cancer per stage in
Mexico, implementation of a system of epidemiological
vigilance is necessary at each different level of care. Data
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Table 5 Studies of molecular markers for the development of gastric cancer and gastric cancer in a Mexican population
Ref.

Main finding

Year Institute of adscription
of corresponding
author-city

[67] 2013

UG
Guadalajara, Jalisco

Quantity and type of
groups studied

EGFR-R521K and ERBB2-1655V polymorphisms are not suitable as markers for
identifying individuals at risk of developing gastric cancer

155 gastric cancer
121 controls
103 general population

[62] 2013 INCMSZ Mexico City HER2 amplification is restricted to intestinal gastric cancer.
HER2 amplification is suitable as a marker for screening gastric cancer histotype
[59] 2010
UV
MMP9 expression is enhanced in gastric cancer compared to normal mucosa, and has
Xalapa, Veracruz
potential as a molecular marker
[68] 2010
UNAM
Claudin 6, 7, and 9 expression is related to gastric carcinogenesis, and detection of these
Mexico City
is a useful prognostic marker in intestinal and diffuse gastric cancer
[60] 2010
IMSS
Polymorphisms in TNF and HSP70 have a severity dose-response as risk markers from
Mexico City
preneoplastic lesions to gastric cancer, probably because of their association with an
intense and sustained inflammatory response

[63] 2009

INSP
In subjects with high consumption of folate, choline and vitamin B6, and 5,10-methyle
Cuernavaca, Morelos netetrahydrofolate reductase (MTHFR) 677 TT genotype, there is a reduction in diffuse
gastric risk compared to MTHFR 677 CC + CT carriers.
In subjects with low consumption of methionine and MTHFR 677 TT genotype, there is a
reduced risk of diffuse gastric cancer compared to MTHFR 677 CC + CT carriers.
Carriers of the MTHFR 677 TT genotype with a low consumption of folate have a
significantly increased risk of development of intestinal gastric cancer
[69] 2007
UANL
There is no association between the MTHFR C677T polymorphism and development of
Monterrey, Nuevo gastric cancer
Leon
[57] 2007 INCMSZ Mexico City The -160 C/A polymorphism of E-cadherin has a direct effect on the risk of diffuse
gastric cancer at a young age
[61] 2007

[70] 2006
[71] 2006

[58] 2005

[72] 2005

[73] 2004

[74] 2003

UANL
Monterrey, Nuevo
Leon
INSP
Cuernavaca, Morelos
LSU1
New Orleans, United
States
NYU2
New York, United
States
UANL
Monterrey, Nuevo
Leon
INCan
Mexico City

UANL
Monterrey, Nuevo
Leon

The IL-8-251*A allele could be related to the development of gastric cancer

269 gastric cancer
6 gastric cancer
11 superficial gastritis
70 gastric cancer
228 non atrophic gastritis
98 intestinal metaplasia
63 gastric cancer
58 duodenal ulcer
132 controls
248 gastric cancer
478 controls

51 gastric cancer
83 controls
39 gastric cancer younger
than 45 years of age
78 controls
78 gastric cancer
259 controls

High prevalence of MTHFR 677T allele may be a contributor to the high rate of morbidity
and mortality in gastric cancer
Identification of the IL-1B-31 promoter polymorphism is a useful marker for the risk of
intestinal type gastric cancer in subjects with CagA+ H. pylori infection

201 gastric cancer
427 controls
183 gastric cancer
377 controls

Carrying the Arg/Arg genotype in the codon 72 exon 4 of p53 is associated with risk of
development of gastric cancer

65 gastric cancer
182 controls

Carrying the proinflammatory IL-1B-31*C allele is associated with increased risk of
gastric cancer

63 gastric cancer
215 controls

There is an association of major histocompatibility complex HLA-DQA1*0601 and
HLA-DQB1*0501 alleles in gastric cancer compared to chronic gastritis and the healthy
condition.
These HLA-DQ alleles may be conferring susceptibility for the development of gastric
cancer
Carrying the pro-inflammatory IL-1B-31*C allele is associated with an increased risk of
gastric cancer and high-grade dysplasia

20 gastric cancer 40 H.
pylori-associated chronic
gastritis
90 controls
33 gastric cancer
8 high-grade dysplasia
25 controls

1

In collaboration with INSP; 2In collaboration with UANL. H. pylori: Helicobacter pylori; UG: University of Guadalajara/Universidad de Guadalajara;
INCMNSZ: National Institute of Medical Science and Nutrition Salvador Zubiran/Instituto Nacional de Ciencias Médicas y Nutrición Salvador Zubirán;
UV: University of Veracruz/Universidad Veracruzana; UNAM: National Autonomous University of Mexico/Universidad Nacional Autónoma de México;
IMSS: Mexican Institute of Social Security/Instituto Mexicano del Seguro Social; INSP: National Institute of Public Health/Instituto Nacional de Salud
Pública; UANL: Autonomous University of Nuevo leon/Universidad Autónoma de Nuevo León; LSU: Louisiana State University; NYU: New York
University; INCan: National Institute of Cancerology/Instituto Nacional de Cancerología.

CagA is an effective test for identifying eligible subjects[45]
and that, in high-risk populations, precursor lesions for
gastric cancer are universally associated with H. pylori infection[44]. Moreover, the scientific evidence provided by
randomized trials in China[78] and Mexico[79] shows that,

from such a system would generate indicators permitting
the design of programs of prevention and control. In
terms of gastric cancer prevention in Mexico, it should
be considered that, in regions of high-prevalence of
chronic atrophic gastritis, serological screening with
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while curing H. pylori infection produces a modest deceleration of the precancerous process, it does not prove
that eradication of H. pylori decreases cancer risk[14]. Understanding the modifiable factors associated with gastric
cancer in the local population is also of great importance
in terms of prevention of the disease (Table 2).
One window of opportunity in Mexico could be
conducting studies in which questionnaires are used to
identify risk profiles in specific groups of the population.
This could be done with the aim of monitoring more
closely those people that have an elevated risk of developing gastric cancer. In this context, the Gail model for
breast cancer in the United States[80] and the model of
oral cancer risk factors in rural Sri Lanka[81] indicate the
utility of this type of strategy, because it allows the relatively simple and cost-effective identification of people
with a high risk of developing cancer, who can then be
subjected to special control[80,81]. In China, good results
have been obtained from the combined application of
a questionnaire regarding risk factors for colorectal cancer and an immunochemical fecal occult blood test to
identify subjects at risk of suffering cancer[82]. In Mexico,
a risk model for gastric cancer would be difficult to establish because of the wide variety of factors associated
with its development and to the broad diversity of sociocultural, climatological and dietary conditions that exist
in the country. Another challenge would be the validation
of such a model, because it implies a prolonged period
of monitoring of a large cohort of subjects, who would
have to submit to invasive study by endoscopy. The creation of research networks is necessary within Mexico,
which should include the health sector and the academic
community, to approach this health problem with a multidisciplinary focus and propose actions for its prevention
and control within a national context.
The few studies of gastric cancer in the Mexican
population included in this review reveal little or no linkage between the scientific community and the health
sector to resolve this health problem. Public policies in
health research should direct initiatives for the formation
of research networks that include experts from different
disciplines. Such networks could generate, among other
academic products, an official Mexican standard (Norma
oficial Mexicana) for the prevention, detection, treatment
and control of gastric cancer. This review should serve as
a guide to identify the national research groups interested
in the study of gastric cancer in the Mexican population.
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the world. A total of 40 genes or genomic regions and
69 genetic variants, 58% representing markers involved
in inflammatory response, have been used in a number
of studies in which predominates a low number of individuals (cases and controls) included. Polymorphisms
of IL-1B (-511 C/T, 14 studies; -31 T/C, 10 studies) and
IL-1RN (variable number of tandem repeats, 17 studies)
are the most represented ones in the reviewed studies.
Other genetic variants recently evaluated in large metaanalyses and associated with gastric cancer risk were
also analyzed in a few studies [e.g. , prostate stem cell
antigen (PSCA ), CDH1, Survivin ]. Further and better
analysis centered in gene polymorphisms linked to other
covariates, epidemiological studies and the information
provided by meta-analyses and genome-wide association studies should help to improve our understanding
of gastric cancer etiology in order to develop appropriate health programs in Latin America.
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Abstract
Latin America shows one of the highest incidence rates
of gastric cancer in the world, with variations in mortality rates among nations or even within countries belonging to this region. Gastric cancer is the result of a multifactorial complex process, for which a multistep model
of carcinogenesis is currently accepted. Additionally to
the infection with Helicobacter pylori , that plays a major
role, environmental factors as well as genetic susceptibility factors are significant players at different stages in
the gastric cancer process. The differences in population
origin, demographic structure, socio-economic development, and the impact of globalization lifestyles experienced in Latin America in the last decades, all together
offer opportunities for studying in this context the influence of genetic polymorphisms in the susceptibility
to gastric cancer. The aim of this article is to discuss
current trends on gastric cancer in Latin American countries and to review the available published information
about studies of association of gene polymorphisms involved in gastric cancer susceptibility from this region of
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Core tip: This article is a review about the current state
of art of studies carried out in Latin America using gene
polymorphisms to assess gastric cancer susceptibility. Latin America shows one of the highest incidence
rates of gastric cancer in the world, with variations in
mortality rates among nations or even within countries
belonging to this region. Moreover, Latin America is a
region with a particular genetic background, high rates
of Helicobacter pylori infection and lifestyles condition.
This review also gives special emphasis on the importance of the studies conducted in gastric precancerous
diseases.
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determinants. Among possible explanations for this association could be that the host genetic background, as well
as H. pylori genotypes, may cluster more readily in certain
isolated mountainous communities[5].

Original sources: Chiurillo MA. Role of gene polymorphisms in
gastric cancer and its precursor lesions: Current knowledge and
perspectives in Latin American countries. World J Gastroenterol
2014; 20(16): 4503-4515 Available from: URL: http://www.wjgnet.com/1007-9327/full/v20/i16/4503.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i16.4503

CARCINOGENESIS: MULTISTEP MODEL
It has been proposed a multistep cascade model for the
development of intestinal-type gastric adenocarcinoma,
which consists of a progression from chronic superficial
(non atrophic) gastritis, to chronic atrophic gastritis to intestinal metaplasia, and finally, gastric adenocarcinoma[6].
This model hypothesizes the sequence of precancerous
lesions as a dynamic process from an initial superficial
inflammation caused by H. pylori infection to a fully
malignant neoplasm of the stomach. Thus, the chronic
infection of the gastric mucosa by the H. pylori is a major
attributable risk factor of gastric cancer[7].
More than 50% of the population worldwide is infected with H. pylori with a higher prevalence in developing countries and in groups with poor socio-economic
conditions. The improvements in living conditions in developed countries has determined a declining in the prevalence of infection, while remaining high, about 80%, in
the developing world. In Latin American countries it has
been reported a prevalence of H. pylori infection ranging
from 70% to 90%[8]. However, less than 2% of H. pylori
carriers develop gastric cancer[9]. Moreover, the incidence
of gastric cancer in areas of Africa and South Asia with
high prevalence of H. pylori infections is much lower than
in other countries[10].
Consistent with the multifactorial pathogenesis, the
observed differences in the clinical outcomes and gastric
cancer prevalence worldwide may be due to environmental factors (mainly diet, smoking and alcohol use) often
playing a dominant role. Moreover, the influence of host
factors, especially those governing the severity of the immune response, is also relevant.

EPIDEMIOLOGY OF GASTRIC CANCER IN
LATIN AMERICA
Gastric cancer is one of the most lethal types of cancer, accounting in 2008 for about 800000 deaths, but its
incidence varies substantially worldwide[1]. There were
approximately 870000 noncardia gastric cancer cases and
74.7% of them have been attributed to Helicobacter pylori
(H. pylori) infection[1]. Although the rates of gastric cancer
have been declining over the past 50 years in most Western countries, gastric cancer is still the fourth most common malignancy and the second leading cause of death
due to cancer worldwide. The highest incidence (more
than two-thirds) of gastric cancer is observed in East
Asia, Eastern Europe, and the Andean region of South
America, while North America, Northern Europe and
North and East Africa show the lowest recorded rates[1].
Latin American countries display some of the highest
mortality rates worldwide. For males the estimates agestandardized mortality rates (ASMR) are led by Honduras
(25.9%), Ecuador (24.1%), Costa Rica (23.6%), Chile
(23.1%) and Guatemala (22.3%), while for women the
highest rates are found in Guatemala (22.0%), Honduras
(19.0%), Ecuador (17.5%), Peru (17.1%) and Costa Rica
(10.6%). In contrast, lower ASMR are observed for both
sexes in Puerto Rico, Cuba, Dominican Republic, Mexico
and Argentina[1,2].
Significant variations in the incidence of gastric
cancer have been observed between different ethnic
groups living in the same region; for example, AfricanAmericans, Hispanics and Native Americans are affected
more than Caucasians in the United States[3]. Moreover,
in a comparison between Japanese migrants to the United
States and Brazil, Japanese migrants to the United States
show a significantly lower incidence rate than Japanese
living in Japan, while Japanese migrants to Brazil show a
similar rate to the latter group, suggesting that the geographical distribution of gastric cancer may not be solely
attributable to ethnic differences[4].
Recently, Torres et al[5], with the apparent association
between altitude and the incidence of gastric cancer in
the countries of Western Latin America along the Pacific
Rim, proposed that the altitude may be a surrogate for
the clustering of host, bacterial, dietary, and environmental factors related to gastric cancer risk. The relation
appears to be strongest in the mountainous regions of
Central America and Andean South America, but it is
absent in Chile, where risk is more strongly associated
with the age of H. pylori acquisition and socio-economic
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GENE POLYMORPHISMS, GASTRIC
CANCER AND ETHNICITY
The identification and discrimination of host genetic
variants influencing susceptibility in populations with
high incidence of gastric cancer has been a major challenge. These genetic variants may modulate the effects of
exposure to environmental factors by regulating multiple
biological pathways during gastric carcinogenesis.
Common susceptibility genetic variants have been
identified as significantly associated with gastric cancer
risk by candidate-gene studies, such as inflammatory
[interleukin (IL)-1β, IL-8 and tumor necrosis factor-α
(TNF-α)] and anti-inflammatory cytokines (IL-10), DNA
repair genes and metabolic enzymes (such as the glutathione S-transferase family, cytochrome P450 superfamily,
and metabolism of folate and arachidonic acid)[11-20].
Moreover, recent genome-wide and large scale gene
association studies have focused on analyzing regions of
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the genome in which have been detected candidate genes
involved in cell proliferation, differentiation, and survival, such as MUC1[21], PLCE1[22], PTGER4, PRKAA1,
ZBTB20 [23,24], prostate stem cell antigen (PSCA)[25,26],
genes participating in EGFR and FAS-mediated signaling
pathway[27,28] and DNA repair pathways[29]. Chromosome
9p21.3 and 10q23 regions have been identified as genetic
susceptibility loci for multiple disease phenotypes including gastric cancer[22,30].
The current understanding of host genetic polymorphisms and gastric cancer susceptibility is based largely
on studies in Asians and Caucasians (from Europe and
North America) populations. Moreover, ethnicity has
been proposed as a factor modifying the risk of cancer[2].
The present-day population of Latin American countries is historically and anthropologically admixed, as the
result of a mixing process between Native Americans,
Europeans (mostly Spaniards, Portuguese and Italians)
and Sub-Saharan Africans (mainly from Western Africa),
whom came into contact for five centuries[31]. The populations of Latin America experienced different admixture
processes with varying degrees of ancestral population
proportions that came in different migration waves[32,33].
Therefore, in studies of genetic association to diseases,
the addition of a population structure estimate could be
very effective to identify and correct possible effects of
the population substructure.
Genetic admixture studies have recently helped to
identify variants associated with prostate and oral cancer
in African-American and Hispanics populations, respectively[34,35]. A similar approach was applied recently by
Pereira et al[36] using a panel of 103 ancestry informative
markers (AIM) to test if individual Native American, European and African ancestries are risk factors for gastric
cancer in an urban admixed sample in Peru. This work
determined that Native American individual ancestry is
associated with gastric cancer, but this was explained by
the association of socioeconomic variables with both
gastric cancer and Native American ancestry. Therefore,
indicating that the high incidence of gastric cancer in the
Peruvian population, with a very high Native American
ancestry, does not seem to rely on a genetic basis. More
recently, a study carried out in the Northern region of
Brazil examined the effect of population substructure, by
the analysis of a panel with 48 AIMs, on the association
between five single nucleotide polymorphisms (SNP) of
N-acetyltransferase 2 (NAT2) gene and the susceptibility to breast and gastric cancer[37]. They detected a higher
African contribution in the study group with cancer, and
a significant association of NAT2 282*T allele carriers
with gastric cancer.

humans that were found in the databases of PubMed/
MEDLINE, LILACS and SciELO, published up to 25
October 2013 and with no restriction regarding language.
This review includes the analysis of 61 articles reporting studies of association between genetic variants and
the risk of gastric cancer and/or known precancerous
lesions. All studies correspond to case-control comparisons, including healthy, non-cancer (counting precancerous lesions), asymptomatic and population-based controls[12,37-96].
All reviewed studies were conducted with Latin
American populations: Brazil (22), Chile (1), Colombia
(6), Costa Rica (7), Honduras (1), Mexico (16), Peru (1)
and Venezuela (7). Two-thirds of the articles considered
the detection of H. pylori infection by urease test, culture,
histology, serology or polymerase chain reaction (PCR).
Some studies also included the typing of genetics variants
of bacterial virulence factors by molecular methods. Regarding host genetic variants, studies evaluated 69 polymorphisms from 40 genes or genomic regions, including
2 microsatellites or variable number of tandem repeat
(VNTR), 2 gene deletions, 3 insertion/deletions and 62
nucleotide substitutions (21 of them in protein coding regions, resulting in 3 synonymous and 18 nonsynonymous
substitutions). Figure 1 shows a summary of gene polymorphisms included in the Latin American studies classified by functional categories: inflammatory response,
mucosal protection, metabolic enzymes and transporters,
oxidative damage, cellular adhesion, DNA repair, oncogene/tumor suppressor/stability genes, apoptosis.
Techniques used for detecting gene polymorphisms
were dot blot hybridization, sequencing, conventional
polymerase chain reaction (PCR), PCR-restriction fragment length polymorphism, PCR-single-strand conformation polymorphism, real-time PCR with fluorescent
probes, PCR-sequence specific oligonucleotide probe,
PCR-Sequence-Specific Primer, Amplification-refractory
mutation system-PCR, and KASParTM SNP genotyping
system.
The largest number of studies investigating the association between gene polymorphisms and gastric cancer
(and premalignant lesions) risk in different countries of
the region includes the evaluation of interleukin-1 family
variants: IL-1B (IL-1B-511 C/T, 14 studies -31 T/C, 10
studies, +3954, 8 studies) and IL-1RN (VNTR, 17 studies). Table 1 shows the main characteristics of these studies.
Genetic variants in inflammation-related genes, especially cytokines and their receptors are thought to influence the first stage of the precancerous cascade and are
related to a more intense inflammatory response after
gastritis associated to H. pylori infection[7]. The inflammatory-related genes that have been most frequently studied
in relation to gastric cancer, sometimes with conflicting
results, are the interleukin genes IL-1B, IL-1RN, IL-8 and
IL-10. SNPs within these and other functional cytokine
regions that markedly influence expression and secretion
profiles may modify the intensity of the inflammatory re-

GASTRIC CANCER AND GENETIC
VARIANTS IN LATIN AMERICAN
COUNTRIES
The present overview included studies carried out on

WCGO|www.wjgnet.com

358

February 8, 2015|First Edition|

Chiurillo MA. Genetics variants and gastric cancer in Latin America

DNA repair
XRCC1: 580 C/T (A194W),
1196 G/A (A399Q)
XRCC3: 722 C/T (T241M)
OGG1: C1245G (S326C)
Cellular adhesion
CDH1: -347 G/GA, -160 C/A
Oxidative damage
MTHFR: 677 C/T (A222V)
1/1

1/2

3/4

7/12

Oncogene/tumor suppressor/stability
TP53: 215 C/G (R72P),
16 bp Del/Ins
WRN: 4330 T/C (C1367R)
EGFR: 1562 G/A (R521K)
ERBB2: 1963 A/G (I655V)
Apoptosis
Survivin: -31C/G Unknown function
PSCA: -26 C/T (M1T),
40950 T/C, 9011 G/A
4/5
1/1 1/3
Mucosal protection
MUC1: VNTR
1/1

Metabolic enzymes and transporters
GSTT1: Gene deletion
GSTM1: Gene deletion
GSTP1: 313 A/G (I104V)
CYP1A1: 3798 T/C
CYP2E1: -1293 G/C, -1054 C/T
NTA2: 282 C/T, 341 T/C, 481 C/T,
803 A/G, 857 G/A
MDR1: 3435 C/T

21/40

Inflammatory response
IL-1B: -511 C/T, -31 T/C, 3954 C/T
IL-1RN: intron 2 VNTR
IL-4: -590 C/T
IL-4R: -3223 C/T, 398 A/G (I75V)
IL-6: -174 G/C
IL-8: -251 T/A, -845 T/C
IL-10: -1082 A/G, -819 C/T, -592 C/A
TNF-a: -857 C/T, -308 G/A
TNF-β: -252 G/A
IFNG: 874 T/A
IFNGR1: -56 T/C

TLR2: -196 to -174 Ins/Del, 2258 G/A (R753Q)
TLR4: 896 A/G (D299G), 1196 C/T (T399I)
HLA DQA1
HLA DQB1
PTGS1: 128 G/A (Q41Q), 644 C/A (G213G), 709 C/A
(L237M), 762+14delA, 763-45 T/C, 1441G/A (V481I)
PTGS2: 306 G/C (V102V), 8237 T/G, 8473T/C
NOS2: -1173 C/T, -954 G/C, 1823 C/T (S608L), 40519
G/A
HSP70-1: 190 G/C
HSP70-2: 1267 A/G
HSP70-Hom: 2437 T/C

Figure 1 Graphic summary of gene polymorphisms included in the Latin American studies classified by functional categories. The fractions in each section
of the cake indicated total number of genes/number of polymorphisms examined in each group[12,37-96].

IL-1B-511*T+ and IL-10-1082*A+ genotypes prevalence
among the highest reported[45].
The meta-analysis of Xue et al[103] showed that IL-1B511*T and IL-1RN*2 alleles were significantly associated
with an increased risk of developing gastric carcinoma
among Caucasians, but not in Asians or Hispanics. On
the other hand, in the case-controls comparisons carried
out in 2013 by Bonequi et al[105], in which were analyzed
studies from Brazil, Colombia, Costa Rica, Honduras,
Mexico, Peru and Venezuela, it was identified the IL1RN*2 allele associated with a moderate increased risk
for gastric cancer (overall OR = 1.51, 95%CI: 1.15-1.99),
supporting its involvement in gastric carcinogenesis
as has been previously reported in non-Asian populations[104].
Among pro-inflammatory cytokines, IL-8 acts as a
potent chemoattractant and activator of neutrophils that
may play a role in gastric cancer pathogenesis[14,106]. IL-8
exhibits several functional polymorphisms, among them
the IL-8 -251 A/T SNP in the promoter region is associated with an increase in synthesis of that interleukin by
gastric epithelial cells[14,106].
A study conducted in Mexico showed that the IL-8
-251*A allele is a risk factor for the development of noncardia gastric cancer[60]. Similarly, Vinagre et al[95] observed

sponse to infectious agents, thereby contributing to variations in gastric cancer risk[97].
Since the first study of El-Omar et al[98] in 2000, a significant number of studies have evaluated the association
between genetic variations in the IL-1 gene cluster (IL1B-511 C/T, IL-1B-31 T/C, IL-1B+3954 C/T and IL1RN intron 2 VNTR) and gastric cancer. This association
(significantly with noncardia or with intestinal type of
gastric cancer) has a fundamental principle: alleles IL-1B31*C, -511*T, and IL-1RN*2, lead to high-level expression of IL-1β, reduction of acid output, corpus-predominant colonization by H. pylori, pangastritis and atrophic
gastritis, which are considered precursors as well as risk
factors for gastric cancer[98]. Furthermore, H. pylori infection induces IL-1β production, and the consequent hypochlorydria favors further colonization by pH-sensitive H.
pylori[99]. In addition, global meta-analyses have suggested
race-specific associations of some cytokine variants in
Caucasian and Asian populations[97,100-104].
A recent meta-analysis, showed that the profile of IL1B risk alleles in Latin Americans mirrors that found in
Asian populations with low or no associations with gastric cancer[105]. For example, in a high-incidence region of
gastric cancer in Honduras, a sample of healthy (population-based) controls of Hispanic mestizo origin, had the
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Table 1 Association studies of interleukin -1 gene cluster and gastric cancer/precancerous lesions
Year Study population
2004 Brazil
Gatti et al[70]
2005 Costa Rica
Alpizar-Alpizar et al[40]

2005 Mexico
Garza-González et al[12]
2005 Brazil
Rocha et al[73]
2006 Mexico
Sicinschi et al[58]

2006 Honduras
Morgan et al[45]

2007 Costa Rica
Con et al[43]
2008 Costa Rica
Sierra et al[42]
2009 Peru
Gehmert et al[46]

2009 Brazil
Melo Barbosa et al[74]

2009 Costa Rica
Con et al[44]

2009 Venezuela
Cañas et al[84]

2010 Mexico
Martínez-Carrillo et al[56]

2010 Venezuela
Chiurillo et al[85]

2011 Colombia
Martínez et al[88]
2011 Colombia
Martínez et al[91]

Number of populations

Target genes and variants

Main findings associated with increased susceptibility

IL-1B-511C/T; -31T/C
There was no association
IL-1RN intron 2 VNTR
58 GC; 41 nonneoplastic IL-1B-511C/T; -31T/C; +3954C/T Carriers of the IL-1B+3954*T alle had an increased risk
lesions; 58 cancer free IL-10-1082G/A; -819C/T; -592C/A for developing GC (OR = 3.72, 95%CI: 1.34-10.2). IL-1RN
patients; 41 healthy
IL-1RN intron 2 VNTR
heterozygote genotype (*2/*L) was associated with GC
controls
(OR = 2.942, 95%CI: 1.09-7.93).
63 distal GC; 215 nonIL-1B-31T/C
Presence of IL-1B-31*C allele was associated with
cancer lesions
IL-1RN intron 2 VNTR
increased risk of distal GC
TNF-α -308G/A
(OR = 7.631, 95%CI: 1.73-46.94)
168 GC H. pylori +;
IL-1B-511C/T; -31T/C
IL-1RN*2 was associated with noncardia GC
541 asymptomatic
IL-1RN intron 2 VNTR
(OR = 1.93, 95%CI: 1.06-3.49)
controls
TNF-α -308G/A
183 GC; 377 controls
IL-1B-31T/C; +3954 C/T
IL-10-592*C allele carrier was associated with intestinalIL-10-592C/A
type of GC (OR = 2.081, 95%CI: 1.07-4.05). Subjects
IL-1RN intron 2 VNTR
with IL-1B-31 CC genotype and H. pylori CagA positive
serology had an increased risk of intestinal-type GC
(OR = 3.192, 95%CI: 1.05-9.68)
170 GC; 162 healthy
IL-1B-511C/T
IL-1B-511 TT + IL-10-1082 AA combination increased
controls
IL-10-1082G/A
risk of GC (OR = 2.6, 95%CI: 1.0-6.8)
IL-1RN intron 2 VNTR
TNF-α -308 G/A
58 AG; 31 corpus AG; 23
IL-1B-511C/T; +3954C/T
IL-1B+3954*T carrier and IL-1RN homozygous *2 allele
IM
IL-10-1082G/A; -592C/A
were associated with IM (OR = 3.41, 95%CI: 1.2-10.00
IL-1RN intron 2 VNTR
and OR = 3.12, 95%CI: 1.1-9.00, respectively)
25 ABG; 76 AAG; 253
IL-1B+3954C/T
No association was found
NAG; 21 Normal mucosa;
IL-1RN intron 2 VNTR
21 healthy controls
133 GC vs 133 NAG
IL-1B-511C/T
IL-1B-511*C allele carrier and CT and CC genotypes
86 NAG vs 43 ChrAG
IL-1RN intron 2 VNTR
were associated with AG (OR = 5.61, 95%CI: 2.02-15.51;
OR = 4.82, 95%CI: 1.65-13.83; OR = 11.22, 95%CI:
2.27-55.37, respectively) and GC (OR = 2.361, 95%CI:
1.34-4.11; OR = 2.172, 95%CI: 1.23-3.84; OR = 4.152,
95%CI: 1.33-12.93, respectively)
177 gastric benign
IL-1B-511C/T; -31T/C
Carriers of IL-1RN*2 allele with H. pylori CagA-positive
pathologies; 100
IL-1RN intron 2 VNTR
serology had a greater risk of developing GU (OR = 8.82,
asymptomatic controls
TNF-α -308 G/A
95%CI: 1.762-44.181) and GC
(OR = 16.76, 95%CI: 1.99-140.71)
52 GC; 191 non-cancer H.
IL-1B-511C/T; +3954C/T
IL-1B+3954 TC (OR = 2.12, 95%CI: 1.0-4.3), IL-1RN
pylori positive patients
IL-10-1082G/A; -592C/A
*2/*L (OR = 3.52, 95%CI: 1.7-7.3), IL-10-592 AA (OR
IL-1RN intron 2 VNTR
= 3.12, 95%CI: 1.2-8.2) and IL-10-592 CA (OR = 3.22,
95%CI: 1.5-6.8) genotypes, as well the IL-1B+3954 TC,
IL-1RN *2/*L, IL-10-592 CA (OR = 4.7, 95%CI: 1.7-13.0)
combination were associated with GC
84 GC; 84 ChrG
IL-1B-511T/C; +3954C/T
IL-1B+3954*C carrier and IL-IRN *2/*2 genotype were
IL-10-592C/A
associated with GC (OR = 6.21, 95%CI: 1.3-28.8 and OR
IL-1RN intron 2 VNTR
= 7.02, 95%CI: 2.3-21.5, respectively). The IL-IRN *2/*2
genotype was also associated with a well/moderatelydifferentiated adenocarcinoma
(OR = 8.12, 95%CI: 2.5-26.8)
100 ChrG; 28 GU
IL-1B-511C/T; -31T/C
The IL-1B-511 TC genotype and the -511*C allele were
102 healthy controls
associated with ChrG (OR = 3.12, 95%CI: 1.4-6.8 and OR
= 3.01, 95%CI: 1.4-6.3, respectively). The subjects carrying
-31*T were found to be at a higher risk of having ChrG
(OR = 2.81, 95%CI: 1.3-5.8). The IL-1B-511*C/-31*T
haplotype was associated with ChrG
(OR = 2.1, 95%CI: 1.2-3.8).
109 ChrG
IL-1B-511C/T; -31T/C; +3954C/T Carriage of IL-1B-511*T (OR = 5.4, 95%CI: 1.9–15.8) and
IL-1RN intron 2 VNTR
-31*C (OR = 5.1, 95%CI: 1.8–14.7) alleles combined with
iceA2+ H. pylori genotype increased the risk of ChrAG
with severe histopathological changes.
46 GC; 99 NAG
IL-1B-511C/T
IL-1B-511 TT carriers had increased risk of GC
IL-1RN intron 2 VNTR
(OR = 11.312, 95%CI: 1.20-106.54)
56 GC; 56 ChrG

58 GC; 89 DU (54 with
precancerous lesions);
194 ChrG and normals

WCGO|www.wjgnet.com

IL-1B-511C/T
IL-1RN intron 2 VNTR
IL-10-1082G/A; -819C/T;
TNF-α -308G/A

360

Genotype IL-1B-511 TT was associated with GC
(OR = 4.692, 95%CI: 1.22-18.09)

February 8, 2015|First Edition|

Chiurillo MA. Genetics variants and gastric cancer in Latin America
2011 Venezuela
Chiurillo et al[86]
2012 Mexico
López-Carrillo et al[57]

2013 Brazil
Mattar et al[94]

2013 Brazil
de Oliveira et al[79]

121 ChrG

IL-1B-511C/T; -31T/C; +3954C/T

158 GC; 317 clinical
controls

IL-1B-31T/C

19 GC; 71 clinical
controls; 196
inflammation of the
upper gastrointestinal
tract; 28 GU; 76 DU
200 GC; 229 ChrG;
240 healthy individuals

IL-1RN intron 2 VNTR

IL-1RN intron 2 VNTR
TNF-α -857C/T
TNF-α -308G/A
TNF-b -252G/A
IL-8-251T/A
IL-8-845T/C
IL-10-592C/A
TLR2–196 to –174 Ins/Del
TLR4+896A/G (D299G);
+1196C/T (T399I)

There was association with severe histological changes
only considering H. pylori genotypes
IL-1B-31*C allele carriers who were both H. pylori
CagA positive and with moderate to high Capsaicin
consumption had increased risk of GC (OR = 3.411,
95%CI: 1.12-10.43)
The carriage of IL-1RN *2/*2 was an independent
risk factor for GC (OR = 5.81, 95%CI: 1.06-31.98). The
carriage of allele *2 had an independent protective effect
on DU (OR = 0.45, 95%CI: 0.22-0.91)
Association with GC was observed for IL-1RN*2 (OR
= 2.601, 95%CI: 1.65-4.10), TNF-α -857*T (OR = 1.701,
95%CI: 1.08-2.67), IL-8-845*C (OR = 3.461, 95 % CI:
1.69-7.07), IL-10-592*A (OR = 2.341, 95%CI: 1.47-3.70),
TLR2 –196 to –174 *Del (OR = 2.201, 95%CI: 1.28-3.78)
and TLR4+896*G (OR = 2.091, 95 % CI: 1.08-4.02) alleles.
Association with ChrG was observed with IL-1RN*2 (OR
= 1.881, 95%CI: 1.25-2.83) and IL-10-592*A (OR = 3.001,
95%CI: 1.99-4.50) alleles

1

Dominant; 2 Co-dominant. H. pylori: Helicobacter pylori; GC: Gastric cancer; ChrG: Chronic gastritis; ChrAG: Chronic atrophic gastritis; DU: Duodenal ulcer;
NAG: Non-atrophic gastritis; GU: Gastric ulcer; AAG: Atrophic antral gastritis; ABG: Atrophic body gastritis; IM: Intestinal metaplasia.

previous studies concluded that the IL-10-592 C/A polymorphism was not a risk factor for gastric cancer. However, when stratifying the data by race, the IL-10-592 AA
genotype was found to be a protective factor against the
development of this neoplasm in Asians but not among
Caucasians and Latinos[110].
Toll-like receptors (TLR2 and TLR4), involved in H.
pylori recognition in gastric mucosa, also have polymorphic variants that modulate their functional pattern[111].
Hence, some reports have studied SNPs in TLRs that are
associated with impaired immune response and induction
of a potent inflammatory response in the gastric mucosa,
being then associated with susceptibility of gastric diseases. In Mexico two studies evaluated the association of
TLR4 +896A/G and +1196C/T SNPs with gastric cancer and precancerous diseases[60,93]. Although no association with gastric cancer was found in these studies, Trejode la et al[93], including also analysis of TLR2 +2258 G/A
SNP, showed that patients with TLR4 polymorphisms
expressed significantly lower levels of IL-1β, IL-6, IL-8
and GRO-α; and higher levels of TNF-α, IL-10, MCP-1
and MIP-1α. Moreover, Silva´s research group in two
recent reports investigated TLR2 -196 to -174 del, TLR4
+896A/G and TLR4 +1196C/T polymorphisms at risk
of chronic gastritis and gastric cancer in a Brazilian population in the state of São Paulo[78,79]. In both studies TLR2
-196 to -174*del and TLR4 +896*G alleles showed an
association with increased risk for gastric cancer.
The study of Garcia de Oliveira et al[79] mentioned
above evaluated ten inflammatory-related gene polymorphisms in 669 samples (200 of gastric cancer, 229
of chronic gastritis, and 240 of healthy individuals), of
which IL-1RN L/2 (P < 0.001), TNF-α-857 C/T (P =
0.022), IL-8-845 T/C (P < 0.001), IL-10-592 C/A (P <
0.001), TLR2 ins/del (P < 0.001), and TLR4+896 A/G (P
= 0.033) polymorphisms were observed associated with

that the AA (P = 0.026) and AT (P = 0.005) genotypes
were most frequent in the group of patients with gastric
adenocarcinoma from the state of Pará, Brazil. Furthermore, they also found the IL-8 -251*A allele associated
with the risk for developing gastric cancer. On the contrary, also in Brazil but in the state of São Paulo, Felipe
et al[96] found the IL-8 -251 AT genotype and *T carriers
associated with an increased risk of gastric cancer. These
authors also observed that individuals with AA genotype
may have protective effect for gastric cancer, while patients harboring the TT genotype presented a lower median survival time. Whereas Garcia de Oliveira et al[79], in
another region of the state of São Paulo, found only the
IL-8 -845 T/C SNP (P < 0.001) associated with risk for
gastric cancer.
These results could suggest that the association between IL-8 -251 A/T polymorphism and gastric cancer
is likely influenced by environmental factors, and even
ethnicity, considering that the geographical conditions
and the proportion of the genetic ancestral contributions differ between the northern and southeast regions
of Brazil[107,108]. Moreover, a recent meta-analysis suggest
the potential influence of ethnicity in the association of
IL-8 -251 A/T polymorphism with gastric cancer, since
it is generally stronger in Asian than in Caucasian population[109].
There are three functional promoter SNPs in the
IL-10 locus: -1082 A/G, -819 C/T and -592 C/A. In this
locus only the -592 C/A SNP was found associated with
gastric cancer in Latin American studies. Con et al[44] in
Costa Rica and Garcia de Oliveira et al in Brazil[79] found
that IL-10-592 AA and CA genotypes were individually
associated with gastric cancer. Contrary, Sicinschi et al[58]
in Mexico identified the IL-10-592 CC genotype associated with more than double of the risk of the intestinaltype gastric cancer. A recent meta-analysis based on 12
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the risk of gastric cancer using a dominant model. In addition, a combined analysis of these six polymorphisms
revealed a profile with two to four combined genotypes,
which confers a higher risk of gastric carcinogenesis.
Regarding polymorphisms in inflammation-related
genes, three genes encoding heat shock proteins (HSP)
were also evaluated in two studies. Partida-Rodríguez et
al[61] studied HSP70-1+190 G/C, HSP70-2+1267 A/G
and HSP70-Hom+2437 T/C SNPs in 447 Mexican patients, including 228 with non-atrophic gastritis, 98 with
intestinal metaplasia, 63 with gastric cancer, 58 with
duodenal ulcer, and 132 asymptomatic individuals. They
also evaluated in this analysis the TNF-α-308 G/A and
TNF-β-252 G/A polymorphisms. Compared with the asymptomatic group, they found significant association of
TNF-β-252*A and HSP70-1*C alleles with gastric cancer.
More recently, Ferrer-Ferrer et al[41] in 2013 addressed the
possible association between HSP70-2+1267 A/G and
HSP70-Hom+2437 T/C polymorphisms and the risk of
developing gastric cancer in a high-risk population in
Costa Rica. These authors found that the GA genotype
of HSP70-2+1267 was associated with increased risk of
gastric cancer as compared to the GG genotype.
With regard to tumor-suppressor genes, seven studies
conducted the analysis of the TP53 Arg72Pro polymorphism related to the risk of gastric cancer. In Mexican
patients, Pérez-Pérez et al[55] identified association of the
Arg/Arg genotype with the increased risk of distal gastric
cancer. Similarly, in Venezuela, individuals carrying the Arg
allele had an elevated risk of developing gastric cancer,
while the Arg/Arg genotype was associated with poordifferentiated gastric cancer[83]. However, the association
of gastric cancer with TP53 Arg72Pro polymorphism in
Latin American countries was not consistent in the metaanalysis of Bonequi et al[105]. Differences in distribution of
TP53 Arg72Pro genotypes could be associated with the
location, stage, and histological differentiation of gastric
cancer. Moreover, a meta-analysis suggests that the TP53
codon 72 polymorphism (Pro allele) may be associated
with gastric cancer, particularly among Asians[112].
A Brazilian case-control study evaluated the effect of
a functional SNP (-31C/G) of Survivin, which is involved
in the regulation of apoptosis and cell cycle control[75].
Although this study included a small sample size, results
suggest that the presence of the *C allele of Survivin gene
promoter -31 C/G polymorphism in combination with
D17S250 microsatellite instability (a marker of TP53
gene) may be used as risk factor for gastric cancer in this
population. Involvement in gastric carcinogenesis of Survivin can be taken from the observation that overexpression of this protein in gastric cells reduces cell death after
infection with H. pylori[113].
The CDH1 gene, encoding E-cadherin protein, is
now established as a tumor suppressor in gastric cancer [114]. Polymorphisms at positions -347 G/GA and
-160 C/A reduce the transcriptional activity of CDH1,
although their association with susceptibility to gastric
cancer is controversial[115,116]. Medina-Franco et al[62] ana-
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lyzed a sample of 39 Mexican patients younger than 45
years old with diagnosis of diffuse gastric cancer and
observed association with -160 CA and AA genotypes.
Moreover, Borges et al[69] observed in Brazilian patients
carrying CDH1 -160*A and -347*GA alleles an increased
probability of developing gastric cancer, especially of the
diffuse-type.
SNPs in the PSCA gene was found associated with
gastric cancer risk in a Genome-wide association study
(GWAS), and subsequently validated in other Asian
and Caucasian populations[26,117,118]. Although its function remains unknown, the expression of PSCA has
been observed downregulated in the gastric tissue with
intestinal metaplasia[119]. Rizatto et al[82] analyzed 3 SNPs
in the PSCA gene (rs2294008 C/T, rs9297976 T/C and
rs12155758 G/A) in gastric biopsies of 2045 subjects
with gastric precancerous lesions and 180 cases of gastric
cancer from a high-risk region of Western Venezuela.
In this study the *T and *A alleles of rs2294008 and
rs12155758, respectively, were found to be associated
with gastric cancer.

GENE POLYMORPHISMS AND GASTRIC
PRECANCEROUS LESIONS
The role of gene polymorphisms in precancerous lesions
remains poorly understood, even for those that have
been identified as associated with increased risk of gastric
cancer. Identification of biomarkers of the precancerous
process is needed for development of screening programs to prevent gastric cancer, as this may contribute to
the understanding of gastric carcinogenesis.
Association between cytokine gene polymorphisms
and gastric precancerous lesions were identified in a work
carried out in Costa Rica by Con et al[43], in which the IL1B+3954*T and IL-1RN *2/*2 genotypes were associated with intestinal metaplasia. Whereas in Peruvians,
Gehmert et al[46] revealed an increased risk of atrophic
gastritis associated with IL-1B-511*C allele. A Brazilian
study in the state of São Paulo demonstrated the existence of an association of the anti-inflammatory cytokine
variant alleles IL-1RN*2 and IL-10-592*A with a higher
risk of developing gastric cancer and chronic gastritis[79].
In a recent meta-analysis Peleteiro et al[120] showed an
association of the IL-1RN *2/*2 genotype with the increased risk of gastric precancerous lesions, supporting a
role for this polymorphism in the early stages of gastric
carcinogenesis.
In the context of H. pylori infection, two studies of
our group in Venezuela showed an association of chronic
atrophic gastritis and severe histopathological changes
with IL-1B-511*T, -31*C, +3954*C and IL-1RN*2
polymorphisms only in presence of specific bacterial
virulence genotypes[85,86]. Similarly, Melo-Barbosa et al[74]
in Brazil, found that carriers of IL-1RN*2 allele with H.
pylori CagA-positive serology had a higher risk of developing gastric ulcer.
A research group have evaluated the prevalence of
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gastric precancerous lesions in a large number of Venezuelans in relation with several genetic polymorphisms,
most of them mediators of inflammation, and their
interactions with other environmental factors. The first
of them, by Kato et al[81], studied IL-10, IL-4 and IL4R SNPs in 2033 patients. Authors identified the IL10-1082*A low activity allele associated with intestinal
metaplasia and dysplasia, while homozygous of the low
activity allele (GG) of the 398 A/G polymorphism in the
IL-4R gene had a modest increase in the risk of atrophic
gastritis.
This group of researchers also evaluated genetic polymorphisms in other mediators of inflammation: IFNG,
IFNGR1, NOS2A, PTGS1, PTGS2[87]. A nonsynonymous substitution Ser608Leu of NOS2A gene (*A carriers) and the -56 C/T SNP located in the promoter of IFNGR1 (CC genotype) were associated with higher risk of
atrophic gastritis. Additionally, two SNPs of PTGS2 were
associated with risk of dysplasia (306 G/C -Val102Valand 8473 T/C). More recently, in a further study of this
group, the *T allele of the functional SNP rs2294008 in
the PSCA gene was associated with atrophic gastritis and
intestinal metaplasia[82].
SNPs of HSP70-1 (+190*C allele) and HSP70-2
(+1267 GA genotype) were associated with an increased
risk of duodenal ulcer in patients of Mexico and Costa
Rica, respectively[41,61]. Moreover, examination of TLR4
+896A/G SNP in a Southeastern Brazilian population
showed that the heterozygous AG genotype and allele *G
frequencies were significantly higher in chronic gastritis
and gastric cancer groups than in controls[78].

could be suggested that they do not influence gastric cancer susceptibility in these populations, or in any case, its
effect cannot be demonstrated.
Some research groups have been investigating the genetic contribution to gastric cancer in subjects of different ethnic backgrounds (mainly in Asians and Caucasians
from United States and Europe), using previous GWASs
information or conducting parallel GWASs with a large
number of genes and new candidate loci for gastric
cancer, as well as employing innovative techniques for
genotyping and statistical analysis[22,27-30]. Therefore, to the
analysis of human genetic risk factors in our populations,
it would be appropriate to exploit and replicate GWASs
findings, since a simple extrapolation of results from
these studies to the use of biomarkers in Latin American
populations is not completely adequate.
Genetic studies in admixed populations are particularly susceptible to confusion due to population stratification resulting from the difference in ancestry between
cases and controls. However, such confounding can be
handled by estimating individuals’ genetic ancestry using AIMs and then adjusting the analysis for individual
ancestry. If in this region the human genetic background
influences the high incidence of gastric cancer then can
be expected that genetic variants harbored in admixed
population account for this high incidence. Therefore, it
would be possible to apply the genome-wide strategy of
admixture mapping to detect these variants.
Finally, it is necessary to advocate for multicenter
studies involving several Latin American research groups
and large number of samples for the analysis of genetic
polymorphisms in relation to precancerous lesions and
environmental variables (lifestyle, dietary habits, H. pylori
infection), in order to contribute to the understanding
of gastric carcinogenesis and for the development of
screening programs to prevent gastric cancer.

CONCLUSION
Latin America is a territorial and cultural entity with a
particular genetic complexity, but also characterized by
wide socio-economic divergences and rapid changes in
life styles throughout the continent with a strong trend
towards urbanization of its population. Therefore, the
study of the etiology of multifactorial diseases, such as
gastric cancer, in this region appears to be a major challenge, but also an opportunity.
Given in Latin America the common scenario of a
population with high rates of infection with H. pylori,
persistent poverty, particular dietary habits, coupled with
secular trends in environmental exposures and lifestyle,
genetic can offer a useful tool to compare populations
and assess gene-environment interactions that underline
gastric cancer development.
Most studies here analyzed were conducted with
samples from populations with high prevalence of H.
pylori infection. Therefore, it is not surprising that most
research in this region of the world have been carried out
with gene variants involved in inducing a more intense inflammatory response after gastritis associated to H. pylori
infection. Moreover, as has been raised in Asians, due to
the distribution of IL-1B high-risk alleles in some Latin
American populations shows an elevated prevalence,
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Core tip: Despite the benefit of adjuvant therapy has
been clearly demonstrated, no general consensus has
been still reached on the best treatment option. The
narrow therapeutic index of adjuvant chemotherapy
requires a careful assessment of expected risks and
benefits for individual patients. Many issues, such as
the role of postoperative radiotherapy and the best
chemotherapy regimen, are still under investigation.
Moreover, no prognostic or predictive factors beyond
pathological stage have been prospectively validated.
Despite researchers’ efforts, this issue still represent
an unmet medical need. In this review we describe
the recently completed landmark studies and meta
analyses, and we discuss the future challenges in this
research field.

Abstract
Gastric cancer still represents one of the major causes
of cancer mortality worldwide. Patients survival is
mainly related to stage, with a high proportion of pa‑
tients with metastatic disease at presentation. Thus,
the cure rate largely depend upon surgical resection.
Despite the additional, albeit small, benefit of adjuvant
chemotherapy has been clearly demonstrated, no gen‑
eral consensus has been reached on the best treat‑
ment option. Moreover, the narrow therapeutic index
of adjuvant chemotherapy (i.e. , limited survival benefit
with considerable toxicity) requires a careful assess‑
ment of expected risks and benefits for individual
patients. Treatment choices vary widely based on the
different geographic areas, with chemotherapy alone
more often preferred in Europe or Asia and chemora‑
diotherapy in the United States. In the present review
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a standard of care in Eastern countries since the 1960s[4].
In Europe this procedure became widely used after the
publication of 15-year results of the Dutch D1D2 trial,
showing better locoregional control and lower GC related
deaths in the D2 arm[5]. In 2008 Sasako et al[6] published
the results of a Japanese RCT comparing D2 lymphadenectomy alone vs D2 lymphadenectomy plus para-aortic
nodal dissection, a procedure performed in Japan since
the 1980s. However, patients undergoing wider, D3, dissection did not benefit in terms of disease‑free survival
(DFS) and OS and experienced more surgical complications. Nowadays, D2 resection is the recommended surgical approach for patients with resectable GC and it is the
major determinant of patients’ prognosis.

http://www.wjgnet.com/1007-9327/full/v20/i16/4516.htm DOI:
http://dx.doi.org/10.3748/wjg.v20.i16.4516

INTRODUCTION
Gastric cancer (GC) is a major public health problem,
because of its high incidence, morbidity and mortality rate. Despite a steady incidence decline over the last
decades, GC still represents one of the major causes of
cancer mortality worldwide[1]. This is due to the high
proportion of patients with metastatic disease at presentation or during the clinical course. Indeed, less than 5%
of patients with advanced GC survive up to five years
and the role of surgery as mainstay treatment is limited
to approximately a quarter of all patients[2].
Overall survival (OS) of patients who undergo surgery progressively diminishes as stage increases, ranging
from 75% for stage Ⅰ to 35% or less for stage Ⅱ and
beyond[3]. Recurrences tend to occur at distant sites, suggesting the presence of micrometastatic disease at the
time of surgery. Therefore, these observations led to the
hypothesis that adjuvant chemotherapy should improve
outcomes in curatively resected stage Ⅱ-Ⅲ GC.
Despite the benefit of adjuvant therapy has been
clearly demonstrated, no general consensus has been still
reached on the best treatment option. The narrow therapeutic index of adjuvant chemotherapy (i.e., limited survival benefit with considerable toxicity) requires a careful
assessment of expected risks and benefits for individual
patients. Generally, surgery followed by chemoradiotherapy is the standard protocol in the United States, whereas perioperative or postoperative chemotherapy are recommended in the Europe and Asia. The difference of
this approaches is mainly due to the fact that less than
D2 lymph nodal dissection is routinely used in the United States, whereas D2 surgery is the standard treatment
in Europe. Thus, optimal local control may be obtained
by adding radiotherapy to D0-D1 surgery. Many issues,
such as the role of postoperative radiotherapy and the
best chemotherapy regimen, are still under investigation.
Moreover, no prognostic or predictive factors beyond
pathological stage have been prospectively validated.
Despite researchers’ efforts, this issue still represent an
unmet medical need.
In this review we describe early randomized clinical trials (RCTs) of adjuvant chemotherapy for resected
GC, with particular emphasis on the recently completed
landmark studies and meta‑analyses, and we discuss the
future challenges in this research field.

Adjuvant chemotherapy: An “historical overview”
The debate on surgical dissection is obviously directly
linked to the use of adjuvant therapy.
Over the last few decades numerous RCTs have been
conducted to evaluate the benefit of post‑operative chemotherapy as compared to surgery alone[7-10]. Most of
them failed to demonstrate a statistically significant survival advantage for different reasons, including the lack
of adequate statistical power to detect a survival difference, the use of obsolete surgical techniques or “suboptimal” chemotherapy regimens, and the delay in starting
treatment after gastrectomy.
Among those RCTs demonstrating a benefit, most
were performed in Asia and few in Western countries.
For instance, a Spanish RCT evaluated the efficacy of
the combination of mitomycin plus tegafur vs observation in patients with resected stage Ⅲ GC[11]. After a
median follow-up of 37 mo, both OS and DFS were
significantly better in the chemotherapy group. Five-year
OS and DFS were 56% and 51% in the treatment group
vs 36% and 31% in the control group.
Taking into consideration all the RCTs testing
anthracycline-containing polychemotherapy regimens,
disappointing results were reported. The only positive
trial so far was a multi-institutional study conducted in
Italy in the 90’s which randomly assigned node-positive
GC patients to receive epidoxorubicin, leucovorin and
5-fluorouracil for 7 mo or no treatment[12]. After a median follow-up of 5 years, the median OS was 18 mo for
untreated patients vs 31 mo for treated ones.
This positive experience opened the way to subsequent trials testing more intensive chemotherapy regimens in order to further improve clinical outcomes. The
Italian cooperative research groups played a fundamental
role in this scenario. In fact, three large RCTs were
completed in the attempt of evaluating new polichemotherapy strategies for high-risk resected GC patients.
The Italian Trials in Medical Oncology group conducted a RCT comparing D2 surgery alone vs D2 surgery
followed by 2 cycles of etoposide, adriamycin, cisplatin
and 2 cycles of Machover regimens. The results showed
that at 5 years the sequential regimen led to a 7% reduction in mortality and 17% reduction in the disease

CURRENT EVIDENCE
Role of D2 surgery
The extension of surgical dissection is an open issue in
the treatment of potentially curable GC. Asian and Western surgeons have followed different paths in the last decades in their approach to GC. D2 gastrectomy has been
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chemotherapy; however, when analysing only the Western RCTs, the Janunger et al[19] estimated a non‑significant HR = 0.96 (95%CI: 0.83-1.12). On the opposite
side, the Oba et al[20] including only Japanese studies estimated a HR as low as 0.73.

Table 1 Overall survival results of study based meta-analyses
comparing post-operative chemotherapy vs surgery alone
Ref.
Earle et al[16]
Mari et al[17]
Janunger et al[19]
Oba et al[20]
Liu et al[21]
Zhao et al[22]
Sun et al[23]

Studies analysed (n )

Pooled HR (95%CI)

13
20
21
4
19
15
12

0.80 (0.66-0.97)
0.82 (0.75-0.89)
0.84 (0.74-0.96)
0.73 (0.60-0.89)
0.85 (0.80-0.90)
0.90 (0.84-0.96)
0.78 (0.71-0.85)

Milestone meta-analysis
In 2010 the GASTRIC Group published a patient-level
meta-analysis to quantify the potential benefit of adjuvant chemotherapy over curative surgery in terms of
both OS and DFS[10]. The results obtained using individual patient data are potentially more reliable than those
carried out on aggregate data. Table 2 shows the summary results in terms of pooled HRs; the overall estimates
were practically overlapping for the two end-points and
demonstrated reduced risks in the chemotherapy group.
The HRs were translated in a small absolute benefit: for
OS, 5.8% at 5 years and 7.4% at 10 year, whereas for
DFS the Authors could estimate only a 5.3% absolute
benefit at 5 years. Sub-group analyses by type of regimen showed that the greatest benefit was associated
with monotherapy; however, such estimates were based
only on two RCTs, one of which was Japanese. Even if
no significant heterogeneity was detected across Europe,
Asia, and United States, as we have already pointed out,
the HRs are usually lower in Asian RCTs as compared to
Western ones.
In 2013 the Cochrane Collaboration published a further study-level meta-analysis reviewing RCTs of postsurgical chemotherapy vs surgery alone[24]. A significant
improvement of OS (HR = 0.85; 95%CI: 0.80-0.90;
34 studies) and DFS (HR = 0.79; 95%CI: 0.72-0.87;
15 studies) was confirmed for adjuvant chemotherapy.
Based on these results, the Authors recommended to
offer adjuvant chemotherapy as a routine option - whenever possible - following GC curative resection.
If considering OS results, the HRs obtained in the
three study‑level meta‑analyses with the highest number
of RCTs[17,19,24]; were consistent with those obtained in
the individual‑level meta‑analysis[10].

relapse rate, neither of which were statistically significant. In fact the trial was designed to detect a 15% of
difference in 5-year survival between the two arms. We
want to emphasize in addition that the results obtained
with an adequate surgical treatment were better than expected[13].
The second trial was conducted by the Italian Oncology Group for Clinical Research and published in 2008[14].
Patients with stage IB-IV, completely resected GC were
randomized to receive chemotherapy with 4 cycles of
cisplatin, epirubicin, and 5-FU/LV (PELF regimen) or
follow-up alone. Ultimately, chemotherapy did not lead
to a significant increase in either DFS (HR, in PELF arm
vs follow-up arm = 0.92; 95%CI: 0.66-1.27) or OS (HR
= 0.90; 95%CI: 0.64-1.26). In fact, 5-year OS was almost
identical in chemotherapy and follow-up arms (47.6% vs
48.7%). Statistical concerns were raised for this trial, since
it was underpowered to detect very modest differences in
OS between the two arms. Higher than expected survival
rates were registered in both groups. Similar results was
obtained by a third study conducted by the Gruppo Oncologico dell’Italia Meridionale[15].
The fourth study compared two different treatment
arms: PELFw regimen, consisting of eight weekly administrations of cisplatin, leucovorin, epidoxorubicin,
5-fluorouracil, and glutathione with the support of filgrastim, and a regimen consisting of six monthly administrations of 5-fluorouracil and leucovorin (5-FU/LV)[9].
Unfortunately, this study did not find any difference
in mortality or relapse between treatment groups, failing to show any benefit from dose‑dense or intensified
strategies. Again, 5-year OS was unexpectedly high in
both arms - approximately 50% - probably reflecting the
high quality of resection procedures. Thus, an optimal
surgery may have reduced the impact of chemotherapy
on outcomes, as well as the critical planned difference in
OS rates may have been inappropriate (expected 5-year
survival of only 20% for the control arm).
Due to the large discordance in outcomes in published RCTs, subsequent study-based meta‑analyses have
been performed to evaluate to role of adjuvant chemotherapy and finally a survival benefit, albeit small, was
demonstrated[16-23]. Table 1 shows summary OS results
of the meta-analyses in terms of pooled HRs comparing
adjuvant chemotherapy vs surgery alone. All the studies
coherently showed a significant OS benefit for adjuvant
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From the literature to the bedside: new landmark studies
New insights confirming the effectiveness of fluoropyrimidine‑based adjuvant chemotherapy were made available by two landmark Asian RCTs.
The ACTS-GC study was aimed at confirming the
effectiveness on OS of 1-year adjuvant chemotherapy
with the oral fluoropyrimidine S‑1 following D2 gastrectomy[25]. After a median follow‑up of 3 years, 3-year OS
was 80.1% in the S-1 group and 70.1% in the surgery
alone group. S-1 reduced the risk of death by 32% (HR
= 0.68; 95%CI: 0.52-0.87, P = 0.003). In the 5‑year
follow‑up update, OS was 71.7% in the S-1 arm and
61.1% in the surgery-alone arm, therefore S-1 reduced
the risk of death by 33% (HR = 0.67; 95%CI: 0.54-0.83).
The 5-year relapse-free survival (RFS) was 65.4% in
the S-1 arm and 53.1% in the surgery-only arm[26]. The
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Table 2 GASTRIC group meta-analysis
Studies (n )

[10]

Comparison

For OS analysis

For DFS analysis

17
2
3
3

14
1
2
2

1

Overall
Mono Chemotherapy vs surgery
Fluorouracil + mitomycin C + other without anthracyclines vs surgery
Fluorouracil + mitomycin C + anthracyclines vs surgery

Pooled HR (95%CI)
OS

DFS

0.82 (0.76-0.90)
0.60 (0.40-0.84)
0.74 (0.58-0.95)
0.82 (0.71-0.95)

0.82 (0.75-0.90)
0.49 (0.29-0.84)
0.69 (0.48-0.98)
0.80 (0.69-0.94)

1

Analyses were performed on randomized clinical trials with available disease-free survival (DFS) data. OS: Overall survival.

higher in the polychemotherapy arm.
Similarly, the Japanese SAMIT RCT compared 4 different adjuvant regimens: in arm A patients received UFT
alone, in arm B received S-1 alone, while arm C and arm
D patients received sequential therapy with paclitaxel
followed by either UFT or S-1, respectively[32]. The trial
aimed at comparing UFT with S-1, and both single agents
with a sequential, taxane-based regimen. After a median
follow-up of 1875 d and 728 events, the results failed to
show a statistically significant difference of DFS in the
sequential arms as compared to single agent fluoropyrimidine arms (HR = 0.92; 95%CI: 0.80-1.07, P = 0.273).
Comparing the data in arms A + C vs B + D, UFT-based
chemotherapy was clearly less effective than S-1-based
one in the study population.
As a matter of fact, sequential polychemotherapy
does not seem to be the best strategy to improve GC
patients’ outcome in the adjuvant setting and, since fluoropyrimidine and platinum salts have synergistic activity,
their upfront combination may hopefully be more effective than a single agent regimen.

Authors raised some doubts about the possibility of
translating the advantages of such treatment to Western
population because of different pharmacodynamics and
surgery practices. However, following the footsteps of
the ACTS-GC trial, assessing the efficacy of combining
S-1 with other potentially active drugs such as platinumderivatives or taxanes could be an interesting perspective.
Similarly, the CLASSIC RCT was designed to compare the efficacy of adjuvant capecitabine plus oxaliplatin (XELOX regimen) with D2 surgery alone in stage Ⅱ
or Ⅲ GC patients[27,28]. Three‑year DFS was 74% in the
chemotherapy group and 59% in the surgery only group
(HR = 0.56; 95%CI: 0.44-0.72, P < 0.0001); the 5-year
analysis confirmed such results: DFS was 68% vs 53%
(HR = 0.58; 95%CI: 0.47-0.72, P < 0.0001). As regards
OS, the 5-year rates were 78% in the XELOX group and
69% in the surgery alone group (HR = 0.66; 95%CI:
0.51-0.85, P = 0.002). However, the greater limitation
of this study was that the beneficial effect deriving from
the addition of oxaliplatin to fluoropyrimidine should be
assessed by a specific RCT. In fact, a control arm constituted by surgery alone is not appropriate for future trials
since the benefits of adjuvant chemotherapy were clearly
demonstrated[10]. Indeed, the ongoing POTENT study
is moving along this line[29]. This is a RCT that started
enrolling in early 2013 and it is randomizing patients to
receive oxaliplatin and S-1 for six cycles or S-1 for 1 year
after surgery. The primary end point is OS, while secondary end points are DFS and safety.
A further research topic in the adjuvant setting is the
possibility to improve outcome through a sequential,
non cross‑resistant polychemotherapy. This strategy may
allow to sequentially administer several active agents in
order to exploit different mechanisms of drug activity
in the context of a relatively chemoresistant disease. In
such a perspective, ITACA-S was a multicentre, Italian
RCT aimed at comparing two different regimens in GC
patients eligible for adjuvant chemotherapy[30]. Patients
in arm A received a polychemotherapy with 4 cycles of
irinotecan plus 5-FU/LV (FOLFIRI regimen) followed
by cisplatin and docetaxel for 3 cycles, while patients
in arm B received monotherapy with 5-FU/LV alone
(De Gramont regimen) for 9 cycles. After a median
follow up of 49 mo, no significant difference was observed between the two arms in terms of DFS (HR =
0.98; 95%CI: 0.83-1.16, P = 0.830) and OS (HR = 1.00;
95%CI: 0.83-1.20, P = 0.980). Toxicity was consistent
with literature, as previously reported[31], and significantly
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Role of adjuvant chemoradiotherapy
Due to the high risk of local recurrence, different studies have been evaluating the potential benefit of radiotherapy alone or combined to chemotherapy as adjuvant
treatments for GC[33,34].
Early studies of adjuvant radiotherapy demonstrated
reductions of local failure rate despite of lack of OS
benefit[35].
Much more impact on modern management of GC
had the large US Intergroup INT0116 study[36]. This trial
randomly assigned stage IB‑IV GC patients to surgery
plus postoperative chemoradiotherapy or surgery alone.
Chemotherapy with bolus 5‑FU/LV was intermingled
by a “sandwich” chemoradiation phase in which 5‑FU/
LV was given on the first four and the last three days
of radiotherapy. With a median follow-up of 5 years,
median overall survival was 27 mo for surgery alone and
36 mo for adjuvant chemoradiation. Three-year OS was
41% for the surgery-alone group and 50% for surgery
followed by chemoradiation group. Local failures were
reduced from 29% to 19% with the addition of adjuvant
chemoradiation. After more than 10 years of follow-up a
persistent benefit was demonstrated for the experimental
strategy in terms of both OS (HR = 1.32; P = 0.004)
and RFS (HR = 1.51; P < 0.001)[37].
This hallmark trial was largely criticized due to the
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fact that only 10% of patients had a D2 dissection and
more than half of patients did not even have clearance/
examination of the D1 (perigastric) nodes. Furthermore,
most of the patients on this study had T3/T4 disease,
and 85% had nodal metastases. This resulted in a lack of
accurate tumor staging and consequently in a non proper
arm-allocation at randomization - likely contributing to
inferior survival and a 64 percent relapse rate in the surgery alone arm. Finally, approximately one third of patients in the chemoradiation group had to stop treatment
prematurely because of toxicity.
Despite all these issues, the adjuvant strategy as
proposed in this trial became very popular in North
America and still represents a gold standard treatment
in this setting. Moreover, a meta-analysis including RCTs
which compared postoperative chemoradiotherapy vs
postoperative chemotherapy[38] concluded that postoperative chemoradiotherapy improved local relapse-free
survival (HR = 0.53; 95%CI: 0.32-0.87) and DFS (HR =
0.72; 95%CI: 0.59-0.89) but not OS (HR = 0.79; 95%CI:
0.61-1.03). However, the study was based only on three
Asian RCTs and the results may be not extendable to
Western patients.
Following the promising results of the INT00116 trial, the CALGB 80101 aimed at assessing whether replacing 5-FU/LV with Epirubicin, Cisplatin and 5-FU (ECF
regimen) in the adjuvant chemoradiotherapy setting
would improve OS[39]. However, there was no significant
benefit from adding this polychemotherapy regimen to
standard 5‑FU/LV chemoradiation in terms of OS (P =
0.800). Similarly, the ARTIST trial was designed to compare postoperative treatment after D2 dissection with
capecitabine plus cisplatin (XP) vs XP plus capecitabinebased chemoradiation. There was no significant difference in DFS between the two arms, although chemoradiation arm was associated with significantly prolonged
DFS in the retrospectively identified, lymph node-positive subgroup. Estimated 3 year-DFS rate was 78.2% in
the experimental arm vs 74.2% in the control arm (P =
0.086), while estimates were 77.5% vs 72.3% (P = 0.037).
An ongoing phase Ⅲ trial (ARTIST-Ⅱ) was designed
to compare chemotherapy alone vs chemoradiation in
lymph node-positive, resected GC, aiming at prospectively confirm the ARTIST trial hypothesis-generating
data[40].
In conclusion, adjuvant chemoradiation may be offered to patients to reduce the risk of locoregional failure in patients with node positive disease or suboptimal
surgery.

proper information extraction from source documents,
leading to difficulties in conducting trials aimed at investigating both treatment efficacy and related costs.
Besides, in the planning phase another challenge is represented by the sample size, considering that the statistical power adequate to test the main study end-point may
be not sufficient to address also economic questions.
Moving beyond RCTs, it is even more difficult to gather
sufficient information on treatment direct and indirect
costs[42].
There are several kinds of economical evaluations for
comparative evaluation of treatments. The two most used
in clinical settings are the cost-effectiveness analysis (CEA)
and the cost-utility analysis (CUA), both used when the
interventions being assessed are not of equal effectiveness. CEA and CUA are aimed at comparing the effectiveness and costs of two (or more) interventions and
usually the comparison measure is expressed in terms
of ratio (Incremental Cost Effectiveness or Cost-Utility
Ratio, generically referred to as ICER), where the denominator is the gain in effectiveness of an intervention vs its
comparator and the numerator is the differential cost.
Since health is a function of both length and quality of
life, in CUA the outcome measure captures both survival
and health-related quality of life. The latter is measured
by means of the quality adjusted life year (QALY). QALYs are calculated by multiplying survival time by an
utility weight to adjust for the health-related quality of
life experienced during that survival time.
Formal economic evaluations of adjuvant therapy
for GC are very few. Earle et al[43] performed a systematic
review of CUA applications in oncology; from 1975 and
1997 they found 40 CUAs pertaining to cancer and none
to GC. Health Technology Assessment (HTA) has published
a number of reviews on economic analyses of adjuvant
therapy, mainly in terms of costs-effectiveness evaluations. The majority of the studies were related to breast
cancer, colorectal cancer, and lung cancer[44-46], but none
of them has evaluated GC adjuvant treatments.
In the study by Wang et al[47] a cost-effectiveness analysis by Hisashige et al[48] of adjuvant chemoradiotherapy
for resected GC was performed based on the favourable
results of the Intergroup 0116 trial[36]. The costs of adjuvant therapy accounted for included those for radiotherapy, chemotherapy and toxicity management. Carrying out the analyses out from a payer’s perspective (3%
discount rate, lifetime time horizon), it was estimated an
ICER of $38400/QALY, i.e. one would expect to gain
one more year of life lived in perfect health (QALY) for
each additional $38400 spent when treated with chemoradiotherapy.
Recently, the results of a cost-effectiveness analyses
by Hisashige et al[48] evaluating S‑1 adjuvant chemotherapy were published, using as evidence of effectiveness
the results of the ACTS-GC trial[25]. They included the
costs incurred for resources used during the trial and
subsequent follow-up, including costs of adverse events
and recurrences, being the latter the major component

FUTURE CHALLENGES
Economic analyses
Usually, few RCTs perform concurrent economic analyses; recently, recommendations regarding such an issue
included guidelines for data collection of costs, efficacy
and proper sample size[41]. However, prospectively collected information on economic costs require ensuring
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in each of the two groups. The analyses were carried
out from a payer’s perspective with a 3% discount rate.
Over a lifetime time horizon, the mean QALYs per patient were greater in the S‑1 arm than in the surgery arm
(8.65 vs 7.41). On the other hand, the S‑1 arm incurred
greater costs than the surgery arm (mean costs per patient: $13057 vs $9346). The ICER was $3016 per QALY
gained. Braithwaite et al[49] noticed that such ICER estimate was far below the Japan threshold of willingness
to pay for additional QALY (from $53000 to $56000),
very far from the threshold of $109000/QALY suggested by a recent review, and could be ranked to the top
of the league table of cost‑utility in oncology[43]. In the
latter table, the Hisashige et al[48] ICER estimate ranked
immediately before a study of second line treatment
with docetaxel vs paclitaxel for patients with metastatic
breast cancer (ICER = $4100/QALY)[50], and also before a study of adjuvant chemotherapy vs surgery alone
in Duke’s B or C colorectal cancer patients (ICER =
$8100/QALY)[51].
The issue of between study variability of ICER estimates is a current problem, especially because the choice
of a threshold value for considering a treatment as costeffective is depending on such variability. Hisashige et al[48]
estimated ICER was about 8% the value reported in
the Wang et al[47]. However, the two studies differentiate
in many aspects; for instance, methodology, treatments
administered and, besides, they have been performed
in different locations, i.e., United States and Japan, respectively. Location is one of most significant factors
related to the ICER variability. The review by Bell et al[52]
examined cost-utility studies published between 1976
and 2001, 15% of which concerned neoplastic diseases.
Most analyses reported favourable ICERs, which were
statistically associated with location of the study (Europe, United States, Other), methodological quality (low,
medium, high), and sponsorship (non-industry, industry,
not specified). In particular, the likelihood to report ICERs below $20000/QALY was two times more in studies industry sponsored than non-industry sponsored.
Moreover, the studies conducted in Europe and the US
rather than elsewhere were less likely to find ICERs below $20000/QALY.
As noticed by Cleemput et al[53], it is difficult to define
a single ICER threshold value to be used as a policymaking tool, because it depends on many elements: who
is making the decision, what the purpose of the analysis
is, what the available resources are, thus different countries or studies reach disparate conclusions[54]. Ternouth
et al[55] studied the trends in accepted ICER thresholds
by disease type considering all published HTA appraisals
from 2005 to 2010. Findings from Great Britain revealed
that most accepted treatments have an ICER of about
$49000, but accepted ICERs for malignant disease cluster at a higher level, up to about $102000. Data from
Australian websites highlighted that for malignant disease the threshold tended to double.
Based on the above findings, the Wang et al[47] ICER
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of $38400/QALY appears well in line with the Western
studies and it is well below the thresholds accepted for
malignant disease.
Prognostic and predictive factors
Prognostic factor are clinical or biologic characteristic
measured at diagnosis proved to be associated with patients’ prognosis (i.e., recurrence rate, death rate, or other
clinical outcomes) independently of treatment; they may
be utilized for stratifying patients according to their risk
with the aim of selectively administer adjuvant systemic
treatments. Predictive factor are able to predict the likely
benefit from treatment, either in terms of tumor shrinkage or survival, and can be utilized for identifying subpopulations of patients who are most likely to benefit
from treatment. In summary, prognostic factors define
the effects of patient or tumor characteristics on patient’
s outcome, whereas predictive factors define the effect
of treatment on tumor[56].
The prognostic stratification may be more effective
when more factors are combined in a unique prognostic index. In two previous works of ours[57,58] we have
modified an existing index designed for prognostic
classification of GC patients undergoing curative resection[59]. Based on patient’s age, tumor site, extent of wall
invasion and nodal status, the original index classified
patients in three prognostic categories: group Ⅰ (5-year
OS > 70%), group Ⅱ (OS 30%-69%) and group Ⅲ (OS
< 30%). In the modified index we introduced the 1997
American Joint Commission on Cancer 4-level classification of nodal stage[60]. The modified index was also
internally and externally validated.
More advanced and complex tools are nowadays
implemented for estimating patients’ outcome, such as
nomograms. One of the nomogram advantages is that
it is possible to derive a “point” prediction of patient
prognosis and, also, that there is no need to categorize
continuous variables, such as patient’s age or tumor size.
One example in GC is the nomogram developed by Kattan et al[61] which allows predicting the survival probability of GC patients up to nine years after R0 resection;
the predictions were based on the following prognostic
factors: patient’s age and gender, tumor size, tumor
primary location, tumor histology, depth of tumor invasion, percentage of positive nodes, percentage of negative nodes. Both the prognostic index[57-59] and the nomogram[61] were based on established clinical prognostic
factors. However, such tools can potentially be improved
by including powerful prognostic/predictive biomarkers.
Biomarker have great potential for use in clinical oncology; they can be different types of molecular entities
(such as DNA, RNA or proteins), detected in different
tissues or body fluids and associated with a disease process.
Many biomarkers are being evaluated in order to establish prognostic or predictive factors in GC and several
have been identified for their potential key role, but their
clinical use remains controversial[62,63]. Indeed, both in
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the setting of a single biomarker and of a multimarker
predictive signature summarized by a categorical measure, the development and validation studies must be
carefully designed. For prognostic biomarkers, provisional supportive data is possible through small retrospective studies, but it is difficult to achieve robust multisite validation. For instance, Warneke et al[64] investigated
several biomarkers in a retrospective series of about 500
patients and some (KRAS mutation, persistent H. pylori
infection, Mucin 2 and PIK3CA) were found to be associated with patient survival. Bria et al[65] proposed a risk
classification system comprising adenomatous polyposis
coli gene, Fhit and HER2, together with 5 clinicopathological parameters. An external validation is warranted
before applying the model in a clinical setting.
Our research group is conducting an ancillary study
of the ITACA-S trial[30], aiming at identifying the prognostic role of prospectively determined biomarkers on
primary GC tissue. Among several candidates, our preliminary data showed that osteopontin (OPN) immunohistochemical expression is significantly associated with
RFS and OS. Six-year RFS was 49.7%, in OPN negative
group; 34.0% in OPN positive-focal and 22.9% in OPN
positive-extended (P < 0.001). The corresponding figures for OS were 53.0%, 43.2% and 34.2% (P = 0.002).
OPN was confirmed as significant prognostic factor also
at multivariable analysis (P = 0.001 for RFS and 0.014
for OS), independently of treatment[66].
Predictive biomarkers validation must be prospective
in nature and requires more extensive data; the obvious
strategy would be to conduct a properly designed RCT
to test a biomarker by treatment interaction[67]. In recent
years, many molecular target agents have been investigated; however, at the moment no molecular biomarkers
other than Human epidermal growth factor receptor
type-2 (HER-2) for trastuzumab-based treatment[68] have
been validated.

difficult to demonstrate that the effect of treatment on
the surrogate correlates with that of the true end point.
As regards GC, no biomarkers have been demonstrated as good surrogate end-point for OS. A meta-analysis
by Oba et al[69] examined the use of a clinical end point,
i.e., DFS as a surrogate end point for OS in adjuvant trials
of GC. The Authors used the data achieved in a previous
patient‑level meta-analysis of theirs[10] using the 14 RCTs
in which DFS information could be retrieved, and demonstrated that DFS is an appropriate surrogate for OS
in studies of GC in the adjuvant setting. The study also
estimated the “surrogate threshold effect” (STE), defined
as the minimum treatment effect on DFS necessary to
predict a nonzero effect on OS, equal to 0.92; a future
trial would require the HR CI upper limit (UL) for DFS
to fall below 0.92 STE to predict a nonzero effect on OS.
The association between 5-year OS and 4 or 5-year DFS
was good; however, at 2 and 3 years, the number of DFS
events did not allow obtaining precise estimates of STE.
However, considering for instance the CLASSIC trial[27,28],
in the 5-year analysis UL was 0.72 < 0.92; moreover, the
3-year DFS and 5-year OS estimates were super imposable, both in terms of rates and HRs, thus giving support
to the establishment that XELOX effect on 3-year DFS
reliably predicts that on 5-year OS.

CONCLUSION
The role of adjuvant chemotherapy is now clearly established in patients with resected GC. Future studies
are needed to clarify the roles of various chemotherapy
combinations and the ideal dosing schedule and to determine which subgroups of patients obtain a significant
treatment benefit. Despite significant advances in treatment, mortality from GC remains high, and preventing
this disease through global public screening programs is
of paramount importance. Medical oncologists should
keep an open mind, and individual treatment decisions
should be reached after an assessment of patient suitability for adjuvant chemotherapy and after a full discussion
of the risk-benefit profile. In fact, the appropriate selection of patients for adjuvant therapy depends largely on
performance status and accompanying co-morbid conditions. Treatment of the elderly patient with GC a frequently debated topic. Most recent opinions suggest that
physiologic (not chronologic) age should dictate which
patients are most appropriate for therapy. Whether this
may extend to the adjuvant setting would require prospectively designed RCTs. Molecular biomarkers could
better identify which patients should be treated with, or
spared by, chemotherapy and which drugs should be better used (assuming a differential sensitivity to a particular
cytotoxic agent or regimen). This could help clinicians
to increase the therapeutic index of adjuvant treatment
and avoid potentially harmful treatment to patients who
are not likely to gain a significant benefit. However, most
available studies were limited by the small sample size
and retrospective nature, with consequent methodologi-

Surrogate endpoints
In some situations, the end point of interest is expected
to occur far into the future, making RCTs using such an
end point infeasible. A surrogate end point is a substitute for the main clinical end point and potentially enable a more rapid assessment of intervention effectiveness, and, at times, with greater reliability and accuracy
than classic end points such as survival. A surrogate
end-point may be a different clinical end-point but also
biomarkers may be employed as surrogate nonclinical
end points in proof-of-concept studies. Surrogate end
points are challenging to validate, and require data demonstrating both that the surrogate is prognostic for the
true end point independently of treatment and that the
effect of treatment on the surrogate reliably predicts its
effect on the true end point[67]. The statistical validation
of biomarkers surrogacy presents major problems than
validation of clinical surrogate end-points. Indeed, the
supportive data for prognostic biomarkers is possible
even through small retrospective studies, but it is more
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cal limitations, and difficult in distinguishing the predictive or prognostic nature of analyzed factors. Finally, in
view of the evidence of benefit from trastuzumab-based
chemotherapy in patients with metastatic, HER-2 postive GC[68], the addition of molecularly targeted agents to
chemotherapy seems to be a logical next step to improve
outcomes in the adjuvant setting.
Neoadjuvant chemotherapy has recently received increasing attention in an attempt to increase the rate of
complete tumor resection, to combat systemic metastases, and to prolong survival in patients with GC. The
available data indicate that neoadjuvant chemotherapy is
feasible, does not increase post-operative morbidity and
mortality, and it is able to increase the rate of R0 resection. This finding appears to translate into a survival
benefit for those patients who respond to chemotherapy
and have subsequent complete tumour resection. Randomized, controlled, prospective trials are therefore
clearly warranted in order to compare neoadjuvant or
perioperative chemotherapy with adjuvant treatment.
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with advanced gastric or gastroesophageal junction
adenocarcinoma are now routinely tested for HER2. The
ToGA trial must be characterized as a landmark in the
treatment of gastric cancer and it has paved the way
for a number of new HER2 targeted compounds such as
pertuzumab, ado-trastuzumab emtansine, lapatinib, afatinib, and dacomitinib, which are currently undergoing
phase Ⅱ and Ⅲ clinical testing. Overall, this review will
discuss the current status of HER2 in gastric and gastroesophageal junction cancer and the future direction in
relation to HER2 target therapy.

Abstract

© 2015 Baishideng Publishing Group Inc. All rights reserved.

Amplification of the human epidermal growth factor receptor 2 (HER2 ) gene and overexpression of the HER2
protein is found in 15%-20% of patients with gastric
and gastroesophageal junction cancer. The degree of
HER2 overexpression and amplification varies with the
location of the carcinoma, with higher expression in
the gastroesophageal and proximal parts compared to
the distal parts of the stomach. Further, HER2 overexpression and amplification also seems to be related to
the Lauren histological classification, with higher levels
found in the intestinal phenotype compared to the diffuse and mixed types. The prognostic properties of
HER2 overexpression and amplification are still under
debate, but a large number of studies seem to indicate
that HER2 is a negative prognostic factor. The usefulness of HER2 targeted therapy in gastric cancer was
demonstrated in the ToGA trial, where HER2-positive
patients with advanced gastric and gastroesophageal
junction adenocarcinoma were randomized to receive
5-FU/capecitabine and cisplatin, either alone or in combination with trastuzumab. A statically significant gain in
overall survival was seen in patients who received the
combined treatment of trastuzumab and chemotherapy.
Patients with a strong overexpression of the HER2 protein (IHC3+) specifically benefited from the treatment,
with a median overall survival of 17.9 mo. As a consequence of the positive results of the ToGA trial, patients

Key words: Human epidermal growth factor receptor
2; Gastric cancer; Prognostic; Companion diagnostics;
Trastuzumab; Pertuzumab; Ado-trastuzumab emtansine; Lapatinib
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Core tip: Amplification of the human epidermal growth
factor receptor 2 (HER2 ) gene and overexpression of
the HER2 protein can be detected in 15%-20% of patients with gastric and gastroesophageal junction (GEJ)
cancer. Recently, HER2 has proven to be an important
target for treatment with trastuzumab in these patients,
and a positive HER2 status seems to possess both
prognostic and predictive properties. A number of new
compounds directed towards HER2 and other members
of the HER family is currently under development. This
review will discuss the current status of HER2 in gastric
and GEJ cancer and the future direction in relation to
HER2 target therapy.
Original sources: Jørgensen JT. Role of human epidermal growth
factor receptor 2 in gastric cancer: Biological and pharmacological aspects. World J Gastroenterol 2014; 20(16): 4526-4535
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v20/i16/4526.htm DOI: http://dx.doi.org/10.3748/wjg.v20.
i16.4526
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INTRODUCTION

A

In gastric and gastroesophageal junction (GEJ) cancer,
human epidermal growth factor receptor 2 (HER2) overexpression has become an important selective biomarker
for treatment with trastuzumab (Herceptin®, Roche/Genentech)[1]. The gene for the HER2 protein (also known
as ErbB-2, c-erbB2, or Her2/neu) is a proto-oncogene
located on the chromosome 17q. This gene encodes a
185-kDa transmembrane tyrosine kinase receptor protein, which is a member of the HER family that consists
of HER1 (EFGR), HER2, HER3, and HER4. HER2
forms both homo- and heterodimers and serves as a critical dimerization partner for other members of the HER
family, and leads to activation of downstream signaling
pathways associated with cell proliferation, differentiation, survival, and angiogenesis[2]. Amplification of the
HER2 gene and overexpression of HER2 in gastric cancer was first described in 1986[3-5], and since then a large
number of studies has confirmed these findings[6].
Gastric cancer is the fourth most commonly diagnosed cancer and the second most common cause of
cancer-related death worldwide[7]. Despite some advances
in the prevention and treatment of the disease, the 5-year
survival still remains around 20%-25% in most parts of
the world. Although the incidence of gastric cancer is declining, the prognosis for the disease remains poor. The
poor survival rate is mainly explained by the advanced
stage of the disease at the time of diagnosis. If screening
for gastric cancer was performed, as in Japan, the tumors
could be detected at an earlier stage and thus surgical
resection performed, which has shown to increase the
5-year survival significantly[8]. When the disease becomes
metastatic the treatment is largely palliative, and different
combinations of chemotherapy have resulted in a median
overall survival of 8-10 mo[9]. Based on data from the
ToGA trial, trastuzumab, in combination with chemotherapy, was approved in 2010 for treatment of patients
with HER2 overexpressing metastatic gastric or GEJ
cancer, and thus became the first targeted anti-cancer
drug for treatment of this serious disease[10,11]. This short
review will discuss HER2 status as a prognostic and selective biomarker in gastric and GEJ cancer, as well as
current and future HER2 directed therapies.

B

Figure 1 Human epidermal growth factor receptor 2 positive gastric
adenocarcinoma. A: Immunohistochemistry (HercepTest™, Dako); B: Fluorescence in situ hybridization (FISH) (Human epidermal growth factor receptor 2
FISH pharmDx™ Kit, Dako).

from the ToGA trial, which will be discussed later, IHC is
the primary test in gastric and GEJ cancer, with FISH being used as a reflex test in cases of an equivocal IHC2+
result. In Table 1 are shown the interpretation and scoring guideline for the HercepTest™ (Dako), which, together with the HER2 FISH pharmDx™ Kit (Dako), are
the only companion diagnostic assays that are currently
approved by the United States FDA in relation to testing
of gastric and GEJ cancer patients for whom treatment
with trastuzumab is under consideration. The reason for
this is that these two assays were those used to select the
patients enrolled in the ToGA trial[10]. As HER2 positivity in the ToGA trial was defined as being either IHC3+
or FISH+ and both tests were performed on almost all
patients, the United States FDA requires that both assays
are used in order to determine the HER2 status[14].
The prevalence of HER2 overexpression in gastric
cancer varies a lot from study to study. In a larger literature survey based on 11860 patients from 38 individually published studies, the calculated weighted mean was
17.9% (95%CI: 14.8-20.9). The corresponding range
for these studies was from 4.4% to 53.4%. This survey
also looked at HER2 amplification; however, here the
number of patients was somewhat lower. The prevalence
estimate was based on 1597 patients from 8 different
published studies and the calculated weighted mean was
12.2% (95%CI: 9.5-14.8). The corresponding range for
these studies was from 8.7% to 18.1%[6]. The explanation

HER2 AND GASTRIC CANCER
Different slide-based assays are available for the detection
of overexpression of the HER2 protein, which is measured by immunohistochemistry (IHC), or amplification
of the HER2 gene, which is measured by fluorescence
in situ hybridization (FISH) or other ISH methods. Examples of a positive HER2 status by IHC and FISH are
shown in Figure 1. Due to differences in tumor biology,
HER2 testing in gastric cancer differs from breast cancer.
The gastric cancer tissue more frequently shows HER2
heterogeneity and incomplete membrane staining, and
as a consequence of this a specific gastric cancer testing
protocol has been developed[12,13]. Based on the results
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Table 1 Interpretation and scoring of human epidermal growth factor receptor 2 immunohistochemistry for gastric cancer, as
approved by the United States Food and Drug Administration in relation to the HercepTest (Dako)
Score
0
1+

2+

3+

Surgical specimen staining pattern

Biopsy specimen staining pattern

No reactivity or membranous reactivity
in < 10% of tumor cells
Faint/barely perceptible membranous
reactivity in ≥ 10% of tumor cells; cells are
reactive only in part of their membrane
Weak to moderate complete, basolateral or
lateral membranous reactivity in ≥ 10% of
tumor cells

No reactivity or no membranous reactivity in any (or
< 5 clustered) tumor cells
Tumor cell cluster (≥ 5 cells) with a faint/barely
perceptible membranous reactivity irrespective of
percentage of tumor cells stained
Tumor cell cluster (≥ 5 cells) with a weak to moderate
complete, basolateral, or lateral membranous
reactivity irrespective of percentage of tumor cells
stained
Strong complete, basolateral or lateral
Tumor cell cluster (≥ 5 cells) with a strong complete,
membranous reactivity in ≥ 10% of tumor basolateral, or lateral membranous reactivity
cells
irrespective of percentage of tumor cells stained

HER2 overexpression assessment
Negative
Negative

Equivocal

Positive

HER2: Human epidermal growth factor receptor 2.

for the large variation found in the HER2 positivity rate
for the IHC studies is likely to be multifactorial, and here
the difference in the populations studied may play a role.
However, the most important factor is probably the use
of non-standardized assays using different antibodies and
the application of different scoring and interpretation
criteria for the stained slides[6].
In the screening program related to the ToGA trial,
3807 patients were screened, which makes it the largest
single study conducted on the prevalence of HER2 positivity in gastric and GEJ cancer. This program showed
an overall HER2 positivity rate of 22.1%, although with
a large variation from country to country. The highest
prevalence rate (33.2%) was found in Australia and the
lowest (5.9%) in Taiwan[11].
A number of studies have shown that HER2 overexpression and amplification are related to the Lauren
histological classification, with higher levels found in the
intestinal phenotype compared to the diffuse and mixed
types [6,11,15-21]. This was also confirmed in the ToGA
screening program, where the HER2 positivity rate was
found to be statistically significantly (P < 0.001) higher
in the intestinal phenotype (32.2%) compared to the diffuse (6.1%) and mixed (20.4%) types[11]. Furthermore, the
degree of HER2 overexpression seems to vary with the
location of the carcinoma, with higher expression in the
proximal part and the GEJ compared to distal parts of
the stomach[21,22]. Again, the ToGA screening program
confirmed this observation with a HER2 positivity rate
of 33.2% when the cancer is located in the GEJ, compared to 20.9% when located in the stomach. Again, this
difference in HER2 positivity related to tumor site was
statistically significant (P < 0.001)[11]. A few studies have
also shown that the expression of HER2 increases with
disease progression[23-26].

with chemotherapy, became the first targeted drug to be
approved for this indication. The study was designed as
an open labeled, randomized multicenter phase Ⅲ study
in HER2-positive patients with histologically confirmed
inoperable locally advanced, recurrent, or metastatic adenocarcinoma of the stomach or GEJ. HER2 positivity
was defined as being either IHC positive (3+) or positive
by HER2 FISH (HER2/CEN17 ratio ≥ 2). However,
both an IHC and FISH test were performed on almost all
patients. After inclusion in the study, patients were randomized to receive chemotherapy (5-FU or capecitabine
and cisplatin) or chemotherapy plus trastuzumab. More
than 3800 patients were screened for the study and 584
of these were randomized. The primary endpoint in the
study was overall survival (OS), with secondary endpoints
including overall response rate (ORR) and progression
free survival (PFS)[10].
For the primary endpoint, the combination of chemotherapy plus trastuzumab was shown to be statistically
superior to chemotherapy alone. The median OS increased from 11.1 to 13.8 mo (P = 0.0046), with a hazard
ratio (HR) of 0.74 (95%CI: 0.60-0.91). The secondary
endpoints of ORR and PFS showed superiority in favor of the combined treatment with chemotherapy and
trastuzumab. The overall tumor response rate was 47% in
combined treatment with chemotherapy and trastuzumab,
compared to 35% in the group with chemotherapy alone.
A pre-planned exploratory analysis looking at the effect
in the different HER2 IHC categories (0, 1+, 2+, 3+)
showed that the survival benefit provided by trastuzumab
seemed to be dependent on the level of HER2 protein
overexpression. The single subgroup of patients with the
greatest survival benefit was the one with a HER2 test
result of IHC3+. Here, the median OS increased to 17.9
mo for the group treated with the combination of trastuzumab and chemotherapy compared to chemotherapy
alone, which achieved an OS of 12.3 mo. Overall, the
survival gain for the group of patients with IHC3+ expressing tumors was nearly 6 mo. The HR for this group
of patients was 0.58 (95%CI: 0.41-0.81)[10]. The results
of the subgroup analysis for the different IHC scores are

TOGA TRIAL
The ToGA trial must be characterized as a landmark in
the treatment of gastric cancer. Following the successful
completion of the study, trastuzumab, in combination
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Figure 3 Human epidermal growth factor receptor 2 testing algorithm developed based on the results of the ToGA trial. Immunohistochemistry (IHC)
is the primary test with reflex testing with Fluorescence in situ hybridization
(FISH) in case of an equivocal IHC result (IHC2+)[27].
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Figure 2 Median overall survival in months for the four individual human
epidermal growth factor receptor 2 immunohistochemistry scores for the
two treatment groups. OS: Overall survival; FC: Fluorouracil/capecitabine plus
cisplatin; FC + T: Fluorouracil/capecitabine plus cisplatin plus trastuzumab[10];
FISH: Fluorescence in situ hybridization; IHC: Immunohistochemistry.

Tumor sample
IHC testing

IHC0

IHC1+

Table 2 Positive human epidermal growth factor receptor
2 status by immunohistochemistry and/or fluorescence in
situ hybridization for the patients enrolled in the ToGA
[10,11,27]
trial
HER2 status
IHC0/FISH+
IHC1+/FISH+
IHC2+ FISH+
IHC3+/FISH+
IHC3+/FISHIHC3+/FISH no results
IHC no results/FISH+
Total

IHC3+
FISH testing

Trastuzumab

n
61
70
159
256
15
16
7
584

FISH+

FISH-

Figure 4 Human epidermal growth factor receptor 2 testing algorithm
with fluorescence in situ hybridization reflex testing for both immunohistochemistry 2+ and immunohistochemistry 3+. This testing algorithm was
recommended by the United States Food and Drug Administration in relation
to approval of trastuzumab for advanced gastric cancer. FISH: Fluorescence in
situ hybridization; IHC: Immunohistochemistry.

patients with IHC3+. Furthermore, when looking at the
HER2 test results for the patients enrolled in the ToGA
trial, the agreement between overexpression of the
HER2 protein and amplification of the gene is found to
be somewhat lower in gastric cancer than that normally
observed in breast cancer. A relatively high number of
HER2 FISH positive cases were found among the IHC0
and IHC1+ tumors as shown in Table 2[10,11,27]. Based
on the subgroup analyses in the ToGA trial, a specific
HER2 testing algorithm was developed as shown in
Figure 3[27]. However, since nearly 95% (533/584) of
the patients enrolled in the ToGA trial had tumors that
were HER2 amplified, it has been argued that the criteria for treatment with trastuzumab should be both gene
amplification and protein overexpression. In relation to
the approval of trastuzumab for treatment of advanced
gastric cancer this was, in fact, the position taken by the
United States FDA, who recommended that reflex testing with FISH should be considered for both IHC2+
and IHC3+[14]. An algorithm taking this into consideration is shown in Figure 4. A recent survey made in the
United States also showed that FISH reflex testing was
performed for both IHC0 and IHC1+ at some cancer
centers[28]. So, despite recommendations from both sci-

N: Number of patients. HER2: Human epidermal growth factor receptor 2;
IHC: Immunohistochemistry; FISH: Fluorescence in situ hybridization.

shown in Figure 2.
Based on the information from the pre-planned exploratory analysis, a post-hoc explorative analysis was
performed on a subpopulation of the originally included
patients. This population comprised the patients who
were IHC3+ positive or IHC2+ positive, and those who
were FISH positive. A total of 446 patients fulfilled these
criteria, and the median OS for the group of patients
who had received chemotherapy plus trastuzumab increased to 16.0 mo compared to 11.8 mo for the patients
on chemotherapy alone. The HR for this analysis was 0.65
(95%CI: 0.51-0.83). The median follow-up for all the patients in the ToGA trial was reported to be 17.1 mo[10].
Concerning the selective properties of the two
HER2 companion diagnostic assays, explorative analysis
showed that the IHC test should be used as the primary
test for selection of patients for treatment with trastuzumab. As shown in Figure 2, the effect of trastuzumab
seems to be dependent on the degree of HER2 protein
overexpression, with the best median OS in the group of
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2) the selected articles should include an analysis of the
association between the HER2 status and survival or relevant clinicopathological characteristics. Forty-two publications with a total of 12749 patients fulfilled the two
criteria and were reviewed in detail. The studies described
in these 42 articles were scored according to the strength
of the association between the positive HER2 status and
the prognostic information reported, using a three point
categorical scale.
In 17 of these 42 studies (approximately 40%) an
association between positive HER2 status and poor
survival (++) was found, and an additional 13 studies
(approximately 31%) similarly displayed a relationship
with clinicopathological characteristics (+) such as serosal
invasion, lymph node metastases, disease stage, or distant
metastases. In the last 12 studies (approximately 29%),
no association between positive HER2 status and poor
survival or clinicopathological characteristics could be
detected (-). Overall, 30 (71%) out of 42 studies showed
an association between a positive HER2 status and poor
survival and/or relevant clinicopathological characteristics. Figure 5 illustrates the number of studies and patients in each of the three scoring categories[6].
Based on this analysis of the literature data, it was
concluded that a clear trend towards a potential role for
HER2 as a negative prognostic factor in gastric cancer
was shown[6], which is also in line with another recently
published systematic review based on literature data[31].
Furthermore, with reference to the publication of the
ToGA trial in the Lancet, the data could not support the
hypothesis that positive HER2 overexpression could act
as a positive prognostic factor in gastric cancer[10]. None
of the articles that fulfilled the necessary criteria in the
analysis supported this hypothesis. Possible confounding factors, such as a wider use of second line treatments
and a possible better prognosis related to the intestinal
phenotype, should be taken into consideration when interpreting the data from the ToGA trial[32]. With regards
to the latter, it is worth mentioning that approximately
75% of the patients included in the ToGA trial had tumors of the intestinal type[10], which seems to be high
compared to most of the studies reported in the analysis
of data from the literature. This characteristic might have
influenced the OS seen in the group of patients that received chemotherapy alone. In support of the hypothesis
put forward in the Lancet article, one study was identified
which showed that overexpression of HER2 resulted in a
better prognosis compared to those who did not overexpress the protein. However, this study was not included
in the analysis due to the number of patients being < 100
(thus failing one of the criteria)[6]. Here, samples from 93
patients with advanced gastric carcinoma were investigated using IHC. Overexpression of HER2 was found in
10 patients (11%), and a multifactorial analysis showed a
significantly better prognosis for those patients in relation
to survival[33]. However, after the finalization of the above
described analysis of data from the literature, a relatively
large study has recently been published. This study comprised 381 patients, with 78 (20%) of these being found

n = 5259
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Figure 5 The number of studies and patients (n) in each of the three scoring categories. Symbols: Two pluses (++) indicate the strongest association
with the Human epidermal growth factor receptor 2 (HER2)+ status, one plus (+)
indicates a somewhat weaker association with the HER2+ status, and minus (–)
indicates that no associations with the HER2+ was found[6].

entific and regulatory sides there still seems to be no real
consensus with respect to which testing algorithm to
use.

HER2 AS A PROGNOSTIC MARKER
As described above, the primary analysis of the ToGA
trial showed a median OS of 13.8 mo for the group of
patients that received the combined treatment of chemotherapy and trastuzumab compared to 11.1 mo for the
group that was assigned to chemotherapy alone. In the
discussion section of the paper published in the Lancet
in 2010, it was mentioned that the OS of 11.1 mo in
the group of patients receiving chemotherapy alone was
longer than expected. As a possible explanation for this,
it was stated that HER2 overexpression might already
be conferring a better prognosis across the groups of
patients studied. However, it was also mentioned that
HER2 overexpression leading to a better prognosis, is in
contrast to recent studies that have showed an association between HER2-positive tumors, poor outcome, and
aggressive disease. The authors further concluded that
more studies were needed to address the issue of whether HER2 has an effect on prognosis in gastric cancer, and
whether it confers a good or poor prognosis[6,10].
In breast cancer, HER2 was found to be a negative
prognostic factor very early on, and a number of studies
have subsequently confirmed this[2,29]. However, when it
comes to gastric cancer there still seems to be no definite
conclusion, despite the fact that the first studies demonstrating an association between a positive HER2 status
and poor prognosis appeared more than 20 years ago[26,30].
In order to address this issue, a systematic analysis of
data from the literature was undertaken where a large
number of studies on HER2 and gastric cancer were reviewed[6]. The studies included in this analysis should fulfill the following two criteria: 1) the number of patients
in each study should be ≥ 100 and the HER2 status
should have been determined either by IHC or ISH, and
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Figure 6 Drugs targeting human epidermal
growth factor receptor 2 in clinical development for treatment of gastric, esophageal, or
gastroesophageal junction cancer. The individual
compounds are listed according to the stage of development[35].

Phase Ⅲ

Phase Ⅱ

Phase Ⅰ
ASLAN001
HN781-36B
MGAH22
MM-111

Dacomitinib
Afatinib
Lapatinib
Pertuzumab
Ado-trastuzumab emtansine

Table 3 Overview of the phase Ⅱ and Ⅲ compounds and their targets
Compounds
Dacomitinib (PF-00299804, Pfizer)
Afatinib (Gilotrif, Boehringer Ingelheim)
Pertuzumab (Perjeta, Roche/Genentech)
Ado-trastuzumab emtansine
(Kadcyla, Roche/Genentech)
Lapatinib (Tyverb/Tykerb, GSK)

Type of compound

Target(s)

Clinical phase

Irreversible pan-HER TKI
Irreversible pan-HER TKI
mAb
ADC

HER1 (EGFR) and HER2
HER1 (EGFR), HER2, and HER4
HER2 (subdomain Ⅱ), HER2 hetero dimerization
HER2 (subdomain Ⅳ)

Ⅱ

Reversible pan-HER TKI

HER1 (EGFR) and HER2

Ⅱ
Ⅱ/Ⅲ
Ⅱ/Ⅲ
Ⅲ

TKI: Tyrosine kinase inhibitors; mAb: Monoclonal antibody; ADC: Antibody-drug conjugate.

phase Ⅰ clinical development can be divided into small
molecule inhibitors and antibodies. According to ClinicalTrials.gov there are two small molecule pan HER
inhibitors, ASLAN001 (Aslan Pharmaceuticals) and
HM781-36B (Hanmi Pharmaceuticals), in phase Ⅰ .
When it comes to the antibodies, two compounds are in
phase Ⅰ development, the HER2 monoclonal antibody
MGAH22 (MacroGenics) and the bi-specific antibody
MM-111 (Merrimack Pharmaceuticals) directed towards
HER2 and HER3[35].

to be HER2 positive by IHC or ISH. When the HER2
status was correlated with survival data, patients with
HER2 positive tumors had longer OS compared to the
HER2 negative patients, however, the prognostic value
disappeared in the multivariate analysis[34].
Despite the data in gastric cancer not being as consistent as shown in breast cancer, the majority of studies
seem to point towards HER2 overexpression and/or
amplification as being an indicator of poor prognosis[6].
In line with this conclusion, it has also been suggested recently that HER2 overexpression and/or amplification is
a molecular abnormality that is linked to the development
of gastric cancer[32].

Dacomitinib
Dacomitinib (PF-00299804, Pfizer) is an oral pan-HER
TKI. The compound irreversibly inhibits HER1 (EGFR)
and HER2 tyrosine kinase, as well as blocking HER1/
HER2, HER2/HER3, and HER3/HER4 heterodimerization[36,37]. In different preclinical models, dacomitinib
has shown significant growth-inhibitory effects in HER2amplified gastric cancer cells, such as SNU-216 and
NCI-N87. Furthermore, the combination of dacomitinib
with chemotherapeutic agents (such as 5-FU and cisplatin) or targeted agents (such as trastuzumab) showed a
synergistic effect[36]. However, a clinical phase Ⅱ study
in HER2 positive (IHC3+ or FISH+) patients with advanced gastric cancer, where dacomitinib was given as
monotherapy, showed a response rate of only 7.4% and
an OS of 7.1 mo. The relatively modest clinical effect
may be explained by the advanced stage of the disease
and that the patients had been heavily pretreated[38].

POTENTIAL HER2 TARGETED DRUGS IN
GASTRIC CANCER
Following the initiation and success of the ToGA trial,
a number of other HER2 targeted compounds have
gone into clinical development for treatment of gastric,
esophageal, or gastroesophageal junction cancer. These
compounds represent small molecule tyrosine kinase
inhibitors (TKI) and antibodies, as well as antibody-drug
conjugates (ADC). Most of these compounds, together
with the stage of development, are listed in Figure 6.
However, in this review, emphasis will be placed on the
drugs that are further advanced in clinical development
(phase Ⅱ and Ⅲ). An overview of these compounds and
their targets are given in Table 3. Phase Ⅰ compounds
will only be described briefly.

Afatinib
Afatinib (Gilotrif, Boehringer Ingelheim) is another oral
irreversible pan-HER TKI that targets HER1 (EGFR),

Phase Ⅰ compounds
As is the case for the other phases, the compounds in
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HER2, and HER4[39]. The compound has recently obtained FDA approval for first-line treatment of patients
with metastatic non-small cell lung cancer whose tumors
have tested positive for EGFR mutations. The FDA has
also approved therascreen EGFR RGQ Kit (Qiagen), a
companion diagnostics assay, for use in the detection of
EGFR exon 19 deletions or exon 21 substitution mutations[40]. In relation to gastric cancer, afatinib has demonstrated antitumor activity in a HER2 positive xenograft
mouse model[41]. Additionally, results from a small clinical
phase Ⅱ study in HER2 positive patients with esophagogastric (EG) cancer has recently been presented. Based
on data from this study, the investigators concluded that
single agent afatinib showed clinical efficacy in patients
with trastuzumab refractory EG cancer. However, this
conclusion must be regarded as preliminary, as it was
only based on data from 7 patients and more patients are
expected to be enrolled in the study[42].

chemotherapy alone. However, a pre-specified subgroup
analysis in Asian patients and patients < 60 years showed
a significant improvement with a HR of 0.68 and 0.69,
respectively. A total of 545 HER2 positive patients were
randomized in the LoGIC study[46]. Another phase Ⅲ
clinical trial, TYTAN, in Asian patients with advanced
gastric cancer is still ongoing. In said study, patients with
HER2 amplified tumors are randomized to lapatinib plus
paclitaxel or paclitaxel alone[47]. Based on the clinical data
presented so far, the future role of lapatinib in gastric
cancer must be regarded as unclear.
Pertuzumab
Pertuzumab (Perjeta, Roche/Genentech) is a humanized
monoclonal antibody that binds to sub-domain Ⅱ of the
extracellular part of the HER2 protein, thereby blocking its ability to form heterodimers with other members
of the HER family, including HER1 (EGFR), HER3,
and HER4. Trastuzumab also binds to the extracellular part of the HER2 protein, albeit to a different subdomain (Ⅳ), and it does not possess an inhibitory effect
in relation to dimerization of HER2 with the other HER
receptors[48,49]. Pertuzumab has a mechanism of action
that is complementary to that of trastuzumab, and the
combination of these two monoclonal antibodies has
been demonstrated to be effective as a first-line treatment in metastatic breast cancer[50]. This has recently led
to regulatory approval of the compound for treatment
of HER2 positive metastatic breast cancer in combination with trastuzumab and docetaxel. In gastric cancer,
a tumor mouse xenograft model using the HER2 positive NCI-N87 cells has been used to demonstrate the
preclinical antitumor activity of pertuzumab. Based on
this model, a significantly enhanced antitumor efficacy
of pertuzumab in combination with trastuzumab was
shown compared to monotherapy with each of the two
compounds. Similar antitumor efficacy was shown using another HER2 positive cell line (4-1ST), thus paving
the way for the clinical development of pertuzumab in
gastric cancer[51]. Both clinical phase Ⅱ and Ⅲ trials in
HER2 positive metastatic gastric or gastroesophageal
junction adenocarcinoma have been initiated, which include the large international JACOB study. In this study,
pertuzumab plus trastuzumab and chemotherapy (cisplatin, 5-FU/capecitabine) are compared to placebo plus
trastuzumab and chemotherapy. It is planned that the
JACOB study should enroll 780 patients at approximately
200 sites in 35 countries worldwide[52-54].

Lapatinib
Lapatinib (Tyverb/Tykerb, GSK) is an oral TKI, but,
in contrast to both dacomitinib and afatinib, its inhibitory effect on HER1 (EGFR) and HER2 is reversible.
Lapatinib is currently approved for treatment of HER2
positive metastatic breast cancer in combination with
capecitabine (Xeloda, Roche) or for HER2 positive postmenopausal women with hormone receptor positive
metastatic breast cancer in combination with letrozole
(Femara, Novartis)[43]. The antitumor effect of lapatinib
has been investigated in different gastric cancer cell lines,
and it was shown to induce a selective and potent growth
inhibition in the two HER2-amplified gastric cancer cell
lines SNU-216 and NCI-N87. Furthermore, in the same
model lapatinib combined with 5-fluorouracil, cisplatin,
oxaliplatin, or paclitaxel showed an additive or synergistic effect[44]. These results provide the rationale for the
clinical development of lapatinib for the treatment of
HER2-positive gastric cancer. A phase Ⅱ clinical trial
was performed in patients with unresectable gastric adenocarcinoma, although in this protocol HER2 positivity
was not an inclusion criterion. A total of 47 patients were
enrolled in the study and 44 received lapatinib as monotherapy until disease progression or unacceptable toxicity.
The response rate was relatively modest with 5 patients
(11%) having a confirmed or unconfirmed partial response. The median OS was 4.8 mo (95%CI: 3.2-7.4)[45].
Data from the LoGIC phase Ⅲ trial where lapatinib
plus chemotherapy (capecitabine and oxaliplatin) was
compared to chemotherapy alone in patients with HER2
positive advanced gastric, esophageal, or gastroesophageal junction adenocarcinoma has recently been presented.
The median OS for the lapatinib plus chemotherapy
group was 12.2 mo compared 10.5 mo for the group that
received chemotherapy alone. The primary endpoint for
the study with regards to HR for OS was not reached (HR:
0.91, 95%CI: 0.73-1.12, P = 0.35). The response rate
was 53% for the combined group receiving lapatinib and
chemotherapy, compared to 40% for the group receiving
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Ado-trastuzumab emtansine
Ado-trastuzumab emtansine (Kadcyla, Roche/Genentech) is a novel ADC specifically designed for the treatment of HER2-positive cancer. It is composed of the
potent cytotoxic agent DM1 (a thiol-containing maytansinoid anti-microtubule agent) conjugated to trastuzumab
via a specific linker molecule. Ado-trastuzumab emtansine
binds to the HER2 protein (sub-domain Ⅳ) with an affinity similar to that of trastuzumab. It is hypothesized
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that after binding to the receptor protein, ado-trastuzumab emtansine undergoes receptor-mediated internalization, followed by intracellular release of DM1, which
then exerts its cytotoxicity in the tumor cell[55]. Adotrastuzumab emtansine has been compared with lapatinib
plus capecitabine in a phase Ⅲ trial in HER2-positive
breast cancer patients with metastatic disease. Although
these patients had previously been treated with a taxane
and trastuzumab, the study showed that ado-trastuzumab
emtansine significantly improved PFS and OS compared
to the combination of lapatinib plus capecitabine[56].
Following the successful completion of phase Ⅲ, adotrastuzumab emtansine has recently been approved for
treatment of patients with HER2-positive metastatic
breast cancer who have previously received trastuzumab
and/or a taxane. In gastric cancer ado-trastuzumab emtansine has been tested in a number of different preclinical in vitro and in vivo HER2 positive cell models. Using
the NCI-N87 and OE-19 cells lines in vitro, ado-trastuzumab emtansine was found to be more effective than
trastuzumab. In a mouse xenograft model using the same
cell lines, a similar positive anti-tumor effect was found
in vivo[57]. In another preclinical study, ado-trastuzumab
emtansine showed pronounced antitumor activity in vivo
in two other HER2 expressing cell lines (SCH and 4-1ST).
Furthermore, the effect of combining ado-trastuzumab
emtansine with pertuzumab has also been investigated using NCI-N87 xenografted cells, and here the combination
showed a significant antitumor effect, whereas the use of
the individual compounds as monotherapy did not[58]. Additionally, the positive preclinical findings led to the initiation of a clinical development program, and currently a
phase Ⅱ/Ⅲ trial has been initiated in order to evaluate
efficacy and safety of ado-trastuzumab emtansine compared to taxane treatment in patients with HER2-positive
advanced gastric cancer[59].

regarding the importance of the receptor as a therapeutic
target in gastric cancer. A number of new compounds
targeting HER2 and other members of the HER family
are under development, and several of these have already
reached phase Ⅲ clinical studies. Pertuzumab and adotrastuzumab emtansine, as well as some of the small
molecule pan HER inhibitors, might be potentially useful
for HER2 positive gastric cancer patients that have developed resistance to trastuzumab.
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were observed in the bevacizumab arm of the trial.
Other clinical trials, especially phase Ⅲ trials that have
tested drugs targeting RTKs, such as cetuximab, panitumumab, gefitinib, erlotinib, figitumumab, sorafenib,
sunitinib and lapatinib, have shown that these drugs
have modest effects against gastric cancer. This review
summarizes the recent results from the clinical trials of
molecularly targeted drugs and suggests that further
improvements in the treatment of advanced gastric
cancer can be achieved through the combination of
conventional drugs with the new molecularly targeted
therapies.

Abstract

Core tip: Since the finding of receptor tyrosine kinases
(RTKs) about thirty years ago, its functions have been
examined over the years as key regulators of proliferation, differentiation, and metastasis. Several RTKs are
activated in advanced gastric cancer (AGC) and various RTK inhibitors have been developed as tailored
therapy. The results of recent clinical trials evaluate the
effectiveness of targeting RTKs. Unfortunately, recent
progress in the development of RTK-targeted therapy
for AGC patients has been modest. To provide maximal
therapeutic benefits, well-designed clinical trials and
combinations with appropriate drugs are required. In
addition, new predictive biomarkers are immediately
obliged to guide the selection of a drug-sensitive patients’ population.

© 2015 Baishideng Publishing Group Inc. All rights reserved.

Key words: Receptor tyrosine kinases; Gastric cancer;
Epidermal growth factor receptor; Trastuzumab; Cetuximab; Lapatinib; Panitumumab; Erlotinib; Bevacizumab

Molecularly targeted therapeutic agents are constantly
being developed and have been shown to be effective
in various clinical trials. One group of representative
targeted oncogenic kinases, the receptor tyrosine kinases (RTKs), has been associated with gastric cancer
development. Trastuzumab, an inhibitor of ERBB2,
has been approved for the treatment of gastric cancer, although other receptor tyrosine kinases, such as
epidermal growth factor receptor, vascular endothelial
growth factor, platelet-derived growth factor receptor,
c-Met, IGF-1R and fibroblast growth factor receptor 2,
are also activated in gastric cancer. The promising results of the trastuzumab clinical trial for gastric cancer
resulted in the approval of trastuzumab-based therapy
as a first-line treatment for human epidermal growth
factor receptor 2-positive patients. On the other hand,
the trial examining bevacizumab in combination with
conventional chemotherapy did not meet its primary
goal of increasing the overall survival time of gastric
cancer patients; however, a significantly higher response rate and a longer progression-free survival
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INTRODUCTION

Table 1 Phase Ⅲ trials of targeted Receptor tyrosine kinases
in advenced gastric cancer

Gastric cancer is the second leading cause of cancerrelated death worldwide[1,2]. The high mortality rate is due
to the lack of effective therapy for advanced stages of
the disease. Conventional therapy options for gastric cancer include surgery, chemotherapy, radiation therapy and
combination treatments. In the early stages, the disease
can often be cured through complete surgical removal of
the tumor[3]. However, because gastric cancer results in
few symptoms during the early stages, most patients are
usually diagnosed after the cancer has progressed to an
advanced stage. Moreover, even after surgical resection,
tumors will recur in many patients, resulting in short survival times. The 5-year survival rate of gastric cancer has
remained at 20%-25% in the western world[4]. Therefore,
the high mortality rate underscores the need for effective
medical treatments for patients with advanced stages of
gastric cancer[3].
Receptor tyrosine kinases (RTKs) consist of ligandbinding extracellular domains which identify the subfamilies of RTKs, a transmembrane domain and a tyrosine
kinase motif, and the activation of these kinases has been
shown to play an important role in the control of many
fundamental process, such as growth, differentiation,
adhesion, migration and apoptosis[5-8]. The activation and
overexpression of RTKs were initially reported in various
cancers[9,10]. Currently, RTK inhibitors have been validated
through clinical trials, and some agents have received regulatory approval, such as trastuzumab for the treatment
of advanced breast cancer[10], gefitinib for non-small cell
lung carcinoma[11] and cetuximab for metastatic colon
cancer[12]. Unlike other solid tumors, which are predominantly associated with specific signaling pathways, such as
the HER-2 pathway in breast cancer, the genetic and molecular pathogenesis of gastric cancer may be more complex[13,14]. In gastric cancer, although the amplification of
RTKs, such as ErbB2, c-Met and fibroblast growth factor
receptor (FGFR) 2, is associated with cancer progression,
the only approved inhibitor is trastuzumab, an ErbB2targeting antibody[15]. Trastuzumab came into use after
the release of promising efficacy results from the Trastuzumab for Gastric Cancer (ToGA) trial[16]. Additionally,
other RTKs have also emerged as potential targets for
the future treatment of gastric cancer.
In this review, we delineate the underlying molecular
basis of the RTK pathways and summarize the current
results of the clinical phase Ⅲ trials (Table 1) and ongoing clinical trials that are targeting RTKs in patients with
gastric cancer. Additionally, we also present future possibilities for the improvement of RTK inhibitor efficacy
and for the identification of new strategic targets for gastric cancer treatment.

Line of
treatment

ToGA
AVAGAST
EXPAND
REAL-3
LoGIG
TYTAN

First
First
First
First
First
Second

RTK inhibitor Chemotherapy
Trastuzumab
Bevacizumab
Cetuximab
Panitumumab
Lapatinib
Lapatinib

FP or XP
XP
XP
EOX
OX
T

Status
Completed
Completed
Completed
Completed
Ongoing
Ongoing

ToGA: Trastuzumab for gastric cancer; AVAGAST: Avastin in gastric
cancer; EXPAND: Erbitux in combination with xeloda and cisplatin in advanced esophago-gastric cancer; REAL-3: Randomized ECF for advanced
and locally advanced esophagogastric cancer 3; LoGIG: Lapatinib optimization study in ErbB2 (HER-2) positive gastric cancer; TYTAN: Lapatinib
(Tykerb) with paclitaxel (Taxol) in Asian ErbB2+ (HER+) gastric cancer
study; F: 5-fluorouracil; P: Cisplatin; X: Capecitabine; E: Epirubicin; T: Paclitaxel.

phosphorylation of tyrosine residues on the receptor
and downstream signaling proteins. Fifty-eight of the
90 known protein tyrosine kinases are also receptors[5].
Various RTKs have been normally associated with intracellular signal transduction including growth, differentiation, adhesion, migration, and apoptosis (Hubbard and
Till). In various types of cancer, many signaling pathways
including cell proliferation, differentiation, and metabolism pathways, are activated by RTK dimerization[6,17]. In
general, RTK activation occurs through ligand-induced
dimerization, in which a bivalent ligand and two receptor
molecules form a dimeric complex[18]. Two main processes are required for RTK activation: the enhancement of
the intrinsic catalytic activity and the creation of binding
sites to recruit downstream signaling proteins. Importantly, tyrosine autophosphorylation is critical for both of
these processes. Autophosphorylation of tyrosine residues located in the activation loop of the kinase domain
stimulates kinase activity, whereas autophosphorylation
in the juxtamembrane, kinase insert and carboxy-terminal
regions generates docking sites for modular domains that
recognize the phosphotyrosine residues in specific sequences[19].

RTKS IN GASTRIC CANCER
The RTK family consists of 58 kinases, and each is
characterized by ligand-binding extracellular domains
which identify the subfamilies of RTKs, a tansmembrane
domain and a tyrosine kinase motif[5]. Of those kinases,
the known RTKs are separated into 21 families, such as
the epidermal growth factor receptor (EGFR), vascular
endothelial growth factor receptor (VEGFR) and FGFR
families, which are characterized by similar structures
and the potential of dimerization in gastric cancer[20].
Additionally, it has been reported that the expression
of platelet-derived growth factor (PDGF) and plateletderived growth factor receptor (PDGFR) are involved
in gastric cancer growth[21]. Each RTK inhibitor is dia-

RTKS IN CELLULAR SIGNALING
RTKs are transmembrane glycoproteins that are activated by binding to their cognate ligands, resulting in the

WCGO|www.wjgnet.com

Clinical trial

390

February 8, 2015|First Edition|

Morishita A et al . RTK-targeted therapy for gastric cancer
Receptor tyrosine kinase inhibitors
Trastuzumab
Cetuximab
Panitumumab

Gefitinib
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Bevacizumab

VEGFR

PDGFR
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Sunitinib

Met

IGF-1R
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PI3K
PTEN
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Akt
MEK

mTOR
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Cell proliferation and survival

Figure 1 Receptor tyrosine kinase inhibitors. VEGFR: Vascular endothelial growth factor receptor; PDGFR: Platelet-derived growth factor receptor; IGF-1R: Insulin-like growth factor 1 receptor; FGFR: Fibroblast growth factor receptor; HER: Human epidermal growth factor receptor; PTEN: Phosphatase and tensin homolog.

gramed in Figure 1 and inactivates various RTKs. Among
these RTK inhibitors, monoclonal antibodies, such as
cetuximab and panitumumab, trastuzumab and fugitumumab directly bind to each RTK and inhibit its signaling. Bevacizumab also binds vascular endothelial growth
factor (VEGF) and inhibit VEGFR signaling. Gefitinib
and erlotinib competes with the binding of ATP to the
tyrosine kinase domain of EGFR and lapatinib blocks
phosphorylation of HER-1 and HER-2. Sorafenib inhibits the enzyme RAF kinase and VEGFR-2/PDGFR-beta
signaling cascade. Sunitinib also blocks VEGFR-2/PDGFR-beta and c-kit. In addition, GSK089 inhibits c-Met
and blocks its signaling (Figure 1).
Common alterations and mutations of RTKs have
been identified in gastric cancer. Interestingly, Deng et
al[22] showed that druggable alterations in RTKs occurred
in 37% of gastric cancer patients; the most frequently
amplified RTK was FGFR2 (9.3%), followed by KRAS
(8.8%), EGFR (7.7%) and ERBB2 (7.2%)[22]. Furthermore, the RTK amplification status was shown to be an
independent marker of poor prognosis in gastric cancer
patients according to Cox multivariate analysis, and this
result was independent of chromosomal instability.
Recently, together with Tyro3, Axl and Mer receptor
tyrosine kinases are aberrantly expressed in numerous
human cancers. It has been reported that Axl and Mer inhibition constitutes a novel therapeutic strategy that may
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enhance the efficacy of standard chemotherapy in glioblastoma multiforme[23], non-small cell lung cancer[24,25]
and breast cancer[26]. In gastric cancer, combination of
Axl and Mer expressions correlated inversely with patient
prognosis[27]. Inhibition of these RTKs may provide potential targets for AGC.
In our recent study, the levels of EGFR, ErbB2,
FGFR1, FGFR2, insulin R and EphA4 were increased in
human gastric cancer tissues compared with normal mucosa according to a protein array[28]. Additionally, ErbB2
was most activated in the human gastric cancer cell lines
MKN45, MKN74, MKN1 and MKN7 [28]. Therefore,
these findings suggest that these molecules may be potential targets for selective therapy in gastric cancer. We
will summarize the clinical trials for the newly established
modalities related to RTK expression in gastric cancer.

RTK TARGETED THERAPY
The insufficient effect of chemotherapy on advanced
gastric cancer has resulted in the development of new
biological therapies that modulate various targets of signal transduction pathways that are overexpressed in gastric cancer. A large number of molecularly targeted drugs
have been clinically developed to inhibit angiogenesis as
well as to specifically inhibit the human epidermal growth
factor receptor, platelet-derived growth factor receptor
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and c-MET receptor.

ditionally, a 2.7 mo gain in median survival was observed
in the intent-to-treat population. In the ToGA study, no
significant overlapping toxicity was evaluated, except for
cardiac dysfunction[16]. Trastuzumab is correlated with
an increased risk of cardiotoxicity[39], similar to anthracyclines, which are frequently used in the treatment of
breast and gastric cancers. Trastuzumab-related cardiac
dysfunction is largely reversible by removal of the antibody[40] and has been classified as type Ⅱ chemotherapyrelated cardiac dysfunction[41]. In the ToGA study, the left
ventricular ejection fraction was monitored every 12 wk
during treatment. The regimen was well tolerated, and
the hematological toxicity for the chemotherapy doublet
was within the expected levels. Interestingly, no additional
toxicity was observed, except for an asymptomatic reduction in the left ventricular ejection fraction to below
the normal range, which was reported in 5.9% of the
patients. Notably, although this patient group has a relatively short life expectancy, the addition of trastuzumab
did not compromise the patients’ quality of life[42].

TARGETING HER-2
HER-2 (ErbB2) is a member of the ErbB2/HER family,
which is comprised of four receptors including HER-1
(EGFR), HER-2, HER-3 and HER-4. Of these receptors, the targeting of HER-2 has been the most successful for the treatment of advanced gastric cancer. HER-2
overexpression is observed in 10%-38% of gastric cancer
patients[29-31]; however, the effect of HER-2 expression
on the prognosis of AGC remains controversial[32-35]. Recently, Bang et al[16] reported that HER-2-positive patients
using Immunohistochemistry (IHC) scoring system had
a superior outcome when treated with conventional chemotherapy with trastuzumab, which selectively binds to
HER-2 and inhibits its downstream signaling pathway, in
the ToGA trial. Although this result suggests HER-2 is
not a negative prognostic factor, it might be confounded
by various factors, such as the second line therapy or
intestinal subtype. Additionally, IHC scoring system in
gastric cancer is different from that of breast cancer[36].
First-line trastuzumab-based trials in AGC patients
were reported in 2006[37]. Prior to the ToGA trial[16], three
phase Ⅱ trials evaluating the effectiveness of trastuzumab in AGC patients were presented. The results from
the first phase Ⅱ trial of trastuzumab combined with cisplatin and docetaxel showed that a radiological response
was observed in 4/5 HER-2-positive patients (defined
as IHC3+ or FISH+) with metastatic gastric cancer or
gastroesophageal junction carcinoma patients[37]. In the
second phase Ⅱ trial, HER-2-positive (defined as IHC2+
and FISH+ or IHC3+) AGC or gastroesophageal junction adenocarcinoma patients were treated with 75 mg/
m2 cisplatin and trastuzumab (8 mg/kg loading dose followed by 6 mg/kg for future cycles) every 21 d until disease regression, and there was a 35% response rate in the
17 evaluable patients who received a median of two cycles of treatment[38]. Taken together, the overall response
rate (ORR) was 35%-44% in the trial arm consisting of
trastuzumab combined with conventional chemotherapy.
The ToGA trial was an open-label, international,
phase Ⅲ, randomized controlled trial that was undertaken in 24 countries[16]. In total, 594 patients with gastric
or gastroesophageal junction cancer that overexpressed
HER-2 protein (as determined by immunohistochemistry
or gene amplification by fluorescence in situ hybridization) were randomly assigned to the study treatments
(trastuzumab plus chemotherapy, n = 298; chemotherapy
alone, n = 296); of these patients, 584 were included in
the primary analysis (n = 294 and n = 290, respectively).
The median overall survival in the trastuzumab plus chemotherapy arm was 13.8 mo (95%CI: 12-16) compared
with 11.1 mo (95%CI: 10-13) in the chemotherapy alone
arm (HR = 0.74, 95%CI: 0.60-0.91, P = 0.0046). The
study met not only the primary endpoint of improved
overall survival but also the secondary endpoint of improved response rates and progression-free survival. Ad-
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TARGETING EGFR
The EGFR is intrinsically expressed in various organs,
including the skin, gut and renal tissues. EGFR overexpression is observed in 27%-64% of gastric cancers,
especially in the more proximal tumors[43,44], and is correlated with older age, more aggressive histology and
higher disease stage; additionally, EGFR expression is a
poor prognostic factor[43].
Cetuximab (Erbitux, Imclone Systems) is a recombinant humanized murine monoclonal antibody against
EGFR and is the most investigated anti-EGFR therapy
in gastric cancer. In the first line phase Ⅱ trials, six nonrandomized trials investigated the addition of cetuximab
to doublet chemotherapy[45-49]. The response rate of the
above studies ranged from 41% to 63%, and the median
overall survival ranged from 9 to 16.6 mo. A randomized
phase Ⅱ study comparing the addition of cetuximab to
three discrete chemotherapies was reported at ASCO
2010. None of the treatment arms that included cetuximab exhibited a better survival outcome compared with
the conventional control arms. In 2011, preliminary data
from another phase Ⅱ study demonstrated that there
was no clinically significant benefit associated with the
addition of cetuximab to docetaxel and oxaliplatin[50].
Additionally, the results of the large, randomized, phase
Ⅲ EXPAND study (NCT00678535), which investigated
the addition of cetuximab to cisplatin and capecitabine
chemotherapy, were presented in 2013[51]. The median
progression-free survival (PFS) for the 455 patients
administered the capecitabine-cisplatin plus cetuximab
treatment was 4.4 mo (95%CI: 4.2-5.5) compared to
5.6 mo (95%CI: 5.1-5.7) for the 449 patients treated
with capecitabine-cisplatin alone (HR = 1.09, 95%CI:
0.92-1.29; P = 0.32). Additionally, 83% of the patients in
the chemotherapy plus cetuximab group and 77% of the
patients in the chemotherapy group experienced grade 3-4
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diarrhea, hypokalemia, hypomagnesemia, rash and handfoot syndrome.
Panitumumab is a humanized monoclonal antibody
that targets EGFR. Van Cutsem et al[52] reported a phase
Ⅲ trial of panitumumab plus best supportive care compared to best supportive care alone in patients with advanced colorectal cancer that failed to respond to 5-FU,
irinotecan and oxaliplatin. However, there are very few
reports of this agent being used to treat AGC patients.
Recently, the results of a randomized, open-label, phase
Ⅲ trial for patients with previously untreated advanced
esophagogastric cancer (REAL3) were revealed; this study
examined two groups of esophagogastric cancer patients
treated with epirubicin, oxaliplatin and capecitabine with
or without panitumumab[53]. The median overall survival
of the 275 patients with advanced esophagogastric adenocarcinoma in the epirubicin, oxaliplatin and capecitabine (EOC) treatment group was 11.3 mo (95%CI: 9.6-13.0)
compared to 8.8 mo (95%CI: 7.7-9.8) in the 278 patients
treated with modified-dose EOC plus panitumumab
(mEOC+P) (HR = 1.37, 95%CI: 1.07-1.76; P = 0.013).
The main adverse events that were observed during this
trial were grade 3-4 diarrhea (48/276 mEOC+P patients 17% vs 29/266 EOC patients 11%), rash (29/276
mEOC+P patients 11% vs 2/226 EOC patients 1%), mucositis (14/276 mEOC+P patients 5% vs 0/226 EOC patients) and neutropenia (35/276 mEOC+P patients 13%
vs 74/226 EOC patients 28%)[53]. On the other hand,
other EGFR monoclonal antibodies, such as matuzumab
and nimotuzumab, resulted in even shorter PFS times
when combined with chemotherapy (compared with chemotherapy alone) in randomized phase Ⅱ trials[54,55].
Gefitinib and erlotinib, which are EGFR tyrosine
kinase inhibitors (TKIs), were assessed in phase Ⅱ trials; however, these drugs produced unsatisfactory results
when used as monotherapies for gastric cancer patients.
These inhibitors were effective first-line treatments
against gastroesophageal cancer (GEJ), but were not effective for gastric cancer patients, when examined in a
phase Ⅱ study[56]. On the other hand, combination therapy with 5-FU, oxaliplatin and erlotinib demonstrated that
the ORR was greater than 50% in patients with esophageal or GEJ cancer[57].

tered to both HER-2+ and HER-2- patients.
Two phase Ⅲ trials are ongoing to determine the utility of lapatinib as a first- and second-line treatment for
AGC patients. The first trial, the Lapatinib Optimization
Study in ErbB2 (HER-2)-Positive Gastric Cancer (LoGIC) trial, is investigating lapatinib as a first-line treatment
in combination with capecitabine and oxaliplatin[60]. The
second trial, the Lapatinib (Tykerb) with paclitaxel (taxol)
in Asian ErbB2+ (HER-2+) Gastric Cancer (TYTAN)
trial, is investigating second-line paclitaxel treatment with
or without lapatinib in Asian patients[61]. Importantly,
HER-2-patients were excluded from the target AGC patients in these trials. The results of these interesting trials
will determine whether lapatinib will be used to treat patients with AGC.

TARGETING VEGFR
Bevacizumab is a monoclonal antibody that inhibits vascular endothelial growth factor-A (VEGF-A), and the
broad clinical activity of bevacizumab in antiangiogenic
therapies has been reported[62-66]. Various phase Ⅱ trials of bevacizumab plus chemotherapy have been reported for AGC patients[67-70]. An ORR of 42%-67% was
achieved, and the median TTP was 6.6-12 mo, whereas
the OS time was 8.9-16.2 mo. Grade 3-4 thromboembolic diseases were reported in approximately 25% of the
patients, and gastric perforation was observed in up to 8%
of the patients in the phase Ⅱ trials.
The phase Ⅲ Avastin in Gastric Cancer (AVAGAST)
trial was designed to evaluate the efficacy of adding bevacizumab to first-line capecitabine-cisplatin treatment
for advanced gastric cancer. In total, 774 patients were
randomly separated and administered capecitabine and
cisplatin with or without bevacizumab[71]. In this trial,
cisplatin was administered for the six cycles; capecitabine
and bevacizumab were administered until the disease progressed or unacceptable toxicity developed. The primary
end point was overall survival (OS). The ORR significantly improved with the addition of bevacizumab (46%
vs 37%; P = 0.0315), and the median PFS was also significantly longer (6.7 vs 5.3 mo; HR = 0.80; 95%CI: 0.68-0.93;
P = 0.0037)[71]. Additionally, the clinical outcomes were
different depending on the geographical region. Survival
was extended in Pan-American patients who were treated
with bevacizumab; however, this was not the case for
Asians or Europeans, despite the better prognosis of the
latter. Differences in population genetics, patient selection and second-line chemotherapy may explain these
results. Furthermore, biomarker studies will elucidate the
reasons underlying the differences in efficacy. Interestingly, Ohtsu et al reported that angiogenic markers, such
as plasma VEGF-A and tumor neuropilin-1, can have
predictive value for the clinical outcomes of patients
with gastric cancer treated with bevacizumab in the AVAGAST randomized phase Ⅲ trials[72]. These results may
lead to a better understanding of the study outcome. The
most common grade 3-5 adverse events in both arms of

COMBINED TARGETING OF HER-2 AND
EGFR
Lapatinib is a receptor tyrosine kinase inhibitor that inhibits both HER-2 and EGFR. A phase Ⅱ trial demonstrated that lapatinib could achieve an ORR of 7% and
a 20% rate of disease stabilization[58]. Regarding adverse
events, one patient each experienced grade 4 cardiac toxicity and vomiting in 47 patients with metastatic gastric
cancer. Additionally, two patients experienced grade 4
fatigue. In another study, lapatinib had restricted singleagent activity. Only two of 21 previously treated patients
had durable, stable disease[59]. Remarkably, these disappointing results were expected, as lapatinib was adminis-
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the trial were neutropenia, anemia and appetite loss, and
these events occurred at similar rates with or without bevacizumab[71].

Ⅱ study of GSK1363089 (GSK089, formerly XL880), a
c-Met TKI, demonstrated that this compound had minimal activity in metastatic gastric cancer patients, and liver
dysfunction, fatigue and venous thromboembolism were
reported as adverse events[80].
Insulin-like growth factor 1 receptor (IGF-1R) expression is correlated with poor outcome in AGC patients[81], and treatment with the IGF-1R antibody figitumumab in conjunction with docetaxel was well tolerated
and in a phase Ⅰ trial of advanced solid tumor patients[82].
FGFR may be a targetable RTK, as the secretion of the
FGF family by fibroblasts stimulates the proliferation of
scirrhous gastric cancer cells[83]. Additionally, mutations
in FGFR are associated with the development of gastric
cancer[84], and selective inhibitors of FGFR may be used
in clinical trials for AGC patients[85].
In addition, AXL receptor tyrosine-kinase family, such
as axl/ufo and nyk/mer protein kinases, co-operatively
correlates with the cancer progression, metastasis and patients’ prognosis in gastric cancer[27]. The specific ligand
growth arrest-specific gene 6 (Gas6) binds to Axl and
Gas6-Axl signaling pathway enhanced cellular survival
and invasion and suppressed apoptosis via Akt family
during gastric carcinogenesis[86]. Gas6-Axl signaling could
be a potential therapeutic target in gastric cancer.
Recently, Singh et al[87] reported combined blockade
of HER-2 and VEGF brings about greater growth inhibition in HER-2 overexpressing gastric cancer xenografts.
This result suggests that new combination therapy using
inhibitors of HER-2 and VEGF may represent a new
approach for the treatment of HER-2 positive AGC patients.

COMBINED TARGETING OF VEGFR AND
PDGFR
Sorafenib and sunitinib are multitargeted TKIs that inhibit angiogenesis by targeting VEGFR, PDGFR and
other signaling pathways. Sorafenib is a multitarget inhibitor of BRAF, VEGF, PDGFR and the Ras/Raf/MERK/
ERK pathway. A phase Ⅱ study was performed to assess
the combination of oxaliplatin and sorafenib as a secondline therapy for AGC after treatment with cisplatin and
fluoropyrimidine first-line therapy. Among 40 AGC
patients, the CR was 2.5%, and the SD was 47.2%. The
median PFS was 3 mo (95%CI: 2.3-4.1), and the median
OS was 6.5 mo (95%CI: 5.2-9.6). The median OS was
9.7 mo when the time-to-progression during the first-line
chemotherapy was > 6 mo and was decreased to 5.6 mo
when the time-to-progression was < 6 mo (P = 0.04)[73].
Grade 3-4 neutropenia (9.8%), thrombocytopenia (7.3%)
and neurotoxicity (4.9%) were reported. The combination
of oxaliplatin and sorafenib in AGC patients previously
treated with cisplatin and fluoropyrimidine appeared safe;
however, these results did not support the implementation of a phase Ⅲ trial[73].
Sunitinib suppresses PDGFR, Kit, rearranged during
transfection (RET), Flt-3 and VEGFR. A phase Ⅱ study
of single-agent sunitinib as a second-line treatment for
AGC patients treated with one prior chemotherapy regimen was performed, and 2.6% of the enrolled patients
had a partial response, whereas 25 patients (32.1%) had
stable disease. The median PFS was 2.3 mo, and the median OS was 6.8 mo. Grade 3-4 thrombocytopenia and
neutropenia were reported in 34.6% and 29.4% of the
patients, respectively[74]. In another phase Ⅱ trial, disease
stabilization was reported in five out of 14 patients[75].
These results suggested that single-agent sunitinib did
not have sufficient clinical value as a second-line treatment for AGC. Sunitinib is unlikely to be further developed into a first-line treatment or to be used in combination with chemotherapy due to the complete failure of
sunitinib to change the survival outcome of other solid
tumors when combined with chemotherapy[76].

CONCLUSION
Effective RTK inhibitors have been developed over the
years, and their potential usefulness will increase further
as preclinical data using gastric cancer models continue to
demonstrate their effectiveness. Several RTKs are activated in advanced gastric cancer; therefore, targeting these
RTKs may lead to tailored therapy. Unfortunately, recent
progress in the development of RTK-targeted therapy
for AGC patients has been modest. Well-designed clinical
trials and combinations with appropriate drugs are required to provide maximal therapeutic benefits. Furthermore, new predictive biomarkers are immediately needed
to guide the selection of a potentially drug-sensitive cohort of patients.

TARGETING OTHER RTKS AND NEW
COMBINED TARGETING OF HER2 AND
VEGF
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Core tip: With the technical development of multiplanar
imaging and 3D reformation, the diagnostic performance of Multidetector row computed tomography for
T-staging has improved. N-staging of advanced gastric
cancer has also improved, but the diagnostic effectiveness of N-staging is limited for patients with early
gastric cancer. The limitations of magnetic resonance
imaging (MRI) once prevented its use in evaluating
gastric cancer; however, the development of highspeed sequences has made MRI a feasible tool. The intrinsic strength of MRI is the ability to produce contrast
in soft tissue, and the use of tissue-specific contrast
agents may aid in gastric cancer staging.

Abstract
Gastric cancer is one of the most common and fatal
cancers. The importance of accurate staging for gastric cancer has become more critical due to the recent
introduction of less invasive treatment options, such
as endoscopic mucosal resection or laparoscopic surgery. The tumor-node-metastasis staging system is the
generally accepted staging system for predicting the
prognosis of patients with gastric cancer. Multidetector row computed tomography (MDCT) is a widely accepted imaging modality for the preoperative staging
of gastric cancer that can simultaneously assess locoregional staging, including the gastric mass, regional
lymph nodes, and distant metastasis. The diagnostic
performance of MDCT for T- and N-staging has been
improved by the technical development of isotropic
imaging and 3D reformation. Although magnetic resonance imaging (MRI) was not previously used to evaluate gastric cancer due to the modality’s limitations, the
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INTRODUCTION
Although its prevalence is decreasing in Western countries, gastric cancer remains the second most common
cause of cancer-related death. Gastric cancer is more
common in Asian countries, particularly China, Japan,
and South Korea[1-3]. Complete surgical resection was
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Table 1 T-staging of gastric cancer, American Joint Committee on Cancer 7 manual
TX
T0
Tis
T1
T1a
T1b
T2
T3

T4
T4a
T4b

Primary tumor cannot be assessed
No evidence of primary tumor
Carcinoma in situ: intraepithelial tumor without invasion of the lamina propria
Tumor invades the lamina propria, muscularis mucosae, or submucosa
Tumor invades the lamina propria or muscularis mucosae
Tumor invades the submucosa
Tumor invades the muscularis propria
Tumor penetrates the subserosal connective tissue without invasion of the visceral peritoneum or adjacent structures. T3 tumors also include
those extending into the gastrocolic or gastrohepatic ligaments or into the greater or lesser omentum, without perforation of the visceral peritoneum covering these structures
Tumor invades the serosa (visceral peritoneum) or adjacent structures
Tumor invades the serosa (visceral peritoneum)
Tumor invades adjacent structures, such as the spleen, transverse colon, liver, diaphragm, pancreas, abdominal wall, adrenal gland, kidney,
small intestine, and retroperitoneum

once thought to be the only successful option for curing
gastric cancer[4]. However, the development of endoscopic procedures that can be used to treat early gastric
cancer, such as endoscopic mucosal resection (EMR)
and endoscopic submucosal dissection, has reduced the
morbidity and mortality rates with minimally invasive curative therapy[5]. Furthermore, the recent development of
chemotherapeutic agents can prolong the survival of patients with advanced disease. Multiple treatment options
make the choice of the appropriate treatment for each
patient more important, and the accurate staging of a
patient’s disease can have a major role in determining the
final clinical outcome. The tumor-node-metastasis (TNM)
staging system, which is a generally accepted staging system in clinical practice, has been shown to accurately predict patient prognosis[6]. Traditionally, deep tumor infiltration into an adjacent structure (T4) and the presence of
multiple, metastatic lymph nodes (N3 or N4) or distant
metastases limited the resectability of gastric cancer, and
the major function of preoperative staging was to detect
these conditions. However, due to the widespread use of
EMR for treating early gastric cancer, more precise and
accurate staging is required, and differentiating between
T1 and T2 (or even between T1a and T1b) is currently
necessary for endoscopists to determine the appropriate
prognosis[5,7]. Additionally, because the presence of nodal
metastases is a contraindication for EMR, the accuracy
of N-staging (N0 vs N1) now receives more attention.
The standard imaging modalities used for the preoperative staging of gastric cancer include computed
tomography (CT) and endoscopic ultrasonography (US).
Endoscopic US is regarded as the most accurate imaging
tool for evaluating tumor depth, and CT is the principal
imaging modality used for staging because of its ability
to detect distant metastases. Magnetic resonance imaging
(MRI) and diagnostic laparoscopy are other imaging tools
that can be successfully used to stage gastric cancer.
The currently used multidetector row computed tomography (MDCT) with 16 or more channels and thin
collimation can provide 1-mm-thick, high-resolution
imaging, and the effect of motion is very limited due to
the high image acquisition speed of MDCT. Isotropic
imaging can be used to obtain multiplanar reformation

WCGO|www.wjgnet.com

(MPR) images at any angle, and virtual gastroscopy or CT
gastrography with 3D reformation is also available. Virtual gastroscopy provides 3D-reconstructed, endoluminal
images, such as those used in CT colonography. These
benefits have improved the diagnostic performance of
MDCT when detecting and staging gastric cancer in
daily, clinical practice. Technical developments improving
MRI, such as parallel imaging and fast sequences, have
increased its use in abdominal imaging. Although the
reported results of MRI for abdominal imaging have not
been completely successful, the intrinsic strength of MRI
as a contrast imaging method may allow for T-staging accuracy that is comparable to that of MDCT. Additionally,
new contrast agents can also enhance MRI performance
in N- and M-staging of gastric cancer.
In this manuscript, we provide the review of the
recently revised TNM staging system for gastric cancer
and then discuss the performance of MDCT and MRI
in the preoperative staging of gastric cancer. We will also
discuss some of the state-of-the-art techniques that can
be used to assess gastric cancer, with special emphasis on
preoperative staging.

SEVENTH EDITION OF THE AMERICAN
JOINT COMMITTEE ON CANCER STAGING
SYSTEM FOR GASTRIC CANCER
The latest version of TNM staging by the Union for
International Cancer Control and the American Joint
Committee on Cancer (AJCC) is the seventh edition, released in 2009, and is summarized in Tables 1, 2 and 3[8].
This staging system has been periodically revised based
on newly collected scientific data. In the latest revision,
tumors arising at the esophagogastric (EG) junction
and those arising in the stomach within 5 cm of the EG
junction and involving the EG junction are considered
esophageal cancer. The T-staging system has also been
modified in a manner similar to other bowel tumors (i.e.,
esophagus and small and large bowel); T2 is now defined
as a tumor invading the muscularis propria and T3 as a
tumor invading the subserosal connective tissue. Stage
T2b as defined in the 6th edition was restaged as T3 in
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Table 2 N-staging of gastric cancer, American Joint
th
Committee on Cancer 7 manual

Table 3 Stage and prognostic group of gastric cancer,
th
American Joint Committee on Cancer 7 manual

NX

Regional lymph node(s) cannot be assessed

Stage X

N0
N1
N2
N3

No regional lymph node metastasis
Metastasis in 1 to 2 regional lymph nodes
Metastasis in 3 to 6 regional lymph nodes
Metastasis in 7 or more regional lymph nodes

Stage ⅠA
Stage ⅠB
Stage ⅡA

Stage ⅡB

the 7th edition, and T3 as defined in the 6th edition was
restaged as T4a. As early gastric cancer (EGC) is traditionally defined as a tumor confined to the mucosa and
submucosa, cancers staged T1a and T1b are considered
EGC by definition. The previously adopted Japanese
classification for N-staging, with designations based on
the anatomical location of the involved regional lymph
nodes, is not used now[9,10]. Currently, the number of cancer-involved lymph nodes is the only factor determining
the N-stage. The advantages of this method are its relative ease and independent reporting by pathologists and
the strong correlation between the number of affected
lymph nodes and patient survival rates. However, the current method for N-staging can be biased by the number
of collected lymph nodes; several authors reported that
the total number of collected lymph nodes can influence
a patient’s prognosis[11,12]. Regardless, this opinion is not
yet reflected in the AJCC 7th edition, a version in which
the number of lymph nodes for each N-staging was
decreased (Table 2). Retropancreatic, para-aortic, hepatoduodenal, retroperitoneal, and mesenteric lymph nodes
are considered distant metastases (M1) in gastric cancer.

Stage ⅢA

Stage ⅢB

Stage ⅢC
Stage Ⅳ

NX

MX

T1
T2
T1
T3
T2
T1
T4a
T3
T2
T1
T4a
T3
T2
T4b
T4a
T3
T4b
T4a
Any T

N0
N0
N1
N0
N1
N2
N0
N1
N2
N4
N1
N2
N3
N0 or N1
N2
N3
N2 or N3
N3
Any N

M0
M0
M0
M0
M0
M0
M0
M0
M0
M0
M0
M0
M0
M0
M0
M0
M0
M0
M1

mend air as the preferred oral contrast agent[15]. In our
medical institution, effervescent granules with a minimal
amount of water are orally administered immediately
prior to CT scanning to obtain optimal gastric distention
using air[13]. Each patient receives intravenous contrast
agent at a rate of 3-4 mL/s using a power injector, and
CT images are obtained approximately 70 s following
the injection, which is the optimal time for evaluating the
enhancement of gastric tumor and hepatic metastases. In
some medical institutions, early arterial phase imaging can
be added to assess possible vascular anomalies in the vessels supplying the stomach[19,20]. The left posterior oblique
and right decubitus positions are used for evaluating the
entire distended stomach. In the left posterior oblique
position, the lower part of the stomach, including the antrum, is distended, and residual fluid collects in the fundus of the stomach. In the right decubitus position, the
upper part of the stomach, including the fundus, is fully
extended[21]. When using water as the oral contrast agent,
the supine and prone positions are recommended. An
MDCT unit with 16 or more channels is recommended
to acquire isotropic imaging with less than 1.25-mm collimation. Two-dimensional axial, coronal, and sagittal
images provide a quick view of the stomach and tumor
and allow for instant evaluation of the tumor location
and depth. Three-dimensional rendering, such as virtual
gastroscopy or CT gastrography, can provide additional
information on depth perception, fold change, and superficial lesions[22,23]. In our medical institution, axial CT
images are reconstructed using a 3-mm section thickness
and a reconstruction interval of 2-3 mm; an additional
image set using a 1-mm section thickness and reconstruction interval is reconstructed for 3D rendering. Coronal
and sagittal MPR images are also reconstructed with a
3-mm section thickness and interval. Virtual gastroscopy[24] and barium-study-looking 3D CT gastrography
using a surface-shaded, volume-rendering technique[13] are

MDCT
MDCT protocols
A fasting time of at least six hours is required for complete gastric emptying. Patients usually receive 10-20 mg
of butylscopolamine bromide intramuscularly or intravenously 10-15 min before CT scanning to minimize peristaltic movement[13,14]. Any history of glaucoma, urinary
outflow obstruction, or cardiac arrhythmia is checked
to avoid the use of butylscopolamine in patients with
contraindications. To obtain optimal distention of the
stomach, several types of oral contrast agents are used.
Among them, positive contrast agents, such as diluted
barium or water-soluble iodine, mask the enhancement
of the gastric mucosa and inhibit 3D reformation, both
of which are critical for cancer staging[15,16]. Therefore,
negative (air) or neutral (water or methyl cellulose) contrast agents are generally used. Negative and neutral
agents help to depict the detailed enhancement pattern
of gastric wall layers[17,18]. In 3D reformation and virtual
gastroscopy, air is the preferred oral contrast agent. A recent study reported that MDCT using gas distention and
3D CT gastrography provided T-staging of preoperative
gastric cancer comparable to hydro-CT (i.e., using water
as the oral contrast agent) but that gas distention was
more effective for lesion detection. We therefore recom-
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Figure 1 T1a gastric cancer in a 53-year-old female patient. A: Coronal 2D image shows small mucosal enhancement (arrow) in the lesser curvature side of the
antrum; B: Computed tomography gastrography shows a small mucosal irregularity (arrow) in the same area; C: Virtual gastroscopy delineates a shallow, depressed
lesion (arrow); D: Endoscopy reveals a small mucosal irregularity confined to the mucosa (arrow). Endoscopic submucosal dissection was performed and pathological
examination revealed pT1a early gastric cancer.

submucosal layer[14] (Figure 2). T3 tumors have subserosal
invasion, and discrimination between a gastric mass and
the outer layer is visibly impossible, and smooth outer
margin of the outer layer or a few small linear strandings in the perigastric fat plane can be noted[30]. Stage
T4a tumors also demonstrate serosal involvement, which
makes differentiating between T3 and T4a using MDCT
very difficult (the gastric serosa is not delineated on CT
images). In addition, the amount of adipose tissue in the
subserosal area varies from person to person[16] (Figures
3 and 4). In our experience, T4a tumors frequently show
micronodules or dense, band-like stranding and can be
found in the perigastric area. Stage T4b tumors show
direct extension into an adjacent organ or structure and
show obliteration of the fat plane between the gastric
mass and adjacent organs.
Two meta-analyses of preoperative gastric cancer
staging have been reported[31,32]. However, these two studies are collections of data from the 1990s to 2006 or 2009
and have not been adapted to the updated AJCC staging
system. Additionally, most of the data used in the two
meta-analyses were obtained using MDCT with fewer
than 4 channels. Kwee et al[31] reported that the diagnostic
accuracy of MDCT for overall T-staging varied between
77.1% and 88.9%. Sensitivities and specificities for serosal invasion (T4a or T4b in the AJCC 7th edition) have
been reported to be between 82.8% and 100% and between 80% and 96.8%, respectively[13,17,33,34]. The authors
also reported that the overall T-staging and identification

reconstructed with thin-section, isotropic data (Figure 1).
Lesion detectability and T-staging
Pathologically, the gastric wall consists of the following
five layers: mucosa, submucosa, muscularis propria, subserosa, and serosa. However, on CT images, the gastric
wall is observed as three layers: well-enhancing mucosa,
submucosa as a low attenuated stripe, and musculoserosal
layers of slightly elevated attenuation[25]. Gastric cancers
manifest as having enhancing wall thickening on CT, and
the destruction of normal gastric wall structures can suggest the possible depth of invasion. Therefore, the extent
of gastric wall thickening and the degree of enhancement
can influence the detection rate and T-staging accuracy.
T1 tumors are sub-staged as T1a and T1b: a stage T1a
tumor is confined to the mucosa, and T1b tumors have
invaded the submucosa. Because the incidence of lymph
node involvement is much higher in T1b tumors than in
T1a tumors (17.9% vs 2.2%) and endoscopic procedures
for a tumor invading the submucosa are challenging, tumor sub-staging has a substantial clinical impact[14,26-28].
EUS is known to be effective for differentiating between
T1a and T1b tumors[29]. On MDCT images, T1a tumors
are usually not visible, and T1b tumors more frequently
show mucosal thickening and enhancement. To differentiate between T1b and T2, T1b tumors show a low-attenuated stripe at the base of the tumor, which suggests a
submucosa layer, while T2 tumors show loss of a low-attenuated stripe, which indicates involvement of the entire
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Figure 2 T2 gastric cancer in a 66-year-old female patient. A: Sagittal 2D image shows enhancing wall thickening with ulceration (arrow) in the lesser curvature
side of the low body of the stomach; B: Left posterior oblique axial 2D image also delineates enhancing wall thickening (arrow) in the lesser curvature side of the low
body of the stomach. The enhancing lesion involves the entire gastric wall layer, and no low attenuated stripe is visible at the base of the tumor; C: Endoscopy reveals
a protruding mass with ulceration (arrow). The impression of the endoscopist was early gastric cancer; D: Subtotal gastrectomy was performed and pathological examination revealed pT2 gastric cancer (arrow).

A

B

C

Figure 3 T3 gastric cancer in a 63-year-old male patient. A: Right decubitus 2D axial image shows thickening of the gastric wall (arrow) involving the entire layer.
Perigastric infiltrations are noted outside of the tumor; B: Endoscopy reveals a large ulcerative tumor; C: Surgical specimen showing the tumor (arrowheads) and tumor extension to perigastric fat (arrow).
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Figure 4 T4a gastric cancer in a 72-year-old male patient. A: Left posterior oblique axial 2D image shows prominent wall thickening of the gastric body (arrow)
abutting the pancreas (arrowheads); B: Sagittal 2D image delineates reserved fat plane (black arrow) between the gastric mass (white arrow) and pancreas (curved
arrow); C: Right decubitus 2D image delineates a change in positions between the mass (arrow) and pancreas (arrowheads). This finding is called a “sliding sign” and
is considered evidence of non-invasion of an adjacent organ on imaging.

of serosal invasion were comparable using EUS and
MDCT[31]. In their meta-analysis, Seevaratnam et al[32] only
reported the accuracy of overall TNM staging, indicating
that T-staging was more accurate in ≥ 4 channel MDCT
with MPR images than in scanners with < 4 channels.
The detection rate of early gastric cancer (T1) has recently been studied by several researchers using advanced
technology. Yu et al[35] reported that 98% of the gastric
cancers not visualized on optimally performed 2D CT
imaging were EGC without LN involvement. Another
study of early gastric cancer evaluated hydro-stomach CT
(water as the oral contrast agent) without 3D reformation
using blinded reviews and unblinded reviews in which
the reviewer had knowledge of the tumor location, and
no significant difference in EGC detection was found
between blinded and unblinded reviews. The sensitivities
and specificities for the blinded and unblinded reviews
were 19%-27% and 98%-100%, respectively[36]. The results of these studies are disappointing, though a recent
study using 64-channel MDCT did report a 90%-94.7%
detection rate for EGC[30,37]. Other studies have also discussed the additional value of virtual gastroscopy for detecting EGC, reporting a sensitivity of 78.7%-84.0%[13,38].
Although virtual gastroscopy cannot delineate the color
change of mucosa and image interpretation is time
consuming for radiologists, adding virtual gastroscopy
information to 2D images can enhance the diagnostic
performance of MDCT for the detection of EGC. Coronal and sagittal MPR images without virtual gastroscopy
or CT gastrography were not helpful for improving the
ECG detection rate or accuracy of T-staging[39]; however,
3D reformation images do improve ECG detection.
Using 3D reformation of MDCT images can help clinicians make correct treatment decisions. Shallow tumors
are good candidates for less invasive procedures, such as
EMR or laparoscopic surgery.
Kim et al[30] reported on the diagnostic performance
of 64-channel MDCT using 2D MPR images and virtual gastroscopy for T-staging according to the AJCC 7th
edition guidelines. In that study, the sensitivities for correct T-staging were 62.5%-93.0%, and the specificities
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were 90.5%-97.9%; the overall T-staging accuracy was
77.2%[30]. Using the 6th edition AJCC staging guidelines,
Chen et al[40] reported an improved T-staging accuracy of
89% when using 2D and MPR images compared to 73%
accuracy when using only 2D images. Kim et al[39] also
reported improved T-staging in advanced gastric cancer
(AGC) patients when MPR images were added. These
results suggest that the use of both MPR images and
axial images improves the T-staging accuracy, especially in
AGC.
N-staging
To determine the optimal treatment method for each
patient, accurate N-staging is as important as T-staging.
N-staging provides critical information that is needed to
appropriately predict a patient’s prognosis. For EMR or
endoscopic submucosal dissection, N0 should be confirmed using EUS or MDCT. Additionally, as extensive
lymphadenopathy detected surgically is known to be associated with higher morbidity and mortality, aggressive
surgical procedures should be avoided for the patients
with extensive lymphadenopathy. Indeed, proper evaluation of the lymph node status could be very helpful
for determining the optimal treatment options and for
planning the extent of lymphadenectomy. Lymph node
status is an important prognostic factor for predicting the
overall survival rate of patients with gastric cancer[28,41].
The reported five-year survival rates based on the 6th
AJCC system for N0, N1, N2, and N3 are 86.1%, 58.1%,
23.3%, and 5.9%, respectively [28]. As enlarged lymph
nodes are frequently the only measurable lesions in patients with gastric cancer, evaluation of a patient’s treatment response to chemotherapy might depend on the
observable lymph node status.
However, the results of studies evaluating the accuracy of MDCT N-staging are somewhat disappointing. According to the meta-analysis by Kwee et al[42], the
sensitivity and specificity of MDCT N-staging varied
between 62.5% and 91.9% and 50.0% and 87.9%, respectively[13,37,39,40]. These poor and variable results may
be due to the lack of standard CT criteria for diagnos-
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Figure 5 A prominent lymph node in a 57-year-old male patient with advanced gastric cancer. A: Left posterior oblique axial 2D image shows a large gastric
mass (arrowheads) in the posterior wall of the gastric body and an enlarged lymph node (arrow). The LN diameter was 12 mm; B: Coronal 2D image shows a gastric
mass (arrowheads) and two enlarged lymph nodes (arrows).

M-staging
The presence of distant gastric cancer metastases is a
contraindication for surgical resection. Distant metastases
can be classified into the following three groups: hematogenous metastases, lymphatic metastases, and peritoneal carcinomatosis. The liver is the most common location
for hematogenous metastases in gastric cancer, and the
lungs, bones, and adrenal glands are other organs affected
by metastases. Tumor involvement in the lymphatic pathway also informs M-staging. Metastasis in distant lymph
nodes, such as the retropancreatic, para-aortic, or retroperitoneal lymph nodes, may be classified as distant metastases (M1). Lymphatic metastases can also invade the
liver or lungs. Compared with the limited field of view of
EUS or MRI, MDCT is an ideal modality for evaluating
distant metastases in patients with gastric cancer. A metaanalysis of data from 1994 to 2010 reported CT sensitivities and specificities for hepatic metastases and peritoneal
carcinomatosis of 74% and 99% and 33% and 99%,
respectively[48]. However, most of the data used in this
meta-analysis were obtained prior to 2005, and the performance of contemporary MDCT might be improved.
Pan et al reported more than 96.6% accuracy in M-staging
350 patients with gastric cancer using MDCT[49]. As the
meta-analysis results indicate, peritoneal carcinomatosis
is one of the weak areas for accurate M-staging using CT.
Preoperative detection of peritoneal carcinomatosis can
prevent unnecessary laparotomy, and some surgeons prefer staging laparoscopy when peritoneal carcinomatosis
is suspected[50,51]. One study reported that the sensitivity
and specificity for detecting peritoneal carcinomatosis
were 50.9% and 96.2% with 16- and 64-channel MDCT,
respectively[51]. Known CT findings of peritoneal carcinomatosis include ascites, soft-tissue plaques or nodules on
the peritoneal surface and bowel wall, prominent intraabdominal fat stranding, and irregular peritoneal thickening with enhancement[52] (Figure 6). In addition, a larger
gastric tumor size (3-4 cm or more), T3 or T4 staging,
and Borrmann type 3 or 4 suggest peritoneal carcinomatosis[51-53]. The presence of greater than 50 mL of ascites
is correlated with peritoneal carcinomatosis in 75%-100%

ing metastatic lymph nodes. Although many radiologists
classify malignant lymph nodes as those with short axis
diameters of 6-8 mm for perigastric lymph nodes[43],
other criteria are frequently used, including roundness
and central necrosis, heterogeneous enhancement, more
than 1 cm without fatty hilum, marked enhancement (over
80 or 100 HU), and clustering of more than three lymph
nodes[13,37,39,40] (Figure 5). To date, the accuracy of predicting lymph node metastasis has not been satisfactory using
any criteria, and there is still no worldwide consensus for
diagnosing metastatic lymph nodes using CT. N-staging
of gastric cancer is one of the inherent limitations of CT.
Although there is a clear correlation between the lymph
node size and metastasis, microscopic nodal metastases in
normal-size lymph nodes and lymph node enlargement
resulting from reactive or inflammatory change are common in gastric cancer patients[16,44,45]. Microscopic metastases can frequently be found in normal-sized lymph
nodes of patients with EGC, which makes accurate
N-staging more difficult in EGC cases than in patients
with AGC[14,44].
The use of MPR images and 3D reformation of isotropic MDCT data did not prevent inaccurate N-staging
of gastric cancer. In recent studies, N-staging accuracy
was not found to be improved by MPR images or virtual endoscopy[13,40]. Another study reported improved
N-staging performance when MDCT with MPR images
was used in AGC cases, though there was no improvement in the EGC N-staging accuracy[39]. Therefore, MPR
images are expected to be helpful for the evaluation of
the preoperative N-staging of AGC.
Some updated techniques for effective lymph node
evaluation in gastric cancer have been reported. Kim et
al[46] reported on the feasibility of mapping the sentinel
node (the initial draining node from the tumor) using
ethiodized oil in an animal and human study. This CT
lymphography technique may help to minimize lymph
node dissection in patients with EGC. Quantitative measurement of iodine concentrations using dual-energy
spectral CT with monochromatic images has also been
reported to improve the accuracy of N-staging[47].
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A

Figure 6 Peritoneal carcinomatosis in a 48-year-old female patient with advanced gastric cancer. A: Axial 2D CT
image shows a large volume of ascites and peritoneal thickening (arrowheads); B: Axial 2D CT image at a lower level than
(A) delineates ascites, omental infiltration and nodules (arrowheads), and hydronephrosis of the left kidney (arrow).

B

of gastric cancer patients[52]. Yajima et al[54] also reported
that the presence of ascites on the CT scans of AGC
patients predicts peritoneal carcinomatosis with 51% sensitivity and 97% specificity.

ratio.
In our institution, the MRI protocol for gastric cancer
includes the following sequences: half-Fourier acquisition single-shot turbo spine-echo (HASTE) T2-weighted
imaging with and without fat saturation, true-FISP, T1weighted 3D gradient-recalled-echo (GRE) in- and outof-phase imaging, and T1-weighted fat-suppressed 3D
GRE imaging. Diffusion-weighted images are obtained
using multiple b values of 0, 100, 500 and 1000 mm2/s.
Dynamic gadolinium contrast-enhanced imaging during the arterial, portal, hepatic venous, and equilibrium
phases are obtained. The spectral selection attenuated
inversion technique is used for fat suppression (Figure 7).

MRI
MRI protocols
With recent technological MRI developments, such as the
3.0 T field strength scanner, multichannel phase-arrayed
coils, parallel imaging techniques, a more powerful gradient system, and new rapid three dimensional gradient
echo techniques, higher quality MR images with reduced
blurring and higher spatial resolution can be obtained
within a single breath-hold[55]. Given that MR can provide
higher intrinsic soft tissue contrast than CT, there have
been several studies demonstrating the value of MR in
evaluating gastric cancer, especially in patients for whom
contrast-enhanced CT is contraindicated due to renal
dysfunction or hypersensitivity to iodinated contrast
media[56]. In addition, several studies have demonstrated
that diffusion-weighted imaging may be helpful for staging malignant tumors of the intestines and for detecting
lymph node metastases[57]. However, although high-speed
MR techniques can solve some of the disadvantages of
MRI for detecting gastric cancer (such as blurring and
lower spatial resolution), MRI is not yet widely accepted
as a standard imaging modality for staging gastric cancer.
Therefore, there is no generally accepted protocol for
gastric MRI. However, in general, the use of butylscopolamine bromide to decrease bowel motion and the use
of air or water as an oral contrast agent are the same in
MRI and MDCT scanning. The supine or prone position
is generally accepted as a method for distending the area
of the stomach where a tumor may be located. The fatsuppressed, T1-weighted, gradient echo sequence, singleshot fast spin echo or turbo spin echo T2-weighted
images, and true fast imaging with steady-state precession (True-FISP) are common sequences used for the
detection of gastric cancer. Gadolinium-chelate contrast
agents can also be injected for post-contrast imaging using 3D spoiled gradient echo sequences. Axial or coronal
images can both be acquired, and protocols may vary in
different medical institutions. These images are acquired
using phased array coils to increase the signal-to-noise
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Staging
Compared to those using MDCT, there are only a small
number of MR studies of gastric cancer patients, largely
due to the intrinsic limitations of MR, such as the susceptibility to bulk motion (e.g., respiration, pulsation,
and peristalsis), high cost, and lower spatial resolution
compared to MDCT or EUS. However, the excellent
soft-tissue contrast of MRI might be helpful for accurate
T-staging, and continuous technical improvements, such
as parallel imaging, have made gastric MRI feasible and
have resulted in the publication of several studies on this
subject.
However, in vitro studies have reported conflicting
results. Palmowski et al[58] performed an in vitro study
with resected specimens, and reported that 1.0 Tesla MRI
with T1- or T2-weighted images could visualize three
layers of the gastric wall (mucosa, sub-mucosa, and muscularis propria) and, in some cases, five gastric wall layers.
Gastric cancer was localized in 96% of the study patients,
though the accuracy of T-staging was only 50%, primarily due to the overstaging of T2 to T3. However, Sato et
al reported 100% accuracy and clear visualization of all
of gastric wall layers in an in vitro study using 1.5 Tesla
MRI[59]. Kim et al[60] also reported the results of an in vitro study using 1.5 Tesla MR. In their study, T1-weighted
images depicted three layers of the gastric wall, and the
T-staging accuracy was 74%; they also reported 47% accuracy for gastric cancer N-staging. That study considered lymph nodes 8 mm or larger at the short diameter
to be positive. An endoluminal MRI coil attached to endoscopy has also been developed as a T-staging method,
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Figure 7 Magnetic resonance imaging of gastric cancer in a 71-year-old female patient. A: Coronal image of contrast enhanced magnetic resonance imaging
(MRI) shows enhancing wall thickening of the gastric body (arrows); B: T2-weighted image delineates a low echoic mass (arrow) destroying layers of the gastric wall.
The outer border of the mass is irregular; C: Diffusion-weighted image with a b-value of 1000 shows a high signal intensity mass (arrow) with diffusion restriction; D:
Subtotal gastrectomy was performed, and pathological examination revealed pT3 cancer.

and an ex vivo study reported significantly more accurate
T-staging than EUS[61].
In early 2000, a few reports of in vivo studies were
published. The diagnostic accuracy of MRI for T-staging
varied between 71.4% and 82.6%, and the sensitivity and
specificity for detecting serosal invasion varied between
89.5% and 93.1% and between 94.1% and 100%, respectively[31,62,63]. Kang et al[62] reported the rapid enhancement
of gastric cancer compared to normal mucosa after the
injection of gadolinium chelates and also reported 83%
T-staging accuracy. Additionally, these authors reported a
52% detection rate of regional lymph node involvement.
Kim et al[64] compared spiral CT and 1.0 Tesla MRI and
reported that MRI was slightly superior for T-staging.
Sohn et al[63] reported comparable results using spiral CT
and 1.5 T MRI for both T- and N-staging.
Recently, 64-channel MDCT and 1.5 Tesla MRI with
contemporary sequences were compared in two studies,
with the T-staging accuracy being comparable for MDCT
and MRI[65,66]. However, one study reported that MRI
was superior for detecting T1 tumors (50% vs 37.5% accuracy for MRI and MDCT, respectively)[65]. The cumulative results of these studies indicate that MDCT and
contemporary MRI show similar performance in T- and
N-staging.
Tissue-specific contrast MR agents can be used for
an accurate N-stage diagnosis. T1 lymphotropic contrast

WCGO|www.wjgnet.com

agents, including gadofluorine M, or such T2* agents as
ultra-small, superparamagnetic iron oxide, might be helpful for differentiating metastatic lymph nodes[67,68].
Peritoneal carcinomatosis can be evaluated on delayed, post-contrast MRI images[69]. Diffusion-weighted
imaging is now widely accepted for abdominal MRI and
adding diffusion-weighted imaging to delayed gadolinium-enhanced imaging can improve the detection rate of
peritoneal carcinomatosis[70].

CONCLUSION
Accurate preoperative staging of gastric cancer is important for treatment planning and prognosis prediction. Due to the development of less invasive treatment
options, gastric cancer should be preoperatively staged
with accuracy. The technical progress of MDCT and the
continuous development of 3D imaging processes have
improved MDCT performance in the preoperative staging of gastric cancer. The EGC detection rates can be
improved through the use of virtual gastroscopy and CT
gastrography. MPR images of MDCT can provide coronal or sagittal images and increase the accuracy of the
tumor depth diagnosis. With the development of highspeed techniques, MRI evaluation of gastric cancer is
now feasible, and some studies have reported results that
are comparable to or better than MDCT. Gastric cancer
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N-staging is an unsolved problem for both MDCT and
MRI, and generalized standards for metastatic lymph
nodes should be established. Additionally, tissue specific
contrast agents will improve future N-staging. MDCT is
the primary imaging modality used for the detection of
distant gastric cancer metastasis, even though the technique has some limitations (such as peritoneal carcinomatosis detection). With continuing technical development,
MDCT and MRI will play major roles in the future preoperative staging of gastric cancer.
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Core tip: In Asian populations, the highly expressed
interleukin (IL)-1β haplotype may increase risk for gastric cancer. Abundant IL-1β expression determined by
this haplotype may suppress gastric acid production
in response to chronic Helicobacter pylori (H. pylori )
infection, resulting in atrophic gastritis, the precursor
of non-cardia gastric cancer. Conversely, the less expressive IL-1B haplotype associates with gastric cardia
cancer in Caucasians. Only low levels of IL-1β are produced in response to H. pylori infection and gastric acid
secretion is increased. Induction of gastroesophageal
reflux disease may then promote cardia cancers.

Abstract
Polymorphisms in promoter regions of inflammatory cytokines have been widely studied, and potentially functional polymorphisms have been discovered. Conflicting
results from meta-analyses of interleukin (IL )-1B and
IL-10 polymorphisms show differences in gastric cancer
susceptibilities between Caucasian and Asian populations. In particular, we note the suggestion of an allele
flip in IL-1B and IL-10 gene polymorphisms. In Asian
populations, the IL-1B -1464G/-511C/-31T haplotype indicates risk for gastric cancer, while the opposite haplotype, IL-1B -1464C/-511T/-31C is the risk-related allele
in Caucasians. Furthermore, while IL-10 -1082G/-819C/592C is associated with gastric cancer in Asians, IL10 -1082A/-819T/-592T is linked to gastric cancer risk
in Caucasians. These seemingly contradictory results
may be attributed to distinct carcinogenic mechanisms
underlying the different gastric cancer subtypes. The
allele flip observed in IL-10 and gastric cancer appears
to reflect allelic heterogeneity, similar to that observed
in IL-1B . In this review, we focus on the allele flip phenomenon observed between different ethnic groups in
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INTRODUCTION
Gastric cancer is the fourth most common cancer diagnosis in men worldwide, and the mortality rate is one of
the highest among cancers. The incidence rate is especially high in East Asian countries including Japan, China
and Korea[1,2]. Of the various factors that contribute to
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criteria as proposed by Lauren et al[15] into two principal
types, intestinal and diffuse, which differ in histology,
pathogenesis, epidemiology, genetic profile, and prognosis[16]. Based on anatomical site, stomach cancer may be
classified as cardia or non-cardia (fundus, antrum, pylorus
lesser curvature, and greater curvature)[17]. Non-cardia intestinal gastric cancer is strongly associated with chronic
inflammation related to H. pylori infection[3,4]. For tumors
arising in the proximal region of the stomach, namely the
gastric cardia/gastroesophageal junction, inflammation
due to chronic gastric acid secretion may be the driving
force in carcinogenesis[18,19]. Gastric cardia cancers are
usually of the intestinal type[20]. As proposed by Hansen et al[21], the cardia cancers may comprise two distinct
etiological subtypes, one non-cardia-like gastric cancer
and the other resembling esophageal adenocarcinoma.
The types of gastric cancer are summarized in Table 1.
Diffuse-type gastric cancer is thought to arise through
genetic changes in gastric cancer stem cells or epithelial
precursor cells and usually lacks defined premalignant lesions[22]. Recently, Shah et al[20] proposed a classification
of gastric cancer based on clinical and epidemiological
data into three principal types: proximal nondiffuse gastric cancer, diffuse gastric cancer, and distal nondiffuse
gastric cancer. These distinctions are supported by gene
expression analysis.
In the United States, rates of gastric cancer at all sites
decreased from 1978 to 2005, while cardia cancer rates
increased in the early years and plateaued[17]. With respect
to histological type, intestinal-type cancer decreased at all
sites except at the gastric cardia[17]. The declining prevalence of H. pylori infection has most likely contributed to
downward trends in intestinal-type gastric cancer at noncardia sites, particularly in Caucasians[17]. Among Asians
living in the H. pylori endemic region, there is ample
evidence that non-cardia types outnumber cardia types,
although the incidence of cardia-type gastric cancers has
increased in recent years[23].

gastric cancer, including infectious, dietary, environmental
and genetic factors, the chronic inflammatory state induced by Helicobacter pylori (H. pylori) infection is currently
regarded as the most prevalent. Of note, however, only a
small proportion of H. pylori-infected individuals develop
gastric cancer, which implies that individual susceptibility,
possibly genetic, is also involved[1,3,4].
Associations of chronic inflammation with carcinogenic processes have prompted researchers to investigate
the role that H. pylori-related inflammation may play in
gastric cancer development. Thus, it was found that inflammatory cytokines, such as interleukin (IL)-1β, also
encoded by IL-1B, IL-1 receptor antagonist (IL-1RA),
and tumor necrosis factor (TNF)-α are upregulated during H. pylori infection[5-8]. Interest now converges on IL1B, IL-1RN, IL-8 and IL-10, encoding IL-1β, IL-1RA,
IL-8, and IL-10. The potent proinflammatory cytokine
IL-1β participates in a variety of cellular activities, including cell proliferation, differentiation and apoptosis[9], in
the amplification of immune response to infection, and
as a potent inhibitor of gastric acid secretion[10]. Studies
on single nucleotide polymorphisms (SNPs) in the IL1B promoter region reveal significant associations with
gastric cancer that some meta-analyses support[10,11]. Polymorphisms of IL-10 and IL-8 are also associated with
gastric cancer risk[10].
Other meta-analyses, however, present conflicting
results with respect to IL-1B and IL-10 polymorphisms
and gastric cancer susceptibilities between Caucasian and
Asian populations. On review of multiple meta-analyses,
an “allele flip” between Asian and non-Asian groups is
observed; most prominently in polymorphisms of IL-1B
and IL-10. The allele flip refers to an inverse risk relationship of an allele in different groups or settings, for
example, an allele found to be protective in one situation,
but risk-related in another[12]. A genuine allele flipping
results from variations in allele frequencies and linkage
disequilibrium (LD) that produce different patterns of
risk association of a marker allele or haplotype across
different ethnic groups[13]. Alternatively, multiple loci
may interact to create a disease phenotype[14]. Finally, the
phenomenon may be caused by allelic heterogeneity and
locus heterogeneity, wherein different populations exhibit
associations with alleles at different loci, through differences in genetic background or environment[12]. Despite
extensive review using meta-analysis, no clear explanation
of allele flipping among these interleukin genes between
different ethnic groups has emerged.
Here we concentrate on allele flips of IL-1B and
IL-10 polymorphisms in association with gastric cancer
development in Asian and Caucasian groups. Of particular interest are the etiological significance of flipping
in relation to genetic susceptibility and the incidence of
gastric cancer at different anatomical sites.

IL-1 GENE POLYMORPHISM
Non-cardia, intestinal type gastric cancer
The IL-1 family includes the cytokines IL-1α, IL-1β and
IL-1RA, encoded by three genes, IL-1A, IL-1B and IL1RN on chromosome 2q14[24,25]. Three polymorphisms in
the promoter region of IL-1B, including IL-1B-1464 (G/
C; rs1143623; previously known as -1476), IL-1B-511 (C/
T; rs16944), and IL-1B-31 (T/C; rs1143627), are widely
studied in association with gastric cancer risk. Studies
of the IL-1B polymorphism have revealed an increased
risk of gastric cancer with proinflammatory phenotype
in Caucasian carriers of IL-1B-31C and IL-1B-511T[11].
In meta-analyses, however, the IL-1B and IL-1RN polymorphisms imply different levels of risk for Asians and
Caucasians. A landmark meta-analysis by Persson et al[26]
revealed a consistent negative association of IL-1B-31C
with gastric cancer in Asians. Other data show an even
more significant increase in risk for non-cardia gastric
cancer related to IL-1B-511T and IL-1RN*2 alleles, but

GASTRIC CANCER EPIDEMIOLOGY AND
CLASSIFICATION
Gastric cancer may be classified by histopathological
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Table 1 Differing risk associations for cytokine polymorphisms according to race and tumor type
Tumor type

Non-cardia or cardia with atrophy
(non-cardia-like), intestinal

Race
Direction of association
H. pylori infection
Gastric acid secretion
IL-1b production
IL-10 production
Allele flips of IL-1B and IL-10 (risk haplotype)
IL-1B-1464/-511/-31
IL-10-1082/-819/-592
Genetic factors other than IL-1B and IL-101
Molecular classification by gene expression analysis[20]

Cardia (esophageal),
intestinal

Diffuse

Asian

Non-asian

Non-asian

Asian

Asian

Non-asian

↑
↓
↑
-

↑
↓
↑
↓

↓
↑
↓
-

↓
↑
↓
↑

↑
-

↑
-

CTC
-

GCC

GCT
CTC
ATA
IL-8, ZBTB20,
IL-1RN
PRKAA1
Distal non-diffuse

Proximal non-diffuse

MUC1,
IL-1RN,
PSCA
TNFA
Diffuse

Information based on meta-analyses[10,26] and GWAS[69-71,81]. ↑: increase; ↓: Decrease. H. pylori: Helicobacter pylori; IL: interleukin; PSCA: prostate stem cell
antigen.
1

sion, Chen et al[34] investigated the effect of SNPs in the
IL-1B promoter region in terms of haplotype context.
Of note, the SNPs at -1464, -511 and -31 in the promoter region expressed functional activities that were
influenced by haplotype context[34]. This observation was
confirmed in a subsequent study in vivo, by the finding
of a positive association between haplotype pairs containing IL-1B-1464G/-511C/-31T and levels of IL-1β
expression in Caucasian subjects, despite previous understanding of IL-1B-511T/-31C as the proinflammatory allele[35,36]. In an in vitro study, -31T expressed stronger promoter activity than -31C by virtue of retaining the TATA
sequence, and showed greater binding affinity for transcription factors as well[36]. The haplotype consisting of
IL-1B-1464G/-511C/-31T shows a positive association
with lung cancer risk and higher IL-1B gene expression
in Caucasians[37]. In evaluating transcriptional activities of
individual SNPs, the -1464C SNP had higher transcriptional activity by itself[38]. Placing the SNPs in haplotype
context, however, the G allele at -1464 in the -1464G/511C/-31T haplotype combination expressed higher
transcriptional and translational activities, underscoring
the influence of other SNPs in the genetic environment
on individual SNPs[38].
It is also possible that the allele flip seen in IL-1B
polymorphisms results from allelic heterogeneity reflecting differences in clinical backgrounds between Asian
and Caucasian populations, such as the prevalence of
H. pylori-related premalignant gastric lesions and cancer
arising at different anatomical sites. The presence of H.
pylori infection is strongly associated with risk of noncardia intestinal gastric cancer. The IL-1B-1464G/511C/31T haplotype, with high mucosal IL-1β expression, is
believed to be a proinflammatory allele that produces IL1β in excess in response to H. pylori infection, and suppresses gastric acid secretion. Prolonged hypochlorhydria
provides an environment favorable to H. pylori survival,
leading to atrophic gastritis or intestinal metaplasia, and
subsequently to non-cardia intestinal-type gastric cancer;
the predominant subtype among East Asians. The direct

only among Caucasians, while the IL-1B-511T allele may
be protective against gastric cancer among Asians[27,28]. In
addition, complete LD between IL-1B-31 and -511 has
been found[11]. In East Asian populations, IL-1B-31TT
homozygosity may be associated with increased risk for
intestinal-type gastric cancer[29].
Another polymorphism in the IL-1B promoter region at -1464 may be associated with gastric cancer, and
-1464G is a putative risk allele in Asians[30]. Moreover,
-1464G is closely linked to IL-1B-511C/-31T alleles previously designated as risk alleles in Asians. In contrast,
-1464C, in LD with IL-1B-511T/-31C and a risk allele
among Caucasians, is associated with decreased risk of
gastric cancer in the Chinese population[31]. In atrophic
gastritis, a precursor lesion in gastric cancer, -1464CC,
may be associated with atrophic gastritis in the antrum
among Caucasians[32]. The haplotype associated with
gastric cancer risk in Asians (IL-1B-1464G/-511C/31T) may imply the opposite level of risk in Caucasians,
among whom the IL-1B-1464C/-511T/-31C is the putative risk allele.
However, in a country such as China, comprising
multiple ethnic groups with diverse geographical and historical roots, allelic heterogeneity with respect to gastric
cancer prevalence and H. pylori infection status is apparent[33]. Of note, -511TT is associated with an increased
risk of gastric cancer in low-risk regions of China, an
association that might be less obvious in high-risk regions[33]. This is similar to the situation wherein -511TT
is associated with increased gastric cancer risk in a Caucasian population with lower gastric cancer risk and H.
pylori infection, whereas -511CC is the risk allele among
Asian population, namely China, Korea and Japan, where
gastric cancer risk is high. Therefore, it is plausible that
IL-1B-1464G/-511C/-31T are the risk alleles for gastric
cancer among Asians, while the exact opposite is true for
Caucasians, indicating the existence of a genuine allele
flip in the IL-1B gene polymorphisms with respect to
gastric cancer risk.
To test the influence of haplotype on IL-1β expres-
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suppression of gastrin secretion by excess IL-1β expression in association with the -31T allele may be directly
observed[39].
In non-cardia intestinal-type gastric cancer in Caucasians, IL-1RN*2 may be an essential factor. IL-1RA, encoded by the IL-1RN gene, is a naturally occurring antiinflammatory cytokine that competes with the binding
of IL-1 to its receptor[40]. The second intron of IL-1RN
includes a penta-allelic 86-bp variable number tandem
repeat producing two repeats (IL-1RN*2) or three to
six repeats (IL-1RN*L)[40]. As El-Omar et al[11] have suggested, the presumably proinflammatory IL-1RN*2 and
IL-1B-31C haplotypes, presenting risk factors for H.
pylori-related gastric cancer, may be in strong LD in Caucasian populations. Accordingly, low acid secretion shows
a significant positive association with IL-1RN*2, and
homozygosity for this allele increases risk of hypochlorhydria. In an in vitro study, IL-1RN*2 evidently increased
production of IL-1B, regardless of the allele type of IL1B, indicating that IL-1RN*2 has a decisive role, not the
IL-1B polymorphisms[41]. In the Human Genome Epidemiology Network (HuGE) meta-analysis, the association
of IL-1RN*2 with gastric cancer detected appears to be
confined to non-Asian populations, because overall frequency of the IL-1RN*2 allele among Asians is low, if
measurable[26,32].

(G/A; rs1800896), -819 (C/T; rs1800871), and -592
(C/A; rs1800872), are shown to influence inflammation
in response to infection at the transcriptional level[50-52].
An allele flip in IL-10 polymorphisms with respect to
gastric cancer risk is also observed. In Caucasian populations, risk for non-cardia gastric cancers in association
with the -1082AA genotype may be increased twofold,
while the -1082G allele is the risk allele in cardia gastric
cancer in studies of Asians, independent of H. pylori
infection[53-55]. In a meta-analysis, IL-10-1082G carriers
showed a significant increase in risk of developing gastric
cancer, especially for cardia-type gastric cancer among
Asians[56,57]. A recent meta-analysis by Yu et al[58] showed
a significantly negative association of IL-10-819TT with
gastric cancer risk in Asians, in accordance with the previous finding that IL-10-819CC is a risk allele[59]. Furthermore, identification of IL-10-592AA as a protective allele
for total gastric cancer incidence in Asians supports IL10-1082G/-819C/-592C as the risk haplotype[60,61].
Evidence indicates that selection mechanisms operating on the IL-10 region differ among ethnic groups.
In Asian populations, with relatively high prevalence of
chronic H. pylori infection, IL-10-1082A, is found more
frequently than in Caucasian populations. Relatively low
IL-10 expression by IL-10-1082A promotes elimination
of H. pylori infection, and this may exert positive selective
pressure on the haplotype. In Caucasian populations H.
pylori infection is less prevalent, and greater IL-10 production would be advantageous in defense against infectious
and inflammatory diseases[55]. This may explain the relatively high frequency of the IL-10-1082G allele in Caucasian populations[55]. Evidence for balancing selection
within the IL-10 promotor region is consistently reported
in studies of European populations[62,63].
In Caucasian populations with low rates of H. pylori
infection and premalignant lesions, the -1082A allele
imposes risk for gastric cancer through low IL-10 production and consequent excess of proinflammatory cytokines. This promotes inflammation of the gastric mucosa, which may increase frequency of the mutation[55,64].
These findings are consistent with observations of carcinogenesis in non-cardia cancer. In Asian populations,
wherein H. pylori infection and premalignant lesions such
as atrophic gastritis and intestinal metaplasia are more
common, high-expression IL-10-1082G may suppress
cytotoxic anti-tumor T-cell activity and thereby promote
tumor progression[55,65]. In high-risk populations, IL-10
may play an essential role in advanced stages of gastric
cancer[55]. In the Taiwanese population, IL-10-1082G may
be linked to gastric cancer risk and advanced cancer, and
cardia location of gastric cancer may be associated with
a high-producing IL-10 genotype[66]. Carriers of the IL10-1082G/-819C/-592C haplotype may be susceptible to
virulent H. pylori strains with a high capability to colonize
and adapt, and also to gastric cancer development[67]. As
compared to carriers of the IL-10-1082A/-819T/-592A
haplotype, those with the IL-10-1082G/-819C/-592C
carriers show higher mucosal levels of IL-10 mRNA,

Cardia, intestinal-type gastric cancer
Studies of gene associations in cardia cancer are conducted mostly with Caucasian subjects because noncardia, intestinal-type cancer predominates among
Asians. In an unusual investigation, Kamangar et al[42] first
divided cancer into cardia and non-cardia gastric adenocarcinoma and then tested associations with H. pylori.
H. pylori showed a strong positive risk association with
non-cardia gastric cancer but an inverse association with
cardia gastric cancer risk[42]. Some studies have found that
H. pylori infection is associated with decreased risk of
adenocarcinoma arising near the esophagogastric junction[42-47]. This may be explained by the tendency of H.
pylori colonization to induce gastric atrophy, with reduced
acid secretion, thereby reducing acid reflux into the
esophagus, and reducing risk of esophageal or junction
cancer[42,48]. The cardia cancers were positively associated
with gastroesophageal reflux disease (GERD)[49]. The IL1B-1464C/-511T/-31C allele among Caucasians is associated with low levels of IL-1β expression in response to H.
pylori infection or other inflammatory stimuli, and could
not efficiently suppress gastric acid. Increased acid production following a subsequent inflammatory response
would then produce GERD-like symptoms and promote
cardia cancers.

IL-10 GENE POLYMORPHISM
IL-10, encoded by the IL-10 gene at chromosome
1q31.1, is an anti-inflammatory cytokine. Three polymorphisms in the IL-10 promoter, namely IL-10-1082

WCGO|www.wjgnet.com

414

February 8, 2015|First Edition|

Kim J et al . Genetic susceptibility to gastric cancer

true relationship between IL-8 polymorphisms and gastric cancer development.
Finally, the rs13361707 SNP in the first intron of
protein kinase, AMP-activated, α 1 catalytic subunit
(PPKAA1) and rs9841504 in the intron of zinc finger and BTB domain containing protein 20 (ZBTB20)
emerge as susceptibility loci from GWAS analysis[81].

which may result in a diminished proinflammatory response and capacity to control H. pylori infection [67].
Actually, it appears that the IL-10 genotype at -1082
is sufficient to establish a risk relationship with gastric
cancer, because the IL-10-1082 genotype correlates well
with mucosal IL-10 mRNA levels, and IL-10-1082G fully
represents the high-expression IL-10-1082G/-819C/592C haplotype[55,67]. Consequently, the allele flip of IL-10
observed in gastric cancer represents allelic heterogeneity,
similar to that observed in IL-1B.

CONCLUSION
Here, we aimed to summarize our rapidly evolving understanding of polymorphic structure in the interleukin
promoter region and the involvement of IL-1B and IL-10
polymorphisms in gastric cancer development. Analysis
of these polymorphisms offers possible explanations for
the allele flip observed in associations of IL-1B and IL-10
with gastric cancer risk. The epidemiology of gastric cancer subtypes suggests a difference in genetic background
between Asian and Caucasian groups. Among Asians,
the IL-1B-1464G/-511C/-31T haplotype presents a risk
allele for gastric cancer. This corresponds physiologically
to increased IL-1β expression in response to chronic H.
pylori infection, which may inhibit gastric acid production
and promote atrophic gastritis and non-cardia gastric
cancer. Then, what about the gastric cardia cancer, which
affects only a minority of Asians? In Asians, the highly
expressive IL-10 allele may serve to augment the inflammatory response to colonization by virulent strains of H.
pylori, and, following malignant transformation high IL-10
production, may tend to suppress anti-tumor cytotoxic
T-cell response, thereby contributing to tumor progression. IL-1β expression influences the initiation of cancer
in response to H. pylori infection, whereas IL-10 influences tumor progression after malignant transformation.
Conversely, the less-expressive haplotype of IL-1B is associated with gastric cancer risk in Caucasians, specifically
cancer of the gastric cardia. In this setting, low levels of
IL-1β produced in response to H. pylori infection may
increase gastric acid secretion, promoting gastric cardia
cancers through induction of GERD. Concerning noncardia gastric cancers in Caucasians, the less expressive
IL-10 haplotype may promote metaplasia in the distal
portion of the stomach by augmenting inflammatory
response, while the IL-1RN*2 polymorphism contributes
by activating IL-1β production. In conclusion, stratifying
gastric cancer subtypes according to both anatomical site
and the Lauren histological classification is essential in establishing genetic risk factors, because different subtypes
follow different pathways of development and failure to
consider this may produce false associations.

GENETIC FACTORS OTHER THAN IL-1B
AND IL-10
Diffuse-type gastric cancer
Intestinal-type gastric cancer follows a multistep progression that usually initiates in chronic gastritis, whereas
diffuse-type gastric cancer lacks defined premalignant
lesions; diffuse-type gastric cancer is therefore suspected
to be more influenced by genetics factors[22,68]. Genomewide association studies (GWASs) reveal some additional
gastric cancer susceptibility loci[69]. Detected in a Japanese
GWAS, an SNP (rs2976392) in the prostate stem cell
antigen (PSCA) gene, which encodes a glycosylphosphatidylinositol-anchored cell surface antigen, shows a
significant association with diffuse-type gastric cancer[70].
Two SNPs (rs2070803 and rs4072037) in mucin 1 (MUC1)
also show positive risk associations with diffuse-type
gastric cancer in Asian populations[69-71]. We found that
normal T cell expressed and secreted (RANTES)-403A
presents a significant increase in risk for diffuse-type gastric cancer in an Asian male population, when stratified
by Lauren classification and sex[72].
Non-cardia, intestinal-type gastric cancer
The chemokine IL-8 participates in the initiation and
amplification of acute inflammatory reactions as well as
in the maintenance of chronic inflammatory processes[73].
Evidence now links IL-8 to tumorigenesis, angiogenesis
and metastasis[74-76]. A meta-analysis has shown an increased risk of IL-8-251A (T/A; rs4073) allele in several
cancers, including gastric cancer, among Asians, but no
such correlations among Europeans, suggesting racial
differences in disease susceptibility with respect to IL-8
polymorphisms[77]. A case-control study has also shown
no significant association between IL-8-251 polymorphism and increased risk of gastric cancer, whereas the
association remains in Asians[78]. In gastric cardia adenocarcinoma (non-cardia like), but not esophageal squamous cell carcinoma, the AGT/AGC haplotypes of IL-8
polymorphisms showed a fourfold increase in relative risk
in a high-risk Chinese population[79]. Unfortunately, most
association studies on IL-8 polymorphisms have focused
on a single polymorphism at -251, without considering its
haplotype structure. The IL-8-251A allele resides on two
different haplotypes, and only one of these is associated
with disease[80]. In other words, information regarding the
IL-8 haplotype structure is essential in determining the
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Abstract
INTRODUCTION

Gastric cancer remains one of the most common causes
of cancer death. However the proportion of early gastric cancer (EGC) at diagnosis is increasing. Endoscopic
treatment for EGC is actively performed worldwide in
cases meeting specific criteria. Endoscopic mucosal
resection can treat EGC with comparable results to
surgery for selected cases. Endoscopic submucosal
dissection (ESD) increases the en bloc and complete
resection rates and reduces the local recurrence rate.
ESD has been performed with expanded indication and
is expected to be more widely used in the treatment
of EGC through the technological advances in the near
future. This review will describe the techniques, indications and outcomes of endoscopic treatment for EGC.

Gastric cancer remains one of the most common causes
of cancer death worldwide, although its incidence and
mortality rate are decreasing[1,2]. Gastric cancer has become a relatively rare cancer in North America and in
most Northern and Western Europe, but not in Eastern
Europe, Russia and selected areas of Central and South
America or East Asia[2]. Given that the high incidence of
gastric cancer, the National Cancer Screening Program
recommends that men and women aged 40 years and
over undergo upper endoscopy or upper gastrointestinal
series every other year in Korea[3] and similarly, gastric
cancer screening has been conducted nationwide for all
residents aged 40 years and over in Japan[4]. As a result,
the proportion of early gastric cancer (EGC) at diagnosis
is increasing. The prognosis of EGC is excellent with a
5-year survival rate of over 90%[5,6]. Furthermore, with
the improved detection rate of EGC, the endoscopic
treatment has become widespread due to advances in the
instruments available and endoscopist’s experience[7-9].
This review will describe the techniques, indications and
outcomes of endoscopic treatment for EGC.

© 2015 Baishideng Publishing Group Inc. All rights reserved.

Key words: Early gastric cancer; Endoscopic mucosal
resection; Endoscopic submucosal dissection
Core tip: Gastric cancer remains one of the most common causes of cancer death. However the proportion
of early gastric cancer (EGC) at diagnosis is increasing.
Endoscopic mucosal resection is an effective treatment
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Figure 1 Endoscopic submucosal dissection procedure. A: On the lesser curvature side of the antrum, a 1.2-cm type Ⅱa + Ⅱc early gastric cancer is observed;
B: Indigo-carmine is sprayed along the extent of tumor to aid visualization. C: Marking outside the lesion; D: After injection of saline mixed with diluted epinephrine
(1:100000) and indigo-carmine into the submucosal layer, circumferential mucosal pre-cutting is performed using a knife; E: After dissection of the submucosal layer,
an artificial ulcer is observed; F: Fixation of the tissue specimen.

neath the lesion. The banded lesion is then resected by a
snare. EMR-L is also safe and effective treatment modality for selected EGCs[16]. As described above, EMR-C
and EMR-L are relatively simple and effective treatment
modality for EGC. However, it is apt to fragment tumors
that are larger than 1.5-2.0 cm in diameter, which results
in incomplete histological diagnosis and possibly in an
increased risk of local recurrence[17-19]. To overcome this
drawback ESD, which is particularly effective for en bloc
resection of tumors regardless of their size, was developed in late 1990s.

TECHNIQUES OF ENDOSCOPIC
TREATMENT FOR EGC
Endoscopic mucosal resection
The technique and instruments of endoscopic polypectomy were developed in Japan[10]. Since then, the strip biopsy was described as an extension of endoscopic snare
polypectomy in 1984[11]. This technique uses a double
channel endoscope. After submucosal injection under
the lesion, a snare is inserted through one channel and
is used to remove the lesion, while a grasper, inserted
through the other channel, is used to lift the lesion. In
1988, Endoscopic mucosal resection(EMR) after circumferential pre-cutting was described[12]. In this technique,
cutting around the lesion with a needle knife is done after
submucosal injection using hypertonic saline mixed with
diluted epinephrine, and then the lesion is removed by a
snare. In 1992, EMR using transparent cap (EMR-C) was
developed[13]. This technique uses a transparent plastic
cap that is connected to the tip of an endoscope. After
submucosal injection, the lesion is sucked into the cap
while a specialized crescent shaped snare, which is deployed at the tip of the cap, is closed. With this technique
intramucosal cancers 2 cm or less in diameter can be
safely removed[14]. After that, EMR with ligation (EMR-L)
was described[15]. In this technique, a standard variceal
ligation device is used to capture the lesion. After sucking
the lesion into the cap, lodged band is deployed under-

WCGO|www.wjgnet.com

Endoscopic submucosal dissection
Endoscopic submucosal dissection (ESD) permits en bloc
resection of larger lesions than that can be treated with
EMR[20-26]. This technique consists of several steps (Figure 1)[27,28]. The marking around the lesion is done and
circumferential mucosal pre-cutting is performed after
submucosal injection. To distinguish clearly between the
muscle layer and the submucosal layer and allow better
hemostasis, normal saline mixed with diluted epinephrine
and indigo-carmine is often used as submucosal injection solution. The injection is repeated a few times until
the target mucosa is sufficiently raised. After lifting of
the lesion, submucosal layer under the lesion is dissected
with lateral movement using various knives. Several
knives have been developed and used for ESD, which
include needle knife, insulation-tipped diathermic knife
(IT knife), hook knife, flex knife, triangle tip knife, flush
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patients who underwent gastrectomy for EGC, Gotoda et
al[7] were able to further define the risk of LN metastasis
in certain groups of patients with EGC and showed four
groups with a low risk of LN metastasis: (1) differentiated intramucosal adenocarcinoma without lymphovascular invasion less than 3 cm in diameter, irrespective
of ulcer findings; (2) differentiated intramucosal adenocarcinoma without lymphovascular invasion and ulcer
findings, irrespective of tumor size; (3) undifferentiated
intramucosal cancer without lymphovascular invasion
and ulcer findings smaller than 2 cm in diameter; and (4)
differentiated adenocarcinoma with minute submucosal
penetration (SM1, cancer invasion into the upper third
of the submucosa) but without lymphovascular invasion
smaller than 3 cm in diameter. These results have allowed
the development of expanded criteria for endoscopic
treatment for EGC[8] (Table 1). In the study by An et al[37],
predictive factors for LN metastasis in EGC with submucosal invasion were identified and possibility of EMR
was addressed in highly selected submucosal cancers with
no lymphatic involvement, SM1 invasion, and tumor size
< 1 cm. In a recent study be Lee et al[38] to compare the
therapeutic outcomes of conventional and expanded
indications of ESD for differentiated EGC, the conventional indication group and expanded indication group
did not differ with regard to the rates of local recurrence
(0.7% vs 0%), metachronous recurrence (3.6% vs 3.3%)
or cumulative disease-free survival. Survival outcome was
similar in the subgroups classified by tumor depth and
size.
The risk of LN metastasis is known to increase in undifferentiated cancer due to lymphovascular invasion[39].
In the analysis of 3843 patients who underwent gastrectomy with LN dissection for solitary undifferentiated
EGC, none of the 310 intramucosal cancers 20 mm or
less in size without lymphovascular invasion and ulcerative findings was associated with LN metastases[40]. Recently, favorable outcomes of endoscopic resection have
been reported in selected patients with undifferentiated
mucosal cancer or minimal submucosal invasion cancer
(SM1)[41-43]. However, these are all single center retrospective studies. Therefore, large scale, prospective studies are
warranted to confirm the feasibility of ESD for undifferentiated gastric cancer.
To expand the indication of endoscopic treatment to
submucosal invasion (SM1) differentiated EGC, the histological heterogeneity of gastric cancer is the important
issue to be addressed. Based on morphological features
and histological background, gastric carcinoma is divided
into differentiated and undifferentiated type or intestinal
and diffuse type[44,45]. Gastric cancer shows remarkable
heterogeneity in histological pattern, cellular phenotype,
and genotype[46]. In a retrospective study to compare the
clinicopathologic features of node-positive and nodenegative differentiated submucosal invasion differentiated gastric cancers, histological heterogeneity was the
independent risk factor for LN metastasis[47]. Thus, it is
recommended to apply the endoscopic treatment to the

Table 1 Criteria for endoscopic treatment in patients with
early gastric cancer
Mucosal cancer
No ulceration
Size (mm)
Histology
Intestinal type
Diffuse type

Submucosal cancer

Ulceration

SM1

SM2

≤ 20

> 20

≤ 30

> 30

≤ 30

Any size

A
C

B
D

B
D

D
D

B
D

D
D

SM1: Cancer invasion into the upper third of the submucosa; SM2:
Cancer invasion into the middle third of the submucosa. A: Conventional
indications; B: Expanded indications; C: Surgery, but need for further
consideration; D: Surgery (gastrectomy + lymph node dissection); Data
from Soetikno et al[8].

knife, splash knife, IT-2 knife and dual knife[6,28-30]. After
resection of the lesion, visible vessels in the artificial ulcer is treated with hemostatic devices to prevent delayed
bleeding.

INDICATIONS
Determining an indication for endoscopic treatment appears to be the most important step in managing patients
with EGC. To select appropriate patients with EGC and
to achieve a complete resection, the exact margin and
depth of tumor could be determined through endoscopic
evaluations. The horizontal extent of tumor can be determined with standard endoscopy and chromoendoscopy
(CE). In some cases with unclear margins even with CE,
magnifying endoscopy with narrow-band imaging could
be useful to identify the precise margin[31]. The depth of
tumor invasion can also be assessed with standard endoscopy and CE. In addition, endoscopic ultrasonography
could be used to further ascertain the depth. However,
the accuracy of endoscopic ultrasonography in assessing the depth of invasion in EGC was reported to range
from 71% to 78%[32,33].
Conventional indication
The standard criteria[8] for selection of patients with
EGC who are appropriate for the endoscopic treatment
are below: (1) well or moderately differentiated adenocarcinoma and/or papillary carcinoma; (2) confined to the
mucosa; (3) smaller than 2 cm for superficially elevated
type lesions; (4) smaller than 1 cm for the flat and depressed type lesions; (5) without ulcer or ulcer scar; and (6)
without venous or lymphatic involvement[34]. The rationale for this guideline is based on the knowledge that patients meeting the criteria are expected free from lymph
node (LN) metastasis[35].
Expanded indication
Expansion of the criteria for selection of patients with
EGC who are appropriate for the endoscopic treatment
has been proposed in Japan from clinical observations
that the too strict absolute indication leads to unnecessary surgery[36]. From the surgical data involving 5265
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formed with a puncture needle in such cases[60]. Instead
of air insufflations, CO2 insufflation during procedure
could minimize such pneumoperitoneum caused by a
perforation[62,63].

differentiated EGC without histological heterogeneity
when it is considered in submucosal invasion cancer.

COMPLICATIONS
Bleeding
Bleeding is the most common major complication of
endoscopic treatment for EGC. Most bleeding occurs
during the procedure or within 24 h[48]. Bleeding is divided into immediate (intraoperative) bleeding during
procedure and delayed bleeding after procedure. Significant immediate bleeding occurs more often in the upper
and middle thirds of the stomach than in the lower third
of the stomach because of the larger diameter of the
submucosal arteries in the upper and middle thirds of
the stomach[49]. However, bleeding can be successfully
treated in most cases through coagulation of the bleeding
vessels, or placement of metallic clips for severe bleeding. In terms of delayed bleeding, the incidence rates
were reported to range from 0%-15.6% in the recent
review involving 28 studies with at least 300 ESD cases
for EGC[50]. Delayed bleeding is associated to tumor location, larger tumor, recurrent lesion, macroscopic type
(flat or depressed), old age (≥ 80 years) and longer procedure time[51-55]. At first, delayed bleeding was reported
to occur more frequently after ESD for lesions in the
lower and middle thirds of the stomach compared to
the upper third of the stomach[55]. However, the reason
remains unclear. In the recent study involving 1000 cases
of ESD for early gastric neoplasms, delayed bleeding occurs more often in upper portion of the stomach than in
lower portion (28.6% vs 13.8%, P = 0.003)[51]. In relation
to antiplatelet drugs, there is a controversy in the risk of
bleeding after ES. Two Korean retrospective studies have
reported conflicting results on the risk of bleeding after
ESD for gastric neoplasms[56,57].

Other complications
Stenosis after gastric ESD has been reported to range
from 0.7% to 1.9%[50]. In a retrospective study, stenosis
occurred with 17% of cardiac resections and 7% of pyloric resections[64]. Circumferential extent of the mucosal
defect of > 3/4 and longitudinal extent > 5 cm were related to stenosis with both cardiac and pyloric resections.
However, all affected patients (n = 15) were successfully
treated by endoscopic balloon dilation.
Aspiration pneumonia after gastric ESD has been reported to range from 0.8% to 1.6%[50]. However, the risk
of aspiration pneumonia appears to increase in sedation
with continuous propofol infusion with intermittent or
continuous administration of an opiod[65,66]. In addition,
longer procedure time (> 2 h), male gender and old age
(> 75 years) are associated with occurrence of aspiration
pneumonia after ESD.
Pain after endoscopic resection is usually mild and
dull in nature and can be controlled by proton pump inhibitor and opioids[36].

OUTCOMES
EMR is often the procedure of choice for patients who
meet the standard criteria for endoscopic resection of
EGC. Studies have shown high survival and cure rates in
patients with EGC who undergo EMR. In the analysis
of 308 EGCs resected endoscopically, 89% of type Ⅱa
lesions less than 2 cm were resected curatively, while only
50% of those larger than 2 cm were resected completely.
In type Ⅱc, 83% of lesions less than 1 cm and 57%
of those greater than 1 cm were excised completely by
endoscopic resection. In type Ⅱc, curative endoscopic
resection was possible in 85% of differentiated carcinomas and 43% of undifferentiated carcinomas[67]. These
successful outcomes have allowed EMR to become the
standard treatment for EGC in Japan[36]. In a Japanese
report of 131 patients with differentiated mucosal EGC
less than 2 cm (without ulcerative change) that had been
completely removed by EMR, two patients (1.5%) died
of gastric cancer during the mean observation period of
58 mo. The disease-specific 5- and 10-year survival rates
were 99% and 99%[68]. However, EMR is associated with
risks of local recurrence, especially when resections are
not performed en bloc, or when the resection margins
are involved by tumor. The risk of local recurrence after
EMR ranged from 2% to 35% in Japanese series[69]. In a
recent cross-sectional, retrospective cohort study, maximum diameters exceeding 2 cm was the independent
risk factor for piecemeal EMR and no recurrence was
observed in the en bloc group[70]. In a Korean multicenter,
retrospective study, complete resection rate after EMR
was (77.6%) and local recurrence rate 6.0% with a median

Perforation
Perforation is less common major complication of endoscopic resection for EGC than bleeding and has been
reported to range from 1.2% to 5.2%[50]. Perforation is
diagnosed when mesenteric fat or intra-abdominal space
is directly observed during the procedure (frank perforation) or free air is found on a plain chest X-ray after the
procedure without a visible stomach wall defect during
the procedure (micro-perforation). Immediately recognized small perforations can be successfully treated without surgery with a combination of endoscopic clipping
and broad spectrum antibiotics[58-60]. However, large perforations would require immediate surgery. In cases of
micro-perforation, management is not well established.
In a retrospective study by Jeong et al[61], 13 cases (3.18%)
of micro-perforation after EMR for gastric neoplasms
were reported. Among them, 11 cases were successfully
treated only with fasting, nasogastric tube drainage and
broad spectrum antibiotics. In severe pneumoperitoneum, respiratory deterioration and/or shock could occur.
Decompression of the pneumoperitoneum must be per-
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outcomes of ESD have been reported in patients meeting expanded criteria of endoscopic treatment for EGC.
However, its technical difficulty requires a long learning
period and technical invasiveness increases the risk of
complications. Thus, further efforts are needed to make
ESD easier and safer, which could be achieved through
the technological advances. In addition, standardization
of the pathologic diagnosis is necessary for the more
reliable ESD. Finally, confirmation of more long-term
outcomes under the expanded indication is warranted for
establishing an appropriate indication of ESD for EGC.

interval between EMR and recurrence of 17.9 mo (range
3.5-51.7 mo). No deaths were related to recurrence of
gastric cancer during the overall median follow-up period
of 39 mo[71]. ESD increases en bloc and complete resection
rates and reduces the local recurrence rate. In a retrospective study, EMR and ESD were compared with each
other[20]. En bloc and histologically complete resection
rates were higher with ESD than with EMR, regardless
of tumor size. Local recurrences were treated by incomplete EMR (en bloc, 2.9%; piecemeal, 4.4%) but no patient
experienced recurrence after ESD. The outcomes of
ESD show 94.9%-97.7%
rates and 83.1%-97.1%
5-year survival rates[30,51,72-75]. In a retrospective study of
EGC that fulfilled the expanded criteria, en bloc resection
was achieved in 94.9% (559/589) and 550 of 581 lesions
(94.7%) were deemed to have undergone curative resection[72]. En bloc resection was the only significant contributor to curative ESD. Patients with non-curative resection
developed local recurrence more frequently. The 5-year
overall and disease-specific survival rates were 97.1%
and 100%, respectively[72]. In the long-term outcomes of
ESD for EGC, en bloc resection rate was 97.7% for all lesions treated by ESD. The incidence of positive horizontal and vertical margins was 3.7% and 3.4%, respectively.
There were no deaths related to ESD. Local recurrence
was observed in five patients (1.1%), and metachronous
recurrences in 7.8% of the patients. The post-treatment
5-year survival was 83.1%. There were no deaths as a
result of gastric cancer associated with sites treated by
ESD[75]. In a Korean multicenter, retrospective study, the
rates of en bloc resection, complete en bloc resection, vertical incomplete resection and piecemeal resection were
95.3%, 87.7%, 1.8% and 4.1%, respectively[51]. The rates
of delayed bleeding, significant bleeding, perforation and
surgery related to complication were 15.6%, 0.6%, 1.2%
and 0.2%, respectively. In other Korean single center, retrospective study, en bloc and curative resection rates were
96.7% and 88.3%, respectively[74]. The curative resection
rate was significantly lower in the expanded group than in
the standard group (82.1% vs 91.5%, P = 0.001). During
a median follow-up of 24 mo, the local tumor recurrence
rate was also higher in the expanded group than in the
standard group (7.0% vs 1.8%, P = 0.025). Local recurrence was more frequent in lesions with non-curative
resection than in those with curative resection (20.0% vs
1.3%, P < 0.001). The 5-year overall and disease-specific
survival rates were 88% and 100%, respectively; the difference between the standard and expanded groups was
not significant (P = 0.834).
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Abstract
Gastric cancer is the second leading cause of cancer
mortality worldwide. The diagnosis of gastric cancer has
been significantly improved with the broad availability
of gastrointestinal endoscopy. Effective technologies for
accurate staging and quantitative evaluation are still in
demand to merit reasonable treatment and better prognosis for the patients presented with advanced disease.
Preoperative staging using conventional imaging tools,
such as computed tomography (CT) and endoscopic
ultrasonography, is inadequate. Positron emission to18
mography (PET), using F-fluorodeoxyglucose (FDG)
as a tracer and integrating CT for anatomic localization,
holds a promise to detect unsuspected metastasis and
has been extensively used in a variety of malignancies.
However, the value of FDG PET/CT in diagnosis and
evaluation of gastric cancer is still controversial. This
article reviews the current literature in diagnosis, staging, response evaluation, and relapse monitoring of
gastric cancer, and discusses the current understanding, improvement, and future prospects in this area.

INTRODUCTION
Gastric cancer, a common malignancy with a poor prognosis, is listed as the second leading cause of cancer mortality worldwide[1]. To date, a curative therapy for gastric
cancer mainly relies on the complete resection of the tumor; thus, early diagnosis and accurate evaluation are important for decision-making regarding treatment and for
the prognosis. The broad availability of gastrointestinal
endoscopy has significantly improved the diagnosis of
gastric cancer. Effective methods for the accurate staging
and quantitative evaluation of gastric cancer are in demand to develop a reasonable selection of treatments for
most patients presented with advanced gastric cancer. Accurate staging of the disease, including the full disclosure
of the local invasion extent, lymph node involvement,
and distant metastasis, is important for patient management and surgical planning. Conventional imaging tools
for preoperative staging, including computed tomography
(CT) and endoscopic ultrasonography (EUS), have so far
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been found inadequate due to their technical limitations[2].
In recent decades, positron emission tomography
(PET) using 18F-fluorodeoxyglucose (FDG) as a tracer
has proven useful in the diagnosis and evaluation of a
variety of malignancies by providing metabolic information about tumors. In particular, most PET scanners
have now been integrated with CT into a single system,
significantly increasing diagnostic accuracy by combining metabolic and anatomic images. FDG PET/CT has
shown great advantages in staging, therapeutic evaluation,
and recurrence surveillance in various malignancies[3]. As
for gastric cancer, several clinical guidelines, including
those of the National Comprehensive Cancer Network
(NCCN), indicate that PET/CT is recommended in
patients if metastatic cancer is not evident and is useful
in demonstrating occult metastatic disease[4]. The European Society for Medical Oncology (ESMO) guidelines
for gastric cancer also suggest that PET imaging may
improve staging through an increased detection of the involved lymph nodes or metastatic disease[5]. However, the
overall sensitivities of PET and PET/CT in the detection
of gastric cancer are relatively low compared to those
in most other malignancies. Due to such reasons as the
physical FDG uptake and involuntary movements of the
gastric wall, some types of gastric malignancies will affect the detection ability of FDG PET for gastric cancer.
Thus, the value of FDG PET/CT in the diagnosis and
evaluation of gastric cancer is still controversial[6,7].
This article broadly reviews the current literature on
FDG PET and PET/CT for the diagnosis, staging, therapeutic evaluation, and relapse monitoring of gastric cancer. An up-to-date understanding, recent improvements,
and future prospects in this area are also discussed.

imaging than early stage gastric cancer (EGC). Dassen
and colleagues summarized the sensitivity of FDG PET
as ranging from 26% to 63% for EGC and from 93% to
98% for AGC[7].
Influence of histological type
FDG PET may also have different sensitivities for the
detection of different types of gastric malignancies. The
biological characteristics vary among different types of
gastric malignancies, which may significantly influence
the uptake of FDG. Most studies reported that FDG
PET had significantly lower sensitivities in detecting diffuse type, mucinous adenocarcinoma (MAC) or signetring cell carcinoma (SRC) than the intestinal-type gastric
adenocarcinoma or tubular adenocarcinoma (TAC)[8,12-15],
although some studies using different patient groups obtained different results[9,10,16].
The potentially lower FDG uptake in diffuse type gastric adenocarcinoma or MAC/SRC may be influenced by
several factors, including the low-density diffuse infiltration of adenocarcinoma cells, existence of extracellular or
intracellular metabolically inert mucus content, and low
expression level of glucose transporter 1 (GLUT-1)[12,13,17].
These factors cause the low sensitivity of FDG PET in
these types of gastric cancer.
Influence of tumor location
The stomach regions can be divided into the gastroesophageal junction (GEJ) and the upper (or proximal),
middle, and lower (or distal) parts. FDG PET detection of
GEJ tumors was reported to be more sensitive than that
of gastric adenocarcinomas at other stomach parts, possibly due to the higher incidence of intestinal types within
GEJ cancers[18]. Although some researchers reported that
FDG PET had a similar detectability for gastric cancers
located at the upper, middle, and lower parts of the stomach[8,19], some others argued that gastric cancers located
at the upper or proximal part were more readily detected
than those at the lower or distal part of the stomach[13].

DETECTION AND EVALUATION OF
PRIMARY GASTRIC CANCER
The detectability and diagnostic accuracy of FDG PET
or FDG PET/CT in gastric cancer may be influenced by
many factors, such as the tumor size, histological type,
and location as well as the physiological FDG uptake by
the gastric wall.

Influence of the physiological uptake of the gastric wall
The physiological uptake can also influence PET detection of gastric cancer. Physiological accumulation is a
common issue for the detection of malignancy using
FDG PET or FDG PET/CT imaging. Under emptystomach states, approximately 38.0% and 59.5% of
normal gastric walls show moderate and intensive FDG
uptake[20], and the specificity was reported to be as low
as 50%[21] using FDG PET for gastric cancer due to the
high incidence of normal gastric wall uptakes. Previously,
it was reported that there were significant differences in
the physiological FDG uptake among the three parts of
the gastric wall (upper > middle > lower); thus, this technique may be more confidently used to diagnose a gastric
malignancy at the distal part of the stomach[22]. Recently,
many studies have focused on methods to increase the
sensitivity and specificity of FDG PET or PET/CT
by reducing the physiological uptake in the gastric wall

Influence of tumor size
Tumor size is one of the major factors influencing the
FDG PET detection of primary gastric cancer. For small
lesions, PET detection is always a challenge due to its
limited spatial resolution. A study showed that FDG
PET had a sensitivity of 76.7% for the detection of
gastric cancer > 30 mm but only 16.8% for those less
than 30 mm[8]. Recent studies have indicated that tumor
size was a major factor influencing the standardized uptake value (SUV) of gastric cancer on FDG PET[9,10]. In
another study, tumor invasion depth was found to be
an independent factor for the FDG uptake in gastric lesions[11]. Because late-stage tumors are usually larger in
size with deeper invasion, advanced gastric cancer (AGC),
in general, tend to yield a higher sensitivity in FDG PET
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through methods such as gastric distention[20,21,23-27] or
through medicines to inhibit gastric movement[28,29], as
will be discussed in the following sections.

tinguish the enlarged lymph nodes due to inflammation
from cancer cell metastasis. Additionally, the different criteria for lymph node enlargement in CT and MRI images
can also decrease the specificity of these modalities in the
N staging of gastric cancer.

Influence of tumor biology
For gastric cancer, one of the most frequently studied
genes associated with FDG uptake is GLUT-1. Several
studies have reported that tumorous GLUT-1 expression was positively associated with the FDG SUV of
gastric cancer[12,13,17]. Most recently, the expression of
some hypoxia-related genes, such as hypoxia-inducible
factor 1 (HIF-1) in gastric cancer cells, was also found to
contribute to FDG uptake in gastric tumors[10]. Actually,
GLUT-1 and HIF-1 gene transcriptions are interrelated
with one another, and they both play key roles in tumor
cell metabolic changes[30].

EVALUATION OF DISTANT METASTASIS
In general, the conventional tools for detecting distant
metastasis are CT and histological confirmation. Among
the many metastatic sites for gastric cancer, peritoneal
metastasis is considered an operative contraindication
and represents the most difficult type for treatment[37].
Compared to CT, FDG PET usually showed a lower
sensitivity for the diagnosis of peritoneal seeding[14,34,38,39].
Reasons explaining these results include the following:
(1) the small and diffuse growing patterns of metastasis
seeding and (2) the diffuse histological type of gastric
cancer, which is more likely to spread into the peritoneal
cavity[40]. Therefore, many studies suggest high quality CT
as the preferred modality of choice for the diagnosis of
peritoneal metastasis[38]. Although the sensitivity is lower,
FDG PET or PET/CT could still be useful for detecting
peritoneal metastasis, especially when the CT results are
equivocal. FDG imaging of peritoneal metastasis may
also help to avoid unnecessary laparotomy in a considerable portion of patients. Just as in the recently published
work by Smyth et al[14], although FDG PET/CT does not
add benefit to high-quality contrast CT for identifying
gastric cancer peritoneal metastases, the use of FDGPET/CT in addition to CT, EUS and laparoscopy can
avoid futile gastrectomy in almost 10% of patients, saving
more than $10000 per patient. The authors recommend
its use in staging all potentially operable gastric cancer
patients.
The frequently targeted distant solid organs include
the liver, lungs and bones. In a study reported by Chung
et al[41], FDG PET/CT imaging was able to detect solid
organ metastasis (lungs, liver, bone, or adrenal gland)
with a sensitivity of 95.2% and a specificity of 100%. In
another study, FDG PET detection of the liver, lung and
bone metastases was found to be satisfactory and accurate[42]. Specifically, a study reported that FDG PET was
sensitive for the detection of liver metastasis from gastric
cancer[43], although a meta-analysis reviewing CT, US,
EUS, and FDG PET, FDG PET showed only a moderate ability in this aspect[38]. For bone metastasis, wholebody bone scanning is a frequently used modality to evaluate the status of bone metastasis. In a study, the authors
compared the value of FDG PET and whole-body bone
scintigraphy for the detection of bone metastasis in gastric cancer patients. They found that the two modalities
had a similar sensitivity and accuracy for detecting bone
metastasis in gastric cancer, but FDG PET was superior
for detecting synchronous bone metastasis[44], with a sensitivity of 93.5%. However, Yoshioka et al[42] reported that
FDG PET did not seem to be useful for the detection of
bone metastasis, with a sensitivity of only 30%.

EVALUATION OF LYMPH NODE
INVOLVEMENT
For N staging in gastric malignancies, one meta-analysis
reported that the sensitivity and specificity of FDG
PET or PET/CT ranged between 33.3%-64.6% and
85.7%-97.0%, respectively, although there was no significant diagnostic difference compared to AUS, CT or
magnetic resonance imaging (MRI)[31]. Other individual
studies reported that FDG PET or PET/CT was less
sensitive but more specific compared to commonly
used CT and MRI[16,32,33]. There are many reasons for the
low sensitivity of FDG PET in detecting lymph node
metastases. The first is the histological type of the primary tumor. As summarized before, the diffuse type or
MAC/SRC was usually less or non FDG-avid. Therefore,
metastases of the same cell types in lymph nodes were
less likely to be detectable by FDG PET[16,33]. Additionally, many studies have found that the SUVmax of the
primary tumor was associated with the SUVmax of the
lymph nodes[33,34]. In a report, 60%-70% of lymph node
metastases were not detected in patients with non FDGavid primary tumors[35]. The second reason is the size of
metastatic lymph nodes. Some metastatic lymph nodes in
gastric cancer could be as small as 3 mm[36], which is beyond the detectability of most PET scanners. The PET
scanners have a spatial resolution of 4-6 mm. Some small
lymph nodes are even more difficult to discriminate because of the radioactive volume effect generated by the
nearby primary tumor. Even by PET/CT, many lymph
node metastases remain ambiguous[34]. Other factors,
such as the high physiological uptake background from
the normal gastric wall, would also compromise the sensitivity of PET for N staging.
In spite of the low sensitivity, FDG PET or PET/CT
usually showed a higher specificity than most other imaging modalities, including CT and MRI, in the N staging
of gastric cancer. Because FDG PET and FDG PET/CT
diagnose lymph node metastasis using glucose metabolism rather than the size change, it is very useful to dis-
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Figure 1 18F-fluorodeoxyglucose positron emission tomography/computed tomography for evaluation of response to neoadjuvant chemotherapy. 18Ffluorodeoxyglucose (FDG) tomography/computed tomography (PET/CT) imaging of a responder patient before (A) and after three cycles of chemotherapy (B); After
therapy, the patient showed significant tumor SUV reduction (A: SUVmax = 4.1, B: SUVmax = 2.1, %∆SUV = 37.3%), corresponding to his histological response (Grade
2b) according to the JRSGC (Japanese Research Society for Gastric Carcinoma) criteria; FDG PET/CT imaging of a non-responder patient before (C) and after three
cycles of chemotherapy (D); The tumor SUV was the same after therapy (C: SUVmax = 9.2, B: SUVmax = 9.7, %∆SUV = -5.4%), corresponding to his histological response (Grade 0) according to the JRSGC criteria. SUV: Standardized uptake value.

might improve the survival in responding patients with
locally advanced gastric cancer[49,50]. However, for nonresponders, a considerable number of complications following neoadjuvant chemotherapy and surgery as well as
the minimal benefit from this additional therapy have to
be considered[51]. Depending on the different therapy regimes and evaluation methods, it has been reported that
approximately 30%-60% of patients receiving preoperative chemotherapy were histological responders, including both total and partial responders[46,52]. Therefore, it is
important to distinguish those non-responding patients
at an early phase of chemotherapies to prevent further
ineffective and potentially harmful interventions.
In recent years, evidence has suggested that FDG
PET or FDG PET/CT seems to be an effective noninvasive tool for response assessment in gastric cancer[12,53-55].
Metabolic reduction early after the initial of neoadjuvant
chemotherapy can be used to discriminate non-responders from responders for further therapeutic adjustments
(Figure 1). FDG uptake changes in tumor sites seemed to
be associated with subsequent histological tumor regression as well as with patient survival. In a phase II trial
reported by Di Fabio et al[53] using response evaluation
criteria in solid tumors (RECIST) by CT as a standard
response evaluation tool, they discovered that the sensitivity and specificity of FDG PET were satisfactory
(83% and 75%, respectively) in evaluating gastric cancer

RESPONSE EVALUATION AND RELAPSE
MONITORING
Currently, the only curative treatment for gastric cancer is
the surgical removal of gastric tumors with lymph node
dissection. Recently, some treatment combinations, such
as chemotherapy or radiotherapy, have been used in addition to surgical removal for gastric cancer patients. The
evaluation of the therapy outcomes is, therefore, of great
importance in managing patients, guiding future therapy
improvements, and directing personalized treatments.
Currently, FDG PET or PET/CT is emerging as an effective tool for therapeutic evaluation in many types of
cancers, including gastric cancer. The following sections
will discuss tumor response evaluation and tumor recurrence prediction using FDG PET or PET/CT in gastric
cancer.
Tumor response evaluation or prediction
Although curative surgery remains the mainstay of gastric cancer treatment, the 5-year survival in these patients
is only approximately 25%[45]. To improve the relapsefree and overall survival in these patients, perioperative
chemotherapy or radiochemotherapy has been gaining
increasing interest in recent years for gastric cancer[46-48].
For preoperative or so-called neoadjuvant chemotherapy, there has been accumulating evidence that it

WCGO|www.wjgnet.com

430

February 8, 2015|First Edition|

Wu CX et al . PET imaging of gastric cancer

responses to neoadjuvant chemotherapy. In correlation
with the prognosis, metabolic responders had a preferable prognosis compared to metabolic non-responders,
and FDG PET evaluation was found to be even better
than RECIST evaluation by CT in predicting the median
time to disease progression (TTP) and overall survival.
However, due to the low FDG uptake in some types of
gastric cancer, it is sometimes still difficult or inaccurate
to evaluate tumor responses based on SUV change in
these cases. Therefore, in a retrospective study of Ott et
al[55], the authors specifically described the FDG non-avid
patients as a third metabolic group, aside from metabolic
responders and non-responders. They suggested that
the FDG non-avid group had a poor response rate and
unfavorable prognosis similar to that of metabolic nonresponders, indicating that neoadjuvant chemotherapy
may not be useful in patients with low FDG uptakes at
baseline PET imaging. In that study, they also found that
FDG PET imaging analysis was in good accordance with
the pathological analysis for tumor response and that
metabolic responders (34.7%) also tended to have a more
favorable prognosis compared to metabolic non-responders (65.3%) and FDG non-avid patients. In both of the
studies described above, the PET evaluation of tumor
response resulted in patient treatment strategy changes,
during which non-responders either stopped previous
chemotherapy plans and underwent earlier surgical removals or changed to other chemotherapy regimens.

to neoadjuvant chemotherapy or laparoscopic staging to
avoid unnecessary laparotomy. However, a conflicting
report suggested that the survival rate showed no significant difference between the patients with and without
tumor FDG uptakes[13], but this may due to the effects
of adjuvant chemotherapy before surgery, which was not
performed in other studies.
For post-surgery surveillance, contrast-enhanced CT
is the most commonly used imaging tool for gastric cancer, but it cannot always detect the presence and viability
of tumor precisely, such as when differentiating recurrent
tumors from post-surgical changes. With the increasing clinical use of PET/CT, some studies reported that
FDG PET/CT was superior to contrast-enhanced CT
in the detection of recurrent gastric cancer after initial
surgery[65], whereas others reported that these two imaging modalities shared a similar performance in the detection of gastric recurrence after surgery[66]. Based on two
recent meta-analyses, the sensitivity of FDG PET/CT in
detecting gastric cancer recurrence after surgical removal
was 78%-86%, whereas the specificity was 82%-88%[67,68],
and the results of PET imaging impacted patient management to different degrees, either by avoiding previously planned therapeutic procedures or by using previously
unplanned treatment procedures[65,69]. However, whether
FDG PET/CT should be added in addition to CT examination for post-surgery gastric cancer recurrence surveillance is still debatable, as there was quite a large amount
of evidence suggesting that the benefits from PET/CT
imaging were not sufficient to overweigh its high cost
compared to CT examination alone. In the study reported by Sim et al[66] the additional PET/CT on contrast CT
did not increase diagnostic accuracy in the detection of
recurrent gastric cancer in general, and contrast-enhanced
CT was even more sensitive than PET/CT for detecting peritoneal seeding. An earlier study using FDG PET
suggested that PET was not suited for the follow-up of
gastric cancer after treatment[70], but that might be due to
the lower image quality at that time and the lack of image
fusion, especially the anatomic localization by CT.

Tumor recurrence prediction and surveillance
In many other types of malignancies, FDG PET/CT has
been widely used for both preoperative prediction and
post-surgery/treatment surveillance for tumor recurrence[56-59]. For gastric cancer, the conventionally used
recurrence prediction parameters include the stage of
gastric cancer, depth of tumor invasion, and extent of
lymph node metastasis[60,61]. However, these factors are
sometimes difficult to evaluate before surgery for gastric cancer; therefore, FDG PET/CT, as a noninvasive
evaluation method, has been used to provide additional
information to predict recurrence after an operation or
treatment. Most studies found that FDG uptake in gastric cancer was an independent, significant prognostic
factor for predicting cancer recurrence after curative surgical resection[19,62,63]. In these studies, patients with lower
uptakes of FDG in the gastric lesions before surgery had
significantly lower incidences of tumor recurrence and
better recurrence-free survival after the operation, especially those with intestinal type or TAC. In FDG non-avid
diffuse type or MAC/SRC, a better prognostic tendency
preferring lower FDG uptake was also discovered, but
no exact conclusion was made[62]. In addition, preoperative FDG PET/CT was reported as a predictor of the
curability of gastric cancer. In a retrospective study by
Hur et al[64], high FDG uptake in the primary tumor and
positive FDG uptake in local lymph nodes at PET/CT
were significantly associated with non-curative resection, suggesting that these patients should be subjected
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FDG PET IN OTHER TYPES OF GASTRIC
NEOPLASMS
Gastric lymphoma
Primary gastric lymphoma (PGL) is the most frequent
non-Hodgkin’s lymphoma of extranodal origin, and it
accounts for 3%-5% of all of the malignant tumors of
the stomach[71]. Histologically, PGL can be divided into
diffuse large B-cell lymphoma (DLBCL) of the stomach
and mucosa-associated lymphoid tissue (MALT) gastric
lymphoma. The role of PET in PGL has been reported
recently, and many studies have supported the usefulness
of PET as a tool for response evaluation in PGL[72-75].
One study used both CT and FDG PET/CT for the
staging of patients with PGL and found that PET/CT
correctly up-graded 22% and down-graded 14% of the
patients, suggesting that PET/CT was more accurate
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in staging PGL. In addition, the study found that FDG
SUVmax was significantly associated with Lugano stage,
indicating that PET imaging could reflect the aggressiveness of disease[72], which was also supported by another
study[74]. In the study reported by Sharma et al[73], 18FFDG PET/CT used in follow-ups seemed to be very accurate for the detection of relapse after treatment.
For the two major histological types of PGL, the
FDG PET/CT detection rate was higher in the DLBCL
subtype than in the MALT lymphoma, with sensitivities
of 97%-100% and 39%-80%, respectively[72,75,76]. Therefore, FDG PET or PET/CT has its limitations in detecting MALT lymphoma compared to other subtypes. Such
limitations were reported by Yi et al[72] in the same study,
showing that treatment-related ulcerative or mucosal
lesions caused a high rate of false positive uptake, especially in patients with MALT lymphoma, indicating that
PET/CT scans alone may not be enough to assess the
response of PGL.

intensive FDG accumulations on PET images.

IMPROVEMENTS IN THE DIAGNOSIS OF
GASTRIC CANCER USING PET OR PET/
CT
As previously stated, the overall sensitivity and specificity
of PET and PET/CT in the detection of gastric cancer
are relatively lower than those in some other malignancies. The physiological uptake of FDG in the normal gastric wall and the existence of non FDG-avid histological
types of gastric cancer may all contribute to this result.
To improve the diagnosis and evaluation of gastric cancer using PET or PET/CT, several improvements have
been applied in different aspects, either by decreasing the
physiological uptake of the normal gastric wall, applying
different time-point of imaging, or using more specific
radio-tracers. In this section, therefore, we will mainly
discuss improvements in the following three aspects.

Gastrointestinal stromal tumors
Gastrointestinal stromal tumors (GISTs) are the most
common mesenchymal tumors of the gastrointestinal
tract, representing 1%-3% of gastrointestinal malignancies. Approximately 70% of GISTs occurs in the
stomach, 20% in the small intestine, and less than 10%
in the esophagus[77]. GISTs derive from interstitial Cajal
cells, and almost 100% of patients with GIST express
c-kit receptor tyrosine kinase. Therefore, tyrosine kinase
inhibitors, such as imatinib mesylate, now represent the
standard treatment for patients with inoperable GISTs[78].
The major application of FDG PET or PET/CT imaging to GIST is for therapeutic evaluation to provide early
tumor response information, and a vast majority of studies have confirmed the value of FDG PET and PET/CT
over morphological-based imaging modalities in this aspect[79-85]. In some of these studies, the PET criteria correlate well with progression-free survival, while CT evaluation did not. Therefore, 18F-FDG PET has become the
gold standard for the early assessment of tumor response
to imatinib as well as other c-kit inhibitors in GISTs. In
addition to the therapeutic evaluation, FDG PET and
PET/CT have also been used to analyze the prognostic
value of FDG SUVmax in GIST patients[86,87], to differentiate GISTs from abdominal lymphoma by studying the
metabolic heterogeneity differences[88] and to study FDG
kinetics and gene expression in GISTs[89].

Gastric distension
Because FDG is not a tumor-specific tracer, many benign lesions in the stomach, such as gastritis, leiomyoma,
polyps, and even normal gastric walls, can have moderate to intense FDG uptakes. Therefore, when a positive
uptake is observed in the stomach, the interpretation of
the images should be carefully conducted, especially for
post-treatment evaluation. To decrease the physiological uptake, gastric distention has been studied recently
as a modified PET imaging protocol for patients with
questionable stomach lesions that resulted in increased
specificity and accuracy for the detection of gastric
malignancies. Gastric distention can be achieved by the
consumption of water, milk, food, or foaming agents before PET scanning[20,21,23-27] (Table 1). After distention, the
physiological uptake of the normal gastric wall was relatively decreased, thus increasing the tumor/background
ratio, even for small size tumors (Figure 2). In addition,
with water or milk as a negative contrast agent in the
stomach, tumors could be more easily delineated. Some
local lymph node metastases can also be detected with a
lower gastric wall uptake background, improving the accuracy of staging[23].
Dual-time point imaging
Another potential method for differentiating benign lesions in the stomach from malignancies is dual time-point
PET scanning, which visualizes the trends of the FDG
uptake changes. It is well recognized that for a malignant
lesion, FDG uptake at late time-point (usually 2-3 h after
FDG injection) PET scanning will be increased compared to the early time-point imaging result (45 min to 1
h after tracer injection). However, for physiological uptake or other non-malignant lesions, this value will most
likely decrease or remain the same[94]. This method has
proven useful in the detection, staging and differentiation
of various types of cancers, including breast cancer[95],

Gastric schwannomas
Schwannomas are tumors originating from nerves with a
Schwann cell sheath. The stomach is the most common
site of gastrointestinal schwannomas, accounting for 0.2%
of all gastric neoplasms[90]. There were several case reports of gastric schwannomas with FDG PET scans, and
all of these cases showed high FDG uptakes, with SUV[91-93]
max ranging from 5.8 to 7.1
. Therefore, these studies
indicated the necessity of differentiating between gastric
schwannomas and GISTs, both of which will show up as
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Table 1 Gastric distention methods in F-fluorodeoxyglucose positron emission tomography and positron emission tomography/
computed tomography imaging of gastric cancer
Ref.

n

Patients

Tian et al[27]

With suspected
gastric tumors

38

Yun et al[26]

After
gastrectomy for
gastric cancer
With proven
primary gastric
carcinomas
With proven
gastric tumors
With gastric
carcinomas
With proven
gastric tumors
With suspected
gastric tumors

30

Zhu et al[25]

Zhu et al[20]
Kamimura et al[21]
Lee et al[23]
Ma et al[24]

Imaging
modality

Distention methods

Sensitivity

Specificity

Before distention After distention Before distention After distention

FDG PET

Oral intake of vesicant
(2-3 g) with 40-60 mL
water
FDG PET Drinking at least 300 mL
water

83%

94%

88%

3

FDG PET

Intake of 100 g bread
and 400 mL cow milk

24

FDG PET

16

FDG PET

Intake of 300-400 mL
cow milk
Intake 400 mL water

100%

88%

44

FDG PET/
CT
FDG PET/
CT

Intake 500 mL water

50%

75%

Intake milk with
diatrizoate meglumine

93%

91%

68

88%

69%

92%

50%

100%

75%

92%

96%

FDG: 18F-fluorodeoxyglucose; PET/CT: Positron emission tomography/computed tomography.

A

B

C

Figure 2 18F-fluorodeoxyglucose positron emission tomography imaging of gastric cancer under gastric distention. A small size gastric tumor (arrow, 1.5 cm
× 1.2 cm, highly differentiated gastric adenocarcinoma) was clearly observed with low background gastric wall uptake due to gastric distention (A-C).

lung cancer[96], and colorectal cancer[97]. For gastric cancer,
limited studies have been reported. In the only report by
Lan et al[98] involving five gastric malignant tumors and
three cases of gastritis, the SUVmax in the late time-point
(2.5-3 h after FDG injection) increased by 4%-45% in all
5 malignant lesions, whereas two cases of gastritis had
decreased uptakes, with the remaining one remaining at
the same SUV level. The late time-point was especially
useful when the early time-point SUV was equivocal. In
the future, the exact value of dual time-point scanning
for gastric cancer imaging awaits further proof.

oped and used to target cell proliferation in many in vivo
imaging studies. The mechanism for the cell proliferating
imaging using 18F-FLT proceeds in the following manner.
After being taken up by the cell via both passive diffusion
and facilitated transport by Na+-dependent carriers, 18FFLT will be phosphorylated by thymidine kinase 1 (TK1)
into 18F-FLT-monophosphate, which is trapped in the
cell. However, because the enzymatic activity of TK1 is
different in quiescent cells and proliferating cells, the accumulation of 18F-FLT-monophosphate will be higher in
proliferating cells, such as malignant cancer cells, normal
hepatocytes, and bone marrow cells[99]. Recently, 18F-FLT
PET and PET/CT imaging has been used in many types
of cancers, such as colorectal cancer[100], lung cancer[101],
brain tumors[102] and gastrointestinal tumors[103].
In gastric cancer, the use of 18F-FLT was reported to
increase the detection rate, especially for FDG non-avid
histological types. In a study reported by Herrmann and
Herrmann et al[104], 18F-FLT in the preoperative detection
of gastric cancer had a sensitivity of 100%, while FDG

Non-FDG tracers in the evaluation of gastric cancer
Targeting cell glucose metabolism using FDG is extensively used in PET oncologic imaging. However, due to
the unsatisfactory imaging results of FDG PET or PET/
CT in FDG non-avid gastric cancer, new PET imaging tracers are needed for the better detection of gastric
cancer with higher sensitivity and specificity. Therefore, a
new type of PET imaging tracer, 18F-FLT, has been devel-
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Table 2 Comparison of F-FLT and F-fluorodeoxyglucose positron emission tomography or positron emission tomography/
computed tomography imaging for detection of gastric cancer
Ref.

Study purpose Imaging
modality

SUV
18

F-FLT

[104]

Herrmann et al

Kameyama et al[105]
Kameyama et al[103]
Ott et al[106]

Zhou et al[107]

Preoperative
evaluation
Preoperative
evaluation
Preoperative
evaluation
Neoadjuvant
chemotherapy
evaluation

Sensitivity for detection
of primary tumor
18

18

F-FDG

F-FLT

18

F-FDG

PET

Mean: 6.0

Mean: 8.4

100%

69%

PET

Mean: 7.0

9.4

95%

95%

PET

Mean: 2.1-8.0

Sensitivity for detection of
metastasis
18

F-FLT

Prognostic
factor

18

F-FDG

90%

PET

Before treatment: Before treatment:
6.1
8.4
After treatment: After treatment:
5.3
5.2
Preoperative PET/CT
Max: 5.5
Max: 8.4
evaluation

FLT uptake
at 2-wk after
treatment
92%

95%

Liver: 30%
Liver: 100%
Bone: 20%
Bone: 100%
Other organs: Other organs:
90%-97%
91%-95%

FDG: 18F-fluorodeoxyglucose; PET/CT: Positron emission tomography/computed tomography; SUV: Standardized uptake value.

showed only a 69% sensitivity in the same population.
In another study, 18F-FLT showed a slight increase in the
detection rate of primary gastric cancer, with a similar
sensitivity to FDG (95.2% and 95.0%, respectively)[105].
Importantly, in both studies, FLT was able to delineate
gastric lesions that were negative in FDG images, most
of which were non intestinal or diffuse types upon histology. Based on this advantage, Ott et al[106] further investigated the value of 18F-FLT PET imaging in predicting
gastric cancer responses to neoadjuvant chemotherapy
and patient prognosis. In that study, the SUVmean of 18FFLT but not the FDG two weeks after chemotherapy
was the only independent prognostic factor for gastric
cancer patients. The unchanged high uptake of 18F-FLT
after treatment might indicate the failure of treatment
because this suggested a constant proliferation at the
tumor site. However, recently, another study came to the
opposite conclusion, suggesting that 18F-FLT PET had
no added value in the preoperative staging of gastric cancer, especially for liver and bone metastasis, which had a
much lower sensitivity than FDG PET[107]. Indeed, the
high physiological uptake of FLT in the liver and bone
marrow can hamper the detection of some primary gastric tumors and bone metastasis sites, rendering FLT not
suitable for M staging (Table 2). In the future, the exact
value of 18F-FLT in the diagnosis and evaluation of gastric cancer needs further investigation.

gastric cancer detection, and new imaging tracers, including FLT, are currently under evaluation as alternatives.
For the second limitation, gastric distention by different
methods seems to be effective in decreasing background
uptake. Furthermore, pharmaceutical interventions, including muscle relaxants and proton pump inhibitors, are
also under further investigation for this purpose. As to
the third limitation, currently the highest achievable spatial resolution of PET is 2.36 mm for clinical purposes
and 0.83 mm for pre-clinical uses[108]. The observation
of early stage gastric cancer and metastatic lymph nodes
similar to or below this range therefore remains difficult
to achieve from PET images. In combination with CT,
PET/CT appears to improve the accuracy of many diseases, including gastric cancer, but N staging in gastric
cancer is still not satisfactory under current conditions. In
the future, the spatial resolution of PET can be improved
by optimizing the camera design within the physical fundamental limitations. In addition, the new generation of
multimodality imaging equipment, such as PET/MR and
PET/CT/MR, will hopefully provide complementary
advantages in the diagnosis and evaluation of various diseases, including gastric cancer.

CONCLUSION
PET and PET/CT technology provides a useful tool
for the diagnosis and evaluation of gastric cancer. These
modalities can detect lymph node metastases and distant
metastatic sites in other organs using one single image, can
identify early tumor responses that may not be apparent
using other modalities, and may have prognostic value that
can change patient management. Although many problems remain, PET and PET/CT imaging remains promising, and with current and further improvements, PET and
PET/CT imaging may make the diagnosis and evaluation
of gastric cancer more standardized and accurate.

LIMITATIONS AND FUTURE PROSPECTS
In summary, the limitations of FDG PET and PET/CT
in the diagnosis and evaluation of gastric cancer mainly
come from three aspects: (1) the variety of histological differences in gastric cancer; (2) the physiological
properties of the stomach; and (3) the spatial resolution
of PET. Many FDG non-avid histological types greatly
decrease the sensitivity of FDG PET and PET/CT in
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Inflammation-related factors predicting prognosis of gastric
cancer
Wen-Jun Chang, Yan Du, Xin Zhao, Li-Ye Ma, Guang-Wen Cao
sociated with a poor prognosis; whereas high Th1/Th2
ratio in tumors predicts a good prognosis. High levels
of interleukin (IL)-6, IL-10, IL-32, and chemokine C-C
motif ligands (CCL)7 and CCL21 in circulation, high expression of CXC chemokine receptor 4, chemokine C-C
motif receptor (CCR)3, CCR4, CCR5, CCR7, hypoxiainducible factor-1α, signal transducer activator of
transcription-3, cyclooxygenase-2, and orphan nuclear
receptor 4A2 in tumors are associated with an unfavorable prognosis. Increased serum levels of matrix
metalloproteinases (MMP)-3, MMP-7, and MMP-11 and
increased levels of MMP-9, MMP-12, and MMP-21 in
tumors are consistently associated with poor survival of
GC. Further emphasis should be put on the integration
of these biomarkers and validation in large cohorts for
personalized prediction of GC postoperative prognosis.
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Abstract

Core tip: The prognosis of gastric cancer (GC) is not
satisfactory, and is associated with Helicobacter pylori
and/or Epstein-Barr virus infection, as well as host
inflammation-related factors. In this article, we summarize the inflammation-related microbial and host factors
that are reported to be associated with GC prognosis
from different specimens and populations. So far, few
simple panels have been clinically used for predicting
GC prognosis. It is necessary to integrate different biomarkers with clinicopathological variables for personalized prediction of GC prognosis. The prognostic values
of integrated predicators should be validated in large
prospective cohorts before clinical application.

Gastric cancer (GC), which is mainly induced by Helicobacter pylori (H. pylori ) infection, is one of the leading
causes of cancer-related death in the developing world.
Active inflammation initiated by H. pylori infection and
maintained by inherent immune disorders promotes
carcinogenesis and postoperative recurrence. However,
the presence with H. pylori in tumors has been linked
to a better prognosis, possibly due to the induction
of antitumor immunity. Tumor infiltrations of tumorassociated macrophages, myeloid-derived suppressor
+
cells, neutrophils, Foxp3 regulatory T cells are cor+
related with poor prognosis. Tumor infiltrating CD8
cytotoxic T lymphocytes, dendritic cells, and CD45RO
T cells are generally associated with good prognosis
of GC, although some subsets of these immune cells
have inverse prognosis prediction values. High ratios
+
+
+
+
of Foxp3 /CD4 and Foxp3 /CD8 in tumors are as-
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MICROBIAL PATHOGEN FACTORS
H. pylori
Chronic infection with H. pylori is the major cause of GC.
It is well established that H. pylori infection contributes
greatly to the carcinogenesis of GC. However, the role
of H. pylori infection in predicting the survival of GC patients is less well understood. Interestingly, a prospective
study has demonstrated that GC patients with positive
H. pylori infection frequently showed better relapse-free
survival and better overall survival (OS) after curative
resection[17], which is contradictory to the notion that H.
pylori acts as a risk factor of GC during the carcinogenesis process. Although this finding is in contrast to some
studies[18,19], other studies[20,21] especially a recent metaanalysis containing 2454 cases[22] have demonstrated that
H. pylori infection is an independent protective factor for
GC progression. This protective effect is also consistent
among different ethnic groups, using various H. pylori
evaluation methods and quality assessment measures[22].
The suppressive effect of H. pylori on GC progression is
possibly due to the induction of some antitumor immunity[17]. CagA, CagE, VacA and protein modifications (e.g.,
CagA phosphorylation) of H. pylori have been associated
with gastric carcinogenesis[23-26], but the association between these factors and GC prognosis is still unclear.

INTRODUCTION
Gastric cancer (GC) is the fourth most common cancer
in men and the fifth in women worldwide. Almost one
million new cases are diagnosed annually. More than
70% of new cases and deaths occur in developing countries[1]. To date, surgical resection remains the mainstay
of curative treatment for GC. However, a subset of
patients will develop local relapses and metachronous
metastases after resection of the primary tumor. The
overall 5-year survival rate of patients with GC in the
United States is about 26%, while the rate improves to
63% if detected at an early stage. Similar low 5-year survival rates (≤ 30%) are also seen in European countries.
However, higher 5-year survival rates (up to 50%) are
reported from East Asia such as Japan, mainly due to
its early detection and treatment services[2]. In addition,
other measurable or unmeasurable factors including
differences in proximal versus distal cancer incidences,
environmental exposures, dominant pathological types,
surgical factors, and neoadjuvant/adjuvant treatment
protocols may also contribute to the differences in
postoperative survival of GC patients. Because of the
heterogeneity of GC prognosis, searching for more accurate predictors of GC prognosis has become a growing interest in GC research. Chronic infections of Helicobacter pylori (H. pylori) contribute to more than 75% of
GC[3], and about 10% of GC may be caused by EpsteinBarr virus (EBV) infection[4]. Although a causal relationship of EBV infection with nasopharyngeal cancer has
been identified, the association of EBV infection with
GC has not been confirmed so far. Interestingly, H. pylori induce EBV reactivation in the gastric epithelium of
GC patients latently infected with EBV[5]. A populationbased intervention trial has demonstrated that a selective cyclooxygenase-2 (COX-2) inhibitor, celecoxib, or
H. pylori eradication alone had beneficial effects on the
regression of advanced gastric lesions[6]. Regular use
of non-steroidal anti-inflammatory drugs in individuals
with H. pylori infection can effectively reduce the risk of
GC[7], indicating chronic inflammation following H. pylori
infection contributes to the onset of GC. Accumulating evidence indicates that inflammation-related factors
also play an important role in recurrence and metastasis
of some types of cancers including GC. Both systemic
inflammatory responses, such as primary or modified
Glasgow prognostic score[8-11] and blood neutrophil-tolymphocyte ratio[11-15], and local inflammatory responses
such as the infiltration of various immune cells and their
subsets in tumors (e.g., infiltrating S100A9+ inflammatory
cells[16]) are associated with the prognosis of GC. Here,
we review and summarize the inflammation-related microbial pathogen (Table 1) and host (Table 2) factors that
have been shown to be associated with GC prognosis.
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EBV
About 10% of GC cases are infected with EBV, while the
prognostic value of EBV is poorly understood. Lymphoepithelioma-like carcinoma (LELC) is a special subtype
of GC, and over 90% of LELC are EBV positive. LELC
tends to have a lower frequency of lymph node metastasis and a better survival rate than other GC subtypes[27,28].
A recent meta-analysis including 4599 GC patients from
13 studies has shown that EBV positivity in tumors by in
situ hybridization is associated with lower mortality (HR
= 0.72; 95%CI: 0.61-0.86) and might serve as a valuable
prognostic factor[29]. Furthermore, the protective effect
is quite stable across patients or tumor types. However,
these studies cannot clarify whether EBV infection itself
or EBV-associated inflammatory responses and/or their
interactions result in the protective effect. EBV-associated GC (EBV-GC) is a recently recognized entity defined
by the presence of EBV in GC cells. After stratification
of EBV-GC by host inflammatory response, it was found
that EBV-GC patients with a Crohn’s disease-like lymphocyte reaction had significantly longer OS and diseasefree survival (DFS) than other EBV-GC patients, indicating that inflammation induced by EBV-GC could affect
the prognosis of GC[28]. Mechanisms of the heterogeneity of induced inflammatory responses by EBV-GC need
to be explored further.

HOST INFLAMMATION-RELATED
FACTORS
There is a renaissance of research into the connection
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Table 1 Important pathogens associated with the prognosis of gastric cancer
Factors

Source

Sample

Sample size

Cut-off value or
characterization

Time of measurement

Prognostic role

H. pylori
H. pylori
H. pylori
H. pylori

Germany
China
Brazil
South Korea

Sera
Tumor tissue
Tumor tissue
Sera

166
162
68
274

Positivity
Positivity
Positivity
Negativity

Increased OS and RFS[17]
Decreased OS and RFS[18]
No difference[19]
Decreased OS[20]

297
2454

Negativity
Positivity

Prior to gastrectomy
At the time of surgery
At the time of surgery
At the time of surgery and
adjuvant chemotherapy
At the time of surgery
At the time of surgery

150
123
4599

Positivity
Expression
Positivity

Prior to gastrectomy
At the time of surgery
At the time of surgery

Increased OS[27]
Increased OS and DFS[28]
Increased OS[29]

H. pylori
H. pylori
EBV
EBV
EBV

Italy
Sera and tumor tissue
Brazilian, Asian and
Sera
Caucasian
Taiwan
Sera
Korea
Sera
Asia, Europe and Latin
Sera
America

Decreased OS[21]
Increased OS and DFS[22]

DFS: Disease-free survival; EBV: Epstein-Barr virus; H. pylori: Helicobacter pylori; OS: Overall survival; RFS: Relapse-free survival.

Table 2 Important inflammation-related host factors with prognostic values for gastric cancer
Factors

Source

Sample
size

China
Japan
China
China
Japan
South Korea
China
China
Italy

97
157
51
51
48
775
46
314
123

Poland

99

IL-2R
IL-32
VAP-1
MDSCs
MMP-11

Japan
Japan
Japan
United Kingdom
China

96
182
107
25
86

MMP-12
In tumor
TAM

China

165

Japan, Germany,
Ukraine
Japan
China
China

449

Positive expression

Prior to chemotherapy

Decreased OS[44]

111
66
100

High numbers
Intermediate or high expressions
> 11 cells/HPF

At the time of gastrectomy
At the time of gastrectomy
After curative gastrectomy

Decreased OS[45]
Decreased 5-year survival rate[51]
Decreased 5-year survival rate[52]

Japan
Bulgaria
Japan
Japan
Japan, China,
South Korea,
United Kingdom
Japan, China,
South Korea,
United Kingdom
China
Germany
Germany

174
55
128
115
1268

High levels
Low numbers
High expression levels
< 21.60 cells/HPF
High expression

1555

High expression

176
52
52

> 200 positive cells/HPF
> 125.9/mm2
High cell ratios

China

103

China
Japan
China

107
101
133

Percentage ≥ 2.75% or cell number
≥ 484.37 per million
High numbers
High levels
High

In peripheral blood
MIF
Th1/Th2 ratio
Th17
Th22
CD57+ T cells
NLR
NLR
TLR9
IL-1B + IL-1RN
IL-6

CD68+ Mφ
Nitrotyrosine
CD33+/p-STAT+
cells
DCs
DCs
CD208+
CD15+ TINs
HIF-1α

HIF-1α

S100A9 protein
Stroma FoxP3+TILs
Stroma CD68+/
Foxp3+
Tc17
FOXP3+ Tregs
CD45RO+ T cells
Foxp3+/CD8+ ratio
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Cut-off value or characterization

Time of measurement

Prognostic role

> 6600 pg/mL
Prior to gastrectomy
Decreased 5-year survival rate[45]
High
After curative gastrectomy
Increased DFS[61]
High levels
Prior to gastrectomy
Decreased OS[62]
High levels
Prior to gastrectomy
Decreased OS[62]
≥ 18%
At the time of gastrectomy
Decreased OS[68]
> 3.79
Prior to gastrectomy
Decreased 5-year survival rate[12]
> 2.5
Prior to gastrectomy
Decreased PFS and OS[13]
TLR9-1486C
Prior to gastrectomy
Decreased OS[73]
IL-1B-511C/T and IL-1B-31T/C +
Prior to gastrectomy
Decreased PFS and OS[76]
Wide-type IL-1RN
> 288.7 pg/mL
At the time of gastrectomy Increased overall complications and
infective complications[83]
High expression
Prior to gastrectomy
Decreased OS[88]
Positive expression
At the time of gastrectomy
Decreased OS[89]
Low levels
Prior to gastrectomy
Decreased OS[91]
Increasing percentage
Prior to gastrectomy
Increased the risk of death[50]
Low levels at the 75th percentile in
After chemotherapy
Decreased median survival time
the total group
and 1-year survival rate[104]
Positive expression
Prior to chemotherapy
Decreased OS[105]

441

At the time of gastrectomy
Increased 5-year survival rate[53]
At the time of gastrectomy Decreased 5-year survival rate[54]
At the time of gastrectomy Decreased postoperative outcome[55]
At the time of gastrectomy
Increased OS[56]
Prior to gastrectomy
Decreased OS[77]

Prior to gastrectomy

Decreased OS[78]

At the time of gastrectomy
Increased OS[16]
At the time of gastrectomy Increased NED-survival and OS[113]
At the time of gastrectomy
Increased median survivals[113]
At the time of gastrectomy

Decreased DFS and OS[60]

At the time of gastrectomy
At the time of gastrectomy
At the time of gastrectomy

Increased OS[47]
Increased OS and DFS[67]
Decreased OS[65]

February 8, 2015|First Edition|

Chang WJ et al . Inflammatory factors predicting gastric cancer prognosis
Foxp3+/CD4+ ratio
T-bet+ TILs
CD19+ cells
CD20+ B cells
Natural killer cells
COX-2
STAT3
NR4A2
IL-12
IL-10
Annexin A1
CCL7 and CCL21
CXCR4
HighCXCR4/high
SDF-1α
CCR3
CCR5
CCR4
CCR7
CX3CL1
CCL18
MMP-9

MMP-21
MMP 14
MT1-MMP, CD11b+
immunocytes and
LNR
Inflammation gene
signature

South Korea
China
China
China
Brazil
South Korea
South Korea
China
Japan
Poland
Taiwan
China
China
South Korea

180
152
846
100
72
457
100
245
85
136
118
194
97
221

High
High numbers
> 7.91% ± 2.98%
High density
> 15 NK cells/10 HPF
Lack of expression
> 10% stained cells
Immunoreactive score ≥ 3
High density
> 10 pg/mL
High expression
Higher expression
Higher expression
Expression

At the time of gastrectomy
At the time of gastrectomy
At the time of gastrectomy
Prior to gastrectomy
At the time of gastrectomy
At the time of gastrectomy
At the time of gastrectomy
At the time of gastrectomy
At the time of gastrectomy
At the time of gastrectomy
At the time of gastrectomy
At the time of gastrectomy
At the time of gastrectomy
At the time of gastrectomy

Loco-regional recurrence[66]
Increased OS and DFS[69]
Increased DFS[70]
Increased OS and DFS[52]
Increased OS and DFS[71]
Decreased OS and DFS[79]
Decreased OS and DFS[81]
Decreased OS and DFS[85]
Increased OS and DFS[86]
Decreased OS and DFS[87]
Decreased OS[90]
Decreased OS[92]
Decreased OS[94]
Decreased 5-year survival rate[95]

Japan
Japan
South Korea
Japan
Japan
China
China, Finland,
The Netherlands,
Poland, Spain
China
China
China

48
60
753
224
158
59
1700

Positive expression
Positive expression
Positive expression
> 10% positivity
High expression
High expression
High expression

At the time of gastrectomy
At the time of gastrectomy
At the time of gastrectomy
At the time of gastrectomy
At the time of gastrectomy
At the time of gastrectomy
At the time of gastrectomy

Decreased OS[96]
Decreased OS[96]
Decreased 5-year survival rate[97]
Decreased OS[98]
Decreased DFS[100]
Increased OS and DFS[48]
Decreased DFS[102]

296
205
184

High expression
Positive expression
MT1-MMP positive, low CD11b+
immunocytes and high LNR

At the time of gastrectomy
Prior to chemotherapy
At the time of gastrectomy

Decreased OS[106]
Decreased OS[107]
Increased OS[110]

51

High expression pattern

At the time of gastrectomy

Decreased OS[112]

Brazil

CCL: Chemokine (C-C motif) ligand; CCR: C-C chemokine receptor; CD: Cluster of differentiation; COX-2: Cyclooxygenase-2; CX3CL1: Chemokine (C-X3-C
motif) ligand 1; CXCR4: C-X-C chemokine receptor 4; DFS: Disease-free survival; FOXP3: Forkhead box P3; HIF-1α: Hypoxia-inducible factors-1α; HPF:
High power field; IL: Interleukin; MDSCs: Myeloid-derived suppressor cells; MIF: Migration inhibitory factor; MMP: Matrix metalloproteinase; NLR:
Neutrophil lymphocyte ratio; NR4A2: Nuclear receptor subfamily 4, group A, member 2; PFS: Progression-free survival; SDF-1α: Stromal cell-derived
factor-1α; STAT: Signal transducers and activators of transcription; TAM: Tumor associated macrophages; Th1: T helper cell type 1; Th2: T helper cell type 2;
Th17: T help cell type 17; Th22: T help cell type 22; TIL: Tumor infiltrating lymphocyte; TIN: Tumor infiltrating neutrophils; TLR: Toll-like receptors; Treg:
Regulatory T cells; VAP-1: Vascular adhesion protein-1.

between inflammation and cancer[30-32]. Most current
research support that acute inflammation triggered by
tumor-infiltrating leukocytes does not exert normal immunoprotective mechanisms that lead to eradication of
the evolving cancer (antitumor immunity). Excessively
and chronically produced pro-inflammatory mediators
may contribute to tumor promotion and progression[31-34].
Inadequate pathogen eradication, prolonged inflammatory signaling, and defects in anti-inflammatory mechanisms can lead to chronic inflammation and benefit
tumor development[35]. In an inflammatory state, there is
a high rate of cell turnover and the microenvironment
is often highly oxidative and nitrosative, thus increasing
the opportunities for DNA damage and somatic mutation. Chronic inflammation can promote an environment
that is conducive to carcinogenesis, and it is involved
in tumor initiation, promotion, and progression[31,36-39].
The tumor microenvironment is created by the tumor
and dominated by tumor-induced interactions[40]. In the
inflammatory microenvironment, there is a delicate balance between antitumor immunity and tumor-originated
pro-inflammatory activity, which weakens antitumor immunity[33,41]. The tumor not only manages to escape from
the host immune system (tumor escape), but it effectively
contrives to benefit from infiltrating cells by modifying
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their functions to create the microenvironment favorable
to tumor progression[40]. The net outcome of a persistent inflammatory microenvironment is enhanced tumor
promotion, accelerated tumor progression, invasion of
the surrounding tissues, angiogenesis, and often metastasis[31]. Cancer-associated inflammation is characterized
by infiltration of immune cells including tumor infiltrating lymphocytes (TILs)[42], expression of cytokines and
chemokines, tissue remodeling, and angiogenesis. The
diverse cells communicate with each other by means of
direct contact or through cytokines and chemokines,
therefore exerting their functions of tumor promotion
or suppression. Cancer cells can also release chemokines
and recruit immune cells to constitute the inflammatory
microenvironment. The inflammation-related molecules
such as nuclear factor-κB (NF-κB) and signal transducer
activator of transcription-3 (STAT3), primary inflammatory cytokines, secondary inflammatory cytokines, chemokines and matrix metalloproteinases (MMPs) form an
inflammatory molecular network, playing an active role in
maintaining tumor-promoting inflammation or antitumor
immunity. Although tumor infiltrating immune cells and
their interactions can reflect the host-tumor-pathogen immune response, immune cells and molecules in peripheral
blood are also important for exploring the characteristics
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CD208+ DCs has an inverse correlation with postoperative outcome in GC patients[55]. Among immune cells,
neutrophils have a protumorigenic role by promoting
neoangiogenesis and reducing antitumor immune response. In GC patients, tumor infiltrating neutrophils
with positive CD15 are independently associated with
an unfavorable OS[56]. S100A9, specifically expressed by
inflammatory cells such as macrophages and neutrophils
in early GC, is associated with a good prognosis[16]. In addition, S100A9 secreted into gastric fluid also has a prognostic monitoring value for GC[57].

of the complex tumor-related inflammation.
TIMs
TIMs are the major type of infiltrating inflammatory cells
regulating antitumor immunity and are represented by
mature cells such as macrophages, granulocytes, and dendritic cells (DCs), as well as by pathologically activated
immature myeloid-derived suppressor cells (MDSCs)[43].
Macrophages, one of the most important components
of the inflammatory infiltration in tumors, include M1like and M2-like subtypes. M1-like macrophages facilitate anti-tumor immunity, while M2-like macrophages
promote tumor progression. M2-like macrophages are
strongly affected by the tumor microenvironment, and
are also termed tumor-associated macrophages (TAMs).
A meta-analysis of 55 studies with 8692 patients has
shown that higher TAM infiltration is associated with
worse OS in several cancers, including GC (RR = 0.52;
95%CI: 0.35-0.77)[44]. Thymidine phosphorylase (TP)
expression is significantly correlated with the extent of
infiltrating macrophages, and increased percentages of
TP-positive macrophages and CD68+ macrophages in
tumors also indicate poor outcomes in patients with
GC[45]. Macrophage migration inhibitory factor (MIF) can
inactivate p53. Serum MIF positively correlates with MIF
expression in GC, and increased serum MIF (> 6600 pg/
mL) predicts a lower 5-year survival rate compared with
those with lower serum MIF[46]. However, GC patients
with high intratumoral macrophages and regulatory T
cells (Tregs) have better 5-survival rates than those with
low intratumoral macrophages and Tregs[47]. A high level
of CCL18, mainly expressed in infiltrating macrophages
that are preferentially located at the tumor invasion front,
is also associated with favorable OS and DFS of GC patients[48]. The possible explanation for this inconsistency
could be the presence of heterogenic subpopulations of
macrophages in the tumor microenvironment.
MDSCs are a heterogeneous population of cells characterized by their myeloid origin, immature state and the
ability to suppress T cell responses. The MDSC population expands rapidly during inflammation and cancer,
which is associated with advanced GC stage and reduced
survival[49,50]. Production of reactive oxygen species (ROS)
and reactive nitrogen species is one of the major characteristics of all activated myeloid cells. Increased activity
of free radical peroxynitrite is followed by ROS production, and peroxynitrite modification of chemokine (C-C
motif) ligand 2 (CCL2) inhibits intratumoral migration
of effector CD8+ T cells. Nitrosylation, a marker of peroxynitrite activity, has been reported to be associated with
poor survival of GC patients[51]. High CD33+/p-STAT+
cells representing a subset of MDSCs, are also associated
with poor prognosis at stage Ⅲa GC[52].
The major functions of DCs are to process and present antigens for the activation of T cells. Maintaining
enough density of mature DCs in tumors prolongs the
survival of patients with advanced GC[53,54]. Contrary to
the typical functions of DCs, intratumoral density of
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TILs
TILs are another major component of infiltrating immune cells, and are represented by T cells, B cells, and
natural killer (NK) cells. The subsets of T cells include
CD8 + cytotoxic T cell (CTL), CD4 + T helper cell,
CD45RO memory T cells, FOXP3+ Tregs, and nature
killer T cells. CD8+ CTLs play an active role in directly
killing tumor cells, indicating a favorable outcome[58,59].
However, CD8+ T cells that produce interleukin (IL)-17
(Tc17 cells) promote the progression of inflammation
and are possibly associated with poor prognosis[60]. CD4+
lymphocytes include a group of heterogeneous T lymphocytes [e.g., T helper (Th)1, Th2, Th3, Th17, Treg,
T follicular helper, and Th22] which can secret diverse
cytokines. Th1 cells (interferon γ-producing CD4+ T
cells) can activate CTLs, and Th2 cells (IL4-producing
CD4+ T cells) stimulate humeral immunity. Th1 activation is more effective than Th2 activation in inducing
antitumor immunity. Consistently, high Th1/Th2 ratio
in peripheral blood of GC significantly predicts a good
postoperative prognosis[61]. High circulating Th17 and
Th22 cells are associated with tumor progression and
poor survival in GC[62]. CD4+ Tregs suppress effector T
lymphocytes, which are characterized with positive Foxp3
expression. High Foxp3+ Tregs are correlated with GC
progression and associated with a poor survival[63-65]. The
balances between Foxp3+ T cells and CD4+ T cells as
well as Foxp3+ T cells and CD8+ T cells are important for
the suppression of metastasis, and higher Foxp3+/CD4+
ratio[66] and higher Foxp3+/CD8+ ratio[65] in resected
tumor specimens are associated with a poor prognosis.
High CD45RO T cell infiltration is significantly related to
postoperative prognosis in advanced GC but not in early
GC[67]. NK-like T cells comprising the subsets of CD56+
cells and CD57+ cells play an important role in modulating immune responses. In advanced GC, an increased
proportion of CD57+ cells in the circulation indicates a
poor prognosis[68]. T-bet, a key master transcription factor
for type 1 immune response, mainly expresses on CD4+,
CD8+, and CD56+ TILs. High T-bet TILs in tumor are
associated with a better DFS and OS of GC patients[69].
The principal functions of B cells are to generate antibodies against antigens, but its functions related to
tumor progression are less known. Recently, it has been
reported that CD19+ and CD20+ B cells are associated
with a favorable outcome in patients with GC[52,70]. NK
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cells directly clear tumor cells, representing an antitumor
immunity. GC patients with high density of NK cells in
the tumors exhibit a higher survival rate when compared
to those patients with low density of NK cells, especially
for those at advanced stages[71].

tors of host responses to infection and cancers, and play
different roles in cancer-related inflammation network.
Some cytokines facilitate the development of cancerrelated inflammation, whereas others act as suppressors.
T lymphocytes are a major source of cytokines. Cytokines produced by Th1 and Th2 are known as Th1-type
cytokines (e.g., TNF-α, IFN-γ, IL-12) and Th2-type cytokines (e.g., IL-4, IL-5, IL-10, IL-13), and are characterized by pro-inflammatory and anti-inflammatory roles,
respectively. High IL-12-positive cell density in surgical
specimens may be a significant independent predictor of
better prognosis of advanced GC patients[86]. Conversely,
an increased level of IL-10 is an independent unfavorable
prognostic factor in patients with GC[87]. The relative balance between Th1 and Th2 cytokines appears important
in cancer-related inflammation. A high circulating soluble
IL-2 receptor level is associated with worse prognosis of
GC patients[88]. IL-32 is a recently identified pro-inflammatory cytokine characterized by the induction of NFκB activation, and the expression of IL-32 is associated
with more severe metastatic conditions in GC[89]. Additionally, annexin A1 is a glucocorticoid-regulated anti-inflammatory protein. High tissue annexin A1 expression is
an independent risk factor for poor OS in GC patients[90].
Vascular adhesion protein-1 (VAP-1) regulates leukocyte
tissue infiltration. Serum soluble VAP-1 is a candidate
prognostic marker in GC, and low levels of serum VAP-1
are associated with poor prognosis in GC patients[91].
Chemokines are 8-10 kDa secreted proteins with
20%-70% homology in structure, and share the common functional activity as being chemotactic for leucocytes. Over 40 chemokines have been identified so far.
Although chemoattractants constitute a diverse array
of molecules, they have to act together with a family of
G protein-coupled receptors to communicate with leukocytes. Inflammatory chemokines are produced under
pro-inflammatory stimuli (e.g., IL-1, TNF-α, lipopolysaccharide, or pathogens) and determine the migration
of inflammatory cells. CCL7 is a type of monocytespecific chemokine, and CCL21 is a specific chemokine
in DC cells and effecter T cells. Over-expressed CCL7
and CCL21 in GCs are related to lymph node metastasis
and poor prognosis[92]. Stromal-derived-factor (SDF)-1
is strongly chemotactic for lymphocytes, and is found in
GC metastasized to lymph nodes[93]. CXC chemokine receptor 4 (CXCR4) is a receptor specific to SDF-1. Interestingly, upregulated intratumoral CXCR4 expression is
associated with poor OS in patients with GC[94], and high
CXCR4/high SDF-1α expression indicates the worst
prognosis in GC patients[95]. Chemokine (C-C motif)
receptor 3 (CCR3), CCR4, CCR5, and CCR7 have been
shown to have prognostic values for an unfavorable outcome in patients with GC[96-98]. Intratumoral high CXCR4,
CCL3, CCR4, CCR5, and CCR7 are associated with
unfavorable prognosis. IL-8 is a chemokine produced by
macrophages and other cell types. It induces chemotaxis
in neutrophils to migrate toward the site of inflammation. Polymorphism of IL-8 is associated with prognosis

TRANSCRIPTION FACTORS AND
PRIMARY INFLAMMATORY CYTOKINES
In terms of cancer-related inflammation, a few molecules
can serve as primary drivers (endogenous promoters),
mainly including transcription factors such as NF-κB
and STAT3 and primary inflammatory cytokines such
as IL-1, IL-6, and tumor-necrosis factor (TNF)-α. NFκB is a key orchestrator of innate inflammation and is
aberrantly activated in many cancers. In GC, activated
NF-κB is frequently identified in early-stage tumors and
usually predicts a favorable prognosis[72]. The toll-like
receptor (TLR)-MyD88 pathway and the primary inflammatory cytokines TNF-α and IL-1α can activate NFκB. It has been reported that polymorphisms in NF-κB
pathway genes such as TLR9, IL-1β , IL-1Ra, and TNF-α,
are significantly associated with the prognosis of GC
patients[73-76]. NF-κB can also be activated in response to
hypoxia inducible factor (HIF)-1α. Accumulating evidence indicates that the interactions and compensations
between NF-κB and HIF-1α relate to immunity in the
hypoxic condition. Two meta-analyses both reported that
HIF-1α expression was significantly correlated with poor
prognosis of GC patients mainly from East Asian countries[77,78]. NF-κB induces the expression of inflammatory
cytokines, adhesion molecules, and key enzymes in the
prostaglandin synthase pathway such as COX-2. Immunohistochemical analysis has shown that COX-2 expression is an independent prognostic factor of DFS and
OS of GC patients[79]. Along with NF-κB, STAT3 is a
point of convergence for numerous oncogenic signaling
pathways. In tumors, the maintenance of NF-κB activation requires STAT3[80]. STAT3 is constitutively activated
both in cancer cells and immune cells, and higher STAT3
and STAT3 phosphorylation (Tyr705) in GCs indicate a
poor prognosis[81,82]. IL-6 is mainly produced by TIMs
under the regulation of the NF-κB signaling pathway.
IL-6 is also linked with STAT3, and has multi-functions
of growth-promoting and anti-apoptotic activities. Preoperative high IL-6 levels have been proposed as a poor
prognostic factor for recurrence and OS of GC patients[83]. Nuclear receptor subfamily 4, group A, member
2 (NR4A2), a transcription factor belonging to the steroid
orphan nuclear receptor superfamily, is also regulated by
the NF-κB signaling pathway and COX-2 derived prostaglandin E2[84]. Expression of NR4A2 in GC cells confers
chemoresistance of GC cell lines and predicts an unfavorable postoperative survival of GC patients, especially
for those treated with postoperative chemotherapy[85].
Cytokines, chemokines, and matrix metalloproteinases
Cytokines including IL-1, IL-6, and TNF-α are regula-
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in patients with GC, and the IL-8 251 A/A genotype may
indicate a poor prognosis in GC patients[99]. CX3CL1 is
the only CX3C chemokine that can chemoattract NK
cells, CD8+ T cells, monocytes, and dendritic cells, and
is one of the independent prognostic factors of DFS in
GC patients[100].
An increased expression of the MMP family members is observed in almost every inflammation site. Studies in animal models have demonstrated that MMPs act
broadly in the inflammation process, including regulation
of inflammatory cytokine and chemokine activities, and
generation of chemokine gradients. Pathogens such as
H. pylori infection upregulate the expression of MMPs,
which act on pro-inflammatory cytokines, chemokines
and other proteins to regulate diverse aspects of inflammation. Elevated MMP-3 and MMP-7 in H. pylori-related
GC can serve as biomarkers for a poor survival [101].
MMP-9 gene expression is a predictor of outcome in patients with metastatic GC[102], which is further confirmed
by a meta-analysis[103]. Serum levels of MMP-11 in Chinese patients with advanced GC are not associated with
the response to front-line chemotherapy, but could play
an important role in predicting lymph node metastasis
and prognosis[104]. Increased MMP-12 and MMP-21 in
tissues are associated with poor survival in patients with
GC[105,106]. MMP-14 is a negative prognostic marker for
patients with GC[107]. Although MMPs have been linked
to GC prognosis, the precise mechanisms need to be
clarified. It is possible that only some MMPs can truncate
the inflammatory cytokines or chemokines and participate in the regulation of tumor-related inflammation.

predominantly expressed in cancer-initiating cells also
represent a cluster of prognosis-predicting biomarkers
and/or therapeutic targets[108]. Since many studies are
conducted in East Asian populations as summarized in
Tables 1 and 2, the prognostic values of these molecules
need to be tested in other populations. Furthermore,
with the advancement of systems biology and vast
amount of ‘omics’ data, it is of great importance to evaluate these data with clinical and pathological variables to
more accurately predict cancer outcomes. Studies have
already looked at combining gene expression data with
clinicopathological data to better predict different types
of cancer prognosis[109-111]. However, only a few studies
have been conducted in the field of GC research[112,113].
Further emphases should be placed on the integration
of diverse biomarkers and their validation in large cohorts for personalized prediction of GC postoperative
prognosis.
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Abstract
There are a large number of bacteria inhabiting the
human body, which provide benefits for the health. Alterations of microbiota participate in the pathogenesis
of diseases. The gastric microbiota consists of bacteria
from seven to eleven phyla, predominantly Proteobacteria , Firmicutes , Bacteroidetes , Actinobacteria and Fusobacteria . Intrusion by Helicobacter pylori (H. pylori )
does not remarkably interrupt the composition and
structure of the gastric microbiota. Absence of bacterial commensal from the stomach delays the onset
of H. pylori -induced gastric cancer, while presence of
artificial microbiota accelerates the carcinogenesis. Altered gastric microbiota may increase the production of
N-nitroso compounds, promoting the development of
gastric cancer. Further investigation of the carcinogenic
mechanisms of microbiota would benefit for the prevention and management of gastric cancer.
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INTRODUCTION
The surface of the human gastrointestinal mucosa is
inhabited by a huge number of microbes of diverse species[1,2]. They interact with each other, constituting an
integrated and functional ecosystem, the gastrointestinal
microbiota. It provides immune, nutritional and energetic
benefits for its host[3]. Disruption of the microbiota may
lead to the development of diabetes mellitus, asthma,
colorectal cancer and inflammatory bowel disease[4-7].
Gastric cancer is the fourth most common malignant
carcinoma and the second leading cause of cancer-related
death[8,9]. It is estimated that 989000 new cases of gastric
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cancer occur each year[10]. In East Asia, the incidence of
gastric cancer is much higher than that in the other regions[11]. The gastric microbiota has long been considered
an important factor contributing to the development of
cancer[12,13]. Secretion of gastric acid drops in patients
with mucosal atrophy. This reduces the acid inhibition
of bacterial growth, resulting in the overgrowth of bacteria in the stomach. Under the influence of bacterial
enzymes, the production of N-nitroso compounds in
the stomach is increased[14]. The latter causes DNA damages and methylation of epithelial cells, promoting the
carcinogenesis of gastric mucosa[15-17]. With the advance
of the sequencing technique, it is possible to examine
the microbiota in details. The role played by microbiota
in the gastric carcinogenesis has been re-evaluated. We
searched for publications related to gastric cancer and
microbiota in PubMed using key words including gastric
cancer, microbiota, pH and nitrite. Publications pertinent
to carcinogenesis associated with microbiota were selected. The current knowledge of the gastric microbiota and
its carcinogenic potentials is reviewed in this paper.

abundant phyla was Proteobacteria, Streptococcus and Prevotella are the most abundant genus found in the stomach in
H. pylori-negative subjects[26]. The compositions of gastric
microbiota from gastric antrum and corpus are nearly
identical. In preterm neonates, bacteria from gastric juice
were mainly composed of Firmicutes, Tenericutes, Actinobacteria and Proteobacteria in the first week of life, but the
abundance of Proteobacteria increased steadily, becoming
the predominant bacteria by the fourth week of life[27].
Roles of the diverse and abundant gastric microbiota in
the pathogenesis of gastric diseases have been explored
in recent years.

INFLUENCE OF GASTRIC MICROBIOTA
BY H. PYLORI
H. pylori is a Gram-negative carcinogenic bacterium colonizing the human stomach[28]. In addition, overgrowth
of bacteria in the stomach has been considered to be another risk factor for gastric cancer[12,13]. It is, therefore, a
great concern of whether there is an interaction between
H. pylori and gastric microbiota.
Using a high density 16S rRNA gene microarray, the
compositions of gastric microbiota have been analyzed
from eight H. pylori infected patients and four H. pylori
negative patients[29]. The relative abundance of Proteobacteria (excluding H. pylori) and Acidobacteria was higher
in H. pylori infected patients, whereas, greater relative
abundance of Actinobacteria and Firmicutes was found in
the gastric microbiota from H. pylori negative patients[29].
In experimentally H. pylori infected BALB/c mice, the
biodiversity of gastric microbiota was increased[30]. Vaccination against H. pylori prevented the alteration of gastric
microbiota[30]. Therefore, it appears that H. pylori infection
may alter the composition and biodiversity of the gastric
microbiota.
Contradicting findings, however, have been reported.
Acute or chronic infection of H. pylori did not alter the
compositions of murine gastric microbiota[31]. There is no
difference in the gastric microbiota between gerbils persistently infected with H. pylori and those uninfected[32].
A culture-based analysis of 29 healthy volunteers found
that the composition of gastric microbiota was similar
regardless of H. pylori status[23]. The composition and biodiversity of gastric microbiota were explored by analyzing
1833 sequences of 16S rDNA generated by broad-range
bacterial PCR from the gastric mucosa of 23 individuals[26]. Double principal coordinate analysis and redundancy analysis revealed no significant association between
phylotype distribution and H. pylori status. Hierarchical
clustering found no distinct cluster between H. pylori-negative and -positive subjects. These findings suggest that
the presence of H. pylori in the gastric mucosa does not
affect the composition of the gastric community. Thus, it
appears that H. pylori acts more like a commensal bacteria,
rather than an intruder, to the gastric microbiota. Further
studies are required to clarify the interactions between
H. pylori infection and the gastric microbiota. This would

COMPOSITION AND BIODIVERSITY OF
THE GASTRIC MICROBIOTA
The median pH of the stomach is 1.4. The high acidity
inhibits the survival and proliferation of bacteria in the
stomach. However, the gastric mucus forms a pH gradient, thus providing protection of bacteria from acid attack[18]. The presence of non-Helicobacter pylori (H. pylori)
bacteria in the gastric mucosa has been demonstrated
using histological methods[19]. A number of bacteria have
been isolated from gastric juice[20-22]. The bacterial counts,
however, appear to be lower in the stomach than in the
other parts of the gastrointestinal tract[23]. It is estimated
that there are 102-4 cfu/mL of bacteria in the gastric juice,
but 1010-12 cfu/mL in the colon. The results using bacterial culture methods show that gastric microbiota is mainly
composed of bacteria present in the upper respiratory
tract, oropharyngeal and intestinal microbiota. In healthy
individuals, Veillonella sp., Lactobacillus sp. and Clostridium
sp. are most frequently isolated bacteria from the gastric
mucosa[24]. However, the compositions of gastric microbiota vary remarkably between individuals and studies. A
study from Spain found that the most abundant bacteria
isolated from stomach were Propionibacterium, Lactobacillus,
Streptococcus and Staphylococcus[23]. Considering the limitations of the bacterial culture method, it is unattainable
to thoroughly examine the compositions of the gastric
microbiota.
With the advance of the sequencing technology, it is
achievable to analyze the gastric microbiota in detail by
sequencing the bacterial 16S rRNA gene. Molecular analyses reveal much more diverse microbial communities in
the stomach. It harbors more than 130 phylotypes representing seven to thirteen bacterial phyla[25,26]. Proteobacteria, Firmicutes, Bacteroidetes, Actinobacteria and Fusobacteria
are the major phyla in the gastric microbiota. The most
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For the H. pylori infected INS-GAS mice, colonization of
the stomach with an artificial Altered Schaedler’s Flora
including ASF356 Clostridium Species, ASF361 Lactobacillus murinus and ASF519 Bacteroides Species promoted the
development of cancer[34]. However, the incidence of
gastric cancer did not significantly differ from H. pylori
infected INS-GAS mice fed under specific pathogen free
conditions.
N-nitroso compounds, consisting of N-nitrosamines
and N-nitrosamides, are potent carcinogens[35,44]. Humans
are exposed to N-nitroso compounds from diet, tobacco
smoke and other environmental sources. Increased exposure to these exogenous N-nitroso compounds has
been linked to an increased incidence of gastric cancer[45].
The amount of endogenous formation of N-nitroso
compounds, however, is much higher than that of exogenous formation[46]. The study on a population of more
than a half million individuals revealed that endogenous
N-nitroso compounds are significantly associated with
gastric cancer[46]. Nitrite is a precursor of the endogenous
N-nitroso compounds. Bacterial cytochrom-cd1-nitrite
reductase catalyzes the conversion of nitrite to nitrosamines in the presence of secondary amines[47]. In gastric
cancer patients, the concentration of nitrite in gastric
juice may increase up to 107.6 µmol/L[48]. When the acid
output reduces, bacterial overgrowth occurs in the stomach. These bacteria contain both nitrate reductase and
nitrite reductase, which catalyze the reduction of nitrate
and nitrite, respectively. However, some bacteria have a
differential rate in nitrate reduction and nitrite reduction.
Veillonella parvula and Haemophilus parainfluenzae have a
higher capacity in nitrate reduction than nitrite reduction,
thus increasing nitrite accumulation in the gastric juice[42].
In nature, many bacteria produce enzymes influencing
the production of nitrite. Ammonia oxidizing bacteria
possess ammonia monooxygenase and hydroxylamine
oxidoreductase which catalyze the production of nitrite
from ammonia under aerobic conditions[49,50]. Ammonia
oxidizing bacteria mainly include species from the phylum
of Planctomycetes[50]. The phylum of Nitrospirae is a group
of nitrite oxidizing bacteria. They encode nitrite oxidoreductase which oxidizes the formation of nitrate from
nitrite[51,52]. Thus, they tend to decrease the production
of nitrite. These bacteria involved in the production of
nitrite are widely present in soil, water and marine, where
humans are frequently exposed to. Molecular analyses of
the gastric microbiota suggest their potential presence in
the stomach. Their participation in the accumulation of
nitrite in the stomach remains to be studied in the future.
Findings from current studies support a role of microbiota in the development of gastric cancer. However,
techniques used in many studies have limited powers in
examination of composition, richness and biodiversity of
gastric microbiota. With the application of the metagenomics and single cell genomics[53-55], we could further
understand the properties of carcinogenic microbiota
and mechanisms by which they participate in the genesis
of gastric cancer.

substantially enhance our understanding of the development of gastric pathologies, especially gastric cancer.

ROLES OF MICROBIOTA IN THE
DEVELOPMENT OF GASTRIC CANCER
It has been proposed that gastric microbiota plays a role
in the development of gastric cancer[12,13]. Lowered acid
secretion due to gastric atrophy favors overgrowth of
bacteria in the gastric fluid, enhancing the production of
carcinogenic N-nitrosamine compounds. Recent studies on animal models strongly support the fundamental
role of microbiota in the development of gastric cancer.
Transgenic INS-GAS mice over-expressing human gastrin
may spontaneously develop intramucosal carcinoma[33].
Gastric intraepithelial neoplasia developed in all specific
pathogen-free male INS-GAS mice with a complex microbiota 7 mo after H. pylori infection[34]. For germ free
male INS-GAS mice which were absent of microbiota,
however, the incidence of gastric intraepithelial neoplasia
was only 10.0%. The incidence merely increased to 44.4%
11 mo after H. pylori infection[34]. These results suggest a
role of microbiota in the carcinogenesis of the stomach.
Furthermore, colonization of the stomach by an artificial
intestinal microbiota (Altered Schaedler’s Flora, including
ASF356 Clostridium species, ASF361 Lactobacillus murinus
and ASF519 Bacteroids species) increased the incidence
of gastric intraepithelial neoplasia to 69.0% in male INSGAS mice 7 mo after H. pylori infection[35]. Antibiotic
treatments significantly delayed onset of gastric neoplasia
in helicobacter-free and specific pathogen-free INS-GAS
mice[36]. These findings indicate the involvement of microbiota in the development of gastric cancer.
Elevation of pH dramatically influences the bacterial growth. Treatments with acid inhibition drugs increase the luminal pH, and the total bacterial count is
increased[19,37,38]. It returns to normal after discontinuation
of the treatment. The increased pH and bacterial count
correlate with the enhanced production of nitrite in the
stomach[39]. This could be attributed to the increased
abundance of nitrate-reducing bacteria[40], which catalyse
the nitrite production from the nitrate reduction. Haemophilia and Veillonella reduce nitrate more rapidly than
nitrite. They could be responsible for the accumulation
of nitrite in the stomach[41,42]. An increased luminal pH is
common in precancerous conditions and gastric cancer.
This may lead to alterations of the compositions of gastric microbiota. In gastric cancer patients, gastric microbiota was predominated by Veillonella, Haemophilus along
with Streptococci, Lactobacillus, Prevotella and Neisseria[43].
These studies suggest that alterations of gastric microbiota occur under the influence of pH. Further studies
are required to investigate roles and mechanisms of these
alterations in the development of gastric cancer. A recent
study on H. pylori infected mice suggests that gastric microbiota promotes the carcinogenesis, but its composition does not influence the incidence of gastric cancer[34].
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Unveiling lymph node metastasis in early gastric cancer
Nari Shin, Tae-Yong Jeon, Gwang Ha Kim, Do Youn Park
there is some controversy among investigators regarding the validity of these criteria. Further, there are currently no accurate methods to predict LN metastasis
in gastric cancer (for example, radiologic methods or
methods based on molecular biomarkers). We recommend the use of a 2-step method for the management
of early gastric cancer using endoscopic resection. The
first step is the selection of suitable patients for endoscopic resection, based on endoscopic and histopathologic findings. After endoscopic resection, additional
surgical intervention could be determined on the basis
of a comprehensive review of the endoscopic mucosal
resection/endoscopic submucosal dissection specimen, including lymphovascular tumor emboli, tumor
size, histologic type, and depth of invasion. However,
evaluation of clinical application data is essential for
validating this recommendation. Moreover, gastroenterologists, surgeons, and pathologists should closely
collaborate and communicate during these decisionmaking processes.
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Abstract
With respect to gastric cancer treatment, improvements
in endoscopic techniques and novel therapeutic modalities [such as endoscopic mucosal resection (EMR) and
endoscopic submucosal dissection (ESD)] have been
developed. Currently, EMR/ESD procedures are widely
accepted treatment modalities for early gastric cancer
(EGC). These procedures are most widely accepted
in Asia, including in Korea and Japan. In the present
era of endoscopic resection, accurate prediction of
lymph node (LN) metastasis is a critical component
of selecting suitable patients for EMR/ESD. Generally,
indications for EMR/ESD are based on large Japanese
datasets, which indicate that there is almost no risk of
LN metastasis in the subgroup of EGC cases. However,
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Core tip: In this review, we defined the clinicopathologic parameters for predicting lymph node metastatic
early gastric cancer. Moreover, we recommended the
use of a 2-step method for minimally invasive management of early gastric cancer. Collection and assessment of clinical application data will help validate this
recommendation.
Original sources: Shin N, Jeon TY, Kim GH, Park DY. Unvei
ling lymph node metastasis in early gastric cancer. World J
Gastroenterol 2014; 20(18): 5389-5395 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v20/i18/5389.htm DOI:
http://dx.doi.org/10.3748/wjg.v20.i18.5389
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differentiated adenocarcinoma, and no lymphovascular
invasion (irrespective of ulcer findings); (2) intramucosal
cancer, differentiated adenocarcinoma, no lymphovascular invasion, and without ulcer findings (irrespective
of tumor size); (3) undifferentiated intramucosal cancer,
no lymphovascular invasion, without ulcer findings, and
tumor less than 2 cm in size; and (4) minute submucosal
penetration (SM1), differentiated adenocarcinoma, no
lymphovascular invasion, and tumor less than 3 cm in
size[10]. As a consequence of these findings, the guidelines
for EMR and the extended criteria for ESD were based
on these datasets. However, the validity of these criteria
is currently under debate[11,12]. Kang et al[11] reported that
there were 1.4% and 15% LN metastases for mucosal
and submucosal EGCs, respectively, even though the lesions were well within the ESD criteria. However, Gotoda et al[10] reported that there were no LN metastases
(95%CI: 0%-0.3%) among 1230 differentiated mucosal
gastric cancers that were less than 3 cm in diameter and
without lymphatic involvement, vessel involvement, or
ulceration. Further, Gotoda et al[10] reported that there
were no nodal metastases (95%CI: 0%-0.4%) among
929 differentiated EGCs that were of any size and without lymphatic involvement, involvement, or ulceration.
Finally, Gotoda et al[10] reported that there were no LN
metastases among 141 diffuse-type EGCs that were less
than 3 cm and without lymphatic involvement, vessel
involvement, or ulceration. In contrast to the results of
Gotoda et al[10], Kang et al[11] reported that 1.6% (2/126),
1.4% (2/146), and 15.0% (3/20) of cases in the same respective categories involved lymph node metastasis. Additionally, Hölscher et al[12] reported that nodal metastasis
was evident in ≥ 2 cm tumors as early as deep mucosal
invasion, irrespective of their histologies. These observations could be explained by differences in the diagnostic
criteria of gastric adenocarcinoma, and the likelihood
that a diagnosis of adenocarcinoma, instead of highgrade dysplasia, could contribute to a lower rate of LN
metastasis in some cohorts[13,14]. These reports inspire
some concern regarding the extended criteria for ESD as
a curative therapeutic modality, because their results suggest that a risk of positive nodal metastasis is still present
in some cases. Therefore, a more accurate and consistent
method of predicting lymph node metastasis is needed to
support the use of EMR/ESD for curative resection.

INTRODUCTION
Gastric cancer is the second most common cause of cancer death, and the fourth most prevalent cancer worldwide
(7.8%)[1]. Early gastric carcinoma (EGC) has been defined
as gastric adenocarcinoma confined to either the mucosa
or submucosa, irrespective of regional lymph node metastasis, whereas advanced gastric cancer has been defined
as adenocarcinoma that has invaded into the muscularis
propria or beyond[2]. The incidence of EGC differs between Eastern and Western nations. In South Korea,
the proportion of gastric cancers diagnosed at an early
stage increased from 28.6% in 1995 to 32.8% in 1999.
In Japan, the proportion of gastric cancers diagnosed at
an early stage has increased from 18% to 57% over the
past 20 years[3,4]. These changes are mostly attributable to
advances in diagnostic technologies, including radiologic
and endoscopic modalities, which allow earlier detection
of gastric cancer, as well as nationwide mass screening
programs for gastric cancer[5,6].
With respect to therapeutic strategies for EGC, radical
surgery with complete removal of the first and second
tier lymph nodes can achieve 5-year survival rates in excess of 90%, and recurrence rates lower than 2%-3%[7,8].
Recently, endoscopic resection methods [such as endoscopic mucosal resection (EMR) and endoscopic submucosal dissection (ESD)] have become widely accepted
as first-line therapies for EGC without lymph node (LN)
metastasis. This acceptance partly results from the risks
of gastrectomy and its negative effects on the patient’
s quality of life[5,6]. Widely accepted selection criteria for
EMR are the presence of an intramucosal and intestinal (differentiated) adenocarcinoma with a diameter of
≤ 2 cm, and the absence of lymphovascular invasion.
With the development of ESD, broader indications have
been established, including submucosal invasion to a
maximal depth of 500 μm, and sizes up to 3 cm in diameter. These broader indications are a consequence of
the wider resection of the mucosa and submucosa. For
both EMR and ESD, the aforementioned indications are
based on large Japanese datasets, which suggest a minimal risk of lymph node metastasis for lesions that fall
within those criteria. Therefore, we believe that it is appropriate to review lymph node metastasis in EGC. Our
review particularly focuses on methods of predicting
lymph node metastasis in EGC.

CLINICOPATHOLOGICAL FEATURES FOR
PREDICTING LYMPH NODE METASTASIS
IN EGC, AND A RECOMMENDATION FOR
A SCORING SYSTEM

LYMPH NODE METASTASIS OF EGC
AND THE INDICATIONS OF EMR/ESD
In a meta-analysis of previously reported datasets[9], lymph
node metastasis was evident in about 3.2% (0.0%-20.3%)
of mucosal EGC and 19.2% (10.2%-33.3%) of submucosal EGC. Historically, Gotoda et al[10] reported that
some groups of patients with EGC showed either no risk
or minimal risks of lymph node metastasis, as compared
with the risks of mortality from surgery. These 5 groups
were characterized as follows: (1) intramucosal cancer,
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Various attempts have been made to predict LN metastasis in EGC, on the basis of endoscopic findings and various clinicopathologic factors (depth of invasion, tumor
size, macroscopic types, and histological differentiation).
Kwee et al[9] reported that younger age, the location of
the tumor in the middle stomach, larger tumor size, de-
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Early gastric cancer

Endoscopy
Endoscopic ultrasonography
Histopathology

Gastroenterologist

Suitable for ESD/EMR

Unsuitable for ESD/EMR

Prediction scoring system

Pathologist

Lymphovascular tumor emboli
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Histologic type
Tumor size

Surgeon

Surgical intervention

Figure 1 Workflow for deciding on a therapeutic method for cases of early gastric cancer. The first step is the selection of suitable patients for endoscopic resection, based on endoscopic and histopathologic findings. After endoscopic resection, additional surgical intervention could be determined on the basis of a comprehensive review of the EMR/ESD specimen, including lymphovascular tumor emboli, tumor size, histologic type, and depth of invasion. ESD: Endoscopic submucosal
dissection; EMR: Endoscopic mucosal resection; Sm: Submucosal.

pressed tumor type, ulceration, diffuse histologic type,
and lymphatic tumor invasion were associated with LN
metastasis in mucosa-confined EGC. Further, female sex,
location of the tumor in the lower stomach, larger tumor
size, diffuse histologic type, increasing depth of submucosal invasion, and lymphovascular invasion were associated with LN metastasis in submucosal invasive EGCs[9].
In the course of investigating submucosal invasive
EGC as an extended indication for ESD, a variety of
studies have attempted to predict LN metastasis of submucosal gastric cancer[11,15-17]. An et al[15] reported that
tumor size, histologic type, tumor depth, lymphatic invasion, and perineural invasion were associated with LN metastasis in submucosal EGCs. Among these factors, tumor
size ≥ 2 cm, and the presence of lymphovascular tumor
emboli were independent risk factors for LN metastasis
in a multivariate analysis. Kurihara et al[16] reported that tumor diameter, lymphatic invasion, and depth of invasion
were associated with lymph node metastasis. Kang et al[11]
reported that tumor size, presence of ulceration, lymphovascular invasion, and depth of submucosal invasion were
risk factors for LN metastasis in submucosal EGCs.
With respect to intestinal-type EGCs, lymphovascular
invasion and depth of invasion have been reported to be
independent risk factors for LN metastasis[11]. This same
research group has also reported that the lateral extent
of submucosal invasion is an important risk factor, in
addition to depth of invasion and lymphovascular tumor
emboli[17]. On the basis of the reported datasets, lymphovascular tumor emboli, tumor size, histologic type,
and submucosal depth of invasion should be considered
risk factors for predicting LN metastasis in submucosal
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invasive EGCs. The indication of ESD is largely dependent on these datasets, the analysis of which supported
the extended criteria of < 500 μm depth of invasion,
absence of lymphovascular invasion, tumor diameter <
3 cm, and intestinal histologic type.
As mentioned previously, lymphovascular tumor emboli, tumor size, histologic type, and depth of invasion
were components of the extended ESD criteria for submucosal invasion EGC. Among these factors, tumor size
and histologic type can be easily identified prior to endoscopic resection from endoscopic findings and biopsy
specimens. However, it is difficult to detect the presence
of submucosal invasion or lymphovascular tumor emboli using endoscopy and biopsy prior to endoscopic
resection. Indeed, it is difficult to find evidence of submucosal invasion or lymphovascular tumor emboli on
biopsy specimens, because of their small sizes and their
paucity of submucosal tissue.
In consideration of these limitations, the management of patients who might undergo EMR/ESD could
be performed using 2 processes, which have been described previously[18] (Figure 1). First, the selection of
EGC patients for EMR/ESD could be performed on
the basis of radiologic findings (endoscopic ultrasonography-based depth of invasion), endoscopic findings
(size), and biopsy specimen findings (histopathological features). Second, endoscopic resection could be
performed along with a comprehensive review of the
EMR/ESD specimen, including examination for lymphovascular tumor emboli, tumor size, histologic type,
and depth of invasion. The selection for further surgical
resection after EMR/ESD could be determined from
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the results of this comprehensive review of the EMR/
ESD specimen. Therefore, careful identification of the
various histopathologic features of the EMR/ESD specimen is a mandatory component of the management of
EMR/ESD patients. Various scoring systems have been
developed for these purposes.
Fujii et al[19] have demonstrated that lymphatic invasion, lymphocytic infiltration, poorly differentiated
submucosal component, tumor size, depth of invasion,
ulceration, and venous invasion are indications for surgical resection after ESD. They scored lymphatic invasion
(+2), lymphocytic infiltration (-2), poorly differentiated
component in the submucosa (+2), smallest diameter >
2 cm (+1), submucosal invasion depth > 2000 μm (+1),
and venous invasion (+1) for each ESD specimen. The
authors recommended that, after scoring each component, further surgical resection should be recommended
if the sum of the scores is ≥ 4. They reported that their
scoring system had 100% sensitivity, 68.0% specificity,
and 73.7% diagnostic accuracy for predicting LN status
in submucosal invasive EGC.
Kim et al [17] have developed the nodal prediction
index formula, which is based on risk factors for LN
metastasis in submucosal invasive EGCs. Their formula
is NPI = (2.128 × lymphovascular tumor emboli) +
(1.083 × submucosal invasion width ≥ 0.75 cm) + (0.507
× submucosal invasion depth ≥ 1000 μm + (0.515 ×
infiltrative growth pattern). Here, lymphovascular tumor
emboli, submucosal invasion ≥ 1000 μm, submucosal
width ≥ 0.75 cm, and infiltrative growth enter into the
formula as either 0 (absent) or 1 (present). The nodal
prediction index produces a greater area under the receiver operating characteristic (ROC) curve (0.809) than
do individual evaluations of lymphovascular tumor
emboli (0.744) or submucosal invasion width (0.689)[17].
Kim et al[17] reported that choosing a score of 1.8515 as
the cutoff between the LN(+) and LN(-) groups yielded
the ROC curve of optimal sensitivity and specificity. Particularly, using a 1.8515 cutoff score for predicting nodal
metastasis resulted in a sensitivity, specificity, positive
predictive value, negative predictive value, and accuracy
of 70.4%, 80.1%, 41.3%, 93.5% and 79.3%, respectively.
Although the exact results have varied across the different investigations, the use of a scoring system contributes an element of objectivity when deciding whether
surgery is indicated after ESD.

invasion are crucial components of the management of
patients who undergo EMR/ESD.
In the extended criteria for ESD, the cutoff value
of submucosal invasion depth is 500 μm. However, the
validity of 500 μm as an appropriate cutoff has been
challenged. Specimen handling could artificially affect
the depth of invasion[20]. During EMR/ESD specimen
handling, the specimen could be stretched, reducing the
thickness of the submucosa. Consequently, it has been
suggested that the cutoff value for depth of submucosal
invasion should be less than 500 μm, because the cutoff
value has historically been determined from surgically resected lesions, instead of endoscopically resected lesions.
Additionally, Kim et al[17] have argued that discrepancies
in the measurement of depth of invasion could arise
from differences between methods of measurement,
as well as from the morphologic characteristics of the
muscularis mucosae[17]. Indeed, Kim et al[17] revealed that
there are differences in depth of invasion depending on
whether the measurement is taken from the bottom of
the muscularis mucosa, which has been suggested to be
the standard method, or an imaginary line at the muscularis mucosa. In addition, the authors categorized the
muscularis mucosa as normal, discontinuous, hypertrophic, or disappearing. They recommended measuring the
submucosal depth of invasion from an imaginary line of
the muscularis mucosae in patients with irregular muscularis mucosa (discontinuous, hypertrophic), and from the
bottom of muscularis mucosa in patients with normal
muscularis mucosa (Figure 2).
As mentioned previously, the presence of lymphovascular emboli is the most reliable risk factor for predicting
LN metastasis in EGC. Therefore, careful identification of lymphovascular tumor emboli in endoscopically
resected specimens is an important step for selecting
suitable patients for further surgical intervention after
endoscopic resection. Although the presence of lymphovascular emboli is defined by the presence of tumor
cells within endothelial-lined vascular spaces, there are
various debates about the recognition, diagnosis, and
reporting of lymphovascular emboli in cancers [21-23].
Indeed, there are many mimics and artifacts of lymphovascular emboli, such as retraction artifacts around tumor cells, and intervening stroma-mimicking tumor cells
in the lymphovascular spaces during histopathologic examination. Park et al[18] defined potential lymphovascular
tumor emboli as being probable, suspicious, or definite.
Specifically, potential lymphovascular tumor emboli
were defined by “the presence of tumor cells within a
vascular space,” in combination with the following criteria, which are based on previous publications[21,24]: (1)
red cells or lymphocytes surrounding the tumor cells;
(2) an endothelial cell lining; and (3) attachment to the
vascular wall. Kim et al[17] recommend the use of strict
lymphovascular tumor emboli criteria during the identification of lymphovascular tumor emboli in EMR/ESD
specimens. Their recommendation proceeds from an
analysis of their datasets that showed a greater the area

PRACTICAL POINTS OF EVALUATION
OF LYMPHOVASCULAR TUMOR
EMBOLI AND DEPTH OF SUBMUCOSAL
INVASION
As mentioned previously, lymphovascular tumor emboli and depth of submucosal invasion have been the
strongest risk factors for lymph node metastasis in submucosal invasive EGCs. Therefore, careful identification
of lymphovascular invasion and depth of submucosal
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A
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muscularis mucosa

B

Hypertrophic
muscularis mucosa

C

Discontinuous
muscularis mucosa

Muscularis mucosae
Adenocarcinoma

Figure 2 Recommendation of measurement of the submucosal depth of invasion. Measuring from the bottom of muscularis mucosa in patients with normal
muscularis mucosa (A) and from imaginary line of the muscularis mucosae in patients with irregular muscularis mucosa [hypertrophic (B), discontinuoud (C)] (solid arrow) is recommended rather than measuring from bottom of muscularis mucosae (broken arrow).

surement of depth of submucosal invasion[28]. Recently,
laparoscopic sentinel node biopsy with endoscopic resection has been investigated as a promising method of
predicting LN metastasis in EGC; although many clinical
attempts regarding the use of sentinel nodes have been
performed, this approach still has technical and clinical
limitations[29,30].
The use of molecular biomarkers to predict LN metastasis in EGC also has limited clinical utility. Yoshii et al[31]
reported that dual loss of membranous E-cadherin
and beta-catenin was associated with LN metastasis in
intestinal-type EGC. Tanaka et al[32] reported that loss of
beta-catenin was associated with LN metastasis of EGC.
Mucin-4 expression is also associated with LN metastasis in EGC[33]. The expression of vascular endothelial
growth factors C and D is associated with micrometastasis in EGC[34]. Lymphatic vessel density-identified and
microvessel density-identified immunohistochemistry of
D2-40 and CD31 have been associated with LN metastasis in EGC[35]. Besides tissue biomarkers, preoperative
serum angiopoietin-2 level has also been associated with
LN metastasis in EGC[36].

under the ROC curve for definitive lymphovascular tumor emboli (as compared with the areas under the ROC
curves for suspicious or probable cases) when predicting LN metastasis from endoscopically resection specimens. From a practical perspective, some reports have
suggested that immunohistochemical staining (factor Ⅷ
-related antigen, CD31, and D2-40) is important for detecting lymphovascular emboli, because mimics and artifacts can otherwise lead to mistakes[22,25,26]. Jeon et al[26]
reported that immunohistochemical staining resulted
in better detection of lymphovascular emboli than the
use of routine hematoxylin and eosin staining on ESD
specimens. Additional prospective studies are needed to
confirm the exact role of immunohistochemistry in the
detection of lymphovascular tumor emboli in submucosal invasive EGCs.

RADIOLOGIC OR MOLECULAR
BIOMARKERS TO PREDICT LYMPH
NODE METASTASIS IN EARLY GASTRIC
CANCER
At present, no imaging modalities are capable of reliably
predicting LN status in cases of gastric cancer, especially
those that involve EGC[9,27]. Imaging modalities that have
been investigated include abdominal ultrasonography,
endoscopic ultrasonography, computed tomography,
magnetic resonance imaging, and positron emission
tomography-computed tomography. Endoscopic ultrasonography and some biologic markers have been introduced as possible methods of predicting LN status in
cases of gastric cancer, but the true reliabilities of these
methods remain controversial. Endoscopic ultrasonography can be used as a screening method to select patients
who are suitable for EMR/ESD, according to the mea-
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CONCLUSION
We recommend 2 steps for the management of EGC
using endoscopic resection. The first step is the selection
of suitable patients for endoscopic resection, based on
endoscopic and histopathologic findings. After endoscopic resection, additional surgical intervention could
be determined on the basis of a comprehensive review
of the EMR/ESD specimen, including lymphovascular
tumor emboli, tumor size, histologic type, and depth of
invasion. Gastroenterologists, surgeons, and pathologists should communicate closely during these decisionmaking processes.
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Core tip: Although platinum-based chemotherapy is
adopted widely nowadays in spite of numerous side effects, there is still no standard treatment for palliative
chemotherapy of advanced gastric cancer. The current
review assessed the efficacy and tolerability of nonplatinum-based chemotherapy as first-line palliative
treatment in patients with inoperable advanced gastric
cancer. The results showed that non-platinum-based
chemotherapy including 5-fluorouracil, taxanes, and
irinotecan, would seem to be as effective and tolerable
as traditional platinum-based chemotherapy.

Abstract

Original sources: Kang BW, Kim JG, Kwon OK, Chung HY, Yu
W. Non-platinum-based chemotherapy for treatment of advanced
gastric cancer: 5-fluorouracil, taxanes, and irinotecan. World J
Gastroenterol 2014; 20(18): 5396-5402 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v20/i18/5396.htm DOI:
http://dx.doi.org/10.3748/wjg.v20.i18.5396

Despite numerous advances in treatment options, advanced gastric cancer (AGC) remains a major public
health issue and the leading cause of cancer-related
deaths. Cisplatin is one of the most effective broadspectrum anticancer drugs for AGC and a doublet
combination regimen of either cisplatin-based or 5-fluorouracil (5FU)-based chemotherapy is generally used
for treatment of patients with AGC. However, there
is still no consensus on the best regimen for treating
AGC. Recently, various new chemotherapeutic agents,
including oral 5FU, taxanes, and irinotecan, have been
identified as improving the outcomes for AGC when
used as a single agent or in combination with nonplatinum chemotherapy. Nonetheless, it is still unclear
whether non-platinum-based chemotherapy is a viable
treatment option for patients with AGC. Accordingly,
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INTRODUCTION
Advanced gastric cancer (AGC) is a major public health
issue and the leading cause of cancer-related deaths,
with a 5-year survival of only 20%[1-3]. Despite numerous
advances in treatment options, the prognosis for AGC
remains dismal, as most patients are in an advanced or
inoperable stage at the time of diagnosis. One of the
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most important treatment modalities is systemic chemotherapy. A recent phase Ⅲ trial showed that the addition
of trastuzumab to cisplatin-based chemotherapy significantly improved the survival of patients with human epidermal receptor 2 (HER2)-positive AGC[4]. However, the
frequency of HER2 overexpression is low (10%-20%),
and there is no widely accepted first-line treatment for
HER2-negative AGC.
Cisplatin is a small-molecule platinum compound
forming intrastrand cross-links that activate the apoptotic
pathway, resulting in cell death[5]. Cisplatin is also one of
the most effective broad-spectrum anticancer drugs for
AGC. Generally, a doublet combination regimen of either
cisplatin-based or 5-fluorouracil (5FU)-based chemotherapy is used for treating AGC[6]. While a cisplatin-based
combination has been found to be marginally superior to
other combinations, the benefit is still disappointing, with
a response rate below 50% and high rate of toxicity[7].
The significant toxicity of cisplatin, which often results
in nausea, vomiting, nephrotoxicity, and neurotoxicity, can
also affect the final treatment outcomes and quality of life
as the majority of patients present in an advanced stage.
Plus, the effect of cisplatin-based chemotherapy has been
found to vary depending on the tumor biology, where
resistance markedly reduces its clinical effectiveness[8].
Interestingly, the introduction of new agents, such as oral
5FU, taxanes, and irinotecan, has provided improved treatment outcomes for patients with AGC. In a recent metaanalysis by Chen et al[9], combination regimens with such
agents achieved a similar response rate and overall survival
to platinum-based regimens. The toxicity of non-platinum-based regimens is also significantly lower in terms of
hematologic toxicity, vomiting, and neurotoxicity. Nonetheless, it is still unclear whether non-platinum-based chemotherapy is a viable treatment option for patients with
AGC. Accordingly, this review focuses on the efficacy and
tolerability of non-platinum-based chemotherapy for patients with AGC.

study comparing capecitabine with 5FU, and oxaliplatin
with cisplatin in 1003 patients with AGC[11]. Although
30% of patients had an esophageal cancer, results from
this study suggest that capecitabine and oxaliplatin are
as effective as 5FU and cisplatin, respectively. Another
phase Ⅲ randomized trial (ML17032 trial) evaluated the
combination of capecitabine and cisplatin vs the combination of 5FU and cisplatin in patients with AGC[12]. The
capecitabine and cisplatin combination met the primary
endpoint of non-inferiority of PFS (5.6 mo vs 5.0 mo).
Median OS (10.5 mo vs 9.3 mo) and severity of adverse
events were comparable in both groups. Consequently,
oral 5FU (capecitabine or S-1) and a platinum-based
combination has been widely accepted as one of the first
choices worldwide for treatment of patients with AGC.

SINGLE-AGENT CHEMOTHERAPY
A previous meta-analysis demonstrated a significant survival benefit related to combination chemotherapy when
compared with a single agent[3]. However, in most previous studies, 5FU has only been evaluated as single-agent
chemotherapy. In addition, several new drugs, such as
oral 5FU, taxanes, and irinotecan, have also been evaluated only as single agents in terms of their efficacy and
tolerability when treating AGC.
5FU (intravenous)
In the early 1980s, 5FU alone was evaluated as an active
single agent for patients with AGC[13]. Subsequently, 5FU
in combination with leucovorin was also investigated[14,15].
However, while these studies reported a 19%-48% objective response rate and tolerable toxicity profiles, more
than half the patients had other types of gastrointestinal
malignancies. A randomized phase Ⅱ trial by Barone et
al[16] compared a combination of 5FU and leucovorin
with a cisplatin-containing regimen (cisplatin, etoposide,
and epirubicin), where the median response duration was
8.8 and 8.3 mo, respectively. Thereafter, 5FU alone has
been used as the reference arm in randomized phase Ⅲ
trials. The North Central Cancer Treatment Group compared three arms (5FU alone vs 5FU plus adriamycin vs
5FU, adriamycin, and methotrexate), however, there was
no significant difference in the treatment outcomes[17].
Similarly, in Japan, two randomized trials found no survival advantage between cisplatin-based chemotherapy
(5FU plus cisplatin or irinotecan plus cisplatin) and FU
alone (7.1 mo vs 7.3 mo; 10.8 mo vs 12.3 mo)[18,19]. Although cisplatin-based chemotherapy produced a higher
response rate and PFS, 5FU alone was associated with
less toxicity.

ROLE OF PLATINUM-BASED
CHEMOTHERAPY IN AGC
Platinum-based doublet chemotherapy, typically cisplatin
in combination with either infused 5FU or an oral 5FU,
such as S-1 or capecitabine, is current standard practice in
many countries[1]. In a randomized phase Ⅲ trial (SPIRITS trial)[10], 298 patients with AGC were randomized to
S-1 plus cisplatin or S-1 alone. Median progression-free
survival (PFS) (6.0 mo vs 4.0 mo) and overall survival (OS)
(13.0 mo vs 11.0 mo) were significantly longer in the combination group. The response rate was also higher with S-1
(54% vs 31%). Based on this trial, the S-1 plus cisplatin
combination regimen has been established as a standard
treatment for AGC in Japan. Two phase Ⅲ trials have
compared the efficacy and safety of capecitabine-based
and 5FU-based combinations. In Western countries, the
REAL-2 trial was a randomized multicenter phase Ⅲ
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5FU (oral)
Oral 5FU agents, such as capecitabine and S-1, are commonly used for AGC and have several advantages, including the possibility of continuous exposure to 5FU at
the tumor site and minimized systemic exposure to 5FU,
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thereby reducing the toxicity and improving the convenience and quality of life[20,21]. The activity of capecitabine
has already been tested in phase Ⅱ studies, and resulted
in a response rate of 6%-32%[22]. In two early phase
Ⅱ studies conducted in Korea and Japan, capecitabine
showed a median survival of 8-10 mo and response rate
of approximately 20%-30%[23,24]. Meanwhile, in another
study with 704 patients, Boku et al[18] demonstrated the
non-inferiority of S-1 alone, and superiority of irinotecan
plus cisplatin over 5FU alone. For the primary endpoint,
the PFS for S-1 was not inferior to that for 5FU (4.2 mo
vs 2.9 mo, P < 0.001), and there was even a trend suggesting the superiority of S-1 over 5FU alone. The two arms
were also comparable as regards adverse events, meaning
that S-1 is an acceptable alternative to 5FU alone. Another important factor is that these two agents can be considered as an option for elderly patients or patients with
a poor performance status. In a phase Ⅱ trial of S-1 in
patients with a poor performance status and intolerance
to combination chemotherapy, the results showed that
S-1 was an active and safe drug with a response rate of
12%[25]. Meanwhile, capecitabine was directly compared
with S-1 in a randomized phase Ⅱ trial of 91 elderly patients[26]. In this case, the two agents (capecitabine vs S-1)
were found to be comparable in terms of the response
rate (27.2% vs 28.9%), median time to progression (4.7
mo vs 4.2 mo), OS (9.5 mo vs 8.2 mo), and treatment-related toxicity. Therefore, the above findings suggest that
oral 5FU agents can be used for patients where platinum
agents are contraindicated.

good tolerance and promising results when using irinotecan as a single therapy for AGC, including response
rates from 14% to 20% and a median survival of approximately 7 mo[35,36]. As regards toxicity, the most common grade 3-4 toxicities were diarrhea (20%-30%) and
neutropenia (23%-38.5%). Thus, despite a slightly higher
response rate than with conventional agents, the toxicity
of irinotecan remains a concern. Nonetheless, irinotecan
can still be considered as an alternative single agent when
a platinum-based therapy cannot be delivered.

COMBINATION CHEMOTHERAPY
In clinical trials, various new chemotherapeutic agents, including oral 5FU, taxanes, and irinotecan, have been identified as improving the outcomes for AGC when used in
combination with non-platinum doublet chemotherapy.
For example, when studying the combination of 5FU
plus anthracycline in conjunction with mitomycin or
methotrexate, the initial reports showed high response
rates of 30% to 60% and significantly improved survival
with the addition of anthracyclines when compared with
cisplatin and 5FU alone. However, the survival benefits
were not consistent in a meta-analysis[2,6,17,37-39]. Meanwhile, oral 5FU plus cisplatin or oxaliplatin combinations
have been found to be more effective than the conventional regimen of cisplatin with 5FU alone[12,13]. Thus,
the questionable efficacy of adding anthracyclines has
resulted in a worldwide decrease in their use.
Various combinations of oral 5FU agents (capecitabine
or S-1) and taxanes or irinotecan have already been used
in experimental models and, despite the absence of platinum agents, such combinations have been found to enhance the anticancer activity and overcome the resistance
to each agent[40-42]. Thus, several phase Ⅱ studies have
since investigated these combinations (Table 1), including
capecitabine plus taxanes, capecitabine plus irinotecan,
S-1 plus taxanes, and S-1 plus irinotecan, as the backbone
of combination chemotherapy without a platinum agent.
The results were promising, with an overall response
rate of 37%-52%, and median overall survival of 8-16
mo[43-55]. Although a direct comparison is difficult due
to the limitation of randomized phase Ⅱ studies, three
studies demonstrated comparable outcomes to cisplatincontaining chemotherapy in terms of the response rate,
survival, and toxicity[44,46,54]. The combination of docetaxel
and irinotecan without cisplatin was also tested in a phase
2
Ⅱ trial, where doses of docetaxel 40 mg/m per day and
2
irinotecan 100 mg/m per day on a 3-wk cycle provided
an acceptable safety profile and modest activity with a
response rate of 26%[56]. In addition, the combination
of irinotecan, 5FU, and leucovorin (FOLFIRI) has been
shown to be active and well tolerated in patients with
AGC[57,58]. Therefore, based on the results of these trials,
an irinotecan-containing regimen can be considered as a
suitable alternative to a platinum combination.
A recent meta-analysis by Chen et al[9] evaluated the
efficacy and tolerability of platinum vs non-platinum che-

Taxanes
Taxanes (paclitaxel or docetaxel) disrupt the microtubule function and inhibit the process of cell division,
and have shown encouraging activity in the treatment
of AGC[27,28]. Several studies have already investigated
the sue of paclitaxel monotherapy for AGC and found
response rates ranging from 17% to 28%[28]. When investigating the efficacy of paclitaxel every 3 wk as firstline treatment for AGC patients, Ajani et al[29] found that
a dose of 200 mg/m2 was generally well tolerated, produced a response rate of 17%, and the median survival
was 8 mo. Meanwhile, when using a weekly dose of paclitaxel of 80 mg/m2, the response rate was 17.6% and the
median survival was 7.3 mo[30]. Docetaxel monotherapy
has also been assessed for AGC patients in several phase
[31]
2
Ⅱ studies . When using a dose of 60-100 mg/m every
[31-33]
3 wk
, the response rate was 15%-25% and the median survival ranged from 7.5 to 11.0 mo. While the most
common adverse event was neutropenia, the incidence
of neutropenic fever was very low. Therefore, despite the
varying response rates, the overall outcome for taxanes
was similar to that observed for most single conventional
drugs, making taxanes an appropriate option for AGC.
Irinotecan
Irinotecan prevents DNA from unwinding by inhibiting
topoisomerase Ⅰ[34]. Multiple trials have already shown
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Table 1 Selected phase Ⅱ and Ⅲ trials of first-line non-platinum-based chemotherapy for patients with advanced gastric cancer
Ref.

Year

Phase

Vanhoefer et al[37]

2000

Ⅲ

Boku et al[18]

2009

Ⅲ

Ohtsu et al[19]
(JCOG 9205)

2003

Ⅲ

Kim et al[59]

2005

Ⅱ

Giordano et al[60]
(NCCTG)
Jeung et al[54]

2006

Ⅱ

2011

Ⅱ

(random)

Park et al[50]

2006

Mochiki et al[44]
Pozzo et al[51]

2012

Ⅱ

(random)
2004

Narahara et al[48]
2011
(GC0301/TOP-002)
Moehler et al[46]

Ⅱ

(random)

2010

Ⅱ

(random)
Ⅲ

Ⅱ

(random)

Oh et al[49]
Baek et al[55]
Bouché et al[57]
(FFCD 9803)

2007
2006
2004

Ⅱ

Dank et al[58]

2008

Ⅲ

Ⅱ
Ⅱ

Tx

Dose
2
(mg/m per day)

Cycle

Median TTP/ Median P value
TTF/PFS (mo) OS (mo) for OS

Patients
(n )

RR

85
81
79
234
236
234
105
105
70
32

12%
20%
9%
11.4%
34.3%
8.6%
43.8%

3.3
4.1
3.3
2.9
4.8
4.2
1.9
3.9
2.4
5.1

6.7
7.2
7.2
10.8
12.3
11.4
7.1
7.6
6.0
8.4

0.77
0.73
0.0551
< 0.0012
0.34
0.11
-

44

39%

4.2

9.4

-

39
41
38
39
42
41
74
72
164

46%
24%
42%
33%
52.3%
48.7%
42.4%
32.1%
41.5%

7.3
4.8
3.6
4.2
9.0
6.0
6.5
4.2
4.5

16.0
8.2
9.9
9.3
16.0
17.0
10.7
6.9
12.8

162
57
55
55
41
45
44
45
172
165

26.9%
37.7%
42.0%
43.6%
46.3%
13%
27%
40%
31.8%
25.8%

3.6
4.2
4.8
5.0
5.1
3.2
4.9
6.9
5.0
4.2

10.5
10.2
7.9
11.0
8.6
6.8
9.5
11.3
9.0
8.7

FAM (5FU: 1500, A: 30, M: 1500) (D1, D1, and D15, 4 wk)
FC
(F: 1000, C: 100)
(D1-5 and D2, 4 wk)
ELF
(L: 300, E: 120, F: 500)
(D1-5, 3 wk)
F
F: 800
D1-5, 4 wk
IC
(I: 70, C: 80)
(D1,15 and D1, 4 wk)
S
S: 80
D1-28, 6 wk
F
F: 800
D1-5, 4 wk
FC
(F: 800, C: 20)
(D1-5 and D1-5, 4 wk)
U/T3
U/T: 750
DX
D: 75
D1, 3 wk
X: 2000
D1-14, 3 wk
DX
D: 75
D1, 3 wk
X: 1650
D1-14, 3 wk
DS
(D: 35, S: 70)
(D1, 8 and D1-14, 3 wk)
DC
(D: 35, C: 35)
(D1, 8 and D1, 8, 3 wk)
PF
(P: 175, F: 500)
(D1 and D1-5, 3 wk)
DF
(D: 75, F: 500)
(D1 and D1-5, 3 wk)
SP
(S: 80, P: 60)
(D1-14 and D1, 8, 15, 4 wk)
SC
(S: 80, C: 60)
(D1-21 and D8, 5 wk)
ILF
(I: 80, L: 500, F: 2000)
(D1, weekly, 6 wk)
IC
(I: 200, C: 60)
(D1 and D1, 3 wk)
IS
(S: 80, I: 80)
(D1-21, 5 wk, D1 and 15,
5 wk)
S
S: 80
D1-28, 6 wk
IX
(I: 250, X: 2000)
(D1 and D1-14, 3 wk)
CX
(C: 80, X: 2000)
(D1 and D1-14, 3 wk)
IX
(I: 130, X: 3500)
(D1,15 and D1-15, 3 wk)
IX
(I:100, X: 2000)
(D1, 8 and D1-14, 3 wk)
LF
(L: 200, F: 400/600)
(D1-2, 2 wk)
LFC (L: 200, F: 400/600, C: 50)
(D1-2, 2 wk)
LFI (F: 200, F: 400/600, I: 180)
(D1-2, 2 wk)
IFL
(I: 80, L: 500, F: 2000)
(D1, weekly, 6 wk)
CF
(C: 100, F:1000)
(D1 and D1-5, 4 wk)

0.019
0.084
0.0018
0.233

-

0.53

1

Superiority compared to 5-fluorouracil (5FU) alone; 2Non-inferiority compared to 5FU alone; 3With weekly bolus infusion of mitomycin 5 mg/m2. Tx:
Treatment; TTP: Time to progression; TTF: Time to treatment failure; PFS: Progression-free survival; OS: Overall survival; F: 5FU; A: Adriamycin; M:
Methotrexate; C: Cisplatin; E: Etoposide; L: Leucovorin; I: Irinotecan; S: S-1; U/T: Uracil and tegafur; D: Docetaxel; X: Capecitabine; P: Paclitaxel.

motherapy as a first-line palliative treatment for patients
with inoperable AGC. Based on 3680 patients in 27 trials, where 8 trials used pooled estimates for OS, the final
hazard ratio for OS of 1.07 (95%CI: 0.88-1.30) showed
no significant difference between the platinum-based
and the non-platinum-based therapies containing newgeneration agents. However, the occurrence of most adverse events was higher in the platinum-arm, except for
diarrhea, and most importantly, the toxic death rate and
nephrotoxicity were much higher in the platinum arm.
Therefore, the combination regimens including newgeneration agent showed a similar impact on survival
and better tolerability.

ity of the disease and the toxicity related to a particular
chemotherapy are both essential to improve outcomes
and relieve substantial toxicity. In the current review,
newer agents, such as oral 5FU, taxanes, or irinotecanbased chemotherapy, would seem to be as effective and
tolerable as traditional platinum-based chemotherapy.
Accordingly, these newer agents should be considered as
a preferred option for first-line chemotherapy in the case
of AGC, especially for patients where platinum-based
chemotherapy is contraindicated. Furthermore, additional
trials are needed to define the benefits of these agents in
patients with AGC.
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dicate the stage of EMT (e.g. , E-cadherin, an epithelial
cell biomarker); therefore, certain transcriptional proteins, especially E-cadherin transcriptional repressors,
may participate in the regulation of EMT. In addition,
EMT regulation may be associated with certain epigenetic mechanisms. The aforementioned molecules can
be used as early diagnostic markers for gastric cancer,
and EMT regulation can provide potential targets for
gastric cancer therapy. Here, we review the role of
these aspects of EMT in gastric cancer initiation and
development.
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Core tip: Gastric cancer is responsible for numerous
deaths worldwide; therefore, investigations into its
initiation and development are of great importance. Recent evidence has shown that epithelial-mesenchymal
transition (EMT) plays an important role in tumorigenesis and progression. In this review, we investigate the
role of EMT in gastric cancer. We discuss the role of
EMT in both carcinogenesis and progression. We also
summarize the regulators and signal pathways involved
in EMT. A systemic understanding of the role of EMT
could be helpful for the early detection and effective
treatment of gastric cancer.

Abstract
Gastric cancer is one of the most common malignant
tumors worldwide. Due to its intricate initiation and
progression mechanisms, early detection and effective
treatment of gastric cancer are difficult to achieve. The
epithelial-mesenchymal transition (EMT) is characterized as a fundamental process that is critical for embryonic development, wound healing and fibrotic disease.
Recent evidence has established that aberrant EMT
activation in the human stomach is closely associated
with gastric carcinogenesis and tumor progression. EMT
activation endows gastric epithelial cells with increased
characteristics of mesenchymal cells and reduces their
epithelial features. Moreover, mesenchymal cells tend
to dedifferentiate and acquire stem cell or tumorigenic
phenotypes such as invasion, metastasis and apoptosis resistance as well as drug resistance during EMT
progression. There are a number of molecules that in-
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components to promote a motile phenotype and the remodeling of the surrounding extracellular matrix to allow
for invasion[10]. EMT can be approximately divided into
three types according to the phenotype of the output
cells[11]. In type 1 EMT, epithelial cells convert into mesenchymal cells that form the diaspora of the basic body
plan, and it is well known that type 1 EMT is the fundamental process in the embryonic development of multicellular organisms. For example, EMT has been shown
to be activated during gastrulation as well as during the
development of the neural crest, heart and musculoskeletal system[12,13]. The transition from epithelial cells to
inflammation-induced fibroblasts can be observed in type
2 EMT, which is associated with wound healing, tissue repair and organ fibrosis[11]. Type 2 EMT can contribute to
inflammatory responses and tissue repair under normal
conditions but can also cause organ fibrosis. Type 3 EMT
is a tumor progression process in which epithelial tumor
cells transform into metastatic tumor mesenchymal cells
that can leave their primary tumor site and migrate to
a new tissue to form secondary tumor nodules. Type 3
EMT endows cancer cells with the ability to invade and
metastasize, promoting carcinoma progression and treatment failure[10,14].
Because EMT involves significant phenotypic
changes, there are a variety of molecules that can be used
to act as EMT biomarkers. E-cadherin encoded by the
CDH1 gene is a transmembrane glycoprotein expressed
in epithelial cells that plays an important role in the maintenance of cell adherence and the structural integrity
of epithelial sheets[12,15]. The loss or down-regulation of
E-cadherin is considered an important EMT marker[16].
During the EMT, cadherin switches from E-cadherin to
N-cadherin, which is expressed in mesenchymal cells.
Thus, the down-regulated expression of E-cadherin and
up-regulated expression of N-cadherin are observed during EMT, and both can be identified as EMT biomarkers.
Other cell surface proteins, ECM proteins and cytoskeletal markers such as FSP1, β-catenin and α-SMA can
also be used to characterize EMT[11]. In addition, certain
transcription factors and microRNA molecules that participate in the regulation of the EMT can be identified as
biomarkers or potential targets for intervention.

INTRODUCTION
Gastric carcinoma (GC) is the fourth most common malignant tumor and is the second leading cause of cancer
mortality worldwide[1]. In China, the incidence of GC
ranks third among all malignant tumors, with an estimated 380000 new cases annually[2]. The mortality rate
for GC in China is approximately 26.3 per 100000, the
highest in the world according to a study from 2005[3]. Although the mortality of GC has declined in recent years
primarily due to improvements in endoscopic detection[4],
the early diagnosis and effective treatment of GC remain
challenging. At present, GC diagnosis primarily relies
on endoscopy; however, most cases are confirmed at
advanced stages due to a lack of early stage symptoms.
In addition, gastrectomy and chemotherapy are the only
therapeutic options for these advanced-stage patients.
Thus, the outcome of GC remains poor, with a 5-year
survival rate of 20%. The prognosis of GC patients
usually depends on the early detection and treatment
of malignant tumor characteristics such as invasion and
metastasis, which are the primary causes of treatment
failure. Therefore, the exploration of GC initiation and
progression mechanisms may improve early diagnosis
and treatment efficacy.
The epithelial-mesenchymal transition (EMT) is
characterized as a fundamental process that is critical
for embryonic development, wound healing and fibrotic
disease[5,6]. However, recent evidence has proven that the
aberrant activation of EMT also plays a crucial role in
the genesis, invasion and metastasis of various tumors[7,8],
including gastric cancer[9]. As a consequence, a systematic
exploration of the role of EMT in GC could deepen our
understanding of GC tumorigenesis and progression,
which may assist in early diagnosis and effective treatment. EMT is a process through which epithelial cells
are converted into mesenchymal cells, and it involves
profound phenotypic changes such as the loss of cell-cell
adhesion, the loss of cell polarity and the acquisition of
migratory and invasive properties. EMT occurrence and
regulation both involve a series of signal transduction
pathways and complex molecular mechanisms, which
may be linked with transcription regulation, epigenetic
modification and cancer stem cells; moreover, a number
of growth factors, transcription factors and microRNA
molecules may also participate in this progress. Here,
we briefly review the role of EMT in GC. We separately
discuss its role in both tumorigenesis and cancer progression and summarize the involved regulators and possible
regulating signal pathways.

ROLE OF EMT IN GASTRIC
TUMORIGENESIS
During the EMT process, epithelial cells dedifferentiate
and acquire mesenchymal as well as stem cell phenotypes.
In these stem cell phenotypes, the EMT-induced cancer
stem cell (CSC) phenotypes may contribute the most to
tumorigenesis in the stomach.
Previously, each cell was believed to be potentially
cancerous; however, only a subset of these cells can actually initiate cancer[17], i.e., CSCs. CSCs are a small subset
of cancer cells that possess extensive proliferative and
self-renewal potential and can differentiate into heterogeneous tumorigenic cancer cells. Reya et al[18] proposed the

GENERAL CHARACTERISTICS OF EMT
During cell development, the cells of epithelial and
mesenchymal origins convert between the two phenotypes in what has been described as the EMT and the
mesenchymal-epithelial transition (MET). The common
characteristics exhibited during EMT are the loss of
epithelial cell contacts, the reorganization of cytoskeletal
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“Cancer Stem Cells Theory” in 2001 and asserted that
there were striking parallels between stem cells and CSCs.
The authors proposed that tumors may often originate
from CSCs and that there are similar signaling pathways
in regulating the self-renewal of stem cells and cancer
cells. Thus, cancer cells may include “Cancer Stem Cells”,
which are rare cells with the indefinite potential for selfrenewal that can drive tumorigenesis.
The existence of gastric CSCs in the stomach has also
been demonstrated. Takaishi et al[19] performed experiments and concluded that CD44-positive gastric cancer
cells have CSC properties including the ability to initiate
tumors, and these cells provide a cell reservoir that can
cause tumor recurrence after therapy. Further evidence
demonstrated that the gastric CSC marker CD44 was significantly associated with the expression of EMT-activating transcription factors, indicating that gastric CSCs may
be associated with EMT[20]. Ryu et al[20] performed immunohistochemistry for EMT-related proteins including
Snail-1, ZEB-1, E-cadherin, vimentin and β-catenin as
well as the CSC marker CD44 in 276 consecutive primary
gastric cancers and 54 matched lymph node metastases.
Their results demonstrated that CD44 expression was
significantly associated with the expression of Snail-1,
ZEB-1 and E-cadherin. Moreover, in the gastric epithelium, the stem cells at the base of the pyloric gastric glands
are reliant on an active and dynamically regulated Wnt
pathway[21,22]. This dependency is reflected in the exclusive expression of Lgr5, which functions to amplify the
Wnt signal in these stem cells[23,24], while the Wnt signal is
also an important pathway that is activated during EMT.
These items suggest that EMT is associated with CSCs
and is sufficient to induce stemness and tumorigenicity.
Regarding the mechanisms involved in EMT-induced
stemness and tumorigenicity, recent studies have demonstrated that the EGFR/Ras pathway required for sustaining gastric stem cells in vivo and in vitro is involved in the
genesis and promotion of EMT-induced tumor-initiating
cells[25]. Researchers have found that in the Runx3(-/-)
p53(-/-) gastric epithelial cell line GIF-14, the TGF-β
and EGFR pathways cooperate together to induce stemness[25]. Another study revealed that cancer-associated
fibroblasts trigger WNT5A, which regulates EMT induction and the maintenance of the CSC properties in human gastric adenocarcinoma cell line MKN-7, and that
WNT5A may play an important role in constructing an
advantageous tumor microenvironment for GC progression and development[26].

plasm to the underlying stroma; this process involves the
loss of cellular adherence to other cells, cell adhesion to
the extracellular matrix (ECM), the proteolytic degradation of the surrounding stroma and the motility to physically propel a tumor cell through the stroma[27]. After
invasion, tumor metastasis occurs. Tumor metastasis is a
multistep process by which tumor cells disseminate from
the primary site and form secondary tumors at a distant
site. The metastatic process occurs through the following
steps: local invasion; intravasation; transport; extravasation; and colonization[28]. Both tumor invasion and metastasis must precede the loss of adherence between the
cells and the adherence to the ECM.
In the gastric mucosa, epithelial cells establish close
contact with neighboring cells and an apical-basal axis of
polarity through the sequential arrangement of adherens
junctions, desmosomes and tight junctions[27]. During this
process, the first step is the formation of an adherens
junction; a tight junction is then formed at the apical side
of the adherens junction. The formation of the adherens junction relies on cadherin. E-cadherin, which is
encoded by the CDH1 gene, is the major component of
the adherens junction. When aberrant EMT is activated,
the cadherin switches from E-cadherin to N-cadherin,
which is normally expressed in mesenchymal cells and
has a capacity to facilitate adhesion between cells and the
stroma. Moreover, the apical-basal axis of the polarity of
epithelial cells is lost, and the cell morphology changes
to a spindle shape and exhibits a mesenchymal phenotype that endows cells with the ability to degenerate the
stroma. Thus, increased cell motility and invasiveness are
acquired through the EMT progress. Tumor metastasis
is also accelerated through the stimulation of cell migration and invasion, cell substrate adhesion, intravasation
and extravasation during EMT. Substantial evidence has
shown that the initiation of GC and its biological malignant behaviors are related to E-cadherin mutations[29,30].
Furthermore, N-cadherin expression has also been associated with the invasive phenotype of GC and has even
been thought to override the function of E-cadherin[31].
In addition, the stemness of the CSC phenotype
induced by EMT endows cancer cells with the ability to
self-renew, the overexpression of drug resistance related
genes and the prevention of apoptosis, which results
in another challenging obstacle called multiple drug resistance (MDR) in cancer therapy. It is well known that
chemotherapy is an important treatment in GC, and the
induction of apoptosis is the major purpose of chemotherapy. Although there is no direct evidence that EMTinduced stemness contributes to MDR in GC, some
studies in other cancers have indicated that the MDR
in chemotherapy is associated with EMT[32,33]. Izumiya
et al[32] reported that chemoresistance is associated with
CSC-like properties and EMT in pancreatic cancer cells,
and Li et al[33] reported that the overexpression of Snail
(a key regulator in EMT) could accelerate adriamycininduced MDR in breast cancer cells.

ROLE OF EMT IN GC PROGRESSION
In addition to tumorigenesis, EMT also participates in tumor progression. EMT endows cells with migratory and
invasive properties, induces stem cell properties, prevents
apoptosis and senescence and contributes to immunosuppression, thus promoting tumor progression.
Tumor invasion is a series of discrete biological processes in which tumor cells move from the primary neo-
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associated with positive lymph nodes and distant metastases[43]. A series of other experiments illustrated that
Twist is specifically involved in the intravasation step of
tumor metastasis, while having no significant impact on
extravasation or the growth rate of the malignant tumor
cells[44]. The regulatory effect of Twist on gene expression
depends on its binding to other transcriptional factors,
post-translational modifications and the dimerization
partner[45]. However, the post-translational regulation of
Twist is complex because the specific expression pattern
of members and their affinities for each other regulate
their capacity to form functional dimers. Because Twist
belongs to the basic/helix-loop-helix (bHLH) family of
transcription factors, Twist1 and Twist2 share a bHLH
domain that regulates their binding to DNA and homo/
hetero-dimerization[45]. Twist proteins bind to DNA using a consensus E-box site as homo/hetero-dimers, and
these complexes can repress gene transcription such as
E-cadherin[45]. In addition, under conditions of hypoxia,
the hypoxia-inducible factor-1α (HIF-1α) can also upregulate Twist expression by directly binding to the
hypoxia-response element (HRE) in the Twist promoter,
resulting in EMT activation and the promotion of tumor
invasion and migration[46]. Moreover, GC cells transfected
with Twist1 have increased migration and invasion abilities than untreated cells; those transfected with Twist1
also form more cancer nodules in the abdominal cavity
and liver of nude mice after inoculation with the transfected cells[47].
The ZEB family consists of two members, ZEB1 and
ZEB2, which is also known as SIP1. These members are
characterized by the presence of two zinc-finger clusters
at each end and a central homeodomain. Similar to the
Snail gene family members, ZEB family members (especially ZEB2) can also bind to the E-box in the E-cadherin
gene promoter through their two zinc finger domains;
they then repress E-cadherin expression and trigger
EMT[48].

MECHANISMS THAT REGULATE EMT IN
GC
E-cadherin is the central composition of cellular adhesion junctions and is required in the development of the
epithelium in embryos and maintenance of the epithelial
phenotype. Thus, loss of E-cadherin expression is considered a hallmark of EMT and is also a crucial step in
tumor progression. Many efforts have been devoted to
explore how E-cadherin is regulated during EMT and
cancer progression, and a series of transcriptional and
epigenetic mechanism have been revealed.
Transcriptional regulatory mechanisms
In the process of transcriptional regulation, several key
transcription factors (including Snail, Twist, and ZEB)
that repress E-cadherin expression are expressed selectively in gastric cancer[34]. These proteins have been
shown to target E-boxes in the E-cadherin promoter,
thus repressing its expression[35].
Snail is a member of the zinc finger protein family,
a DNA-binding factor that recognizes E-box motifs in
target promoters (CDH-1) and regulates the following
E-cadherin repression[36]. Promoting E-cadherin expression can influence EMT and tumor development. The
Snail gene-encoded transcriptional repressor with the
SNAG domain can mediate binding to Sin3A/HDAC1/
HDAC2, Ajuba-PRMT5-PRC2, and LSD1-coREST complexes and certain zinc finger domains[37-41]; the combination of Snail and CDH-1 depends on these complexes,
and the SNAG domain and zinc finger domain play a decisive role in this combination[38]. Regarding Snail regulation, GSK3β binding to and phosphorylating Snail at two
consensus motifs play an important role. Phosphorylation of the first motif leads to ubiquitination, and phosphorylation of the second motif alters the protein subcellular localization. These two phosphorylation events
can lead to the degradation of Snail. Thus, the inhibition
of GSK3β activity can up-regulate the function of Snail,
resulting in E-cadherin repression. The Snail family
comprises three members: Snail1 (originally identified
as Snail); Snail2 (Slug); and Snail3 (Smuc). Among these,
Snail1 and Snail2 are selectively expressed in gastric tumors. In addition, Castro Alves et al[35] demonstrated that
Snail2 and ZEB2 may act synergistically in intestinal GC,
whereas Snail1 and Snail2 may complement each other in
diffused carcinoma. In addition to E-cadherin, Snail1 can
repress the expression of other epithelial-specific genes
by interacting with Smad3/Smad4[42].
Among the transcriptional factors that are overexpressed in metastatic GC, Twist was the first chosen for
study. Ru et al[43] used quantitative real-time PCR and immunohistochemistry to analyze the relationship between
Twist expression and tumors in 436 GC cases, and their
results showed that Twist expression levels in tumor
tissues and metastatic lymph nodes were up-regulated
compared with normal gastric mucosa. The authors
concluded that Twist expression in GC is significantly
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Epigenetic regulatory mechanisms
In addition to transcriptional regulation, epigenetic regulation also plays an important role in controlling EMT
and cancer progression; epigenetic regulation includes
three types of changes: DNA methylation; histone modifications; and microRNAs[49].
DNA methylation usually occurs at CpG dinucleotides through the action of DNA methyltransferase
(DNMT)[50], and DNA methylation in epithelial cells can
silence gene expression, thereby restricting the developmental plasticity of epithelial cells[51]. Similarly, hypermethylation of the E-cadherin gene promoter leading to
a loss of E-cadherin expression has been shown to contribute to EMT and promote tumor progression[52]. Many
studies have demonstrated the frequent promoter methylation of CDH1 (the E-cadherin gene) in GC[53] and
have shown E-cadherin promoter hypermethylation to
correlate with GC aggressiveness and metastasis[54]. Interestingly, Lee et al[55] also observed the frequent promoter
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methylation of CDH1 in the non-neoplastic mucosa of
patients with sporadic diffuse GC.
Histone modifications such as methylation, acetylation and ubiquitination are other important epigenetic
regulatory mechanisms during EMT. The methylation of
histone proteins at specific residues plays a major role in
the maintenance of active and silent states of gene expression in developmental processes[56]. Fujii et al[57] found
that the enhancer of zeste homolog 2 (EZH2) can downregulate E-cadherin by mediating histone H3 methylation
in GC cells. EZH2 is a transcriptional repressor that has
a crucial function in maintaining the delicate homeostatic
balance between gene expression and repression, the
disruption of which may lead to oncogenesis[58]. Studies have shown that histone H3 lysine 27 trimethylation,
which is mediated by EZH2 at gene promoters, silences
gene expression[59]. Acetylation is another form of histone modification. Histone acetylation, particularly at H3
and H4, leads to a relaxed chromatin structure and therefore an enhanced transcription rate. Acetylation reactions
are catalyzed by various families of co-activators with
histone acetyltransferase (HAT) activity[60]. It has been
reported that the transcription factor hepatocyte nuclear
factor 3 (HNF 3) synergizes with p300 and AML-1 to
enhance E-cadherin gene expression and thus repress the
metastatic potential of breast cancer cells[61]; HNF 4 has
also been shown to play a regulatory role in GC[62].
MicroRNA (miRNA) is a type of small endogenous
non-coding RNA that is an evolutionary conserved molecule approximately 22 nucleotides in length[63]. MiRNAs
can regulate gene expression through the posttranscriptional silencing of target genes[64]. MiRNAs play an important role in a variety of physiological and pathological
processes including cell proliferation, cell differentiation
and tumor formation. In recent years, many publications
have indicated that miRNAs may act as oncogenes or
tumor suppressors in cancer development and progression[65-67]. A substantial number of deregulated miRNAs
have been revealed in GC, and the biological significance
of these miRNA has been confirmed in multiple functional experiments; however, the mechanisms by which
miRNAs regulate GC metastasis remain poorly understood. Members of the miR-200 family (miR-200a/b/c,
miR-141 and miR-429) maintain an epithelial state and
prevent EMT through the inhibition of ZEB1 and
ZEB2; in turn, miR-200 members are transcriptionally
repressed by ZEB factors as well as Snail1, thus forming a double-negative loop that maintains cells in either
an epithelial or mesenchymal state[68]. Cong et al[69] found
that miR-200a suppresses Wnt/β-catenin signaling by
interacting with β-catenin, thereby inhibiting migration,
invasion and proliferation. The effects of miR-200a on
Wnt/β-catenin signaling may provide a therapeutic target
against EMT. In addition, the deregulation of other miRNAs including miR-101, miR-107, miR-221 and miR-222
has also been observed in GC[70]. Conversely, certain
miRNAs can result in invasion and metastasis. Zhang
et al[71] verified that miR-27 expression is increased in
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GC tissues, and the authors also provided evidence that
miR-27 promotes EMT and human GC cell metastasis by
activating the Wnt pathway. Although miRNAs have been
documented to be involved in tumor invasion and metastasis in many recent studies, the relevance of miRNA and
EMT in GC has remained a matter of debate until very
recently.

SIGNAL PATHWAYS ASSOCIATED WITH
EMT IN GC
Many studies have found that a variety of signaling pathways are involved in the EMT process in tumor cells.
Recently, the activation of the phosphatidylinositol 3
kinase (PI3K)/AKT axis has emerged as a central feature
of EMT. Matsuoka et al[72] recently concluded that PI3K/
AKT signaling may be required for the integrin-dependent attachment and spreading of scirrhous GC cells.
PI3K can phosphorylate PIP2 to generate PIP3, while
PTEN dephosphorylates PIP3 back to PIP2[73,74]. PIP3
binding to the PH domain of AKT leads to its translocation to the plasma membrane, where AKT is phosphorylated and activated. GSK3β activity can be down-regulated by the PI3K/AKT signaling pathway, and PI3K/AKT
are positive regulators in this pathway (whereas PTEN is
the negative regulator). Therefore, the activation of the
PI3K/AKT signaling pathway in GC can lead to EMT
through Snail-mediated CDH-1 repression.
In addition to the PI3K/AKT signaling pathway, the
Wnt/β-catenin signaling pathway also plays an important role in EMT. The regulation of the Wnt/β-catenin
signal depends on the phosphorylation and degradation
of β-catenin in the cytoplasm. When there is a deactivation of the Wnt signal, β-catenin in the cytoplasm
binds to E-cadherin and actin. GSK3β phosphorylates
β-catenin to maintain low β-catenin level in the plasma;
when the Wnt signal is activated, β-catenin is dephosphorylated, and there is an accumulation of β-catenin in
the plasma[75]. The excess free β-catenin moves into the
nuclei and increases the expression of Snail, Slug and
Twist, leading to the repression of E-cadherin and EMT.
In turn, Snail interacts with β-catenin in the N-terminal
region and activates the Wnt signal, resulting in a positive
feedback of the Wnt signal[76]. Thus, the activation of the
Wnt/β-catenin signaling pathway can also lead to EMT.
In addition, Huang et al[77] found that EphA2 can promote EMT through the Wnt/β-catenin pathway in GC
cells.
Transforming growth factor β (TGF-β) is an indispensable inducing factor during the EMT process, and
the TGF-β pathway is also an important signaling pathway in EMT. In the TGF-β pathway, TGF-β activates
TGF-β receptor type Ⅱ (TβR-Ⅱ), which phosphorylates
TGF-β receptor type Ⅰ (TβR-Ⅰ)[78-80]. Activated TβRI
kinase phosphorylates Smad2/3, which associate with
Smad4 and translocate to the nucleus (as transcription
factors[78-80] such as Snail and Slug[81]) and promote EMT.
According to a study by Ono et al[82], protein-bound poly-
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saccharide can inactivate Smad2 signaling to directly inhibit the TGF-β pathway in GC. Thus, the inhibition of
the TGF-β pathway is a potential treatment for GC.
The Notch pathway plays a key role in EMT-induced
CSCs. Notch signaling has been reported to promote
CSC self-renewal in several malignancies and participate
in tumor-stroma and tumor-endothelium interactions in
CSC niches in primary and metastatic tumors[83]. In mammals, there are four transmembrane Notch receptors
(Notch1, Notch2, Notch3 and Notch4) and five canonical transmembrane ligands [Delta-like (DLL)1, DLL3,
DLL4, Jagged-1 and Jagged-2][83]. The deregulated expression of Notch proteins, ligands and targets, including
Notch overexpression and activation, has been described
in a multitude of solid tumors including GC. With regard
to CSCs, Notch signaling regulates CSC formation and
endows a self-renewal ability and drug resistance to the
CSCs[84]. There is crosstalk between Notch and the EMT
transcription factors such as Snail, Slug and TGF-β, and
Notch can promote EMT through the regulation of
Snail[85]. Thus, targeting Notch signaling can reverse EMT
and CSC stemness.
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CONCLUSION
EMT plays an important role in the formation, invasion
and metastasis of GC. The loss of E-cadherin is a key
step in the EMT process, and E-cadherin transcriptional
repressors such as Snail, ZEB and Twist play an important role in EMT. These transcription factors have been
shown to be significantly increased in GC and may provide new insight into GC. Other factors participating in
embryonic development and EMT regulation can also
be considered important avenues of investigation for
tumors and EMT. These factors can also provide novel
clinical targets to treat GC. Furthermore, EMT may
provide a new perspective for cancer stem cell theory as
well as stem cell research in the relevant area of tumor
formation. Although its mechanism remains incompletely
understood, further research into EMT will further elucidate its role and importance.
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Non-coding RNAs and gastric cancer
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(lncRNAs), a new research hotspot among cancerassociated ncRNAs, play important roles in epigenetic,
transcriptional and post-transcriptional regulation. Several gastric cancer-associated lncRNAs, such as CCAT1,
GACAT1, H19, and SUMO1P3, have been explored. In
addition, Piwi-interacting RNAs, another type of small
ncRNA that is recognized by gastroenterologists, are
involved in gastric carcinogenesis, and piR-651/823
represents an efficient diagnostic biomarker of gastric
cancer that can be detected in the blood and gastric
juice. Small interfering RNAs also function in posttranscriptional regulation in gastric cancer and might be
useful in gastric cancer treatment.
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Core tip: Non-coding RNAs (ncRNAs) are closely associated with gastric cancer occurrence, invasion,
and metastasis. MicroRNAs interrupt cellular signaling pathways, inhibit the activity of tumor suppressor
genes, and affect the cell cycle in gastric cancer cells.
Long non-coding RNAs (lncRNAs) represent a new research hotspot in the field of gastric cancer-associated
ncRNAs. The global lncRNA expression profile in gastric
cancer has been determined. In addition, Piwi-interacting RNAs are involved in gastric carcinogenesis. Small
interfering RNAs function as post-transcriptional regulators in gastric cancer, and they might be used for the
treatment of gastric cancer.

Abstract
Non-coding RNAs (ncRNAs) play key roles in development, proliferation, differentiation and apoptosis.
Altered ncRNA expression is associated with gastric
cancer occurrence, invasion, and metastasis. Moreover, aberrant expression of microRNAs (miRNAs) is
significantly related to gastric cancer tumor stage, size,
differentiation and metastasis. MiRNAs interrupt cellular signaling pathways, inhibit the activity of tumor
suppressor genes, and affect the cell cycle in gastric
cancer cells. Some miRNAs, including miR-21, miR106a and miR-421, could be potential markers for the
diagnosis of gastric cancer. Long non-coding RNAs
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CSCs display abnormal activation of several signaling
pathways, such as Notch, Wnt, and others. Previous reports demonstrate that β-elemene, a naturally occurring
compound extracted from Curcumae Radix, suppresses
the growth of GCSCs[12] by interfering with Notch-1 expression[12].
Similar to CSC studies, research on ncRNAs is becoming a new field for gastric cancer.

INTRODUCTION
Non-coding RNAs
Non-coding RNAs (ncRNAs) refer to a class of RNAs
with no protein-coding function that are widely expressed in organisms. NcRNAs can be divided into 2
groups: housekeeping ncRNAs and regulatory ncRNAs.
According to their size, the latter can further be divided
into three types: (1) short ncRNAs, including small interfering RNAs (siRNAs), microRNAs (miRNAs) and Piwiinteracting RNAs (piRNAs); (2) mid-size ncRNAs; and (3)
long non-coding RNAs (lncRNAs)[1-3]. Short ncRNAs are
shorter than 50 nucleotides (nt), those between 50 nt and
200 nt are referred to as mid-size ncRNAs, and lncRNAs
are longer than 200 nt[4-6].
In the past, most ncRNAs were considered to be “junk
RNAs”. However, in recent years, advances in molecular
biology have demonstrated that ncRNAs play important
basic biological roles, and the mutation or aberrant expression of ncRNAs is important in the occurrence and
development of diseases, including cancer.

miRNAS AND GASTRIC CANCER
miRNAs
miRNAs are a class of small ncRNAs containing approximately 19-24 nt. Most genes encoding miRNAs are
single copy, multiple copies or gene clusters; other forms
exist in the spacer region of protein coding genes or
introns. They are highly conserved, temporal and tissuespecific[13]. Although miRNAs do not code for proteins,
they regulate gene expression at the post-transcriptional
level. Through complete or incomplete complementary
binding to the 3’-untranslated regions (3’-UTRs) of target
mRNAs, miRNAs promote targeted-mRNA degradation
or translational suppression and negatively regulate the
expression of target genes[14-16].
Growing evidence indicates that miRNAs are involved
in crucial biological processes, including development,
differentiation, proliferation, apoptosis, invasion and metastasis[17-19]. Various aberrantly expressed miRNAs have
been identified in gastric cancer (Table 1). Several studies
have demonstrated that miRNAs can be used not only as
biomarkers but also as potential therapeutic targets for
cancer[20,21].

Gastric cancer
Gastric cancer, one of the most common malignant tumors in the world, accounts for the second most cancerrelated death worldwide and is a major cause of cancerrelated mortality in China[7]. Gastric cancer originates in
the surface of epithelial cells in the stomach. Each site
of the stomach can potentially harbor cancer, but the
gastric antrum and pylorus display the highest incidence
of gastric cancer. The gastric cardia is the second most
prevalent site for cancer, and a slightly lower incidence is
reported for the gastric body. However, the occurrence
of gastric cancer is a complex process of progressive development that involves multiple factors, multiple steps,
coding and non-coding genes.
Helicobacter pylori (H. pylori) infection, a major risk factor for gastric cancer, is mainly related to the distal intestinal type of gastric cancer. Although the mechanism of
H. pylori carcinogenesis is not clear, gene methylation is
an important mechanism that leads to the formation of
gastric cancer. H. pylori infection may increase the level of
methylation of certain miRNA genes, and aberrant DNA
methylation could induce gastric cancer.
Due to the increasing early detection of cancer and
the widespread implementation of radical surgery, the
overall survival of patients with gastric cancer has improved[8,9]. However, the prognosis of advanced gastric
cancer remains poor, and safe and effective adjuvant therapy options are limited. Therefore, identifying valuable
early markers of gastric cancer is extremely important for
the diagnosis of gastric cancer.
Cancer stem cells (CSCs) are a small fraction of cells
that are present in the tumor, and these cells have selfrenewal and differentiation potential[10]. Ghaffarzadehgan
et al[11] reported that CD44+ gastric cancer stem-like cells
(GCSCs) displayed enhanced metastatic capacity and
depth of invasion compared to their CD44- counterparts.

WCGO|www.wjgnet.com

Discovery of miRNAs and their synthesis
In 1993, using a classical positional cloning approach, Lee
et al[22] identified lin-4, the first miRNA molecule. In 2000,
Reinhart et al[23] identified let-7, another miRNA, and discovered its role in the post-transcriptional regulation of
gene expression.
For miRNA synthesis, the primary transcript (primiRNA), which is hundreds to thousands of nt in length,
is first transcribed from genomic DNA by RNA polymerase Ⅱ in the nucleus. Then, the pri-miRNA is cut by
the Drosha enzyme of RNase 3 endonuclease enzyme
family into hairpin precursors of miRNA (pre-miRNA),
which are approximately 70 nt and present in the nucleus[24]. Finally, the synergistic effect of Ran-GTP and
transporter protein Exportin 5 transports pre-miRNA
out of the nucleus, and the enzyme Dicer cuts it to produce the approximately 22 nt mature miRNA[25].
With the use of microarray technology, bioinformatics and other genetics methods, the ectopic expression of
miRNAs in gastric cancer has been found to be closely
related to its occurrence, development, invasion, and
metastasis. By decreasing the expression of tumor suppressor genes or enhancing the expression of oncogenes,
miRNAs play an important role in the regulation of
cancer-related genes[26].
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Over-expression

Table 1 Aberrant expression of microRNAs in gastric cancer
Expression
Up
Down

E2F1

miRNAs
miR-9, miR-21, miR-25, miR-106a, miR-106b, miR-130b,
miR-191, miR-214, miR-421, miR-650
miR-31, miR-29a, miR-148a, miR-155, miR-195, miR-218,
miR-375, miR-378, miR-429

Mcm7

TGF-β

miRNA: microRNA.

miR-106a

miR-25

CDKN1A

BCL2L11

G1/S arrest

Apoptosis

Deregulation

Cellular signaling pathway-associated miRNAs in
gastric cancer
Abnormal regulation of the transcription factor E2F1
and transforming growth factor-β (TGF-β) plays a critical role in gastric carcinogenesis. E2F1 activates its own
promoter. Petrocca et al[27] reported that miR-106b-25
cluster expression is activated by E2F1 in parallel with its
host gene, Mcm7; it is also involved in E2F1 post-transcriptional regulation. Furthermore, the TGF-β tumor
suppressor pathway was impaired by over-expression
of the miR-106b-25 cluster, and the expression of CDKN1A (p21Waf1/Cip1) and BCL2L11 (Bim) was effected
as well. Finally, CDKN1A and BCL2L11 disrupted the
G1/S checkpoint and conferred resistance to TGF-βdependent apoptosis, respectively (Figure 1).
In another study, miR-375 suppressed tumor growth
by targeting Janus kinase 2 (JAK2), influencing the proliferation of gastric cancer cells[28]. miR-375 markedly inhibited JAK2 expression via its mRNA 3’-UTR region[28].
However, over-expression of miR-375 in gastric cancer
significantly reduced the protein level of JAK2, while the
level of JAK2 mRNA was not greatly affected[28]. These
results suggest that miR-375 affects JAK2 expression at
the post-transcriptional level.
miR-9 is down-regulated in human gastric adenocarcinoma. Nuclear factor of kappa light polypeptide
gene enhancer in B-cells 1 (NF-κB1) is a direct target of
miR-9. To demonstrate the role of miR-9 in tumor cell
proliferation, Wan et al[29] transfected gastric cancer cells
with a vector containing pri-miR-9. They reported that
cell growth and proliferation were significantly inhibited.
Meanwhile, over-expression of miR-9 not only inversely
regulated endogenous NF-κB1 protein expression but
also decreased endogenous NF-κB1 mRNA levels[29].

Figure 1 Functions of microRNA-106b-25. By interfering with the expression
of CDKN1 (p2lWaf1/Cip1) and BCL2L11 (Bim), the interaction of miR-106b-25 with
E2F1 and transforming growth factor-β (TGF-β) affects the cell cycle and apoptosis. miR: microRNA.

pressor, is a direct target of miR-650. Over-expression of
miR-650 in gastric cancer cells may inhibit the expression
of ING4 through post-transcriptional repression. Moreover, ectopic expression of miR-650 significantly promoted tumorigenesis and proliferation in gastric cancer
cells, at least partially through ING4[31].
Runt-related transcription factor 3 (RUNX3) is a newly discovered tumor suppressor gene that is inactivated in
a variety of tumors. Research showed that miR-130b was
significantly higher in gastric cancer tissues than in normal tissues. RUNX3 is a target of miR-130[32].
Altered expression of miR-106a was related to the
expression of the tumor suppressor gene Rb1 and the
transcription factor E2F1[33]. More importantly, miR-106a
expression is positively associated with TNM stage, indicating that miR-106a could be used as a novel diagnosis
biomarker of gastric carcinoma[33]. Other miRNAs, such
as miR-31 and miR-421, might also be potential tumor
biomarkers. miR-31 is located on 9p21.3. Our group
found that in gastric cancer, the expression of miR-31
was significantly down-regulated and could be used as
an efficient biomarker for the diagnosis of gastric carcinoma[34]. In contrast to miR-31, miR-421 is a miRNA
with oncogenic properties. Our group reported that
miR-421 was up-regulated in gastric cancer via three targets: RBMXL1 (RNA binding motif protein, X-linkedlike 1), CNTN-1 (contactin 1) and CBX7 (chromobox
homolog)[35]. Furthermore, the expression of miR-421 in
the gastric juice might be used as a potential marker for
the diagnosis of early gastric cancer[36].

miRNAs and tumor suppressor genes in gastric cancer
miR-214 is up-regulated in several human gastric cancer
cell lines, including BGC-823, MKN45 and SGC-7901,
compared with the normal gastric mucosal cell line,
GES-1[30]. Phosphatase and tensin homolog deleted on
chromosome ten (PTEN), a famous tumor suppressor gene, is a target of miR-214, and its expression is
inversely correlated with miR-214 expression. miR-214
promoted the proliferation of cancer cells, and the downregulation of miR-214 induced G1 phase arrest in cancer
cells[30].
Zhang et al[31] used a luciferase reporter assay to demonstrate that inhibitor of growth 4 (ING4), a tumor sup-
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miR-106b-25

miRNAs and epigenetics in gastric cancer
DNA methylation, as an important type of epigenetic
modification, plays a critical role in the process of gastric
cancer by regulating gene transcription. Our group demonstrated that miR-195 and miR-378 expression levels
were down-regulated in gastric cancer compared to those
in non-tumor tissue[37] due to CpG island methylation
in their promoters. Furthermore, treatment with their
mimics restored the expression of these miRNAs[37]. The
mimics inhibited tumor cell growth and promoted the
growth of normal gastric epithelial cells (Figure 2).
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tastasis, while increasing apoptosis. These processes are
associated with RECK.
Tie et al[43] confirmed that miR-218 inhibited the invasion and metastasis of gastric cancer in vivo and in vitro
by targeting the Robo1 receptor. miR-218 expression in
gastric cancer was closely related to clinical stage, lymph
node metastasis and prognosis[43].
miR-155, a typical multifunctional miRNA, plays an
important role in the process of gastric cancer. It was
reported that miR-155 was remarkably down-regulated
in gastric cancer[44]. Li et al[44] reported that transfection
of gastric cancer cells with synthetic miR-155 mimics
decreased the migratory and invasive capacity of cells
compared to the control sample, as determined by scratch
wound healing assay, transwell migration assay and transwell invasion assay. Thus, miR-155 may act as a tumor
suppressor, and it plays a pivotal function in gastric cancer
metastasis. miR-155 expression levels were restored after
treatment with 5-aza-dC, a DNA-demethylating agent[44].
These data suggest that dysregulation of miR-155 expression in gastric cancer may be partially due to DNA methylation.

CpG island methylation

Down-regulation
Gastric cancer

miR-195/miR-378

Inhibition
Transfection (restore)
Promote

Normal gastric epithelial cells

miR-195/miR-378 mimics

Figure 2 Roles of microRNA-195/microRNA-378 in gastric cancer. Due
to promoter methylation, miR-195 and miR-378 are down-regulated in gastric
cancer compared with non-tumor tissue. miR-195 and miR-378 mimics inhibited
tumor cell growth and promoted the growth of normal gastric epithelial cells.
miR: microRNA.

miRNAs and the cell cycle in gastric cancer
As a novel gene, p42.3 encodes a 42.3 kDa protein of
389 amino acid residues that is associated with cell proliferation and tumorigenicity by regulating the M-phase of
the cell cycle. p42.3 expression is up-regulated in human
gastric cancer and is a direct target of miR-29a. Experiments in gastric cancer cells and tissue samples showed
that miR-29a reduced the expression of p42.3, indicating
that miR-29a may play a role in human gastric cancer[38].
We recently demonstrated that all miR-129 family
members, miR-129-1-3p, miR-129-2-3p, and miR-129-5p,
were down-regulated in gastric cancer cell lines compared
with normal gastric epithelial cells[39]. Furthermore, all
mature products of miR-129 displayed tumor suppressor
activity. To elucidate the molecular mechanisms underlying the down-regulation of miR-129 in gastric cancer, we
analyzed the effects of miR-129 mimics on the cell cycle.
We found that increased miR-129 levels in gastric cancer
cells resulted in significant G0/G1 phase arrest, which is
associated with cyclin dependent kinase 6 (CDK6), a cell
cycle-associated protein involved in G1-S transition (Figure 3). Additionally, we demonstrated that CDK6 and sex
determining region Y-box 4 (SOX4) are the targets of
miR-129[39]. In addition, miR-429 and miR-148a inhibit
cell growth and proliferation in gastric cancer by targeting
c-Myc and p27, respectively[40,41]. These proteins are also
cell cycle regulators.

piRNAS AND GASTRIC CANCER
piRNAs
piRNAs are a class of newly discovered small non-coding
RNAs that are approximately 24-33 nt in length. piRNAs
only bind specifically with Piwi protein family members.
Similar to miRNAs, the 5’ ends of piRNAs also contain a
strong uracil bias. To date, piRNAs are thought to mainly
exist in the intergenic region and rarely in the gene region
and repeat region. In July, 2006, piRNAs were first identified as being closely related with germ cell development[45].
Studies have shown that piRNAs mainly exist in
mammalian germ cells and stem cells by binding to the
Piwi subfamily protein to form the piRNA compound
(piRC) to regulate gene silencing pathways[46]. Genetic
analysis and time characteristics of piRNA accumulation
revealed that piRC plays an important role in gametogenesis. Only 17% to 20% of mammalian piRNA repeat
sequences correspond to transposons and retrotransposons[47]. Thus, piRNAs may have different functions in
epigenetic programming, repressing transcription and
post-transcriptional regulation.
According to the known function of Piwi proteins,
scientists speculate that piRNAs may have three aspects
of function[48,49]: transcriptional gene silencing, maintaining germline stem cell function and regulating translation
and mRNA stability.

miRNAs and gastric cancer cell invasion and metastasis
Some miRNAs are involved in tumor invasion and metastasis. Reversion-inducing-cysteine-rich protein with
kazal motifs (RECK), which is a target of miR-21, inhibits tumor invasion, metastasis and angiogenesis. Zhang
et al[42] demonstrated that over-expression of miR-21 in
the gastric cancer cell line AGS enhanced the proliferation and invasive ability of cells, whereas knockdown of
miR-21 suppressed cell proliferation, invasion and me-
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Roles of piRNAs in gastric cancer
There are several reports investigating the association
between piRNAs and gastric cancer. Our study demonstrated that piR-823 was significantly down-regulated in
gastric cancer tissues[50]. In vitro studies also revealed that
piR-823 analogues effectively inhibited gastric cancer
cell proliferation[50]. The expression of another piRNA,
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miR-129-1-3p
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CDK6 mRNA
(3’UTR)
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Figure 3 Molecular mechanisms of the microRNA-129 family in regulating the cell cycle in gastric cancer. Cyclin dependent kinase 6 (CDK6) is a target of
three members of the miR-129 family. Thus, increased miR-129 in gastric cancer cells might decrease CDK6 levels, affecting G1-S transition. miR: microRNA.

involved in protein coding[53]. lncRNAs play roles in
epigenetic, transcriptional and post-transcription regulation[54,55]. They have important physiological and biochemical functions, such as X-inactivation, development
and differentiation[56-58]. In structural characteristics and
sequence composition, lncRNAs are similar to proteincoding RNAs, with highly tissue specific and time specific
properties[59]. lncRNAs participate in gene imprinting (genetic imprinting), chromatin modification, transcriptional
activation, interference, cell cycle regulation, splicing and
translation regulation[60-62]. Researchers are paying more
attention to lncRNAs in various biological processes and
their roles in the disease process. Some studies found that
ectopic expression of lncRNAs was associated with disease occurrence, development, proliferation, metastasis,
and invasion[63,64]. Moreover, researchers observed the abnormal expression of various lncRNAs in gastric cancer
(Table 2).

Table 2 Abnormal expression of long non-coding RNAs in
gastric cancer
Expression
Up
Down

lncRNAs
H19, CCAT1, H19, HMlincRNA717, BM709340, BQ213083,
AK054978, DB077273, SUMO1P3
GACAT1, FER1L4, uc001lsz, BG491697, AF131784,
uc009ycs, BG981369, AF147447, HMlincRNA1600,
AK054588

lncRNAs: Long non-coding RNAs.

piR-651, was significantly up-regulated in gastric cancer,
and transfection with piR-651 inhibitors blocked gastric
cancer cell growth and induced G2/M phase arrest[51].
Our study also illustrated that piR-651 was up-regulated
in other types of cancers. To explore the potential clinical application of piRNAs, we used real-time reverse
transcription-polymerase chain reaction (RT-PCR) to
detect circulating tumor cells (CTCs) in patients with
gastric cancer and found that piRNAs, such as piR-651
and piR-823, were more sensitive than serum carcinoembryonic antigen (CEA) and carbohydrate antigen 19-9
(CA19-9)[52]. These results indicate that piRNAs may be
promising molecular markers for the diagnosis of gastric
cancer.

Roles of lncRNAs in gastric cancer
Our group investigated the global lncRNA expression
profile in gastric cancer[65]. In total, we identified 135
lncRNAs whose expression levels between tumor and
non-tumorous tissues were altered more than two-fold
(GEO accession numbers is 47850; http://www.ncbi.
nlm.nih.gov/geo/query/acc.cgi?acc=GSE47850). The
most down-regulated lncRNAs in gastric cancer tissues were FER1L4, uc001lsz, BG491697, AF131784,
uc009ycs, BG981369, AF147447, HMlincRNA1600,
and AK054588; while the most up-regulated lncRNAs
were H19, HMlincRNA717, BM709340, BQ213083,

lncRNAS AND GASTRIC CANCER
lncRNAs
lncRNAs are transcripts longer than 200 nt that are rarely
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AK054978, and DB077273[65]. Furthermore, the expression level of gastric cancer-associated transcript 1 (GACAT1), or AC096655.1-002, was associated with lymph
node metastasis, distant metastasis, tumor-node-metastasis stage, and differentiation, suggesting that GACAT1
might serve as a potential biological marker for the clinical diagnosis of gastric cancer[66,67].
H19 is an lncRNA widely expressed from the maternal allele and is only separated from the neighboring
insulin like growth factor 2 (IGF2) gene by 90 kb. H19
expression is up-regulated in various human cancers, including hepatocellular carcinoma, bladder cancer, gastric
cancer and breast cancer, suggesting that it has oncogenic
properties[65,68]. Using real-time RT-PCR, flow cytometry,
RNA immunoprecipitation and other methods, Yang et
al[69] confirmed that H19 expression in gastric cancer accelerated cell proliferation. Furthermore, siRNA-mediated knockdown of H19 induced apoptosis and inactivated
P53[69]. These results suggest that H19 may have a potential application for the treatment of gastric cancer.
Another study reported that lncRNA CCAT1 was upregulated in gastric carcinoma tissues, and its expression
was closely related to the transcription factor c-Myc[70].
Abnormal expression of c-Myc increased the activity
of the CCAT1 promoter[70]. In the CCAT1 promoter
region, c-Myc interacts with the E-box and up-regulates
CCAT1 expression. CCAT1 up-regulation was correlated
with primary tumor growth, lymph node metastasis, and
metastatic disease[70]. Therefore, these results indicate that
CCAT1 functions as an oncogene, and it may be used as
a biomarker and a therapeutic target in gastric cancer.
Pseudogene-expressed lncRNAs are a major member
of the lncRNA family. Recently, our group reported that
small ubiquitin-like modifier (SUMO) 1 pseudogene 3,
SUMO1P3, was markedly up-regulated in gastric cancer
tissues compared with paired adjacent non-tumor tissues[71]. Its expression level was significantly correlated
with tumor size, differentiation, lymphatic metastasis, and
invasion. These results indicate that SUMO1P3 may be a
potential biomarker for the diagnosis of gastric cancer.

processes, including cell proliferation, survival, apoptosis,
invasion and metastasis[80]. AEG-1 regulates tumor cell
proliferation through pre-proliferative and anti-apoptotic
effects[80]. In gastric cancer tissues, AEG-1 expression was
significantly higher than that in normal tissues[81], suggesting that it may play an important role in the occurrence
and development of gastric cancer. Therefore, compared
with non-transfected cells and control siRNA transfected
cells, AEG-1 siRNA markedly down-regulated endogenous AEG-1 expression at the mRNA and protein levels in gastric cancer cells. Expression of AEG-1 siRNA
inhibited cell proliferation and changed the cell cycle distribution of gastric cancer cells.
The B lymphocyte/leukemia-2 (Bcl-2) gene is an
oncogene that effectively inhibits cell apoptosis and
prolongs cell vitality. Liu et al[82] reported that a specific
siRNA against Bcl-2 increased the apoptosis of gastric
cancer BGC-823 cells. Gao et al[83] recently demonstrated
that siRNA-mediated knockdown of the phosphatase
of regenerating liver-3 gene effectively inhibited gastric
carcinoma invasion and metastasis. These results indicate
that siRNA mediated-gene knockdown may be promising
for clinical applications.

CONCLUSION
In the mammalian genome, ncRNAs account for approximately 98% of all transcripts. ncRNAs are a critical
component of highly complex gene regulatory networks
in cells. Their functions include adjusting the timing of
development, cell proliferation, early embryonic development, tumor development, and stem cell differentiation.
Various aberrantly expressed ncRNAs have been identified in gastric cancer (Tables 1 and 2). These ncRNAs
may not only be new biological markers for the diagnosis
of gastric cancer but also new targets for gastric cancer
therapy.
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Abstract
In recent decades, the study of the mechanism of
tumorigenesis has brought much progress to cancer
treatment. However, cancer stem cell (CSC) theory has
changed previous views of tumors, and has provided a
new method for treatment of cancer. The discovery of
CSCs and their characteristics have contributed to understanding the molecular mechanism of tumor genesis
and development, resulting in a new effective strategy
for cancer treatment. Gastric CSCs (GCSCs) are the basis for the onset of gastric cancer. They may be derived
from gastric stem cells in gastric tissues, or bone marrow mesenchymal stem cells. As with other stem cells,
GCSCs highly express drug-resistance genes such as aldehyde dehydrogenase and multidrug resistance, which
are resistant to chemotherapy and thus form the basis
of drug resistance. Many specific molecular markers
such as CD44 and CD133 have been used for identification and isolation of GCSCs, diagnosis and grading of
gastric cancer, and research on GCSC-targeted therapy
for gastric cancer. Therefore, discussion of the recent
development and advancements in GCSCs will be helpful

WCGO|www.wjgnet.com

INTRODUCTION
Cancer stem cells
Stem cells are pluripotent cells with the function of
self-renewal and multidirectional differentiation, which
differentiate into precursor cells with single-directional
differentiation, followed by differentiation into nondifferentiated adult cells involved in the generation and regeneration of tissues and organs. These cells are also considered to exist in tumor cells, where they are involved in the
generation and regeneration of tumor tissue, as a basis
of tumor formation and development. The cancer stem
cells (CSCs) hypothesis believes that few cells in cancer
tissues function as CSCs. They can self-regenerate, proliferate and have multiple differentiation potentials. They
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produce different phenotypes of non tumorigenic tumor
cells, constantly enlarging the tumor mass, and thus play
a decisive role in the onset and development of the tumors. Furthermore, they become drug resistant during
radio- and chemotherapy, and migrate and metastasize
rapidly into novel tumors[1-3]. CSCs are considered to
be the only cells with metastatic ability in the tumor cell
subset. In appropriate tumor microenvironments, CSCs
can migrate and proliferate and form new tumors. In
2006, the American Cancer Research Association reached
a consensus that some cells in tumor tissues are capable
of self-renewal, with relatively static, multidrug resistance
and pluripotency, as compared with other tumor cell
lines. These cells show greater tumorigenicity and mobility when transplanted in vivo, therefore, we confirmed that
such cells were CSCs[4].

with gastric cancer every year worldwide, among which,
70% are in developing countries and more than half in
East Asia, especially China[22,23]. In China, the incidence
of gastric cancer ranks second among all types of malignant tumors. There are over 400000 newly diagnosed
patients with gastric cancer and up to 300000 deaths annually, accounting for > 40% of the overall mortality due
to gastric cancer worldwide. Gastric cancer is the second
leading cause of cancer mortality after lung cancer[24]. In
recent years, with the application of endoscopy, the early
detection rate of gastric cancer has continued to rise.
The clinical outcome of therapy has improved dramatically, but the 5-year survival rate is still < 40% for gastric
cancer. Tumor regeneration and metastasis impose great
difficulty for the prevention and treatment of gastric
cancer[25]. CSCs are a newly proposed theory for tumor
development, and form the basis for tumor proliferation
and metastasis. CSCs maintain cancer cell regeneration
and are capable of unlimited proliferation[26-28]. The development of gastric cancer is closely associated with gastric
CSCs (GCSCs). Cancer cells with CD44+ removed do not
have the characteristics of cancer cells, and thus are unable to grow into tumors in nude mice[29,30]. Clinicopathological analysis has demonstrated that the expression of
stem cell markers is highly associated with the degree of
malignancy and tumor grading[31,32].
In this review, we address the relationship of CSCs
and cancer, the role of GCSCs in the development of
gastric cancer, and the potential sources and biomarkers
of GCSCs (including activation of related signaling pathways), in the hope of exploring the existence of GCSCs
and their role in the development of gastric cancer. Furthermore, we review advances in research on GCSCs and
the sensitivity of gastric cancer to chemotherapy, as well
as GCSC-targeted therapy, with the expectation of providing theoretical support for such therapy in the clinic.

CSCs and tumors
CSCs were first found in patients with acute myeloid
leukemia. Bonnet and Dick isolated one type of hematopoietic stem cells similar to CD34+CD38+ cells from
tumor tissues. It was found that these cells could selfregenerate and become xenografts in nude mice[5]. Breast
cancer is one of the earliest tumors discovered to have
CSCs. In 2003, in eight of nine patients with breast cancer, Al-Hajj et al[6] isolated a CD44+/CD24-/low cell line,
which can survive and grow into tumors in nude mice. In
subsequent studies, it was revealed that CD44+ combines
with many tumor biomarkers that are used as predictive
biomarkers of breast cancer. Combined with Ezrin protein, it can be used as a marker of development and drug
resistance in breast cancer. The rate of malignant tumors
positive for both CD44+ and Ezrin reaches as high as
81.54%[7]. Ignatova et al[8] first isolated CD133+ CSCs in
human brain tumors, and found that a single injection of
100 CD133+ tumor cells can differentiate and proliferate
into brain tumor. However, even with injection of up to
50000-100000 CD133- cancer cells, there was no tumor
development in mice. This provided strong evidence of
the existence of CSCs. Thereafter, researchers proved
the existence of CSCs in many solid tumors, including
glioma, multiple myeloma, malignant melanoma, colon
cancer, pancreatic cancer, prostate cancer, head and
neck squamous cell carcinoma, liver cancer, and ovarian
cancer. Furthermore, xenograft formation in nude mice
was regarded as the gold standard of CSCs in cancer tissues[9-17]. Like the normal stem cells that maintain tissue
function, CSCs are the basis of tumor formation. The
expression of cancer-suppressing genes within CSCs is
inhibited, and that of Shh, Notch, Wnt/β-catenin, Hox
and Hedgehog is activated[18-21]. All these findings are
helpful for understanding tumors more comprehensively
and developing more targeted cancer therapy.

GCSCs AND GASTRIC CANCER
CARCINOGENESIS AND PROGRESSION
Origin of GCSCs
Like other stem cells, CSCs are a group of heterogeneous
cells that can self-regenerate and have the potential for
multiple differentiation, migration, metastasis, and drug
resistance[33]. The sources of GCSCs may be closely associated with those of gastric stem cells. Gastric epithelial
cells constantly replace the injured or dead cells to maintain their self hemostasis. Under normal physiological
conditions, gastric epithelial cells renew once every 2-7
d. When there is injury, this type of epithelial cell renews
faster. During this process, stem cells play a vital role[34].
Labeling stem cells by chemical method for mutation
detection and tracking their offspring cells, there are multiple potential stem cells in the gastric epithelium of adult
mice. Furthermore, it was revealed that the major cell
lines within the gastric epithelium (wall, chief, endocrine
and mucous cells) are all derived from a single common
stem cell. This suggests that there are gastric stem cells

CSCs and gastric cancer
Gastric cancer is a life-threatening malignant tumor in
humans, and has the fourth highest incidence among all
malignant tumors. Nearly 1 million people are diagnosed
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in gastric tissues[35]. When gastric cancer develops, the
gastric epithelial cells rapidly proliferate, completing the
transformation from normal gastric mucosa to atrophic
gastritis, intestinal metaplasia, atypical hyperplasia, and
gastric cancer. During this process, the cells complete
mutation and become tumor cells. Gastric stem cells are
the only vital cells completing the genetic changes needed
for accumulated tumor transformation. Tatematsu et al[36]
confirmed that gastric stem cells differentiate into gastric and intestinal cells during the process of intestinal
metaplasia. Gastric cancer cells are classified as cells with
gastric and intestinal phenotypes. Both intestinal metaplasia of gastric mucous cells and gastric cancer cells are
homeotic. This demonstrates that gastric cancer itself is
a disease of stem cells. It is the canceration of the stem
cells that causes the development of gastric cancer. GCSCs are derived from gastric stem cells.
Additionally, there is another hypothesis. It is believed
that GCSCs are derived from bone-marrow-derived mesenchymal stem cells (BM-MSCs)[37]. BM-MSCs are a type
of adult stem cells, with the same genetic basis as the cells
in other organs and tissues. They can migrate, regenerate
and have the potential for multiple differentiation. On the
one hand, hematopoietic stem cells produced via hyperplasia and differentiation supplement and maintain the
homeostasis of hematopoietic and lymphatic systems[38].
On the other hand, they supplement the need for regenerating other tissues and organs. Like immune cells, these
cells move in ameba-like form via the capillary walls and
enter the solid tissues, and differentiate into all types of
tissues and cells. When there is injury, the BM-MSCs can
mobilize from the bone marrow, participate in and assist
with repair of injured tissues[39,40]. When gastric injury is
caused by Helicobacter felis infection, BM-MSCs migrate
to the gastric epithelium and participate in tissue repair,
suggesting that BM-MSCs participate in the development
of gastric cancer[41]. In model mice infected by Helicobacter
pylori (H. pylori), it is confirmed that under inflammatory
stimulation, BM-MSCs with positive markers migrate to
the gastric epithelium and differentiate into gastric cancer.
Furthermore, the same positive marker can be detected
in the cancer tissues. Thus, it is assumed that the development of gastric cancer may be the result of abnormal differentiation of bone marrow stem cells during regeneration and repair of gastric mucosa[42]. Varon et al[43] labeled
bone-marrow-derived cells with green fluorescent protein
(GFP), and observed H. pylori-induced chronic gastritis,
atrophic gastritis, intestinal metaplasia, atypical hyperplasia
and gastric cancer, and found that GFP was seen in 90%
of the mice, and 25% of cancerous cells were derived
from bone-marrow-derived cells. This further proved that
bone-marrow-derived cells participated in the development of gastric cancer[43], and BM-MSCs are the source
of gastric cancer cells.

et al[44] isolated CD44+ cells from gastric cancer cell lines
by using common markers of CSCs. It was found that
these cells were able to form into spherical colonies in
culture medium without serum and form tumors in nude
mice, while the xenograft of CD44- was significantly
lower. Thereafter, Han et al[45] isolated 4.5% epithelial cell
adhesion molecule (EpCAM)+/CD44+ cells from fresh
gastric cancer tissues by using EpCAM and CD44. Furthermore, it was confirmed in vivo that these cells formed
solid tumors in nude mice. In vitro experiments proved
that these cells form into colonies in culture medium
without serum, have the ability for self-regeneration and
the potential for multiple differentiation, and strong drug
resistance. This suggests that these cells are GCSCs, and
isolation and culture of these cells may be a novel model
for gastric cancer research[45]. Clinical trials have shown
that GCSCs are highly associated with the degree of
malignancy, tumor grading and ranking, and drug resistance. In gastric cancer tissues, the expression of stem
cell markers CD44, Musashi-1 and CD133 is increased in
precancerous lesions, malignantly transforming tissues,
and drug-resistant gastric cancer tissues[46]. The high expression of CD44 is positively correlated with malignant
transformation, remote metastasis, TNM grading, and relapse of gastric cancer. The high expression of CD133 is
also positively correlated with remote metastasis, invasion
depth, and TNM grading of gastric cancer. The expression of CD44 and CD133 can be used as independent
predictive molecules for gastric cancer. Combined detection of CD44 and CD133 expression can be used as an
effective tool for clinical diagnosis of gastric cancer[47].
The subpopulation (SP) of stem cells isolated from gastric cancer cell line SGC-7901 with Hoechst 33342 staining has stronger proliferation, resistance and colonization
ability when cultured in vitro without serum. Tumorigenicity experiments in vivo have confirmed that the SP has
the characteristics of cancer cells. Injection of 2 × 103
SP cells can grow into tumors, whereas, injection of 2
× 104 non-SP cells cannot form into xenografts in nude
mice[48], suggesting that GCSCs play an important role
in tumorigenicity of gastric cancer. Moreover, in many
review articles, it has been clearly stated that GCSCs are
the major cause of invasion, metastasis and drug resistance of gastric cancer, and GCSCs should be the central
therapeutic target[49-51]. This suggests that GCSCs are the
basis of gastric cancer development.
GCSCs and drug resistance
GCSCs are a major factor in gastric cancer resistance to
radiation and chemotherapy. The CSCs isolated from gastric cancer cell lines using the SP method have stronger
drug tolerance for chemotherapy[52]. Aldehyde dehydrogenase (ALDH) is generally highly expressed in stem cells.
Its major function is to protect stem cells and develop cell
resistance. In gastric cancer, cells with high expression of
ALDH have stronger resistance to 5-fluorouracil (FU)
and cisplatin[53]. Using CD44+ as the marker, the stem cells
isolated from cancer tissues with magnetic beads have

GCSCs as the basis of gastric cancer
GCSCs were first isolated and identified in 2009. Takaishi
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cancer cells, and inhibit xenograft growth[61].

resistance to 5-FU via high expression. The stronger the
resistance, the higher the expression of ALDH. CD44cells have low expression of ALDH. This suggests that
GCSCs are the major cause of drug resistance in gastric
cancer[30]. The SP stem cells EpCAM+/CD44+ isolated
from cancer tissues have stronger resistance compared
with other SPs to chemotherapeutic drugs[44]. Meanwhile,
clinicopathological detection has revealed that resistance
of early gastric cancer is mainly associated with the presence of GCSCs. Patients with CD133+ have stronger drug
resistance, higher relapse rate (28.1% vs 65.8%, P = 0.002)
and lower 5-year survival rate (47.5% vs 74.0%, P = 0.037),
compared with patients with CD133-[54].

Other biomarkers and gastric cancer treatment
CD133 and ALDH are often regarded as marker molecule of GCSCs. Expression of CD133 is positively
correlated with malignancy of gastric cancer. The overexpression of SOX17 gene by silence-regulated CD133
inhibit the growth of gastric cancer, suggesting that
regulating expression of CD133 is the target for treating
gastric cancer[62]. ALDH may activate Notch1 and SHH
signaling and promote proliferation of GCSCs, leading to
development of drug resistance. Interfering with ALDH
expression and activity and downstream signals can be
used as a target for treating gastric cancer[53]. CD71- and
CD71+ cells have stronger xenograft ability. CD71- cells
can be used as an effective target for gastric cancer research[63]. TR3, an orphan receptor, is also regarded as a
necessary molecule for maintaining activity of GCSCs.
Silencing TR3 reduces expression of stem-cell-associated
genes Oct-4 and Nanog, as well as invasion-associated
gene MMP-9, and inhibits colonization of cancer cells, invasion and metastasis, xenograft growth, and drug resistance. Silencing TR3 is a novel effective target for treating
gastric cancer[64]. Meanwhile, Lgr5, CD26, Musashi-1,
CD24, CD54, Sox2, Nanog, and Nestin have been used
as diagnostic marker molecules on GCSCs[46,65-67]. Overexpression of Sox2 in CSCs shows that Sox2 plays an
important role in maintaining the stem cell characteristics
of CSCs. Targeting silencing of Sox2 significantly inhibits colonization and drug resistance of GCSCs in vitro[52].
Moreover, SP cells express a many drug-resistanceassociated proteins, including ABCG2, Bcl-2, multidrug
resistance, and Bmi-1[47,48,68]. In addition, trastuzumab
has recently been reported as a humanized monoclonal
antibody that selectively acts on the extracellular region
of human epidermal growth factor receptor (HER)2.
Trastuzumab is mainly used for the treatment of gastric
cancer with overexpression of HER2[69,70]. Ramucirumab
is another newly humanized IgG1 monoclonal antibody.
It acts as a receptor antagonist that binds to the extracellular region of vascular endothelial growth factor (VEGF)
receptor 2, thereby blocking the interaction between
VEGF ligands A C and D, and inhibiting activation of
the receptor. Ramucirumab has shown promising results
in an international, randomized, multicenter, placebocontrolled, phase Ⅲ clinical trial for advanced gastric cancer[71,72]. All the above results suggest that GCSC-targeted
therapy is a novel direction for treating and preventing
gastric cancer.

GCSCs AND GASTRIC CANCER
TREATMENT AND PREVENTION
STRATEGIES
CD44+ and gastric cancer treatment
Cancer onset, development, drug resistance and metastasis are all associated with gastric stem cells. GCSCtargeted therapy has received increasing attention[49-51,55].
CD44+ is a cell surface adhesion molecule and is the
earliest marker for gastric stem cells[43-44]. CD44+ cells
have stronger drug resistance and express more genes related to cancer invasion, such as MMP-1, MMP-2, EGFR
and COX-2[28]. Isolated GCSCs are the ideal model for
targeted therapy for gastric cancer. GCSCs highly express CD44v9. Silencing of CD44v9 expression is a
novel pathway for treating gastric cancer[56]. Compared
with CD44- cells, CD44+ cells have high expression of
Notch1. With the specific drug β-Elemene interfering
Notch1 expression, the proliferation of CD44+ cells and
xenografts and vessel survival are all inhibited[43-44,57]. The
ERK → CD44 → STAT3 signaling cascade promotes
GCSC proliferation. Interfering with this signal inhibits
proliferation of gastric stem cells[58]. The sonic hedgehog
(SHH) signal is necessary for maintaining tumorigenesis
of primary cancer tissue stem cells. Interfering with SHH
signaling can increase gastric stem cell sensitivity to chemotherapy, and thus inhibit xenografts in nude mice[59].
It is believed that phosphoglycerate kinase (PGK)1 is activated in gastric cancer cell lines and inhibits the differentiation of gastric stem cells. shRNA PGK1 in CD44+
cells promotes GCSC differentiation and inhibits xenograft growth in nude mice. With targeted silencing of
PGK1 induction, GCSC differentiation is regarded as an
effective therapeutic target for gastric cancer[60]. Adiposetissue-derived stem cells can regulate CD44+ cell surface
integrated protein α2/β2 and Wnt signaling via cell surface adhesion molecules, and thus increase sensitivity of
CSCs to chemotherapy. This suggests that adipose-tissuederived stem cells can be used as a “living vehicle surface” for gastric cancer therapy. Targeted overexpression
of miR-200c can silence the expression of TUBB3 in
tumors, reduce expression of CD44 and invasive marker
molecule E-cadherin, increase drug sensitivity of gastric
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SUMMARY AND FUTURE DIRECTION OF
RESEARCH
CSC theory is developing rapidly. The presence of GCSCs and their significance are acknowledged widely.
Novel GCSC markers were discovered gradually, bringing
great opportunities for therapy of gastric cancer. However, our knowledge of GCSCs is currently insufficient and
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more research is needed in the following areas. (1) isolation and culture of GCSCs. Impure stem cells and differentiation in vitro have resulted in an inability to perform
long-term culture to study the mechanism of generation
and development of GCSCs. Further research into the
isolation and continuous culture of GCSCs might provide a opportunity to understand better the biological
properties of stem cells; (2) mechanism of generation
and development of GCSCs. Studies should investigate
further the microenvironment and signaling pathways of
GCSCs, as well as the regulatory mechanism associated
with the development, drug resistance, recurrence and
metastasis of gastric cancer. This will demonstrate the
relationship between GCSCs and gastric cancer in detail;
and (3) to determine specific markers of gastric cancer.
These markers could be used in clinical studies to develop new chemotherapeutic agents against cancer cells.
These agents could target the specific markers of GCSCs
or the microenvironment and related signal transduction
pathways of GCSCs.
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Helicobacter pylori associated chronic gastritis, clinical
syndromes, precancerous lesions, and pathogenesis of
gastric cancer development
Jiro Watari, Nancy Chen, Peter S Amenta, Hirokazu Fukui, Tadayuki Oshima, Toshihiko Tomita, Hiroto Miwa,
Kheng-Jim Lim, Kiron M Das
including meta-analysis, show that H. pylori eradication
reduces GC. Molecular markers detected by genetic and
epigenetic alterations related to carcinogenesis reverse
following H. pylori eradication. This indicates that these
changes may be an important factor in the identification of high risk patients for cancer development. Patients who underwent endoscopic treatment of GC are
at high risk for development of metachronous GC. A
randomized controlled trial from Japan concluded that
prophylactic eradication of H. pylori after endoscopic
resection should be used to prevent the development
of metachronous GC, but recent retrospective studies
did not show the tendency. Patients with precancerous lesions (molecular alterations) that do not reverse
after H. pylori treatment, represent the “point of no
return” and may be at high risk for the development of
GC. Therefore, earlier H. pylori eradication should be
considered for preventing GC development prior to the
appearance of precancerous lesions.
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Core tip: This review provides a current understanding
on Helicobacter pylori , pathogenesis of chronic gastritis, gastric intestinal metaplasia, gastric carcinoma, and
prevention strategy.

Abstract
Helicobacter pylori (H. pylori ) infection is well known

to be associated with the development of precancerous lesions such as chronic atrophic gastritis (AG), or
gastric intestinal metaplasia (GIM), and cancer. Various molecular alterations are identified not only in
gastric cancer (GC) but also in precancerous lesions.
H. pylori treatment seems to improve AG and GIM, but
still remains controversial. In contrast, many studies,
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binding adhesion (BabA), outer inflammatory protein A
(OipA) and sialic acid binding adhesion (SabA). Although
many other proteins in this class may play a role in cell
adhesion and infection, the aforementioned are the major
players. Additionally, cellular damage is achieved predominantly through the effects of two genes: vacuolating cytotoxin A (VacA) and cytotoxin associated gene A
(CagA) which mechanism of action and interaction will
be discussed in depth later in this article. Even though
H. pylori is considered a non-invasive bacterium, there is
some data supports its ability for intracellular invasion
through mechanisms not yet fully understood[12]. H. pylori
is a truly heterogeneous bacterium, expressing a wide array of multiple clinically important virulence factors that
also seem to have a geographic influence.

http://dx.doi.org/10.3748/wjg.v20.i18.5461

INTRODUCTION
Helicobacter pylori (H. pylori) is the most common chronic
infection worldwide, with a prevalence of approximately
50%; however, the majority of the infected individuals
are asymptomatic[1]. The country-to-country variance
in prevalence ranges from as low as 30% in the United
States to as high as 90% in developing countries such
as Iran[2,3]. This large reservoir of asymptomatic carriers
renders H. pylori a difficult infection to eradicate. Many
factors determine a country’s infection rate, with socioeconomic status and living conditions in early childhood
as the principle determinants. Another important factor
is mode of transmission, with horizontal transmission
amongst the general population as the predominant
mode in developing countries verses transmission via
family members in industrialized countries[4,5]. The person-to-person transmission of this infection is thought
to occur via multiple routes: fecal-oral[6], oral-oral[7] as well
as environmental transmission through a contaminated
water supply[8]. There is evidence of earlier infection in
developing nations compared to industrialized nations[9].
There are also reports of a higher prevalence of H. pylori
in industrialized Asian countries compared to their western counterparts. For example the prevalence of H. pylori
was noted to be 39% in Japan and 60% in South Korea[2],
which are both industrialized, affluent countries with safe
water supplies. One hypothesis is the potential increase
in oral-oral transmission[7] of this infection due to the
“family-style” sharing of meals and plates etc. typical in
Asian countries.
Here we review H. pylori infection, diagnosis, and
clinical syndromes with a primary focus on its effect on
precancerous lesions, i.e., chronic atrophic gastritis (AG)
and gastric intestinal metaplasia (GIM), development of
gastric cancer (GC) and discuss early diagnosis, efficient
preventive strategies for GC based on the clinical literature, through original contributions, systematic reviews,
and meta-analyses.

DIAGNOSIS
The American College of Gastroenterology guideline
in 2007 recommended testing for H. pylori only with the
intention to treat a positive test result[13]. Absolute indications for testing and treatment include patients with
active peptic ulcer disease, confirmed history of peptic
ulcer but not previously treated, gastric mucosa-associated lymphoid tissue (MALT), and early GC. Relative
indications include testing in patients with unexplained
dyspepsia without alarming features. In the United States,
a majority of these patients may have symptoms of gastroesophageal reflux disease (GERD) rather than H. pylori
infection. Also testing for H. pylori prior to initiating nonsteroidal anti-inflammatory drug treatment is usually not
recommended in areas with low prevalence of H. pylori.
Rarely unexplained iron deficiency anemia[14] or immune
thrombocytopenic purpura can be reversed with H. pylori
treatment, again the incidence of these finding would be
low in the United States[15,16]. For asymptomatic patients,
if they have a first degree relative with GC or are of high
risk populations (Asians, Eastern Europeans, or Mesoamerican descent), are considered as higher risk populations for the development of GC[17].
Diagnostic testing for H. pylori can be divided into endoscopic and nonendoscopic techniques. The techniques
could be direct (culture, histology, or detection of bacterial antigen in the biopsy tissue or stool) or indirect (using
urease breath test, or an antibody response as a marker
of disease). Serologic test for antibody indicates exposure
to bacteria but does not help to assess active infection.
The choice of a suitable test depends upon a variety of
issues such as cost, accessibility, clinical situation, any
family history of GC, and pretest probability of infection
which is affected by population prevalence of infection.
Also factors include the use of proton pump inhibitors,
antibiotics or bismuth-containing compounds that may
influence the accuracy of some test results.

BACTERIOLOGY
H. pylori is a Gram-negative microaerophilic spiral-shaped
bacterium with a flagella that enables it to colonize the
human gastrointestinal tract. It has evolved various mechanisms to promote its survival in the stomach’s acidic environment and increase its ability to cause infection. One
such adaptation is urease, an enzyme that hydrolyzes urea
and releases ammonia, which in turn neutralizes gastric
acid, allowing H. pylori to survive and colonize the gastric
mucosa[10]. The other main feature of H. pylori is its ability to adhere to the gastric epithelium, which is achieved
through receptor-mediated adhesion[11] via an array of
outer membrane proteins. These proteins include adherence lipoprotein A and B (AlpA/B), blood group antigen
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to be asymptomatic, their clinical manifestations can be
confounded by other disease processes such as functional
dyspepsia and GERD. However a certain population of
individuals infected with H. pylori can develop pathological findings of non-malignant and malignant diseases.

Three types of chronic gastritis are recognized: pangastritis, antrum predominant, and corpus predominant.
Diffuse antral gastritis with normal or increased acid
secretion. This is associated with little or no gastric atrophy and duodenal ulcers (DUs). Persistent inflammation
results in the development of gastric atrophy with hypochlorhydria, or achlorhydria[29,30]. These changes facilitate
the proximal migration of the bacteria, leading to corpus
or multifocal gastritis, which tends to progress through
intestinal metaplasia, then to intestinal type GC.

FUNCTIONAL DYSPEPSIA/GERD
The relationship between H. pylori and a host of other
gastrointestinal diseases is currently under investigation.
Functional dyspepsia is a common ailment which occurs
in 10%-30% of the population each year with no clear
understanding of the pathophysiology of this disorder[18].
The underlying cause of functional dyspepsia is likely
multi-factorial and the role of H. pylori is unclear. However, a large meta-analysis which examined 14 randomized controlled trials demonstrated that treating H. pylori
improved dyspeptic symptoms up to 1 year later with an
OR of 1.38; 95%CI: 1.18-1.62[19]. Due to these studies
that evidenced improvement in dyspeptic symptoms with
H. pylori eradication, many guidelines now recommend
treating patients who test positive for the bacterium and
suffer from functional dyspepsia[20].
GERD is an extremely common disease and its relationship with H. pylori is somewhat controversial. Several
studies demonstrated an increase in GERD symptoms
and esophagitis even after successful eradication of H. pylori[21]. However, upon further review, this relationship did
not hold true in a meta-analysis comparing 10 trials and
showed that reflux symptoms were similar in the H. pyloritreated groups and the controls. Although, improvement
of reflux symptoms post treatment is also reported[22]. It
is evident that H. pylori may be involved in more disease
processes than previously thought, however before any
definitive relationship can be established, more research
is needed for clarification.

PEPTIC ULCER DISEASE
There is a clear association between H. pylori infection
and the development of peptic ulcer disease. The prevalence rate of peptic ulcer disease caused by H. pylori remains high in Asia at about 93%[31]. In the United States
and in Western Europe the prevalence rate of peptic ulcer disease have been lowered in the range of 40%-75%
due to a declining occurrence of H. pylori infection[32-34].
Certain H. pylori genes and virulent factors have been
suggested for the development of peptic ulcer disease.
Virulent factor such as VacA m1 is possibly associated
with an increased risk of peptic ulcer disease[35]. In China,
the prevalence of dupA gene was highest in DU and inversely related to gastric ulcer and GC[36,37].
H. pylori eradication has been shown to be a cost effective approach to reduce peptic ulcer disease recurrence
and increase DU healing rate[38-41]. According to a recent
prospective, long-term study that 1000 patients were followed up for at least 12 mo to assess ulcer rebleeding
rate after H. pylori eradication, the cumulative incidence
of rebleeding was 0.5% (95%CI: 0.16%-1.16%), and
the incidence rate of rebleeding was 0.15% (95%CI:
0.05%-0.36%) per patient-year of follow up. The authors
concluded that peptic ulcer rebleeding virtually does not
occur in patients with complicated ulcers after H. pylori
eradication. Maintenance antisecretory therapy is not
necessary if eradication is achieved[42]. Similarly, a recent
systematic review and meta-analysis of five randomized
controlled trials with 401 patients were performed to evaluate the effects of H. pylori eradication on prevention of
ulcer recurrence after simple closure of perforated peptic
ulcers. A high prevalence of H. pylori infection was found
in patients with perforated peptic ulcers. Eradication of
H. pylori has significantly reduced the incidence of ulcer
recurrence at 8 wk (RR = 2.97; 95%CI: 1.06-8.29) and 1
year (RR = 1.49; 95%CI: 1.10-2.03) post-operation[43].

GASTRITIS
Gastritis is defined by inflammation of the stomach lining associated with mucosal injury. The duration of mucosal inflammation can be used to separate this condition
from acute gastritis and chronic active gastritis. H. pylori
is the most common infectious etiology associated with
gastritis.
The majority of patients infected with H. pylori develop acute gastritis which may spontaneously resolve. The
ability of H. pylori to cause acute gastritis is best demonstrated from studies where healthy volunteers have been
intentionally infected with the organism. This acute infection is associated with the development of hypochlorhydria and neutrophilic infiltration on gastric biopsy[23-25].
After an acute H. pylori infection, the majority of
acute gastritis evolves into chronic active gastritis that is
histologically characterized by mononuclear cells, predominantly lymphocytes, plasma cells and macrophages.
Lymphoid follicles with germinal centers are frequently
seen and are characteristic of an H. pylori infection[26-28].

WCGO|www.wjgnet.com

H. PYLORI AND GC
It has been postulated that H. pylori infection causes
chronic gastritis, AG, usually with GIM and dysplasia, and
GC, especially intestinal-type[44-46]. The stepwise course
of this infection, which usually continues over decades,
has been defined as a sequence of histological events that
confer an increasing risk of malignant transformation,
as described in Correa’s hypothesis[44]. A meta-analysis
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showed that H. pylori eradication seems to reduce GC[47].
However, a recent study from Japan showed that there
is a risk of developing GC of both the intestinal (0.17%
per year) and diffuse (0.13% per year) types even after the
cure of H. pylori infection and extinction of gastric inflammation[48]. It has been also reported from Japan that
H. pylori treatment reduces the risk of developing new
GC in patients who have a history of GC and are thus at
high risk for this development[49]. However, recent retrospective studies show that H. pylori eradication does not
reduce the incidence of metachronous GC[50,51]. These results indicate that the establishment of predictable markers for the development of GC from patients cured of H.
pylori infection is needed.
Up to now, a number of genetic and epigenetic alterations of tumor suppressor and tumor related genes
involve the development or progression of precancerous
lesions as well as GC have been reported.
GC is the second-leading cause of cancer death both
worldwide and in Japan. GC is histologically divided into
two types, intestinal and diffuse types[52]. One of the main
risk factors for the development of both type of GC is
considered to be H. pylori infection[53-57]. Therefore, in uninfected persons GC does not develop[58] besides cardia/
junctional GC[59].

Besides genetic diversity of the infecting H. pylori
strains, other factors that may influence the etiology of
GC include differences in the host genetic background
in various ethnic groups, i.e., gastric acid secretion and
genetic polymorphisms in pro-inflammatory cytokines.
These factors, in addition to environmental factors, such
as personal hygiene and dietary habits, reflect the multifactorial etiology of GC[61].

PRECANCEROUS LESIONS
Atrophic gastritis
AG is characterized by chronic inflammatory processes
of gastric mucosa that leads to the loss of appropriate
glands[71] and a reduction of gastric secretory function.
The extensive spread AG, which is associated with the
state of achlorhydria or hypochlorhydria, is known to be a
significant risk of GC[72,73]. The relation between H. pylori
and GC depends on the factors that determine the severity and rate of progression of AG. Several studies show,
furthermore, that precancerous conditions including AG
and GIM are indicators of an increased risk for GC as
compared with chronic gastritis in the absence of these
lesions[73-75]. A prospective study by Uemura et al[58] also
has showed that RR for GC was 1.7 (95%CI: 0.8-3.7) in
moderate AG and 4.9 (95%CI: 2.8-19.2) in severe AG
compared to none or mild AG (control).
It is generally considered that AG has a relatively high
prevalence rate in countries with a higher prevalence of H.
pylori infection and GC[74]. However, despite a high rate
of H. pylori infection, there are some regions with a low
prevalence of precancerous lesions and GC. This phenomenon is reported as the geographical enigmas (African, Asian, Indian and Costa Rican enigmas)[60-62]. Moreover, GC and DU occupy opposite ends of the spectrum
of H. pylori-related disease. Most DU are categorized as
antral-predominant gastritis[58] or nonatrophic gastritis[76],
which have a low risk for GC and different from gastric
and gastro-duodenal ulcers in pathophysiology[58,77].
Up to now, Miki et al[78] have reported that progression of AG correlates strongly with stepwise reductions
in serum pepsinogen (PG) Ⅰ levels and the PG Ⅰ/Ⅱ
ratio. In other words, measuring serum PG Ⅰ and the
PG Ⅰ/Ⅱ ratio offers the opportunity to evaluate the
progression of AG, a precursor of GC[79]. As criteria for
the serum PG test used for GC screening, the combination of PG I ≤ 70 ng/mL and PG Ⅰ/Ⅱ ≤ 3.0 is widely
accepted as a reference value[79,80]. According to a recent
meta-analysis of PG test, pooled sensitivity and specificity for GC detection were 77.3% (95%CI: 69.8-83.8) and
73.2% (95%CI: 72.8-73.6), respectively[81]. Thereafter, a
combination of the serum PG test and H. pylori infection
diagnosis was conducted to overcome the low sensitivity for GC detection[82,83]. The stage of H. pylori-related
chronic gastritis was classified into 4 stages based on the
combination of both test results: Group A [H. pylori (-),
PG (-)]; Group B [H. pylori (+), PG (-)]; Group C [H.
pylori (+), PG (+)]; and Group D [H. pylori (-), PG (+)].

GEOGRAPHICAL ENIGMA
Observations of geographical differences in the prevalence of H. pylori and its related diseases, especially in
Asia, have been intriguing. Although there is a strong link
between H. pylori infection and GC in East Asia including Japan, the prevalence of H. pylori infection is high in
some countries such as India and Bangladesh with low
GC rates. There are several possible factors that affect
this enigma[60-62]. First, the presence of virulent factors in
the infecting H. pylori strain is a known determinant factor of the outcome of the infection. The CagA and VacA
of H. pylori, have been associated to phenotypic characteristics of virulence. It has long been noted that patients infected with strains with an intact cag pathogenicity island
have a more intense inflammatory response and this was
also associated with an increased chance of developing
GC or peptic ulcer disease[63]. Infection with Cag-positive
VacA s1/m1 strains is associated with precancerous lesions and the development of GC, while persistent nonatrophic gastritis associated to Cag negative VacA s2/m2
does not increase the risk of cancer[64]. Most H. pylori
clinical isolates in Japan and South Korea have been reported to possess both CagA and VacA genes with VacA
genotype s1/m1, and this genotype is associated with
progression of gastric preneoplastic lesions and cancer
risk[65-68]. In contrast, VacA genotype in India and Taiwan,
where the prevalence of H. pylori is high and that of GC
is low, is different[69,70]. Taken together, previous reports
show a potential role of H. pylori strain genotype diversity
in various presentation of gastric disease in different regions and populations.
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Table 1 Operative link for gastritis assessment staging system
Atrophy score

Antrum

No atrophy (score 0) (including incisura angularis)
Mild atrophy (score 1) (including incisura angularis)
Moderate atrophy (score 2) (including incisura angularis)
Severe atrophy (score 3) (including incisura angularis)

Corpus
No atrophy

Mild atrophy

Moderate atrophy

Severe atrophy

(score 0)

(score 1)

(score 2)

(score 3)

Stage 0
Stage Ⅰ
Stage Ⅱ
Stage Ⅲ

Stage Ⅰ
Stage Ⅰ
Stage Ⅱ
Stage Ⅲ

Stage Ⅱ
Stage Ⅱ
Stage Ⅲ
Stage Ⅳ

Stage Ⅱ
Stage Ⅲ
Stage Ⅳ
Stage Ⅳ

The stage of gastritis results by combining the atrophy score values as obtained in antral and corpus biopsy samples[84,85].

As a result, annual incidences of GC development were:
Group A, 0%; Group B, 0.11%; Group C, 0.24%; and
Group D, 1.31%. Thus, with H. pylori infection and AG
progression, the rate increased in a stepwise and significant manner.
In histological diagnosis of AG, the Sydney System
and its Houston updated version provide a uniform nomenclature for gastritis, as well as visual analogue scales[71]
The system, however, lacks the element of prognosis
and the same pathologists who use it in their research
activities found it too cumbersome for routine diagnostic
activities[84]. In 2005, Operative Link for Gastritis Assessment (OLGA) staging system was proposed by an international group of gastroenterologists and pathologists
(Table 1)[84,85]. As the risk of GC directly relates to the extent of AG, an atrophy based staging system will provide
implications for the prognosis and, possibly, the management of patients. This OLGA staging system may offer
clinicians an immediate overall perception of the extent
of gastric disease and also provides information regarding cancer risk, especially intestinal-type. In this system,
stages Ⅲ and Ⅳ are significantly associated with GC development[86-88], thus being consistent with the biological
assumption that the extent and location of atrophy correlate with the risk of cancer[58,89,90]. It has been reported,
furthermore, that a significant association emerged between mean PG Ⅰ/Ⅱ values and OLGA stage (the lower
the ratio, the higher the stage; by ordinal logistic regression: OR = 0.82; 95%CI: 0.72-0.94; P < 0.006), and the
mean PG Ⅰ/Ⅱ ratio declined significantly as the OLGA
stage increased (test for trend; P < 0.001)[88].

a condition that predisposes to malignancy, and also the
presence of incomplete-type GIM (type Ⅲ) and a higher
proportion of this type indicate a higher cancer risk, especially intestinal-type GC[91-94]. Shiotani et al[95] reported
that incomplete GIM in the corpus lesser curve (OR =
6.4; 95%CI: 2.0-21, P = 0.002) is associated with an increased risk factor for GC. In contrast, there are opposite
studies that detection of incomplete-type GIM (type
Ⅲ) as detected by AB/HID staining is of limited value
as an indicator of risk of GC, and AB/HID subtyping
does not provide useful information to the clinician[96-98].
Therefore, the pattern, extent, and severity of atrophy
with/without GIM may be the most important predictor
of increased cancer risk than GIM subtype.
Some investigators consider incomplete-type GIM
to be a mild form of dysplasia[99]. However, there are
some other reports which intestinal-type GC does not
necessarily arise from GIM, thus it remains controversial whether GIM is actually a precancerous lesion or
not[100-102]. Indeed, previous studies have showed that
GIM was not always noted in the surrounding mucosa of
minute intestinal-type GC[102], indicating that GIM may
be a paracancerous lesion, but not a precancerous lesion.
Detection of molecular alterations in precancerous
lesion
GC develops through the accumulation of genetic and
epigenetic alterations, but the mechanisms of induction
have remained unknown. Similarly, molecular alterations
are identified even in precancerous lesions including
AG and GIM[103]. Preferential expression of COX-2 in
colonic-phenotype (type Ⅲ) intestinal metaplasia associated with H. pylori and GC has been reported by Sun et
al[104]. This has been further confirmed by using a colon
epithelial specific antibody Das-1 as described below[105].
We have developed a novel monoclonal antibody
(mAb), Das-1 (formerly known as 7E12H12, IgM isotype),
which specifically reacts with the colonic epithelium[105],
and have reported that GIM of a colonic phenotype,
detected by mAb Das-1, is strongly associated with GC
(Figure 1)[106,107]. Non-cancerous samples from 93% of
patients having GIM as well as GC were found to react
with mAb Das-1, whereas GIM samples from patients
without GC reacted less frequently (35%) with the mAb
(P < 0.0001)[106]. Subsequently, in a prospective study using a large cohort of patients infected with H. pylori and

Gastric intestinal metaplasia
GIM is defined as the replacement of the gastric epithelium by two types of intestinal-type epithelium, which
can be seen by Haematoxylin-eosin staining: (1) absorptive enterocytes with brush border along with goblet
cells; and (2) columnar cells with foamy cytoplasm but
lacking brush border[91]. Furthermore, it is divided into
three phenotypes by alcian blue and high-iron diamine
(AB/HID) staining as described by Filipe and Jass[92],
namely type Ⅰ (complete or small intestinal type) and
types Ⅱ and Ⅲ (incomplete or colonic type). When more
than one type of GIM coexisted in a given sample, the
case was classified according to the dominant type present in the section[92]. GIM is generally considered to be
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A

B

C

D

E

F

Figure 1 Serial sections of formalin fixed paraffin embedded biopsy tissue from two patients with gastric intestinal metaplasia without carcinoma. Haematoxylin-eosin staining (A, D), alcian blue/high iron diamine staining (B, E), and immunoperoxidase assay with the monoclonal antibody mAb Das-1 (C, F); (A-C) is from
the same patient and (D-F) from the second patient. mAb Das-1 stained both goblet cells (shorter arrow) and metaplastic non-goblet cells (longer arrow) in the glands
(C), suggesting colonic phenotype (incomplete type); While GIM is clearly evident with the presence of goblet cells (D, E) in the second patient, but mAb Das-1 did not
stain the glands including goblet cells (F). The arrow shows the unstained goblet cells suggesting complete phenotype or small intestinal phenotype (original magnification × 160 for each part)[106].

in H. pylori-associated chronic gastritis and GIM either
with or without GC[119,120]. There is an interesting report
that individuals with baseline K-ras mutations were more
likely to progress from either atrophy to metaplasia or
from complete-type GIM (type Ⅰ) to incomplete-type
GIM (type Ⅲ); and those individuals with G→A transitions (Gly→Ser) were more likely to progress from
atrophy to GIM than those individuals who lacked this
mutation[119]. Similarly, mutations with AGT (Ser) were
considered more likely to be advantageous in K-ras gene
alterations and are important in gastric tumorigenesis in
our study[121].
Epigenetic abnormalities are also important as cancer
gene abnormalities in addition to gene structural abnormalities such as mutations and chromosomal deletions. In
GC, inactivation of various genes because of methylation
is more frequently observed compared to inactivation due
to mutations or chromosomal deletions[122]. Even in noncancerous mucosa, aberrant methylation can be present.
These findings suggest that aberrant methylation is deeply involved in gastric carcinogenesis, and aberrant methylation seems to be useful as a new target for diagnostics
and prevention of GC[122]. Epigenetic methylation-associated inactivation of the hMLH1 mismatch repair gene
is a potent trigger of MSI, especially high-frequency MSI
(MSI-H)[123]. DNA methylation of hMLH1 promoter
region CpG island is tightly associated with the loss of
hMLH1 expression in GC exhibiting MSI[124]. In contrast,
there are a few reported that mean methylation levels for

with and without chronic gastritis who were followed up
to 4 years showed a change in the phenotype of metaplasia which may be an important factor in the induction of
GC. These results suggested that mAb Das-1 positivity
in GIM could be a risk marker related to gastric carcinogenesis[106,107]. It has been reported that microsatellite
instability (MSI) are frequently detected in GIM[108,109] and
chronic gastritis mucosa[110], but there is little evidence of
mismatch repair defects in these tissues[111]. We have also
found that genomic instability, including MSI and loss of
heterozygosity (LOH) in GIM may be associated with
gastric carcinogenesis[57,58,112], and MSI or mAb Das-1 reactivity in GIM. This strongly predicts that the development
of metachronous GC after endoscopic treatment to early
stage GC is irrespective of the eradication of H. pylori[113].
Intestine-specific homeobox genes, caudal-type homeobox (Cdx1) and Cdx2, are transcription factors that
regulate both proliferation and differentiation in intestinal epithelial cells[114,115]. CDX2 expression in the gastric
mucosa is found in patients with chronic gastritis and
is closely associated with GIM[116]. As to the important
role of Cdx2 in transdifferentiation of the gastric epithelial cells into GIM, Mutoh et al[117] reported that Cdx2expressing transgenic mice induced GIM with an increase
of epithelial cell proliferation. Also, they showed that
invasive GC developed from GIM in Cdx2-transgenic
mice[118], thus suggesting GIM itself may play a significant
role in the genesis and progression of GC.
There have been only a few reports of this oncogene
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Table 2 Studies that examined histological improvements with a follow-up duration of more than 5 years after Helicobacter pylori
[129-134]
eradication
Ref.

Authors

Year

Country

Number of patients

Study design

Observation period (yr)

Gastric atrophy
Antrum

129
130
131
132
133
134

Forbes
Ito
Zhou
Leung
Vannella
Kodama

1996
2002
2003
2003
2010
2012

Australia
Japan
China
Hong Kong
Italy
Japan

54
22
552
435
300
323

Prospective
Prospective
RCT
RCT
Observational
Prospective

7.1
5.0
5.0
5.0
5.2
10.0

Corpus

Intestinal metaplasia
Antrum

No
Yes
No

Yes
No

Yes
Yes

Yes
Yes

No
No

ND
No
Yes

Corpus
No
Yes
No
Yes
Yes
Yes

RCT: Randomized control trial.

the tumor suppressor genes CDKN2A (p16) and hMLH1
were very low, thus evaluating the correlation with GC
risk was difficult[125,126]. Genes methylated by H. pylori infection show specificity. With H. pylori infection, resistant
genes show no methylation at all while susceptible genes
display a high frequency of methylation[127]. The hypermethylation of E-cadherin gene is accelerated by H. pylori
infection[128].

(-0.05-0.02) (P = 0.42) for corpus GIM, respectively. Their
result has revealed that H. pylori eradication significantly
improved AG in the corpus but not in the antrum; it also
did not improve GIM[136]. As to difference of the results
between these 2 meta-analysis, Wang et al[136] discussed
that the study by Rokkas et al[135] used different selection
criteria, extracted different data from each article, and did
not include a recent trial with negative results.
Changes of molecular alterations by H. pylori
eradication
We previously reported that although H. pylori eradication
does not reduce the histologic GIM score, but it changes
the cellular phenotype of GIM, as identified by mAb
Das-1 and TC22-4 which related to carcinogenesis of
colon epithelium→colon cancer[137]; therefore this change
of phenotype may be an important factor in the reduction of cancer incidence after eradication of H. pylori[107].
It has bee also reported that H. pylori eradication reduced
MSI in GIM[57,113].
Chan et al[138] and Leung et al[139] showed that H. pylori
eradication therapy could reverse methylation of E-cadherin gene in patients with chronic gastritis. In addition,
decreased methylation levels of other genes after H. pylori
eradication have been confirmed in specific genes[140].
Once methylation has occurred in a cell, it is difficult
to conceive that demethylation would again occur in
the same region. The decrease in methylation levels observed after H. pylori eradication is thus probably due to
cell turnover (temporary methylation). Residual aberrant
methylation even after eradication is thought to reflect
methylation in gastric gland stem cells (permanent methylation)[141]. Therefore, individuals with residual methylation after H. pylori eradication have a risk of GC.

CAN H. PYLORI TREATMENT REDUCE
THE RISK OF GC?
Changes of preneoplastic lesions by H. pylori
eradication
Some studies reported that the precancerous lesions including AG and GIM had improved after eradication, but
other studies did not find any change[107]. Therefore, little
consensus has been obtained as to the improvement of
AG or GIM after eradication. Some of the reasons for
these discrepancies may be ethnic variations, completeness of eradication, stage of the disease when treatment
was initiated, and the short follow-up period (the followup period did not exceed 1 year). When evaluating the
studies followed-up more than 5 years following H. pylori
eradication, AG and GIM tended to improve histologically especially in the corpus (Table 2)[129-134].
Up to now, there are two meta-analyses regarding the
long-term effects of H. pylori eradication on gastric histology[135,136]. According to a meta-analysis by Rokkas et
al[135], for histological changes of AG, the pooled OR with
95%CI was 0.554 (0.372-0.825) (P = 0.004) in antrum and
corpus 0.209 (0.081-0.538, P < 0.001) respectively. However, no histological improvement of GIM was seen; the
pooled OR = 0.795, 95%CI: 0.587-1.078 (P = 0.14) in the
antrum and the pooled OR = 0.891, 95%CI: 0.663-1.253
(P = 0.506) in the corpus. Their results showed significant improvement of AG, whereas improvement was not
shown for GIM. In contrast, another meta-analysis by
Wang et al[136] showed that comparing the histological alterations before and after H. pylori eradication, the pooled
weighted mean difference (WMD) with 95%CI was 0.12
(0.00-0.23) (P = 0.06) for antral AG and 0.32 (0.09-0.54)
(P = 0.006) for corpus AG; whereas the pooled WMD
was 0.02 (-0.12-0.16) (P = 0.76) for antral GIM and -0.02
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Does H. pylori eradication actually reduce the risk of GC
incidence?
According to a systematic review in total of 15 papers
by Ito et al[142], the H. pylori eradication statistically reduces the prevalence of clinical GC by approximately
one-third. Interestingly, the studies from Japan support
this conclusion; however, studies from other countries
have reported conflicting results. GC that developed
after eradication revealed a mainly intestinal-type histol-
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ogy and depressed-type appearance. They mentioned,
furthermore, that the following are possible reasons for
reduction of GC: (1) eradication therapy inhibits the new
occurrence of GC; (2) eradication regresses or inhibits
the growth of GC; and (3) eradication interferes with the
discovery of GC[142]. A recent meta-analysis of randomized, controlled trials (n = 7), mostly in Asia (n = 6), also
show that H. pylori treatment seems to reduce GC risk (RR
= 0.65, 95%CI: 0.43-0.98)[47]. Wong et al[143] found that although no overall reduction was observed in participants
who received H. pylori treatment compared with those
who did not, in the subgroup of H. pylori carriers without precancerous lesions, i.e., AG or GIM, eradication
of H. pylori significantly decreased the development of
GC. Thus, they emphasized the concept of “point of no
return”[144], in which the benefit of H. pylori eradication
diminish after GIM stage was reached (in which many
molecular changes had been detected).
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the feasibility and appropriate timing of this strategy
for cancer prevention remain to be determined. As a
result, additional well-designed trials with longer followup periods are needed to clarify this issue.
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Core tip: The treatment of gastric cancer (GC) is challenging. Elimination of a major risk factor, Helicobacter
pylori (H. pylori ) infection, represents an important approach for the prevention of GC. However, the feasibility
and appropriate timing of this strategy remain to be determined. This review highlights the most recent literature and presents a comprehensive evaluation of what
is currently known about H. pylori infections and GC.

Abstract
Helicobacter pylori (H. pylori ) infection is a major risk

factor for gastric cancer (GC) development, which is
one of the most challenging malignant diseases worldwide with limited treatments. In the multistep pathogenesis of GC, H. pylori infection slowly induces chronic
active gastritis, which progresses through the premalignant stages of atrophic gastritis, intestinal metaplasia,
and dysplasia, and then finally to GC. Although eradication of H. pylori is a reasonable approach for the prevention of GC, there have been some contradictory reports, with only some long-term follow-up data showing
efficacy of this approach. The inconsistencies are likely
due to the insufficient number of participants, relatively
short follow-up periods, poor quality of study designs,
and the degree and extent of preneoplastic changes at
the time of H. pylori eradication. This review analyzes
recent high-quality studies to resolve the discrepancies
regarding the eradication of H. pylori for GC prevention.
The relationship between H. pylori eradication and GC/
precancerous lesions/metachronous GC is examined,
and the cost-effectiveness of this strategy in the prevention of GC is assessed. Although it is assumed that
eradication of H. pylori has the potential to prevent GC,
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INTRODUCTION
Gastric cancer (GC) represents one of the most challenging malignant diseases worldwide and is the second
leading cause of death with the highest incidence rates
observed in Eastern Asia, Japan, Eastern Europe, and
the Andean regions of South America[1]. GC develops
from the progression of chronic gastritis to gastric atrophy, intestinal metaplasia, dysplasia, and finally invasive
carcinoma[2]. Although the development of GC involves
a multifactorial pathway, the pathogenesis is believed to
begin from a single infectious agent[3,4], Helicobacter pylori
(H. pylori), which is classified as a Group 1 carcinogen
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by the World Health Organization (WHO) and International Agency for Research on Cancer (IARC)[5]. H. pylori
is a leading worldwide infectious agent, accounting for
as many as 650000 new cases of non-cardiac GC annually[6], and epidemiological data support a strong causal
relationship between H. pylori infection and GC[7-11], as
well as some animal studies[12-14]. Different countries have
different consensus reports about H. pylori eradication
treatment[15-20]. Among these guidelines, the most consistent recommendation with a high level of evidence is
endoscopic resection of early GC[21]. H. pylori eradication
is recommended to improve gastric atrophy[22]. Although
it may seem intuitive that removing the organism would
eliminate the risk of GC, only a small proportion of infected individuals develop GC[23]. Furthermore, massive
eradication therapy may lead to activation of antibioticresistant strains of H. pylori in the general population,
as well as an over-consumption of medical resources.
Therefore, this review integrates information available
from recent studies in order to evaluate the benefit of H.
pylori eradication for GC prevention.

Altogether, most of these studies focused on people
with gastric precancerous lesions, such as gastric atrophy
and intestinal metaplasia (IM), because of the low incidence of GC. However, GC has a long pre-malignancy
phase that may mask the ultimate effects of H. pylori
eradication. Therefore, some results of previous studies
are inconclusive, partly due to the insufficient number
of participants and the relatively short follow-up[31,32].
Nonetheless, the above studies provide clinical evidence
suggesting that successful eradication of this organism is
related to a reduction in the risk of GC, although it does
not prevent GC completely.

H. PYLORI ERADICATION AND
PRECANCEROUS LESIONS
H. pylori infection can cause chronic gastritis. This chronic condition can lead to gastric mucosal atrophy and
IM[2], which are considered to be precancerous lesions
of GC[2,33-35]. Therefore, improvement or elimination of
atrophy and IM with H. pylori eradication could potentially inhibit gastric carcinogenesis. Although the effect
of H. pylori eradication on the incidence of precursor
lesions is unknown, many studies have identified alterations in gastric atrophy and IM after H. pylori eradication.
These reports had contradictory results, with several
studies showing improvements in atrophy and IM[36-38],
and others showing no improvement in the gastric mucosa after eradication[39-41]. There is also evidence that
H. pylori eradication can lead to regression of atrophy in
other conditions[42]. However, these studies were limited
to data from short-term follow-up, small sample sizes,
and few points of observation in their design, which
may have contributed to the contradictory results.
A study by our team followed chronic atrophic gastritis patients with H. pylori infections, with only 92 of
179 patients receiving H. pylori eradication. Although the
grade of IM increased in the untreated H. pylori-infected
group after 3 years, the grade of atrophy significantly
decreased in the eradication group, suggesting that H. pylori eradication may improve gastric atrophy and prevent
the progression of IM[43]. However, a more recent metaanalysis that systematically reviewed the long-term effects of H. pylori eradication on gastric histology showed
that H. pylori eradication can improve atrophy but not
IM[22]. Recently, a trial from Matsu Island demonstrated
that population-based eradication of H. pylori infection
was associated with a significant reduction in gastric
atrophy within the relatively short study period[44]. Evidence for the prevention of GC by reducing the occurrence of precancerous lesions was presented by Kodama
et al[45], who evaluated the gastric mucosa at five points
in the stomach according to the updated Sydney system
and showed that atrophy at all sites and IM in the lesser
curvature of the corpus were gradually and significantly
decreased 10 years after the H. pylori eradication.
It is noteworthy to mention that GC can still develop
even after successful eradication therapy. One famous

H. PYLORI ERADICATION AND GC
The first well-designed trial to investigate eradication
of H. pylori for the prevention of GC was performed in
1991 by Correa et al[24] and involved Colombian individuals at high risk for GC. Although the cancer incidence
was similar in both treated and untreated groups after a
6-year follow-up, this trial showed significant increases in
the regression rates of cancer precursor lesions. In 2004,
Wong et al[25] assigned 1630 patients from the Fujian
province in China with H. pylori infections to an eradication or a non-eradication group. During the 7.5-year
follow-up period, GC was similar in both groups, occurring in 11 out of 813 patients from the non-eradication
group and seven of 817 patients from the eradication
group. However, the incidence of GC in a subgroup
without precancerous lesions receiving H. pylori eradication therapy was significantly lower, compared with the
non-eradication group; several other trials reported similar results[26-27].
A meta-analysis by Fuccio et al[28] examined six randomized trials assessing GC and the progression of
preneoplastic lesions during 4-10 years follow-up. Their
results indicated that 27 of 3388 patients (1.1%) in the
H. pylori antibiotic treatment group developed GC, compared to 56 of 3307 (1.7%) not undergoing treatment;
the overall relative risk was 0.65. However, this metaanalysis comprised mainly studies performed in Asia,
and only two of the studies were of a double-blind design. With a cohort study of 80225 patients, Wu et al[29]
found that the earlier H. pylori is eradicated after peptic
ulcer disease, the smaller the risk of GC, with no risk for
patients receiving early H. pylori eradication as compared
to the general population. A later interventional trial in
Shandong, China showed that 2 wk antibiotic treatment
for H. pylori in 3365 patients significantly reduced GC incidence by 39%, during a total follow-up of 14.7 years[30].
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case report describes two patients who were included in
one of the first study cohorts that received eradication
therapy for peptic ulcer disease, but nevertheless developed GC during long-term follow-up (one at 4 years and
the other at 14 years after the H. pylori eradication)[46].
Both patients had suffered from IM when the gastric
ulcer disease was first discovered. Furthermore, malignant lesions that develop after eradication therapy have
a similar characteristic appearance to and therefore may
have a common carcinogenesis with cancers that occur
in the presence of H. pylori infection, although biological
features may be changed by the eradication therapy[47,48].
These results suggest that H. pylori eradication does not
result in the regression of all precancerous lesions, which
may depend on the degree and extent of preneoplastic
changes at the time of eradication. Moreover, decreased
H. pylori colonization density may occur in these lesions
even without active intervention, with further progression of premalignant lesions less dependent on H. pylori
infection. Therefore, the key question is whether and
when precancerous lesions can be reversed with H. pylori
eradication. Ongoing clinical studies are focusing on a
“point of no return”, defined as a situation when certain
alterations are no longer reversible by H. pylori eradication and GC progression continues.

eradication does not significantly prevent metachronous
GC[49,55]. Nonetheless, a large retrospective study showed
that recurrence rates and recurrence-free survival differed
significantly between the non-eradication and eradication groups[56]. As for subtotal gastrectomy, Cho et al[57]
reported that there was no difference in the development
of metachronous GC according to the treatment allocation or final H. pylori status, which should be evaluated in
further studies because bile reflux was reported to act as
a carcinogen for later GC development[58,59].
Unlike gastric resection, endoscopic resection preserves the abnormal mucosa and gastric environment,
which may promote the occurrence of secondary cancer
in cases with atrophic gastritis or IM caused by H. pylori
infection. Some available evidence suggests that H. pylori
eradication reduces the incidence of metachronous GC
in patients with a history of gastric adenoma. However,
opposing results also indicate that the progression of
atrophic gastritis and IM to GC can indeed occur following H. pylori eradication. Thus, there must be additional
factors, such as genetic and epigenetic alterations, that
lead to the progression of these preneoplastic lesions.

H. PYLORI ERADICATION AFTER
ENDOSCOPIC RESECTION OF EARLY
GASTRIC CANCER

Several studies have indicated that the screening and
eradication of H. pylori is a cost-effective strategy for
the prevention of GC in middle-aged adults, even if the
treatment prevents only 20%-30% of H. pylori-associated
cancers[60,61]. Parsonnet et al[62] carried out a cost-benefit
analysis of H. pylori screening and eradication in individuals aged 50 years. With an assumption that H. pylori
treatment prevents 30% of GC, cost-effectiveness was
estimated to be $25000 per year of life saved, and <
$50000 per year of life saved for high-risk individuals,
such as Japanese-Americans, even at a 5% treatment
efficacy. The authors concluded that the screening and
eradication of H. pylori was therefore a cost-effective
strategy for preventing GC, especially in high-risk populations. Another study reported that the screening and
eradication of H. pylori in young adults has the potential
to prevent one in every 4-6 cases of GC in China, and
would be considered cost-effective using the GDP per
capita threshold[63]. A study from Shin et al[64] evaluated
the long-term cost-effectiveness of H. pylori eradication
in a selective population with a high risk of developing
GC with estimated model variables based on an extensive review of published reports. Their analysis suggests
little difference in H. pylori eradication costs ($29780 vs
$30594 for no eradication) or in saving of lives (mean
life expectancy from eradication: 13.60 years vs 13.55
years for no eradication). Although screening and eradication appear to be a cost-effective way to prevent GC,
shortcomings in the therapeutic armamentarium along
with a concern for antibiotic resistance should prevent
recommendation of this global screen-and-treat strategy.
A prophylactic H. pylori vaccine could be an attractive

COST-EFFECTIVENESS OF H. PYLORI
ERADICATION FOR GC PREVENTION

Following endoscopic resection of early gastric cancer
(EGC), secondary cancers are often found at sites other
than the resection site during follow-up, with the rates
ranging from 3% to 4% per year[21,49,50], rendering them
more likely to be detected in trials compared to the low
incidence of GC. Japanese guidelines recommend treatment for H. pylori infection in patients following resection
of EGC[51,52]. In 1997, Uemura et al[53] assigned patients
undergoing endoscopic resection for GC to an H. pylori
eradication group or a non-eradication group. Secondary GC was detected in 10 of 67 patients from the noneradication group (15%) vs none of the 65 patients from
the eradication group during about 5 years follow-up,
suggesting that H. pylori eradication inhibits the development of new carcinomas. Although this was a pioneer
study, it was not a randomized controlled trial. Fukase et
al[21] reported the first multicenter, open-label, randomized study on the incidence of developing metachronous
GC following endoscopic resection of EGC. In this
study, 544 patients from 51 Japanese institutions were
randomly assigned to an H. pylori eradication group or
a non-eradication group and were followed up over 3
years with annual endoscopy to detect any recurrence of
GC. This trial demonstrated a 65% risk reduction for the
development of metachronous GC with H. pylori eradication. Long-term results of this trail were encouraging[54].
However, two recently published retrospective studies
failed to validate these findings, suggesting that H. pylori
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alternative strategy for the control of H. pylori infections.
A 2009 study evaluated the potential socioeconomic
benefit of a putative H. pylori vaccine in three different
simulated scenarios: no intervention, vaccination of infants, and vaccination of school-age children[65]. Results
of their direct transmission model indicated that the use
of a prophylactic H. pylori vaccine was cost-effective in
the United States, with vaccination in infancy providing
the greatest benefit over at least 40 years, at a cost per
quality-adjusted life year of $17684.

3

4

5

CONCLUSION

6

H. pylori infection induces progressive inflammatory
changes in the gastric mucosa that may lead to GC.
As the treatment of GC represents a significant medical burden and poor outlook[66], H. pylori screening and
eradication is likely to be one of the most promising and
cost-effective approaches in GC prevention. However,
the collective results of previous studies have failed to
identify a significant reduction in GC; possibly due to
the variable prevalence of H. pylori infection between
countries and the long course of GC. Nevertheless,
younger individuals with no precancerous lesions should
consider H. pylori eradication for GC prevention, although high-risk groups should combine this therapy
with endoscopic surveillance or treatment. Following endoscopic resection of EGC, H. pylori eradication should
be used to prevent the development of metachronous
gastric carcinoma, although study of the benefits in a
wider population is needed.
H. pylori, which is often acquired during childhood
and associated with low socioeconomic status, is recognized as a necessary but insufficient cause of GC,
because the pathogenesis of gastric carcinogenesis is
multifactorial. Although the mass eradication of H. pylori
is potentially feasible, doubts remain about the advisability of such a policy. Differences in the socioeconomic
composition of countries and the undesirable side effects of antibiotic use as well as increased incidence of
other diseases necessitate further investigation into mass
eradication of H. pylori as a preventative strategy[67-70].
In addition, the feasibility and appropriate timing of
this strategy for cancer prevention remains to be determined. Further systematic data collection comprising
large randomized controlled trials designed in multiple
geographical areas and with extended follow-up periods
is needed to elucidate the role of H. pylori eradication for
GC prevention in patients with or without precancerous
lesions.
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West. Therefore the experience of endoscopic therapy
or minimal invasive surgery is only in special centers available. Total or subtotal gastrectomy with D2lymphadenectomy is the standard treatment for early
gastric cancer with suspected lymph node metastases.
Future studies including prediction of lymph node metastasis are necessary to optimize the therapy according to quality of life.

Abstract

INTRODUCTION

Original sources: Bollschweiler E, Berlth F, Baltin C, Mönig S,
Hölscher AH. Treatment of early gastric cancer in the Western
World. World J Gastroenterol 2014; 20(19): 5672-5678 Available
from: URL: http://www.wjgnet.com/1007-9327/full/v20/i19/5672.
htm DOI: http://dx.doi.org/10.3748/wjg.v20.i19.5672

Gastric cancer is the second most common cause of
death from cancer worldwide[1]. Overall incidence rates
for gastric cancer have steadily declined over the past 50
years, particularly in developed countries.
According to the Japanese classification of gastric
cancer early gastric cancer (EGC) is defined as gastric
cancer in which tumor invasion is confined to the mucosa
or submucosa (T1 cancer), irrespective of the presence
of lymph node metastasis[2]. Early gastric cancer carries a
much more favourable prognosis than advanced cancer,
with 5-year survival rates of over 90%[3]. A complete cure
can almost always be achieved by conventional gastrectomy with lymph node dissection. Therefore, this treatment
has been the gold standard, providing an excellent prognosis in patients with EGC in Eastern as well as in the
Western world[3-5]. During the last years limited resection
of the primary tumor and minimal invasive surgical approaches have been introduced for early gastric cancer[6].
On the other hand, endoscopic resection (ER) is beneficial, as it is minimally invasive and conserves the whole
stomach, and postoperative quality of life is good[7,8].

The incidence rate of gastric cancer is much higher in
Asia than in the Western industrial nations. According to the different screening programs in Japan and
Korea about fifty percent of treated patients had an
early tumor stage. In contrast, European and American patients with gastric cancer had an advanced tumor stage. Therefore, the experience for the various
therapeutic options for gastric cancer may be different between these regions. In this review we tried to
point out the treatment modalities in Western industrial
countries for early gastric cancer.
© 2015 Baishideng Publishing Group Inc. All rights reserved.

Key words: Gastric cancer; Early cancer; Epidemiology;
Diagnosis; Therapy; Western World
Core tip: Early gastric cancer is a challenging disease
with varying lymph node infiltration. In the Western
industrial countries the frequency of early gastric cancer is much lower than in Asian countries. Especially,
carcinomas limited to the mucosa are rare in the
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third[16,17]. Further explanations, like biologic differences
or differences in genomic or epigenomic changes, for differences in the frequency of LN metastasis between the
two worlds are not really well studied and therefore topics of future studies.

ER has been accepted as a minimally invasive treatment
method for EGC with a negligible risk of lymph node
metastasis. But according to the low frequency of EGC
in the Western countries the experience with minimal
invasive surgical and endoscopic methods are low compared to those in Asian countries.
The aim of this review is to show the actual knowledge about early gastric cancer in Western industrial
countries.

EPIDEMIOLOGY
Nearly for all countries in the world the incidence rate of
gastric cancer declined during the last fifty years[1,18]. The
main difference between Asian and Western industrial nations is the level of the incidence rate. Whereas in Japan
an age standardized incidence rate (ASR) for males of
about 80 per 100000 inhabitants were found in European
countries the ASR for males is about 16 per 100000 inhabitants.
The frequencies of early gastric cancer in Western
countries are not really known. According to the lower
incidence rate of gastric cancer there exists no screening
programs for this tumor entity. Faria et al[19] compared
three decades in gastric cancer surgery in a Portuguese
hospital and found an increase of EGC from 14.5% in
the time span from 1980 to 1989 compared to 20.8%
in the time span from 2000 to 2009. Data from Italian
Research Group of Gastric Cancer showed a decreasing
rate of patients with resected gastric cancer from 1991
to 2005 and during the same time span a decreasing rate
of pT1 gastric cancer. But the rate of stage Ⅰ carcinoma
was not different in the three five years sections with
37.8%, 35.4% and 37.4%[20]. In Germany, there are three
prospective multicenter observational studies: the German Gastric Cancer Study (GGCS ‘92) with data from
19 University hospitals in the time span 1986-1989, the
quality assurance study of the East German study group
for quality assurance and regional development in surgery
(EGGCS ‘02) including the data from 2002 of 80 hospitals and the German multicenter observational studies
for gastric cancer for surgical treatment of gastric cancer
(QCGC 2007-2009) including the data from 2007-2009
of 141 hospitals[21-23]. Stage Ⅰ gastric cancer was detected
in 27.3% of all cases of GGCS ‘92, in 34.1% of EGGCS
‘02 and in 34.2% of cases from QCGC 2007-2009 study.
But all these data are from surgical hospitals. During this
time span the indication for surgery in advanced cases
may be changed. On the other hand, patients with early
cancer are more often treated by endoscopic resection.
Therefore, it is not clear if the incidence of EGC has
changed in the Western.
Based on data from population-based cancer registries
the survival rate of Japanese patients with gastric cancer
is higher in Japan than in Western countries. One reason
may be the high rate of EGC as a consequence of the
various screening programs. Other factors of influence
like more radical therapy are discussed.

DEFINITION
The term “Early Gastric Cancer” is not really well defined. According to the Japanese classification of gastric
cancer EGC is defined as gastric cancer in which tumor
invasion is confined to the mucosa or submucosa (T1
cancer), irrespective of the presence of lymph node metastasis[2]. Sometimes it is used to contrast it to “Advanced
Gastric Cancer”. In these cases, EGC includes T2 cancers in addition to T1 cancer. According to the 7th UICCTNM classification T1 means the tumour has started to
grow into the wall of the stomach. T1 is further divided
into T1a and T1b. T1a means the tumour is within the
inner layers of the stomach (the mucosa). And T1b
means the tumour has grown through the mucosa and
into a layer of supportive tissue called the submucosa[9].
The N-category describes the number of metastatic
lymph nodes (LNM), N0 = no lymph node metastasis,
N1 = 1-2 LNM, N2 = 3-6 LNM and N3 more than 6
LNM. The stage-system of the 7th UICC-TNM classification combined the T-, N-, and the M-category.
Early gastric cancer is often used in the same manner as
stage Ⅰ tumor. In this stage system T1N0M0 (stage IA),
T1N1M0 and T2N0M0 (stage IB) tumors are combined
to stage Ⅰ gastric cancer. T1N2M0 or T1N3M0 are classified to more advanced stages.

EGC AND LYMPH NODE METASTASES
Hölscher et al[10] compared the frequency of LNM in patients with pT1 gastric cancer from Asian and European
countries. In European countries there were 6.5% for
mucosal carcinomas and 23.9% for submucosal carcinomas compared to 2.7% resp. 22.9% in Asian countries.
Table 1 shows the results of literature for patients with
pT1 gastric cancer in the Western countries[4,5,10,11-15]. One
reason for the difference of LNM in pT1a cancer may
be the higher frequency of tumor infiltration in the upper layer of the mucosa (m1 and m2) with no lymphatic
invasion for Asian patients. The infiltration of the deepest layer (m3) represents an important step for a mucosal
carcinoma. In the series from Hölscher et al[10] for German patients with mucosal carcinoma the rate of lymph
node metastasis springs from 0% in m1 or m2 layers to
12.8% in m3 layer. Another reason for this dissimilarity
may be different location of the primary tumor. Patients
in Asian have more often tumor in the mid or lower third
of the stomach compared to patients in Western countries with higher frequency of tumors in the proximal
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Treatment options for early gastric cancer range from
endoscopic mucosal resection (EMR), endoscopic sub-
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Table 1 Survey of the literature on the rate of lymph node metastasis in surgically resected mucosal or submucosal pT1 gastric
cancer in Europe
Ref.

Year

Origin

pT1a

n
[11]

Folli et al
Hayes et al[12]
Bösing et al[13]
Popiela et al[14]
Roviello et al[15]
Hölscher et al[10]
Nieminen et al[4]
Saragoni et al[5]

1995
1996
1998
2002
2006
2009
2009
2013

Italy
Germany
Germany
Poland
Italy
Germany
Finland
Italy
Europe

pT1b
% LNM

117
14
33
113
330
47
47
308
1009

4
21
9
6
5
11
2
6
5.9

n
106
14
24
125
322
79
43
221
934

% LNM
23
64
17
21
24
25
23
26
24.3

LNM: Lymph node metastasis.

mucosal dissection (ESD), laparoscopic or open distal
gastric resection to gastrectomy with radical lymph node
dissection.
EMR has become the standard of care for removal of
large flat and sessile neoplastic lesions of the gastrointestinal tract in Japan and Korea. The applications of EMR
and ESD are expanding and many Western endoscopists
are adopting these techniques. But according to the low
frequency of early gastric cancer in Western countries
and the high frequency of lymph node metastases in
those EGC the standard of care is the gastrectomy.

technique, which uses a snare, EMR also has the disadvantage that only a small area can be excised at a time,
and so for larger lesions, it has higher rates of piecemeal
excision and local recurrence[8]. Manner et al[28] summarized the Western results of EMR as follows: Although
ER for EGC in Western countries is effective; it is associated with a relevant risk of complications. In view of
the possibility of recurrent or metachronous neoplasia, a
strict FU protocol is mandatory.
Endoscopic submucosal dissection is a new technique
that can remove even large tumours in one piece[29]. In a
comparison with endoscopic mucosal resection, resections removing tumours in one piece were more frequent
in the endoscopic submucosal dissection group (93% vs
56%) and the 3-year recurrence-free rate was higher (98%
vs 93%), at the expense of a higher rate of perforations
(3.6% vs 1.2%), which were endoscopically managed in
most cases[30]. Several reports from Western referral centers could confirm the high rates of en bloc resection
of early gastric neoplasia. However, histology may not
always confirm complete resections of horizontal tumor
margins[31-33].
Regarding the German S3 guideline for gastric cancer
the endoscopic treatment is provided for non ulcerated
lesion smaller than 2 cm showing an intestinal type according to the Laurén classification. For bigger lesions
and small diffuse carcinomas an endoscopic treatment
can be considered[34].

ENDOSCOPIC TREATMENT
Endoscopic treatment (ER): EMR as well as ESD of early carcinomas is only meaningful if lymph node metastasis can be excluded. This is not possible by endoscopic
ultrasonography or computed tomography because the
size of the lymph nodes (LN) is not a reliable parameter
for detection of metastatic infiltration. This has been
shown for early as well as advanced gastric cancer[24,25].
Therefore, the indication for endoscopic treatment is an
on-going debate between surgeons and gastroenterologists.
EMR: Since endoscopic mucosal resection using
the strip biopsy method (two-channel method) was
first introduced for endoscopic therapy in 1984[26], various methods of EMR have been developed, including
endoscopic resection with a cap-fitted panendoscope
(EMRC). They are widely used in Western countries as
well as Japan[8,27]. Lesions with an extremely low likelihood of lymph node metastasis have been identified by
clinicopathological investigations of multiple surgery
cases, and indications for endoscopic therapy have been
compiled by the Japan Gastric Cancer Association[2]. In
principle, these indications state that the likelihood of
lymph node metastasis is extremely unlikely and that
the tumor should be of a size and in a site that allows
it to undergo en bloc resection. Specifically, the lesion
must be (1) a differentiated elevated intramucosal cancer
less than 2 cm in size or (2) a differentiated depressed
intramucosal cancer less than 1 cm in size without ulcer
findings. However, due to the nature of the excision
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SURGICAL TREATMENT
The surgical resection of the tumor is the only possibility to cure a patient with early gastric cancer and lymph
node metastasis. The age-adjusted survival rates for
these patients are comparable with the normal population[35]. The presence of lymph node metastasis is one of
the most important prognostic factors in patients with
gastric carcinoma. Node-negative patients have a better
outcome, nevertheless a subgroup of them experience
disease recurrence. Baiocchi et al[36] analyzed the clinicopathological characteristics of lymph node-negative
advanced gastric carcinoma patients submitted to gastrectomy and D2 lymphadenectomy with a retrieved number
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of nodes greater than 15, after an actual follow-up of
almost 5 years, and evaluate outcome indicators. Data
of 301 patients with curative gastrectomy staged as N0
between 1992 and 2002 of 7 centers participating to the
Italian Research Group for Gastric Cancer were included.
Disease-specific and disease-free survival after 3, 5, and
10 years were 90.4%, 86.1%, 75.9%, and 72.1%, 57.3%,
57.3%, respectively. Mortality was 1.7%. The factors associated with a better disease-free survival at univariate
analysis were age < 60, T2 tumors, distal location, intestinal histotype, and number of retrieved nodes > 25; depth
of infiltration and histotype were the only 2 independent
predictors of 5-year recurrence-free survival at multivariate analysis.
Therefore, the German national guidelines for gastric
cancer suggests that only mucosal cancer without LNM
can be treated endoscopically if a R0-resection is possible[34].
The guidelines do not dictate the indication for a subtotal gastrectomy, however a D2 lymphadenectomy and a
resection margin of 5 cm for intestinal type and 8 cm for
diffuse type of gastric cancer is provided. As Hosokawa
et al[37] show a subtotal gastrectomy to be equal to total
gastrectomy concerning the outcome of early remnant
gastric cancer patients who underwent endoscopic treatment at first; there is evidence for the efficiency of the
limited surgical treatment. But so far, there is a lack of
data regarding this approach in early gastric cancer in
western countries.

Europe and United States. National guidelines from the
Netherlands or from Germany recommended a D2LAD for resectable gastric cancer[34]. The actual version
of The NCCN Clinical Practice Guidelines in Oncology
for Gastric Cancer recommended for patients with resectable locoregional cancer, a gastrectomy with a D1+
or a modified D2 lymph node dissection (performed by
experienced surgeons in high-volume centers). Postoperative chemoradiation is the preferred option after complete gastric resection for patients with node-positive
T1-T2 tumors. Postoperative chemotherapy is included
as an option after a limited lymph node dissection for
this group of patients[41].

PREDICTION OF LYMPH NODE
METASTASES
The key issue for the decision of endoscopic or surgical treatment is the existence of lymph node metastasis.
For rational LN dissection it is important to know the
incidence of metastasis at each LN station. For this purpose a computer program was developed using data from
4302 primary gastric cancers treated at the National Cancer Center Hospital in Tokyo between 1969 and 1989[42].
The accuracy of this program for European patients was
evaluated by several authors[43-46]. The Maruyama computer program showed good predictive ability for LN
metastases in most of the 16 LN stations. The predictive
values could be improved using a neural network for the
prediction of LN’s[44,45].
The probability of lymph node metastasis is a key criterion for defining subgroups of patients for whom these
endoscopic methods are appropriate. The main focus of
the current discussion is m3 and sm1. Hölscher et al[10]
described an algorithm for a group of patients with early
cancer in Germany using only variables which are available before therapeutic decision. Using this clinical pathway all carcinomas with lymph node metastasis and 50%
of those without LNM were correctly predicted.
A more invasive method is the Sentinel lymph node
(SN) biopsy. The technique is based on the concept that
the tumor-bearing status of the SN, which is defined
as a LN that directly drains a specific cancer, reflects
the tumor status of the remaining nodes. In a Japanese
multicenter trial the feasibility and accuracy of diagnosis using SN biopsy in T1 gastric cancer was evaluated.
The proportion of false negatives was much higher than
expected. And the authors conclude that intraoperative
histological examination using only one plane is not an
appropriate method for clinical application of SN biopsy
in gastric cancer surgery[47].

LYMPHADENECTOMY
For many years, clinicians have debated whether an extended lymph-node dissection (D2) for gastric cancer
is beneficial. So far, five randomised studies comparing
D1 and D2 dissections have been completed. A Cochrane review showed a significantly increased mortality after D2 dissection (RR = 2.23, 95%CI: 1.45-3.45),
without a benefit in survival; HR = 0.95, 95%CI:
0.83-1.09[38].
A single-centre randomised trial comparing D1 and
D3 dissections was the first to identify a difference (P =
0.041) between overall survival in D1 dissections (53.6%,
95%CI: 44.2-63.0) and D3 dissections (59.5%, 95%CI:
50.3-68.7). No postoperative deaths occurred and morbidity was 12%. Only 13% of patients in this study had
pancreatico-splenectomy compared with 23% in the
Dutch gastric cancer trial[39]. Analysis of the group that
did not undergo a pancreatico-splenectomy in the Dutch
trial showed a significant survival advantage for those
who had a D2 lymph-node. Thus, a D2 dissection might
be beneficial if postoperative mortality can be avoided.
Strong et al[40] compared pT1 pN0 gastric cancer from
United States with those from Korea. They could show
that if patients had a D2-lymphadenectomy the prognosis was comparable for both groups of patients. Instead of these results the guidelines for the extension of
lymphadenectomy for early cancer is different between
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MINIMAL-INVASIVE SURGERY
Since the first report of laparoscopic gastrectomy in 1994
by Kitano et al[48] in Japan, much of our knowledge on the
feasibility, safety, and benefits of laparoscopy in the treatment of gastric cancer is derived from studies performed
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in the East. Data from the West have emerged at a slower
pace. This is largely because the disease incidence is much
lower and a greater proportion of patients present with
locally advanced tumors that render laparoscopic resection less feasible. In addition, up to 50% of gastrectomies for adenocarcinoma in the US are performed at low
volume centers where experience with advanced laparoscopic gastric surgery is limited. As a result, conventional
open gastrectomy is still performed much more frequently in the US than laparoscopic resection even for patients
with early stage disease[6]. Corcione performed during
a time span of 12 years laparoscopic gastrectomy with
D2-lymphadenectomy in 11 patients with early gastric
cancer. The five year survival rate was 100%[49]. In Japan,
early stage gastric cancer (T1N0 or T2N0) is regarded as
the only indication for laparoscopic gastrectomy. Cancer
registry data from United States as well as from the Netherlands showed that more than 90% of the patients with
stage Ⅰ gastric cancer were surgically resected[50].

4

5
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8
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CONCLUSION

10

Physicians from Western countries had much learned
about treatment of gastric cancer from the great experience of their Eastern colleges. Patients with adequate
treated early gastric cancer have the same prognosis as
normal population. Therefore the main goal of future
research is to reduce the side effects of the therapy and
to improve the quality of life after therapy. Actual topic
of cancer research is personalized therapy. One example
may be the ToGA-trial (Trastuzumab for Gastric Cancer),
the first international trial to include patients with human
epidermal growth factor 2 (HER-2) positive advanced/
metastatic gastric or gastroesophageal junction cancer.
For patients with HER-2 positive advanced gastric cancer
Trastuzumab, an anti-HER2 monoclonal antibody, survival benefit was shown and becomes the first targeted
agent approved in these tumors[51]. But only 20% or less
of all patients are HER-2 positive. To date, monoclonal
antibody therapy is the only immunotherapy approved
by the United States Food and Drug Administration for
gastrointestinal cancers. Initial trials validating new immunotherapeutic approaches, including vaccination-based
and adoptive cell therapy strategies, for gastrointestinal
malignancies have demonstrated safety and the induction
of antitumor immune responses. Therefore, immunotherapy is at the forefront of neoadjuvant as well as adjuvant
therapies for the treatment and eradication of gastric
cancer[52,53].
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characteristics of gastric cancer, there is no sole classification system that is consistently used worldwide
in diagnostics and research. However, several national
guidelines for the treatment of gastric cancer refer
to the Laurén or the WHO classifications regarding
therapeutic decision-making, which underlines the importance of a reliable classification system for gastric
cancer. The latest results from gastric cancer studies
indicate that it might be useful to integrate DNA- and
RNA-based features of gastric cancer into the classification systems to establish prognostic relevance. This
article reviews the diagnostic relevance and the prognostic value of different pathohistological classification
systems in gastric cancer.
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Core tip: The establishment of a pathohistological classification system for gastric cancer with significant
prognostic relevance is highly desirable. Numerous
classification systems have been introduced by different authors. Although none of them could reach a consensus, the Laurén classification and the World Health
Organization classification are widely used. The characteristics of each classification system as well as the
prospect for future developments are presented in this
article.

Abstract
Several pathohistological classification systems exist
for the diagnosis of gastric cancer. Many studies have
investigated the correlation between the pathohistological characteristics in gastric cancer and patient
characteristics, disease specific criteria and overall
outcome. It is still controversial as to which classification system imparts the most reliable information, and
therefore, the choice of system may vary in clinical
routine. In addition to the most common classification
systems, such as the Laurén and the World Health Organization (WHO) classifications, other authors have
tried to characterize and classify gastric cancer based
on the microscopic morphology and in reference to the
clinical outcome of the patients. In more than 50 years
of systematic classification of the pathohistological
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a certain rate of mismatches was found. In studies investigating the concordance of biopsy- and specimen-based
histological diagnosis in gastric cancer, a mismatch for
the Laurén classification was found in 16%-26%. This
mismatch was primarily explained as a focal manifestation of diffuse adenocarcinoma in specimens that the
biopsy indicated as an intestinal adenocarcinoma[15,16].
With respect to the influence the histology might have in
terms of treatment, a control biopsy was recommended
in cases of uncertain histology.
Concerning the accuracy of esophagogastroduodenoscopy and endoscopic ultrasound in the diagnosis of
gastric cancer, the diffuse type was described as a factor leading to underestimation of tumor infiltration, or
T-category[17]. Therefore, in endoscopic treatment of
gastric adenocarcinoma, an intestinal type indicated by
the Laurén classification is favored in the national guidelines of Japan and Germany and in European Society
for Medical Oncology guidelines[18-20]. The German S3
Guidelines also refer to Laurén’s classification when recommending a resection margin of 8 cm for the diffuse
type and a 5 cm margin for the intestinal type[18]. The
rationale for this recommendation is given in several
studies by Hornig et al[21] who found a sometimes discontinuous proliferation of diffuse gastric cancers[22,23].
These recommendations in national guidelines and the
histological findings underline the significance of the
Laurén classification and clarify why it is favored over
other pathohistological classification systems.

INTRODUCTION
Gastric cancer is responsible for approximately 10% of
cancer-related deaths worldwide; it is the second most
common cause of cancer-related deaths and the fourth
most commonly diagnosed cancer worldwide [1,2]. Although the incidence is persistently declining due to
changes in nutrition and better prevention and treatment,
gastric cancer is still associated with a poor prognosis. In
the age of microscopic pathology, it has been of greater
interest not only to classify the heterogeneous, histological appearance of the tumor cells but also to find a
classification scheme with an independent prognostic
relevance. To make patient-specific decisions regarding
diagnosis and treatment, it is crucial to establish a solid
pathohistological classification system. Numerous pathohistological classification systems have been established
for gastric cancer thus far, but there is still controversy
as to which classifications unify a prognostic correlation
with a high validity and practicability in diagnosis and
clinical routine.

LAURÉN CLASSIFICATION
Since its establishment in 1965, the Laurén classification
of gastric cancer has been the most commonly used and
the most studied classification for gastric adenocarcinoma
among all of the classification systems. Laurén divided
the histology of gastric cancer into two groups, i.e., the
intestinal type and the diffuse type (Table 1); later, the indeterminate type was included to describe an uncommon
histology[3,4]. Signet ring cell carcinoma is included in the
diffuse type. Most studies showed the intestinal type to
be the most common, followed by the diffuse and then
indeterminate type[5-7]. There is evidence that the intestinal type is associated with intestinal metaplasia of the
gastric mucosa and with the presence of Helicobacter pylori.
In some studies, the incidence of the diffuse type was
found to be higher in younger, female patients[8], which
may indicate distinct tumor development pathways for
intestinal and diffuse adenocarcinoma of the stomach.
The prognostic relevance of Laurén’s classification is
still controversial. In some studies, Laurén’s pathohistological subtypes of gastric cancer did not show a correlation with the patient’s outcome[9-11], whereas other studies
demonstrated a prognostic significance for the classification system[12]; some investigators even demonstrated
that Laurén’s classification can be used as an independent
prognostic factor[13,14]. In those studies, the presence of a
diffuse adenocarcinoma was correlated with a worse outcome. As this correlation has not been verified in other
patient cohorts, the prognostic significance of Laurén’s
classification cannot be viewed as a generally established,
but rather as a circumstance of one group’s results.
Due to its high clinical relevance, the reliability of the
Laurén classification has also been tested. The concordance of intra- and inter-observer agreement was tested
using a percentage and kappa statistics that ranged from
77%-95%, indicating a good overall agreement, although
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WORLD HEALTH ORGANIZATION
CLASSIFICATION
The World Health Organization (WHO) classification
issued in 2010 appears to be the most detailed among
all pathohistological classification systems. It is remarkable that the WHO classification includes not only adenocarcinoma of the stomach but also all other types
of gastric tumors of lower frequency (Table 1)[24]. The
gastric adenocarcinoma type is divided into several subgroups including papillary, tubular, mucinous and mixed
carcinoma, which can be compared to the indeterminate
type in the Laurén classification. The poorly cohesive
carcinoma type includes the signet ring cell carcinoma.
All other classified gastric adenocarcinomas can be designated as uncommon because of their minor clinical
relevance. In the WHO classification, the most common
type of gastric cancer is the tubular adenocarcinoma,
followed by the papillary and mucinous types. The signet
ring cell carcinoma accounts for approximately 10% of
gastric cancers and is defined by the presence of signet
ring cells in over 50% of the tumor[24-27]. The prognosis
of the signet ring cell carcinoma is controversial. Most
authors have described a worse prognosis for the signet ring cell carcinoma compared to other subtypes of
gastric cancer[28,29]. Recent studies indicate that, on the
contrary, signet ring cell carcinoma of the stomach does
not differ in prognosis from the other types of gastric
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Table 1 Laurén and World Health Organization classification

Table 2 Goseki and Ming classification

Laurén classification World Health Organization classification

Goseki classification
Group Ⅰ
Tubular differentiation-well
Mucus in cytoplasm-poor
Group Ⅱ
Tubular differentiation-well
Mucus in cytoplasm-poor
Group Ⅲ
Tubular differentiation-poor
Mucus in cytoplasm-poor
Group Ⅳ
Tubular differentiation-poor
Mucus in Cytoplasm-rich
Ming classification
Expanding type
Infiltrating type

Intestinal type

Papillary adenocarcinoma
Tubular adenocarcinoma
Mucinous adenocarcinoma
Diffuse type
Signet-ring cell carcinoma and other poorly
cohesive carcinomas
Indeterminate type Mixed carcinoma
Adenosquamous Carcinoma
Squamous cell carcinoma
Hepatoid adenocarcinoma
Carcinoma with lymphoid stroma
Choriocarcinoma
Carcinosarcoma
Parietal cell carcinoma
Malignant rhabdoid tumor
Mucoepidermoid carcinoma
Paneth cell carcinoma
Undifferentiated carcinoma
Mixed adeno-neuroendocrine carcinoma
Endodermal sinus tumor
Embryonal carcinoma
Pure gastric yolk sac tumor
Oncocytic adenocarcinoma

tional subtypes, (e.g., tubular adenocarcinoma is divided
into well-differentiated and moderately differentiated
adenocarcinoma), a dependence on the WHO classification system is evident[38]. This particular subdivision of
tubular adenocarcinoma was based on differences in the
submucosal invasion rate, lymph node metastasis and size
of the lesions[39].

cancer[30]. Furthermore, signet ring cell carcinoma was
shown to have an irregular uptake of 18F-fluorodeoxyglucose during positron emission tomography radionuclide imaging; consequently, this tumor as well as any
metastases cannot be detected reliably[31]. Patients with a
papillary adenocarcinoma experience a poor prognosis,
a tendency for metastatic disease, a higher age at diagnosis and location in the upper third of the stomach[32].
Another study that employed the previous WHO classification found that poorly differentiated and mucinous
adenocarcinomas have a worse prognosis than the papillary and tubular subtypes. In the same study, the WHO
classification appeared to be an independent prognostic
factor[33]. Kawamura et al[34] also found a poor prognosis
associated with mucinous adenocarcinoma, which suggests a link with advanced stage and metastatic disease.
However, unlike most common types of gastric malignancies, the WHO classification is more widely used for
studies of infrequent types of gastric cancer. For adenosquamous carcinomas of the stomach, a poor prognosis
and a case of simultaneous gastric adenocarcinoma are
described[35,36]. In a recent review of the hepatoid adenocarcinoma type, the median survival of 182 patients with
a gastric primary lesion was 13 mo, and 63.9% showed
lymph node metastasis[37]. Most of the infrequent types
of gastric malignancies are described in case reports, so
a systematic investigation of their prognoses is not readily available. As the previous WHO classification was
renewed in 2010, it is expected that more gastric cancer
studies that refer to the most recent WHO classification
will be conducted in the near future.
An indication for the significance of the WHO classification can be seen in a similar Japanese classification
system. Although the Japanese classification divides the
common types of gastric adenocarcinoma into addi-
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GOSEKI CLASSIFICATION
In 1992, Goseki et al[40] described a new histopathological
classification that divides gastric cancer into four groups,
as presented in Table 2. In the article, a correlation of the
subtypes with the patterns of metastasis and local growth
was present in 200 autopsy cases. Other groups showed
a correlation of the Goseki classification with the Laurén and the WHO classifications, but there was only a
moderate level of inter-observer agreement. A high level
of agreement among observers could be achieved concerning the mucus production, and in later studies, the
presence of mucus was highly associated with the prognosis[41,42]. An independent prognostic significance of the
Goseki classification was subsequently debated. Despite
some evidence[43], most studies that focused on this question could not confirm a prognostic independence of the
Goseki classification, but did confirm a correlation with
the preexisting histopathological characteristics such as
those in the union international contre le cancer (UICC)
system, grade, and Laurén and WHO classifications[11,44,45].

MING CLASSIFICATION
The Ming classification system is based on the growth
pattern of the lesion and recognizes two main growth
patterns: the expanding growth pattern and the infiltrating growth pattern (Table 2), which was found to be
the less frequent type[46]. In his original work, Ming connected the two growth patterns to specific characteristics,
positing that the expanding type originates as an intestinal
metaplasia, whereas the infiltrating type emerges from
individual cells. The Ming classification system may be
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simple and clinically useful, but several subsequent studies could not identify this classification as an independent
prognostic factor; a correlation was found with the preexisting classification systems[9,47,48].

the help of new technologies it is possible to construct a
classification of gastric cancer with an independent prognostic relevance. Therefore, it is not necessary to create a
completely new classification system; instead, it is easier
to complement a preexisting classification with molecular
and genetic findings.
Regarding the clinical practice of diagnosis and treatment, the classification systems of Laurén and the WHO
predominate in published studies as well as in several
national guidelines, such as the German S3 guideline for
gastric cancer and the Japanese Classification of Gastric
Cancer. As long as there is no widely accepted classification system with prognostic independence, both the Laurén and the WHO classification systems should continue
to be used so that data presented in different studies can
be compared. Such comparisons are important in order
to segregate subgroups of patients with certain clinical
features or different outcomes.
This is especially relevant for treatment decisions in
clinical practice, where a pathohistological classification
system that has an association with the prognosis is highly desirable. Such a classification could lead the way to a
more personalized decision-making process for treatment
of gastric cancer.

OTHER CLASSIFICATIONS
In addition to the aforementioned histopathological classification systems for gastric cancer, some other authors
have tried to establish systems based on the preexisting classifications or on histological findings. In 1982,
Grundmann et al[49] proposed a classification system for
gastric cancer with a focus on the depth of invasion. Caneiro et al[50] published a classification system for gastric
cancer based on morphological appearance and showed
an independent prognostic significance for the four subtypes. The Japanese Histological Classification of Gastric
Cancer is based on the WHO classification and includes
several subtypes in addition to the common histologic
types[38]. However, none of these classification systems is
used worldwide for research purposes, as no advantages
of any one particular classification over the others have
been confirmed.

DISCUSSION
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unnecessary LN dissection, which could preserve the
patient’s quality of life after operation. The most ideal
method of SNNS should allow secure and accurate detection of SLN, and real time observation of lymphatic
flow during operation.
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Core tip: Two prospective multicenter trials of sentinel node navigation surgery (SNNS) for gastric cancer
have been accomplished in Japan. Kitagawa et al reported that the endoscopic dual (dye and radioisotope)
tracer method for SN biopsy was confirmed acceptable
and effective when applied to the early-stage gastric
cancer. The ideal method of SNNS should allow secure
and accurate detection of sentinel lymph nodes, and
real time observation of lymphatic flow during operation. In this review, we attempted to comprehensively
evaluate the history, technical aspects, tracers, and
clinical applications of SNNS with a special emphasis
on the use of Infrared Ray Electronic Endoscopes with
Indocyanine Green.

Abstract
We attempted to evaluate the history of sentinel node
navigation surgery (SNNS), technical aspects, tracers,
and clinical applications of SNNS using Infrared Ray
Electronic Endoscopes (IREE) combined with Indocyanine Green (ICG). The sentinel lymph node (SLN)
is defined as a first lymph node (LN) which receives
cancer cells from a primary tumor. Reports on clinical
application of SNNS for gastric cancers started to appear since early 2000s. Two prospective multicenter
trials of SNNS for gastric cancer have also been accomplished in Japan. Kitagawa et al reported that the
endoscopic dual (dye and radioisotope) tracer method
for SN biopsy was confirmed acceptable and effective
when applied to the early-stage gastric cancer (EGC).
We have previously reported the usefulness of SNNS in
gastrointestinal cancer using ICG as a tracer, combined
with IREE (Olympus Optical, Tokyo, Japan) to detect
SLN. LN metastasis rate of EGC is low. Hence, clinical
application of SNNS for EGC might lead us to avoid
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al lymph nodes (LNs) are basic surgical principles for
patients with gastric cancer. Gastrectomy with regional
LN dissection is the standard procedure for gastric
cancer, while less invasive interventions, such as endoscopic submucosal dissection, have emerged as suitable
techniques for EGC but not indicated for possible LN
metastasis[1].
Laparoscopic gastrectomy was first performed by
Kitano et al[2] for EGC in 1991. Since then, the usefulness
of laparoscopic surgery is recognized, which is widely
carried out for EGC in Japan[3]. While early-phase recovery after surgery has been improved by laparoscopic surgery, preservation of late-phase quality of life (QOL) by
function-preserving surgery is also important. Therefore,
the SN concept has been a much-discussed topic in standard gastric operations such as distal, proximal and total
gastrectomy, which are associated with deterioration of
QOL by post-gastrectomy syndrome.
The lymph node metastasis rate of EGC is approximately 15%-20%. Therefore, clinical application of sentinel node navigation surgery (SNNS) for EGC might
be able to abrogate unnecessary lymph node dissection
as well as to reduce the volume of gastric resection. As a
result, the post-gastrectomy syndrome may be reduced.
The sentinel lymph node (SLN) is defined as the first
possible site to receive cancer cells along the route of
lymphatic drainage from the primary tumor. The SLN
concept was first advocated by Morton et al[4] in patients
with melanoma. SNNS has already been validated for
breast cancer[5] and malignant melanoma, where a limited
or no nodal dissection is performed in case of negative
SN.
TNM classification has defined “The SLN is the first
lymph node to receive lymphatic drainage from a primary
tumor.” The absence of metastasis in SLN is believed to
correlate with the absence of metastasis in downstream
lymph nodes. From the TNM classification Sixth Edition,
the presence or absence of metastases in SN is proposed,
which is quoted in the 14th Edition of the Rules for gastric
cancer in Japan[6].
In this review, we have attempted to evaluate the
history of SNNS, technical aspects, tracers for the clinical application of SNNS using Infrared Ray Electronic
Endoscopes (IREE) combined with Indocyanine Green
(ICG) method for limited lymphadenectomy and modified gastric resection.

clinical application of radio-guided surgery using gamma
detection probe technology. Endoscopic injection of
technetium-99m-radiolabelled tin colloid was performed
before the operation, and radioactive SNs were identified with a gamma probe. The benefit of using moderate
magnitude radioisotopes is that the radioisotopes remain
for an adequate period in the SN after tracer injection,
and thus the identification rate of SLN becomes high
even in fatty patients.
Miwa et al[9] reported the results of a regional multicenter clinical trial of SN mapping for gastric cancer
using the conventional dye-guided method. Although the
patient population enrolled in their study was limited, this
first multicenter trial of SN mapping for gastric cancer
provided several important messages. This study was
designed to investigate the feasibility of SN mapping for
gastric cancer using the dye-guided method as a simple
method that can be conducted even in community hospitals without special equipment.
Miwa proposed the concept of a “sentinel lymphatic basin,” and reported successful mapping of the
lymphatic basins in 96.2% of their patients. The dye
stained one or more metastatic nodes in 31 patients,
but failed to indicate a metastatic node in four patients
with a large involved node[9]. This theory can provide
an acceptable base for clinical application of SNNS.
Their reports have demonstrated that sentinel lymphatic
basins contain truly positive nodes, even in cases with
a false negative SN biopsy. Therefore, the sentinel lymphatic basins are good targets for focused lymph node
dissections in patients with cT1N0 gastric cancer. The
distribution of sentinel lymphatic basins and the status
of SLN would be useful information to decide the extent of gastric resection.
We have already suggested the clinical usefulness of
IREE combined with ICG to detect illuminated SLN in
patients with gastric cancer and duodenal tumors as compared with dye alone (Figure 1)[10-15]. The SN identification rate and sensitivity for IREE versus ICG alone were
99.5% vs 85.8% and 97.0% vs 48.4%, respectively[10].
The lymphatic flow of the stomach is complicated
and skip metastases were observed even in EGC. We
reported that the group 2 LN metastases were judged as
SNs in 32%[11]. The most common locations of the SLN
were stations left gastric artery in each of the upper-,
middle-, and lower-thirds of the stomach[11]. Our SLN
procedure with IREE can detect the SLN and is better
than ICG alone. The lymphatic basin dissection (LBD)
of the SN basin is required for accurate intra-operative
diagnosis of lymph node metastases. LBD dissection
based on IREE is an acceptable method of nodal dissection in patients with T1 or limited T2 tumors[12-14].
Ryu et al[15] reported a meta-analysis of feasibility studies on SNNS for gastric cancer between 2001 and 2009.
The SN identification rate and sensitivity were 97.6% and
87.8%, respectively. Therefore, they advocated that SNB
in gastric cancer is probably not clinically applicable for
limited lymphadenectomy due to the unsatisfactory sen-

CURRENT STATUS OF SNNS FOR
GASTRIC CANCER
Reports on clinical application of SNNS for patients with
gastric cancers started to be published during early 2000s
(Table 1).
Hiratsuka et al[7] had reported that SLN biopsy using
ICG can be performed with a high success rate, and the
SLN status can predict the LN status with a high degree
of accuracy, especially in patients with T1 gastric cancer.
Kitagawa et al[8] evaluated the technical aspects and
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Table 1 Reports on SN mapping for gastric cancer
Ref.
RI method
Kitagawa et al[31]
Kitagawa et al[8]
Gretschel et al[32]
Kim MC et al[33]
Uenosono et al[34]
Arigami et al[30]
Mochiki et al[35]
Yanagita et al[36]
Mean
Dye method
Hiratsuka et al[7]
Ichikura et al[37]
Carlini et al[38]
Miwa et al[9]
Ryu et al[39]
Song et al[40]
Osaka et al[41]
Ishizaki et al[42]
Park et al[43]
Rino et al[44]
Mean
RI + Dye mthod
Hayashi et al[45]
Karube et al[46]
Tonouchi et al[47]
Gretschel et al[48]
Ichikura et al[49]
Saikawa et al[50]
Dye + IREE method
Nimura et al[10]
Ohdaira et al[11]
Kelder et al[12]
Mean
Dye + Fluorcence method
Miyashiro et al[22]
Kusano et al[23]
Tajima et al[51]
Mean

Year

Journal

2000
2002
2003
2004
2005
2006
2006
2008

Surg Clin N Am
Br J Surg
Chirurg
Ann Surg
Br J Surg
Ann Surg
Am J Surg
Ann Surg Oncol

2001
2002
2002
2003
2003
2004
2004
2006
2006
2007

n

Detection rate

Sensitivity

36
145
15
46
104
61
59
160
63.2

97%
95%
93%
93.50%
95.20%
100%
96.60%
98.80%
96%

100%
92%
89%
84.60%
81.80%
95.50%
83.30%
96.70%
90%

Surgery
World J Surg
J Exp Clin Cancer Res
Br J Surg
Eur J Surg Oncol
Am J Surg
Clin Cancer Res
Eur J Surg Oncol
Eur J Surg Oncol
Hepatogastroenterology

77
62
40
211
71
27
57
62
100
43
70.2

99%
100%
100%
96%
92%
96%
100%
85.70%
94.60%
93.00%
96%

90%
85%
87%
89%
100%
100%
100%
96.40%
78.60%
81.80%
91%

2003
2004
2005
2005
2006
2006

J Am Coll Surg
J Surg Oncol
World J Surg
Eur J Surg Oncol
Surgery
World J Surg

31
41
37
34
80
35

100%
100%
94.60%
97.10%
100%
94.30%

100%
92%
100%
95.40%
92.90%
50%

2004
2007
2010

Br J Surg
Gastric Cancer
Eur J Surg Oncol

84
60
212

99%
100%
99.50%
100%

100%
100%
97%
99%

2008
2008
2009

Ann Surg Oncol
Dig Surg
Ann Surg

3
22
56

100%
90.10%
96.40%
96%

100%
40.00%
64.70%
68%

ked eye[18]. Another study group was the Japan Society of
SNNS, which conducted a multicenter prospective trial
of SN mapping by a dual tracer method with blue dye
and radioactive colloid[19].
The JCOG study was performed by the dye-guided
method using intraoperative subserosal injection of ICG
and observed by the naked eye in patients with T1 gastric
cancer. Green-stained nodes, representing SLN, were
removed first, and then gastrectomy with lymphadenectomy was performed. However, this clinical trial was discontinued because the proportion of false negatives was
much higher than expected. Miyashiro et al[17] reported
that the JCOG0302 trial revealed the unreliability of frozen section examination using just one plane, and highlighted the impact of the learning curve. Nevertheless,
we reported that the SN identification rate and sensitivity
of ICG alone with the naked eye were 85.8% and 48.4%
respectively, which indicates that detection of SN with
dye alone is insufficient[10].
Kitagawa et al[18] conducted a multicenter, single-arm,
phase Ⅱ study of SN mapping that used a standardized

sitivity and heterogeneity among practicing surgeons, and
that more than four SLN should be harvested to improve
sensitivity. They also advocated that a tumor-specific
SNB method should be developed[16].
Can et al [16] investigated a number of reports on
SNB for gastric cancer from single institute experiences
in order to augment the relevant knowledge base, and
demonstrated that the currently established double tracer
method (dye and radio-isotope tracers) appeared to be
the most efficacious and reliable procedure for identifying true SLN. They commented while conventional dye
tracers were still useful, ICG deserves more attention for
the current applications. IREE, florescence imaging and
near-infrared technology represent the future direction in
which the SNNS concept is advancing[17].
Recently, two multicenter prospective studies for
SNNS were organized in Japan. The Gastric Cancer Surgical Study Group of the Japan Clinical Oncology Group
(JCOG) organized a multicenter prospective study of SN
mapping by the dye-guided method using intraoperative
subserosal injection of ICG and observation by the na-
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A

B

C

D

E

F

Figure 1 Laparoscopic observation around the left gastric vessels (LN No.3,7). Lymph vessels and LN can be easily detected by IREE with Indocyanine Green
(ICG). A: Ordinary light observation of lymph vessels around the left gastric artery; B: Infrared ray observation of lymph vessels around left gastric region (Lymph
vessels: arrow; ICG positive node: arrowhead); C: Ordinary light observation of lymph vessels around the right epigastric artery; D: Infrared ray observation around
the right epigastric artery shows first drainage lymph vessels, and sentinel lymph node (SLN) (arrow); E: Ordinary light observation of lymph vessels; F: Infrared ray
observation of lymph vessels (first drainage lymph vessels: arrow; SLN: arrowhead).

dual tracer endoscopic injection technique. Patients with
previously untreated cT1 or cT2 gastric adenocarcinomas < 4 cm in gross diameter were eligible for inclusion
in this study. SN mapping was performed by using a
standardized dual tracer endoscopic injection technique.
The SN detection rate was 97.5%. Of 57 patients with
lymph node metastasis by conventional hematoxylin and
eosin staining, 93% had positive SNs, and the accuracy
of nodal evaluation for metastasis was 99%. Only four
false-negative SN biopsies were observed, and pathologic analysis revealed that three of those biopsies were
pT2 or tumors > 4 cm. They concluded that the endoscopic dual tracer method for SN biopsy is acceptable
and effective when applied to superficial, relatively small
gastric adenocarcinomas.

WCGO|www.wjgnet.com

TRACERS AND METHODS OF SNNS
At present, two methods are predominantly used in the
detection of the SLN, injection of dye and/or injection
of a radio-isotope (RI) with a gamma probe. The SLN is
stained blue or green by dye and the hot LNs are identified by the uptake of RI, after injection around the tumor
with dye or RI colloid.
Usually, 99mTechnetium (99mTc)-tin colloid was endoscopically injected into the submucosa of the gastric wall
around the tumor one day before surgery, and lymphoscintigraphy was performed 2 h later. During surgery, the
uptake of the RI in each lymph node was counted using
Navigator GPS. The half-life of 99mTc is short, it produces secure radioactive elements, and the particle size
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Irradiation light

Irradiation light
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Living tissue

Living tissue

ICG: Agent for infrared observation

WLI

Cut

ICG: Agent for infrared observation

IRI
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Area with reflection from the living tissue

IRI

Area with fluorescence from ICG

Area with Light Absorption with ICG

Figure 2 Mechanism of absorption with indocyanine green and fluorescence from indocyanine green. Irradiated with light near the maximum absorption wavelength, the ICG-injected area in the tissue absorbs the light and becomes darker. In the other areas in the background, the light is reflected and those areas become
brighter. ICG: Indocyanine Green.

is relatively large. Therefore, 99mTc is judged to remain in
the lymph nodes for approximately 12 h. However, tight
regulation and costs of radioactive substances limit the
wide-spread use of the probe-guided method in general
hospitals.
The dye (Patent blue, lymphazurin, and ICG)-guided
method is used in surgery and is safe, convenient, inexpensive and excellent in depiction of not only LNs but
also the lymphatic vessels. Particulate-activated carbon
and dye have been
used to study lymphatic flow previ[20]
ously in Japan . The advantage of these methods is
that their transition to the lymphatic system allows intra
operative real time evaluation of the lymph flow. Because
carbon particles are small and diffuse rapidly to the distal
LNs, carbon was judged to be unsuitable for detection of
SLN in thick adipose tissue, such as in laparoscopic surgery.
We reported the clinical usefulness of infrared ray
IREE combined with ICG to illuminate SLNs in patients
with gastric cancer[10-14].
ICG is a tricarbocyanine dye that has been used clinically for over 50 years for hepatic clearance, cardiovascular function testing, and retinal angiography on the basis
of its dark green color, which is typically administered
at concentrations of 2.5 mg/mL at a typical total dose
of 25 mg in adults. ICG conjugates with albumin, which
becomes an excellent vascular agent for evaluating both
the blood and lymph systems in off-label studies. The
incidence of mild adverse reactions of ICG was 0.05%
for severe adverse reactions, with no deaths after 1923
procedures[21,22].
It is a known fact that, if combined with plasma protein, ICG has a maximum absorption wavelength of 805
nm. Irradiated with light near the maximum absorption
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wavelength, the ICG-injected area in the tissue absorbs
the light and becomes darker. In the background areas,
the light is reflected and those areas become brighter.
This is the mechanism of the infrared light absorption
observation with ICG (hereinafter referred to as light
absorption observation). On the other hand, it is known
that ICG which has absorbed the light emits a maximum
fluorescence wavelength of 830 nm after it is excited.
Compared to the reflected light, the intensity of fluorescence is extremely weak. Thus, infrared fluorescence
observation with ICG (herein after referred to as fluorescence observation) is enabled by completely cutting the
reflected light and receiving the light near the maximum
fluorescence wavelength (Figures 2 and 3).
Utilizing this principle of ICG, the light absorption
observation became possible in the conventional infrared
endoscope system. The light from the xenon lamp in the
light source unit becomes light near the maximum 805
nm of absorption wavelength after passing through the
infrared filter which is switchable with the white light filter. Then the light passes through the light guide and the
laparoscope to irradiate the subject. The light reflected
from the subject is received by an infrared-sensitive
charge-coupled device (CCD) incorporated in the camera
head, enabling light absorption observation. One of the
characteristics of this system is that switching the observation mode between the light absorption observation
and the fluorescence observation is made possible.
Recently, ICG with the use of CCD cameras and
light-emitting diodes has emerged as an alternative modality in SLN biopsy. The fluorescence method is revolutionary in that it can be observed through a thick adipose
tissue, but this needs to be performed in a dark operating
room with light off to observe the fluorescence of the
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0%-100%

high and useful for SNNS. All metastatic lymph nodes
were identified within SNs, as judged by RT-PCR. The
incidences of metastasis determined by hematoxylin and
eosin and IHC were 8.2% and 13.1%, respectively. Micrometastases undetectable by IHC were identified in 23.0%
of SNs by RT-PCR.
We have previously reported in patients with lymph
node metastasis that positive HE and IHC staining was
12.3% and 23.8%, respectively. Diagnosis of 15 patients
without LN metastasis by HE correlated positively with
LN metastasis by IHC staining. The 27 positive LNs of
these 15 patients consisted of SN which were identified
during surgery. Consequently, all these 27 positive LNs
judged by IHC staining was micrometastasis or less[13].
Therefore, ICG-positive lymphatic basin dissection by
SNNS with infrared ray observation seems to be an adequate method of lymph node dissection for EGC.
When the tumor is located in the lesser curvature,
lymphatic fluid is frequently observed to flow from the
left gastric artery to the celiac axis area.

600

650

700
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800
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900

950

1000 (nm)

Figure 3 Wavelength of the indocyanine green. Indocyanine green (ICG)
has a maximum 805 nm of absorption wavelength. Absorption wavelength band
of ICG: Red line; Fluorescence wavelength band of ICG: Blue line.

LNs[23,24].
In order to solve this problem, a system that can describe the ICG near-infrared fluorescence image on the
color screen of bright field (hyper eye medical system:
HEMS, Mizuho Medical Instruments) has been developed[25], and the usefulness of SNNS of fluorescence
observation for breast cancer has been reported[26]. However, these two models do not allow insertion through a
trocar, and therefore cannot be used in laparoscopic surgery. In this regard, IREE is especially suitable for use in
the SNNS in laparoscopic surgery.

OUR METHOD OF SNNS BY IREE
We have reported the clinical usefulness of SNNS for
EGC using ICG combined with IREE[10-14].
Briefly, prior to the injection of ICG, the stomach was
mobilized by dissecting through the gastrocolic ligament
without disrupting the gastro-epiploic vessels. ICG was
injected endoscopically in four quadrants of the submucosa surrounding the tumor with an endoscopic puncture
needle. Twenty minutes after the injection, SNs stained
with ICG were observed with the naked eye as well as
IREE. One of the important points regarding ICG injection is that we should not perforate the gastric wall by the
needle, for which steady careful injection of ICG into the
submucosa is important. It is usually difficult to observe
lymphatic flow and the SN if ICG is leaking outside the
stomach wall. We usually observe lymphatic flow and SN
around the greater and lesser curvature at first, and then
the left and right gastric artery and vein by IREE with
normal light and the infrared light.
With the rigid endoscope, systems have been developed and we can change normal light and infrared light
by a hand switch (Figure 4). Each system has absorption
and fluorescence scopes, which can be used in laparoscopic surgery. After careful observation, we make marks
around the lymphatic flow area by clips and perform
LBD. The portion of the stomach removed depends on
the result of intraoperative pathological examination of
frozen HE staining and the number of lines of lymphatic
flow. If SLN is negative for metastasis and lymphatic
flow is single line, we perform a wedge resection. When
lymphatic flow is recognized in two directions, segmental
resection, pylorus preserving gastrectomy or proximal
resection is selected. If SLN is positive for metastasis, a
standard gastrectomy with D2 dissection is chosen.
We usually take the extra 60-90 min for SNNS compared to standard operation for EGC. So, the surgeon is

SKIP AND MICRO-METASTASIS OF THE
LNS
The precise detection of LN metastasis including micrometastasis is important for SNNS[27]. Kikuchi et al[28] analyzed the topographical pattern of lymph node metastasis
for pN1 patients with curative resection. Skip metastasis
occurred in 5%, and the common stations for such a metastasis were No. 7 and No. 8a. This pattern of metastasis
was found in 14% of the patients with single positive
nodes. They noted that although perigastric nodes were
important first sites of drainage, the distribution of positive nodes depended on the tumor location. Accordingly,
in view of both the complexity of the lymphatic flow
and skip metastasis, previous studies have recommended
the routine use of systemic D2 dissection. However, the
feasibility and reliability of SNNS is a prerequisite to less
invasive gastric surgery.
Tokunaga et al[29] reported that lymphatic flow in
LGA and in RGEA are main lymphatic drainage routes
of the stomach. Skip metastases were observed in 10%,
which were observed in the station 7, 8a, 9, or 11p. The
lymphatic stream of the stomach is complicated and multidirectional. Understanding and mapping the complex
lymphatic streams of the stomach will allow surgeons to
perform more effective lymph node dissection during
gastric cancer surgery.
Arigami et al[30] reported that the incidence of micrometastasis of SNs detected by RT-PCR was quite
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Figure 4 Technological overview of the new infrared observation system ordinary light and infrared ray laparoscopy system can be changed by a handle
switch.

required to have a passion for SNNS.

5

CONCLUSION
Of several methods of SNNS, IREE can detect the SN
easily and is superior to ICG alone, and seems to have
an equal detection rate as compared to the RI + dye
method. LBD of the SN basin is required for accurate
intra-operative diagnosis of LN metastases. ICG-positive
lymphatic basin dissection by SNNS with IREE seems
to be an adequate method of lymph node dissection for
EGC.
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Core tip: In this review, we discuss the involvement of
miRNAs in gastric cancer (GC) and the mechanisms
through which they regulate gene expression and
biological functions. Then, we review recent research
on the involvement of miRNAs in GC prognosis, their
potential use in chemotherapy, and their effects on Helicobacter pylori infections in GC. A greater understanding of the roles of miRNAs in gastric carcinogenesis
could provide insights into the mechanisms of tumor
development and could help to identify novel therapeutic targets.

Abstract
Although gastric cancer (GC) is one of the leading
causes of cancer-related death, major therapeutic advances have not been made, and patients with GC still
face poor outcomes. The prognosis of GC also remains
poor because the molecular mechanisms of GC progression are incompletely understood. MicroRNAs (miRNAs)
are noncoding RNAs that are associated with gastric carcinogenesis. Studies investigating the regulation of gene
expression by miRNAs have made considerable progress
in recent years, and abnormalities in miRNA expression
have been shown to be associated with the occurrence
and progression of GC. miRNAs contribute to gastric
carcinogenesis by altering the expression of oncogenes
and tumor suppressors, affecting cell proliferation,
apoptosis, motility, and invasion. Moreover, a number of
miRNAs have been shown to be associated with tumor
type, tumor stage, and patient survival and therefore
may be developed as novel diagnostic or prognostic
markers. In this review, we discuss the involvement of
miRNAs in GC and the mechanisms through which they
regulate gene expression and biological functions. Then,
we review recent research on the involvement of miR-
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INTRODUCTION
Despite the decreasing incidence of gastric cancer (GC)
in developed countries, GC remains the second leading
cause of cancer-related deaths worldwide[1,2], with 700000
deaths attributed to this malignancy annually[3]. Therefore, the development of novel therapies to improve the
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expression analysis of miRNAs[21,22], more data, including expression profile analysis by high-throughput realtime reverse transcription-polymerase chain reaction (RTPCR) or miRNA microarrays, are required. A summary
of reported miRNA expression abnormalities in GC is
presented in Table 1.

Table 1 Aberrant expression of miRNAs in gastric cancer
Up-regulated miRNAs
let-7a, miR-9, -10a, -10b, -17, -17-5p, -18a, -18b, -19a, -19b, -20a, -20b,
-21, -23a, -23b
miR-25, -26b, -27, -29b-1, -30b, -31, -34a, -34b, -34c, -92, -98, -99a, -100,
-103, -106a
miR-106b, -107, -125b, -126, -128a, -130b, -138, -142-3p, -146a, -147, -150,
-151-5p
miR-155, 181a, -181a-2, -181b, -181c, -185, -191, -192, -194, -196a, -196b,
-199a
miR-199a-3p, -200b, -210, -214, -215, -221, -222, -223, -296-5p
miR-301a, -302f, -337-3p, -340, -370, -421, -520c-3p, -575, -601, -616, -658,
-1259
Down-regulated miRNAs
let-7a, -7f, miR-7, -9, -22, -29c, -30a-5p, -31, -34a, -34b, -34c
miR-101, -126, -128b, -129, -129-2, -129-3p, -130b, -133b, -135a, -137,
-141, -145
miR-146a, -148, -148b, -149, -152, -155, -181b, -181c, -182, -193b, -195,
-195-5p, -197
miR-200, -204, -206, -210, -212, -218, -219-2-3p, -302b, -331-3p, -375
miR-378, -408-3p, -429, -433, -486, -495, -551a, -574-3p, -610, -622, -638,
-663, -874

Upregulated miRNAs (oncomirs): Aberrant expression of miRNAs has been observed in many cancers[19,23].
Oncomirs are oncogenic miRNAs that are up-regulated
in cancer cells and have been shown to act as oncogenes
in GC. One such oncomir is miR-21, which has been
widely reported as an oncomir in GC[24-26].
Overexpression of miR-21 has been reported in various cancers, such as esophageal cancer[27], breast cancer[28],
and glioblastoma[29]. In GC, the expression of miR-21 is
upregulated compared with normal tissues[22,30,31]. Motoyama et al[31] and Cao et al[32] reported an inverse correlation between miR-21 and PDCD4 expression in GC.
PDCD4, a direct target gene of miR-21, encodes a protein that inhibits cell growth and invasion[33,34]. Moreover,
Zhang et al[26] reported that PTEN, a well-known tumorsuppressor gene, is a target of miR-21. Thus, these data
support the idea that miR-21 acts as a key oncomir in GC
by inhibiting the tumor-suppressor genes PDCD4 and
PTEN.
In addition to miR-21, miR-106a expression is also upregulated in GC (Table 1), as well as in several other human tumors, compared with adjacent normal tissues[35].
miR-106a mimics the function of positive regulators of
the G1-to-S transition[35]. In several human hematopoietic
cell lines, miR-106a has been shown to target interleukin
(IL) 10[36], downregulating the expression of this critical
cytokine by binding to the 3′ untranslated region[36]. As
a further regulatory element, SP1 and EGR1 indirectly
downregulate IL10 expression by inducing miR-106a expression[36].

prognosis of patients with GC is critical.
MicroRNAs (miRNAs) are a subset of small noncoding RNA molecules, typically 21-23 nucleotides in
length, that are believed to regulate the expression of
several genes[4]. Mature miRNAs are cleaved from 70to 100-nucleotide hairpin pre-miRNA precursors[4]. The
precursor is cleaved by cytoplasmic RNase Ⅲ Dicer into
a miRNA duplex[5-7]. One strand of the short-lived duplex is degraded, whereas the other strand serves as the
mature miRNA[8]. Mature miRNAs associate with a cellular complex that is similar to the RNA-induced silencing
complex that participates in RNA interference[9,10]. Recent
studies have reported miRNA-mediated regulation of cell
growth and apoptosis[11,12]. Moreover, the measurement
of miRNA expression has shown that certain miRNAs
are specifically involved in cancer[12-15]. In the context of
GC, the number of publications investigating the relationship between miRNAs and GC has been increasing
each year. miRNAs have the unique ability to negatively
regulate gene expression, thereby resulting in changes in
cell development, proliferation, and apoptosis[16]. These
biological properties of miRNAs may provide the ability
to regulate a variety of human diseases, including cancer[17]. According to recent findings, miRNAs may play
important roles in human cancer by acting as potential
oncogenes or tumor-suppressor genes[18-20].
In this review, we introduce and discuss the newest
knowledge on the relationship between GC and miRNAs.

Downregulated miRNAs (tumor-suppressor miRNAs): Down-regulated miRNAs in cancer tissue are
referred to as tumor-suppressor miRNAs[37-39]. The important target gene of a tumor-suppressor miRNA is usually an oncogene. Therefore, decreased expression of the
tumor-suppressive miRNA induces the expression of the
oncogene. The genomic loss of miR-101 in cancer leads
to overexpression of EZH2 and concomitant dysregulation of epigenetic pathways, resulting in cancer progression[40,41]. Because miR-101 targets cyclooxygenase (COX)
2 in GC, downregulation of miR-101 induces COX2
expression[42]. COX2 activates the arachidonic acid/prostaglandin E2 pathway following cell proliferation[42]. Oncogenic targets of miR-101 induce cell proliferation in GC.
Therefore, miR-101 may be useful for gene therapy in GC.
Another miRNA that has been suggested to have
a role in cancer is let-7. Expression of let-7 reduces the
expression of 3 human RAS genes, HRAS, KRAS, and
NRAS. Moreover, let-7 expression is lower in lung tumors than in normal lung tissue, whereas expression of

Aberrant expression of miRNAs in GC
Although more than 1000 miRNAs are thought to exist,
no comprehensive analysis of miRNA expression in GC
has been performed to date. Each miRNA modulates the
expression of hundreds of genes, and we speculate that
miRNAs act in a network-type fashion to mediate the expression of genes.
While several reports have published comprehensive
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Table 2 miRNAs associated with prognosis in gastric cancer
patients

Table 3 MiRNAs involved in chemosensitivity
5FU sensitivity
let-7g
miR-10b, -22, -30c, -31, -32,
miR-133b, -143, -144, -145, -181b, -190, -197, -200c, -204, -210
miR-335, -501, -501-5p, -532, -615, -615-5p, -766, -877
miR-1224-3p, -1229, -3131, -3149, -3162-3p, -4763-3p
CPT sensitivity
let-7g
miR-7, -31, -98, -126, -196a, -200, -338
CDDP, CF sensitivity
let-7g
miR-1, -16, -21, -34, -181, -181b, -342, -497

let-7a ,-7i
miR-10b, -20a, -20b, -21, -22, -25, -27a, -30a-5p, -34a, -93
miR-103, -106a, -106b, -107, -125a-5p, -126, -130, -142-5p, -144, -146a, -150
miR-155, -181c, -195, -196a, -199a-3p, -200c, -206, -221, -222, -223
miR-335, -338, -372, -375, -451

the RAS proteins is significantly higher in lung tumors,
suggesting a possible role of let-7 in cancer[43]. The expression of let-7 miRNA is also reduced in human lung
cancer[44], breast cancer[45], and hepatocellular carcinomas[46]. In addition, overexpression of let-7 inhibits the
growth of lung cancer cells in vitro[44]. In GC, RAB40C, a
target of let-7a, has been reported to play an essential role
in gastric tumorigenesis[47].
miR-148a has been shown to act as a tumor suppressor in prostate cancer, and its expression is lower in prostate cancer cells compared with normal prostate epithelial
cells[48]. In GC, miR-148a is inactivated by hypermethylation of the promoter region[49]. This may result in the
upregulation of DNA methyltransferase, which is a target
of miR-148a[49]. Moreover, miR-148a suppresses tumor
cell invasion by downregulating ROCK1[50]. In a report
from our laboratory, we found that miR-148a expression
is downregulated in undifferentiated GC[51].

miRNAs involved in chemosensitivity
Chemotherapy is an important tool for the treatment of
GC. However, with currently available tools, it is impossible to predict whether GC patients will respond to chemotherapeutic approaches. The ability to predict the effects of chemotherapy may help reduce the unnecessary
use of chemotherapeutics in GC. Current chemotherapeutic agents used in the treatment of GC include 5FU,
CDDP, taxan, and irinotecan. Many studies have reported
that miRNAs may affect the efficacy of chemotherapy.
Wang et al[57] identified 9 upregulated miRNAs and 18
downregulated miRNAs involved in 5FU sensitivity by
microarray and RT-PCR (Table 3). Moreover, miR-143,
miR-145, and miR-144 have been reported to be involved
in 5FU sensitivity[58,59]. In Table 3, we summarize the
involvement of miRNAs in CPT, CDDP, and CF sensitivity. In the near future, we will be able to use miRNA
expression as a predictor of chemotherapeutic efficacy.
Additionally, gene therapy with miRNAs may be able to
induce chemosensitivity in patients with GC.

Roles of miRNAs as prognostic factors
Because many factors affect the prognosis of cancer patients, it is difficult to clarify how miRNAs are involved
in the prognosis of patients with GC. However, advances
in research on the potential role of miRNAs in patient
prognosis may lead to the use of miRNAs as tools in
medical treatment or diagnosis in the future. The detection of miRNAs involved in the prognosis of GC patients will not only be useful for predicting prognosis but
helpful for developing therapeutic targets in the future.
In Table 2, we have summarized the current knowledge
on the relationship between miRNAs and prognosis. In
particular, miR-21, -93, and -125 have been well studied in this context. While we mentioned the usefulness
of miR-21 previously, overexpression of miR-93 in GC
cells has been shown to reduce the cellular response to
transforming growth factor (TGF)-β (TGFB1) by interfering with the synthesis of p21 (CDKN1A) and BIM
(BCL2L11), the 2 most important downstream effectors
of TGF-β-dependent cell cycle arrest and apoptosis,
respectively[52]. High expression of miR-98 was found to
predict poor survival[53,54]. Interestingly, low expression
of miR-125 in GC has been shown to be an independent
prognostic factor for survival[55,56]. One target gene of
miR-125a-5p is ERBB2 (HER2), which is an important
molecular target in chemotherapy[56].
Notably, many genes act as prognostic factors for
patients with GC; miRNAs may regulate these genes,
thereby affecting prognosis. Thus, further analysis of
candidate miRNAs is necessary.

WCGO|www.wjgnet.com

miRNAs involved in Helicobacter pylori infection
Helicobacter pylori (H. pylori) selectively colonize the gastric epithelium and typically persist for the lifetime of
the host. Among colonized individuals, however, only
a fraction develop gastric adenocarcinoma, emphasizing the importance of understanding the pathogenic
mechanisms through which H. pylori promote chronic
inflammation and the progression to GC[60]. miRNAs
involved in H. pylori infections have been reported in several papers. Let-7 expression has been shown to be downregulated by Cag A after H. pylori infection, and Ras, a
target of let-7, is overexpressed in GC[61]. Additionally,
miR-17/92, the miR-106b-93-25 cluster, miR-21, miR-194,
miR-196, miR155, miR-222, and miR-223 are upregulated
in gastric mucosa infected by H. pylori[62-64]. Among these
miRNAs, Li et al[64] revealed that miR-222 targets RECK,
which inhibits the tumorigenicity of GC[64-66]. Further
analysis of miRNAs and target genes may clarify the
complicated mechanism of GC that occurs in the context of H. pylori infections.
Circulating miRNAs as biomarkers
Presently, circulating miRNAs found in the blood of pa-

536

February 8, 2015|First Edition|

Ishiguro H et al . MicroRNAs in gastric cancer
Table 4 Circulating miRNAs as biomarkers

8

Up-regulated miRNAs
miR-1, -17, -17-5p, -20a, -21, -27a, -31, -34, -103, -106a, -106b, -107,-194,
-200c
miR-210, -221, -223, -370, -376a, -378, 421, 423-5p, 451, -486, 744
Down-regulated miRNAs
miR-218, -375

9
10
11

tients constitute the most promising type of miRNA for
clinical use, because these are concise for blood collecting. We summarized the circulating miRNAs in the blood
of GC patients in Table 4.
There are a number of reports describing the use
of miR-106[67-69], miR-17[67,70], miR-21[67,71], and miR-221
as potential biomarkers [72]. The detection of miRNA
in peripheral blood may be a novel tool for monitoring
circulating tumor cells in patients with gastric cancers.
Moreover, circulating miRNA may be a promising, noninvasive molecular marker for tracking pathological progression, predicting prognosis and monitoring chemotherapeutic effects in gastric cancer.
Finally, the precise mechanism of each miRNA is not
well known. Further reports about miRNA are expected
to help us better understand cancer mechanisms. This
research will be useful for clinical diagnosis or treatment
for GC patients.

12

13

14

15

CONCLUSION
In this review, we presented and discussed the newest
knowledge on miRNAs in gastric cancer and their potential usefulness as future medical treatments and diagnostic
tools. Although the molecular biology of GC has been
well characterized, research on miRNAs in GC is still in
its infancy. Thus, in the near future, we anticipate that
advances in miRNA research in GC may help to develop
novel medical treatments or diagnostic tools, thereby improving the prognosis of GC patients.
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Core tip: Host genetic susceptibility plays an important
role in gastric carcinogenesis. In this review, we summarize current knowledge about the functional effects
of miRNA-single-nucleotide polymorphisms (SNPs)
and their importance in gastric cancer susceptibility.
Furthermore, we also conduct a simple meta-analysis
about most frequently studied miRNA-SNPs (rs11614913
in miR-196a-2, rs895819 in miR-27a and rs2910164 in
miR-146a) in gastric cancer.
Original sources: Hua HB, Yan TT, Sun QM. miRNA polymorphisms and risk of gastric cancer in Asian population. World J
Gastroenterol 2014; 20(19): 5700-5707 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v20/i19/5700.htm DOI:
http://dx.doi.org/10.3748/wjg.v20.i19.5700

Abstract

INTRODUCTION

miRNAs are endogenous 19- to 25-nt noncoding RNAs
that can negatively regulate gene expression by directly cleaving target mRNA or by inhibiting its translation. Recent studies have revealed that miRNA plays a
significant role in gastric cancer development either as
a tumor suppressor gene or oncogene. miRNA-singlenucleotide polymorphisms (SNPs), as a novel class of
functional SNPs/polymorphisms, have been identified
as candidate biomarkers for gastric cancer susceptibility. On the basis of recent data, the present review
summarizes current knowledge of the functional ef-
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miRNAs are small endogenous noncoding RNAs of
about 22 nucleotides that negatively regulate posttranscriptional gene expression by pairing with complementary binding sites located in the 3’-untranslated
region (UTR) of mRNA[1]. In 1993, Wightman et al[2]
and Lee et al[3] found the first miRNA, lin-4, which controls developmental timing and cell fate specification in
Caenorhabditis elegans. To date, thousands of miRNA have
been characterized in animal and plant genomes[4]. In human malignancies, miRNA have shown important roles
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Figure 1 miRNA biogenesis and processing.

in a variety of cellular processes including apoptosis,
differentiation, angiogenesis and proliferation[5]. It has
been suggested that miRNA regulates almost one-third
of the human genes although it represents only a small
part of the genome[6]. Moreover, recent evidence shows
that more than half of the known human miRNAs are
located within cancer-associated genomic regions or
fragile sites[7]. Therefore, miRNA can be considered as a
potential and ideal biomarker for cancer.
Gastric cancer remains one of the commonest malignant tumors worldwide. In 2013, it was estimated that
about 21600 patients were diagnosed with gastric cancer
and 10990 died of the disease in the United States[8]. In
East Asia, especially in China, gastric cancer has the highest rates of incidence and mortality[9]. Epidemiological
studies have identified environmental and lifestyle risk
factors that contribute to the development of gastric cancer, such as Helicobacter pylori (H. pylori) infection or high
salt intake[10]. However, only a minority of patients exposed to risk factors such as H. pylori infection ultimately
develop gastric cancer, which indicates that host genetic
susceptibility also plays an important role in gastric carcinogenesis[11-13]. In recent decades, many correlations
between single nucleotide polymorphisms (SNPs) in the
genome and the risk of various diseases, including gastric
cancer, were reported[14,15]. Recently, a class of novel functional polymorphisms in miRNA or its binding sites is
the most interesting. Our previous epidemiological studies also provided evidence that the risk of gastric cancer
is associated with miRNA-SNPs[16,17]. Therefore, miRNA
polymorphisms can be used as specific markers of predisposition for gastric cancer prevention.
In this review, we provide a comprehensive list of
potentially functional miRNA-SNPs and have a brief

WCGO|www.wjgnet.com

description of miRNA biogenesis, biology and the underlying mechanism of miRNA-SNPs in gastric cancer
susceptibility.

miRNA BIOSYNTHESIS AND FUNCTION
miRNA biogenesis is a multistage process[18,19]. Most human miRNA are first transcribed by RNA polymerase
II and are encoded by introns[20]. The primary miRNA
(pri-miRNA) is excised from the primary transcript of
the intron[21]. Then, the pri-miRNA is processed by the
RNase Drosha-DGCR8 complex into 70-nucleotidelong precursor hairpin structures (pre-miRNA)[22]. The
pre-miRNA is subsequently exported to the cytoplasm
by the nuclear membrane protein exportin-5 and cleaved
by the RNase Ⅲ enzyme Dicer to produce a transient
miRNA duplex composed of a mature miRNA sequence
(about 22 nucleotides in length) and its complementary
sequence miRNA*[23]. The miRNA duplex is unwound by
an RNA helicase and the mature miRNA is incorporated
into the targeting miRNA containing RNA induced silencing complex (RISC) together with the argonate (Ago)
protein[24,25]. The other strand (or miRNA*) is often degraded. Ago is considered as the heart of the miRNAinduced silencing complex (RISC-miR), which induce
the mature miRNA to bind the complementary elements
of target mRNA 3’ UTR. Lastly, the RISC-miR exerting
negatively regulates gene expression function by either
mRNA cleavage or inhibiting translation[26] (Figure 1).
As described above, miRNA exert the functionality
by sequence-dependent regulation of post-transcriptional gene expression by targeting mRNA for cleavage or
translational repression. Target selection is dependent
on the extent of Watson-Crick base pairing between the
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miRNA and mRNA. Nucleotides 2-8 (from the 5’ end
of miRNA), also referred to as the “seed sequence”, are
a major determinant of mRNA target selection[27]. Mutation in either the seed or seed-complementary site could
inhibit miRNA activity, which highlights the importance
of seed sequence complementarity [28]. Additionally,
Grimson et al[29] also reported that more than four contiguous Watson-Crick base pairs between nucleotides
12-17 at the 3’ end of the miRNA could enhance target
recognition. Therefore, miRNA biogenesis and posttranscriptional regulation is highly sequence dependent,
and sequence variants (such as SNPs) in either the miRNA sequence or miRNA-target site can have a significant
effect on miRNA function. So far, > 1000 miRNAs have
been found in humans, which are indicated to regulate
up to 30% of all protein-coding genes in the human
genome[30]. Moreover, Calin et al[7] have suggested that
more than half of the human miRNAs are located in
cancer-associated fragile regions. This shows that miRNA
regulation plays a key regulatory role during development
and in various cellular processes such as differentiation,
growth and death. These processes are frequently dysregulated in carcinogenesis, implicating miRNA function
as oncogenes or tumor suppressors.

cancer.

SNPs IN miRNA
SNPs in the miRNA regulatory pathway, as a novel class
of functional polymorphisms in the human genome,
have been widely implicated in cancer development[38].
In 2005, Calin et al[39] reported the first evidence that
mutations in miRNA genes are common and might have
functional importance in chronic lymphocytic leukemia
(CLL). They identified a germ-line mutation in the miR16-1-miR-15a primary precursor, which causes low levels
of miRNA expression and is associated with prognostic
factors and disease progression in CLL[39]. Since then,
a series of studies has used systematic sequencing or
in silico approaches to identify more SNPs in miRNA.
In our present study, we focused on the miRNA SNPs
in gastric cancer susceptibility. Therefore, we searched
PubMed to August 2013 to identify all relevant papers,
using the key words miRNA, miRNA polymorphism or
variant in combination with gastric cancer or gastric tumor. There were 35 epidemiological studies with a focus
on the importance of miRNA-related SNPs in gastric
cancer susceptibility. We scanned the titles and abstracts
and excluded the studies that were clearly irrelevant to
the current topic. The remaining articles were read to
determine whether they contained information of interest. In addition, to be eligible, studies had to fulfill
the following criteria: (1) a case-control study design or
prospective study design; (2) number of subjects with
each allele or genotype in cases and controls reported; (3)
risk estimates OR and 95%CI, or raw data that allowed
us to calculate them; and (4) risk estimate was only with
miRNA polymorphism, and not with miRNA binding
site SNPs. All searches were performed independently
by two investigators. Thirteen epidemiological studies
were included in our study. As summarized in Table 1,
Peng et al[40] suggested a significantly increased risk of
gastric cancer in subjects homozygous for the variant C
of miR-196a-2 (rs11614913) compared with wild-type
homozygote TT and heterozygote CT carriers in a Chinese population (adjusted OR = 1.57, 95%CI: 1.03-2.39).
Stratified analyses showed that the subjects homozygous
for the variant C genotype of miR-196a-2 had a strong
association with lymph node metastasis of gastric cancer
(adjusted OR = 2.25, 95%CI: 1.21-4.18). Subsequently,
Okubo et al[41] evaluated the associations of three SNPs
(rs11614913, rs2910164 and rs3746444) in pre-miRNA
(miR-196a2, miR-146a and miR-499) with the risk of
gastric cancer in the Japanese population. The strongest association was observed only in the miR-146a
rs2910164 (G > C) SNP. Our research also indicated that
miR-27a A/G (rs895819) and miR-146a C/G (rs2910164)
polymorphisms had important significance in gastric
cancer susceptibility[16,17]. In addition, an increased risk
of gastric cancer was obtained with AA genotype in premiR-30c compared with GG genotype in the Chinese
population (adjusted OR = 1.83, 95%CI: 1.07-3.15).

miRNA EXPRESSION IN GASTRIC
CANCER
Accumulating evidence has strongly indicated that aberrant miRNA expression is an important feature of
gastric cancer [31]. In 2012, Wang et al [32] summarized
13 miRNA expression profiling studies and suggested
that there were 139 miRNAs differentially expressed in
gastric cancer tissues compared with neighboring noncancerous or normal gastric tissues. They also found
that the expression levels of miR-21, miR-18a, miR-17
and miR-20a in gastric cancer were significantly upregulated in most studies. Conversely, miR-375 and miR-378
expression levels were downregulated in gastric cancer
tissues. Also, expression levels of 29 miRNAs were
reported to be inconsistent. In addition, recent evidence using quantitative real-time reverse transcriptase
polymerase chain reaction (qRT-PCR) also confirmed
that miR-17-5p/20a, miR-181a-5p, miR-214 and miR23a expression levels were upregulated in human gastric
cancer tissues, and overexpression of miR-17-5p/20a
could promote gastric cancer cell progression and inhibit apoptosis[31,33-35]. Recent studies have indicated that
gastric cancer tissue has significantly lower expression
of miR-148a and miR-22 compared to non-tumor tissue, and miR-148a and miR-22 inhibit gastric cancer cell
migration and invasion. Moreover, low miR-148a levels
are associated with lymph node metastasis, N stage,
and blood vessel invasion in gastric cancer patients[36,37].
These miRNA expression profiles analyzed by microarray or qRT-PCR could help us understand better the
molecular mechanisms of tumorigenesis and contribute
to the development of diagnosis and therapy for gastric
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Table 1 List miRNA-single-nucleotide polymorphisms evaluated in gastric cancer
First author year

1

Population

miRNA

SNP ID

Allele

Case/control

Risk (OR and 95%CI)

Peng et al 2010
Okubo et al[41] 2010

Chinese
Japanese

Sun et al[16] 2010
Zeng et al[17] 2010
Hishida et al[56] 2011
Mu et al[42] 2012
Zhang et al[43] 2012

Chinese
Chinese
Japanese
Chinese
Chinese

Arisawa et al[44] 2012
Ahn et al[50] 2012

Japanese
South Korean

miR-196a-2
miR-146a
miR-196a-2
miR-499
miR-27a
miR-146a
miR-146a
miR-30c
miR-149
miR-605
miR-938
miR-146a
miR-149
miR-196a-2
miR-499
miR-27a
miR-27a
miR-27a
miR-146a
miR-196a-2

rs11614913
rs2910164
rs11614913
rs3746444
rs895819
rs2910164
rs2910164
rs928508
rs2292832
rs2043556
rs2505901
rs2910164
rs2292832
rs11614913
rs3746444
rs895819
rs11671784
rs895819
rs2910164
rs11614913

T/C
G/C
T/C
A/G
A/G
C/G
C/G
A/G
T/C
A/G
T/C
C/G
T/C
T/C
A/G
A/G
G/A
A/G
C/G
T/C

213/213
552/697
552/697
552/697
304/304
304/304
583/540
240/240
762/757
762/757
333/574
461/447
461/447
461/447
461/447
295/413
892/978
892/978
1686/1895
1689/1946

1.57 (1.03-2.39)
1.30 (1.02-1.66)
NS
NS
1.48 (1.06-2.05)
1.58 (1.11-2.20)
NS
1.83 (1.07-3.15)
NS
NS
0.73 (0.55-0.99)
NS
NS
NS
NS
0.28 (0.12-0.66)
0.76 (0.63–0.92)
NS
1.26 (1.01-1.56)
0.71 (0.60-0.83)

[40]

Zhou et al[53] 2012
Yang et al[54] 2012

Chinese
Chinese

Zhou et al[57] 2012
Wang et al[51] 2013

Chinese
Chinese

1

Risk estimate by authors supplied main results in full text.

population of Chinese women[49]. In gastric cancer, Peng
et al[40] suggested a significantly increased risk of gastric
cancer in subjects homozygous for the variant C of miR196a-2 (rs11614913) compared with TT + CT carriers.
However, one study conducted in a Japanese population
only found the rs11614913 SNP in the miR-196a2 was associated with the degree of H. pylori-induced mononuclear
cell infiltration, and not gastric cancer risk[41]. To understand this effect better, the SNP was genotyped again in
a study conducted on 461 Korean patients with gastric
cancer and 447 matched controls. They revealed that miR196a-2 CC genotype was associated with elevated gastric
cancer risk among women (adjusted OR = 1.86, 95%CI:
1.09-3.19)[50]. On the contrary, Wang et al[51] recently found
that the CC genotype was significantly associated with a
reduced risk of gastric cancer compared with the CT +
TT genotypes in larger samples of the Chinese population (adjusted OR = 0.71, 95%CI: 0.60-0.83). Therefore,
to determine further whether there is an association between rs11614913 and risk of gastric cancer, we summarized the published data from these studies using a recessive model, and showed no significant association between
SNP rs11614913 in miR-196a-2 and gastric cancer risk (OR
= 1.06, 95%CI: 0.74-1.50, Z = 0.30, P = 0.77; Q = 18.85,
P < 0.01, Table 2).

Moreover, the gastric cancer risk was especially elevated
in older individuals (aged > 60 years), men, non-smokers, and H. pylori-infected individuals[42]. More interestingly, Zhang et al[43] found that lifestyle-related factors,
including tea consumption and smoking, might have the
potential to modify the associations between miR-149
and miR-605 polymorphisms and gastric cancer risk.
One study also suggested that miR-938 polymorphism
(rs2505901) C locus carried a decreased risk overall for
gastric cancer (OR = 0.73, 95%CI: 0.56-0.99)[44]. Additionally, many epidemiological studies also reported that
miRNA binding site polymorphisms were associated
with the risk of gastric cancer[45-47]. As shown in Table
1, the most frequently studied SNPs are rs11614913 in
miR-196a-2, rs895819 in miR-27a, and rs2910164 in
miR-146a. Therefore, we discuss and perform a metaanalysis to evaluate the association between the three
polymorphisms and gastric cancer susceptibility based
on all eligible case-control published data. We calculated
the pooled OR and 95%CI based on the most frequently
adopted genetic model in original literature. The Z test
was used to determine the statistical significance of the
pooled OR, and P < 0.05 was considered statistically
significant. Additionally, Q and I2 statistics were used to
examine possible heterogeneity of study results[48]. If significant heterogeneity existed (P < 0.10 was considered
representative of statistically significant heterogeneity),
the pooled OR estimate of each study was calculated by
the random effects model, otherwise the fixed-effects
model was used.

SNP rs895819 in miR-27a
A recent study has suggested that miR‑27a expression
is significantly upregulated in gastric cancer tissues, and
high expression levels of miR‑27a are associated with
poor tumor histological grade[52]. These findings indicate the important role of miR‑27a in the development
and progression of gastric cancer. Our recent research
including 304 gastric cancer cases and 304 cancer-free
controls indicated that miR-27a A/G polymorphism

SNP rs11614913 in miR-196a-2
The SNP (rs11614913) in the pre-miRNA region of miR196a-2 was first identified in a case-control study of 1009
breast cancer cases and 1093 cancer-free controls in a

WCGO|www.wjgnet.com

543

February 8, 2015|First Edition|

Hua HB et al . miRNA polymorphisms and gastric cancer
Table 2 miR-196a-2 single-nucleotide polymorphism (rs11614913) in gastric cancer
First author year
Peng et al[40] 2010
Okubo et al[41] 2010
Ahn et al[50] 2012
Wang et al[51] 2013
Overall

Study design

Case/control

HB
HB
HB
HB

213/213
552/697
461/447
1689/1946
2915/3303

Case

1

Control

Risk (OR and 95%CI)

TT

CT

CC

TT

CT

CC

43
166
119
519
847

94
281
242
851
1468

76
105
100
319
600

50
223
128
524
925

107
350
232
940
1629

56
124
87
482
749

1.56 (1.03-2.35)
1.09 (0.81-1.45)
1.15 (0.83-1.58)
0.71 (0.60-0.83)
1.06 (0.74-1.50)

1

OR and 95%CI were calculated under a recessive genetic model (CC vs CT + TT). HB: Hospital based.

Table 3 MiR-27a single-nucleotide polymorphism ( rs895819) in gastric cancer
First author year

Study design

Case/control

Sun et al[16] 2010
Zhou et al[53] 2012
Yang et al[54] 2012
Overall

HB
HB
HB

304/304
295/413
892/978
1491/1695

Case

1

Control

Risk (OR and 95%CI)

AA

AG

GG

AA

AG

GG

115
166
349
630

135
122
437
694

54
7
106
167

145
214
367
726

119
167
472
758

40
32
139
211

1.50 (1.08-2.07)
0.84 (0.62-1.12)
0.93 (0.76-1.13)
1.04 (0.76-1.42)

1

OR and 95%CI were calculated under a dominant genetic model (AG + GG vs AA). HB: Hospital based.

risk of gastric cancer when compared with CC genotype
carriers in the Chinese population (adjusted OR = 1.58,
95%CI: 1.11-2.20)[17]. Additionally, in other stratified
analyses for gastric cancer risk, Ahn et al[50] found that
subjects with miR-146a GG and (CG + GG) genotypes
were associated with increased risk of gastric cancer
among the non-smokers in a Korean population. In contrast, the study conducted by Hishida et al[56] on 583 gastric cancer cases and 540 gastric atrophy cases suggested
a lack of association between SNP rs2910164 and gastric
cancer risk. These observations were validated by Zhou
et al[57] in a large sample of the Chinese population (1686
gastric cancer patients and 1895 cancer-free subjects).
Their logistic regression suggested a significant association between rs2910164 polymorphism and increased
gastric cancer risk (OR = 1.26, 95%CI = 1.01-1.56; GG
vs CC + CG]. Apparently, these conclusions of the relevant studies are inconsistent, in part because of the small
sample size, and the different genetic model and ethnicity of the patients. So, we performed a comprehensive
analysis based on published data using a recessive model
(Table 4). The combined results indicated that subjects
homozygous for the variant C genotype in miR-146a
had no statistically significant risk of gastric cancer when
compared with (CC + CG) genotypes carrier (OR = 1.08,
95%CI: 0.87-1.33, Z = 0.68, P = 0.50; Q = 10.13, P =
0.04).

(rs895819) polymorphism was associated with an elevated risk of gastric cancer. We observed that the patients
with variant genotypes (AG + GG) of miR-27a showed
a significantly increased risk of gastric cancer relative
to AA carriers (adjusted OR = 1.48, 95%CI: 1.06-2.05).
The elevated risk was especially evident in older subjects
(age > 58 years), men, non-smokers and rural residents.
Moreover, we also found that polymorphism of miR27a might be responsible for elevated miR-27a levels
and reduced target gene zinc finger and BTB domain
containing 10 (ZBTB10) mRNA[16]. However, another
study showed that the SNP rs895819 in miR-27a with
the minor allele C (C corresponds to G in the opposite
strand) presented a significantly reduced risk of gastric cancer (adjusted OR = 0.77, 95%CI: 0.60-0.99)[53].
Similarly, in the Chinese population, Yang et al[54] found
that the G/A polymorphism in miR-27a (rs11671784)
reduced gastric cancer risk, but not the association with
rs895819. Therefore, we extracted the genotypes from
the above studies, and calculated the overall OR based
on the dominant model (Table 3). There was no significant risk association in the overall pooled analysis (OR =
1.04, 95%CI: 0.76-1.42, Z = 0.25, P = 0.81; Q = 7.82, P
= 0.02).
SNP rs2910164 in miR-146a
A G to C polymorphism (rs2910164) located within the
sequence of an miR-146a precursor was identified by
Shen et al[55]. They revealed that the variant predisposed
to an earlier age of onset of familial breast and ovarian
cancers. In a Japanese population study, Okubo et al[41]
revealed that rs2910164 CC genotype held a significantly
higher risk of gastric cancer when compared to noncancer subjects (adjusted OR = 1.30, 95%CI: 1.02-1.66).
However, we showed that subjects with the variant genotypes (GC + GG) in miR-146a had a significantly higher
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CONCLUSION
This review includes a summary and discussion of the
current findings evaluating the role of SNPs of miRNA in
gastric cancer occurrence and development. Furthermore,
we performed a meta-analysis of the most frequently studied miRNA-SNPs (rs11614913 in miR-196a-2, rs895819
in miR-27a and rs2910164 in miR-146a) in gastric cancer.
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Table 4 MiR-146a single-nucleotide polymorphism ( rs2910164) in gastric cancer
First author year
Okubo et al[41] 2010
Zeng et al[17] 2010
Hishida et al[56] 2011
Ahn et al[50] 2012
Zhou et al[57] 2012
Overall

Study design

Case/control

HB
HB
HB
HB
HB

552/697
304/304
583/540
461/447
1686/1895
3586/3913

Case

1

Control

Risk (OR and 95%CI)

CC

CG

GG

CC

CG

GG

236
89
230
159
286
1000

243
153
271
231
822
1720

73
62
82
71
578
866

254
119
215
164
393
1145

322
132
254
221
951
1880

121
53
71
62
551
858

0.73 (0.53-0.99)
1.21 (0.81-1.82)
1.08 (0.77-1.52)
1.13 (0.78-1.63)
1.27 (1.10-1.47)
1.08 (0.87-1.33)

1

OR and 95%CI were calculated under a recessive genetic model (GG vs CC + CG). HB: Hospital based.

Based on current data, there was no significant association between these miRNA-SNPs and gastric cancer
risk in our meta-analysis. Future studies based on larger
samples and independent cohorts are still needed to confirm the predictive signature of miRNA-SNPs in gastric
cancer, for a better understanding of gastric cancer carcinogenesis.
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to prevent procedural complications. To overcome this
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INTRODUCTION

Abstract

Endoscopic submucosal dissection (ESD) enables en
bloc resection of early gastric cancer, facilitating detailed
histopathological evaluation[1]. ESD needs to be performed by highly skilled endoscopists in order to prevent
procedural complications[2,3]. To overcome this disadvantage of ESD, there have been various advances in the
knives and other accessories used for this procedure. I
previously reported a review of endoscopic therapy for
early gastric cancer in 2009[4]. The current review of ESD
will provide an overview of standard techniques, devices
and recent advances in the procedure since 2010.

The technique of endoscopic submucosal dissection
(ESD) is now a well-known endoscopic therapy for
early gastric cancer. ESD was introduced to resect large
specimens of early gastric cancer in a single piece. ESD
can provide precision of histologic diagnosis and can
also reduce the recurrence rate. However, the drawback
of ESD is its technical difficulty, and, consequently, it is
associated with a high rate of complications, the need
for advanced endoscopic techniques, and a lengthy
procedure time. Various advances in the devices and
techniques used for ESD have contributed to overcoming these drawbacks.

STANDARD ESD

© 2015 Baishideng Publishing Group Inc. All rights reserved.

Standard ESD requires special cutting knives, such as a
needle knife (KD-1L-1, Olympus, Tokyo, Japan)[5], an
insulation-tipped electrosurgical (IT) knife (KD-610L/
KD-611L, Olympus)[1,2,6-9], a hook knife (KD-620LR/
KD-620QR, Olympus)[10,11], a flex knife (KD-630L, Olympus)[12], a dual knife (KD-650L/KD-650Q, Olympus), a
flush knife (DK2618JB/DK2618JN, Fujifilm, Saitama, Japan)[13], a triangle-tip (TT) knife (KD-640L, Olympus)[14],
a mucosectome (DP-D2518/DP-D2622, Pentax, Tokyo,

Key words: Endoscopic submucosal dissection; Early
gastric cancer; Standard techniques; Recent advances;
Complications; Indications
Core tip: Endoscopic submucosal dissection (ESD) enables en bloc resection of early gastric cancer, facilitating detailed histopathological evaluation. ESD needs to
be performed by highly skilled endoscopists in order
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Japan)[15], a grasping type scissor forceps (DP2618DT,
Fujifilm) [16,17], SB knife (MD-47706/MD-47704 and
MD-47703, Sumitomo Bakelite, Akita, Japan)[18], a Fork
knife (Kachu Technology, Seoul, South Korea)[19] and a
Cap knife (Create Medic, Yokohama, Japan)[20].
Standard ESD is performed with a standard, single
accessory-channel endoscope. Typical procedural steps
include marking, incision and submucosal dissection with
simultaneous hemostasis. After making several marking
dots outside the lesion, various submucosal solutions,
including a normal saline and epinephrine mixture,
glycerol mixture and hyaluronic acid, are injected. A circumferential incision into the mucosa is made using one
of the special cutting knives. Direct dissection of the
submucosal layer is carried out with one of the specified
knives until complete removal is achieved. During ESD,
we perform endoscopic hemostasis either with the knife
itself or with a hemostatic forceps whenever active bleeding is noticed. After the ESD, we perform preventive
endoscopic hemostasis for any oozing or exposed vessel.
High-frequency generators (Erbotom ICC 200 or VIO
300D; ERBE, Tuebingen, Germany) are used for marking, incision of the gastric mucosa, gastric submucosal
dissection and endoscopic hemostasis.

Hook knife
The top of the hook-type knife is right-angled and is 1
mm in size. Compared to the use of a needle knife, use of
this knife is associated with greater safety because the submucosal tissue is hooked and pulled before the incision.
This knife has a rotating function so that the operator can
select the optimal direction of the hook (Figure 1B).

INDICATIONS FOR ESD

Flush knife (Water jet short needle knife)
The Flush knife is a characteristic knife with a needle
0.4 mm in diameter, and five projecting parts 1, 1.5, 2,
2.5 and 3 mm in length. The knife clamp at the tip of
the sheath is made of ceramic for heat protection. The
outer sheath is 2.6 mm in diameter, and water emission
is possible through the lumen of the sheath by connecting a water pump to it. The water jet is swiftly activated
by pressing the foot pedal of the conduction pump. The
conductor of the sheath lumen is insulated in order to
prevent electric current dispersion (Figure 1E).

Flex knife
The point of the flex knife is rounded and has a twisted
wire that serves as a snare. The sheath is soft and flexible. This knife is less likely to cause perforation when it
reaches the muscular layer, as its tip is rounded, and the
entire knife is soft and flexible. As the tip of the sheath
is thick and functions as a stopper, operators can control
the depth of the incision very easily (Figure 1C).
Dual knife
This knife has a small ball-like process on the top, which
prevents it from slipping (unlike the Needle Knife).
When the tip is retracted, only 0.3 mm of the ball-like
process protrudes, increasing the ease of creating markings on the lesion. The thicker end of the sheath prevents
inadvertent tissue perforation (Figure 1D).

Absence of lymph node metastasis in the stomach is
considered a prerequisite for ESD for early gastric cancer.
A large series of patients with well-differentiated intestinal mucosal cancer without ulcers and no size limit, with
ulcers less than 30 mm in size, patients with submucosal
cancer limited to sm1 infiltration (< 500 μm deep in the
submucosa, starting from the muscularis mucosae) that
was less than 30 mm in diameter, and patients with undifferentiated cancer without ulcers or with ulcer size less
than 20 mm were found to satisfy this criterion[21]. Therefore, ESD is indicated in such patients.

TT knife
The TT knife has evolved along with the process of ESD,
which began with the IT knife. The triangular tip of the
knife can be used for either cutting or coagulating, and
has been designed to operate in any direction (Figure 1F).

COMMERCIAL CUTTING KNIVES
IT knife
The IT knife consists of a small ceramic ball attached to
the tip of a high-frequency needle knife. The ceramic ball
functions as an insulator for the tip of the needle knife, so
that incision and dissection of the mucosa and submucosa
can be performed safely. The insulator helps to prevent
perforation due to accidental cutting of the muscularis
propria. A specialized feature of the IT knife is that the
portion between the insulator tip and the sheath is used
for incision, sweeping off the tissue with the blade portion of the knife instead of the tip. This feature makes a
pull-cut, which limits the direction of the incision; however, a straightforward incision is difficult while looking
directly at the incision line or submucosa (Figure 1A).
The IT knife 2 is an improved version of the IT knife,
with a small metallic plate mounted inside the ceramic tip,
facilitating procedures in the traverse direction.

WCGO|www.wjgnet.com

Mucosectome
The mucosectome is composed of a flexible plastic shaft
and cutting wire (5 mm long in the standard device and
2.5 mm long in the Mucosectome 2). By operation of the
handle, the top of this device turns freely, which enables
the cutting wire to face in the proper direction. The plastic shaft moves the muscular layer aside, and the cutting
wire moves the mucosal layer away from the submucosa
during ESD, so that the procedure itself can be performed safely (Figure 1G).
Grasping type scissor forceps
Each step of ESD (circumferential incision, submucosal excision, hemostatic treatment) can be achieved by
the following three operations: (1) grasping the target
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Figure 1 Insulation-tipped knife 1 and 2 (A), Hook knife (B), Flex knife (C), Dual knife (D), Flush knife (E), TT knife (F), Mucosectome (G), Grasping type
scissor forceps (H), SB knife (I) and Cap knife (J).

SB knife and SB knife Jr.
These forceps have a claw and curved scissors to prevent
unnecessary injury to the normal muscle layer. The SB
knife line includes the following types of knives: standard type (7 mm knife), short type (6 mm knife) and thin
type (SB knife Jr.; 3.5 mm knife). The use of specially

tissue (fixation); (2) lifting up the grasped tissue (separation of the grasped tissue from the underlying muscle
layer); and (3) cutting the grasped tissue (or coagulating
the blood vessel) using an electrosurgical current. These
operations are simple and as easy as the bite biopsy
technique (Figure 1H).
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A

B

Figure 2 Water jet endoscope (A) and Irrigation hood (B).

Fork knife
The Fork knife has two interchangeable knives, a fixed
flexible snare and a forked knife, which form a single
working unit, and an inlet for material injection or saline irrigation during the procedure. The knives can be
changed during the procedure by using two switches, the
fork knob and core knob, located on the center of the
body.

WATER JET
Water jet endoscope
By washing the surgical field with a water jet, the source
of bleeding can be immediately identified and coagulated,
although it can be difficult to identify the bleeding source
in a small number of cases with erupting venous bleeding
(Figure 2A).

Figure 3 Small-caliber-tip transparent hood.

designed transparent hoods (SB hoods) is recommended
when these knives are used[18] (Figure 1I).

Irrigation hood
The author developed an end hood that facilitates endoscopic hemostatic procedures while simultaneously allowing irrigation of the hemorrhage site. The end hood piece
was fabricated by drilling a side hole in the cap portion of
a conventional transparent hood, and the irrigation tube
was glued to the exterior surface of the hole[22,24]. The
fabricated transparent hood was placed at the tip of the
endoscope. Based on this prototype, the irrigation hood
[the irrigation cap (Type KUME)] was developed (Create
Medic) (Figure 2B).

Cap knife
The author developed a novel partial (one-third) transparent hood that facilitates endoscopic hemostatic procedures while simultaneously allowing irrigation at the
site of bleeding[22]. The one-third partial hood is easily
placed on the tip of the endoscope, although the hood
has to be fitted to the right side of the endoscope. The
hood-knife was fabricated by drilling an extra side hole,
in addition to the hole of the irrigation tube at the cap
portion of the transparent end hood[23]. A snare forceps
was glued to the exterior surface over the hole and was
attached using short tubes at the inside of the cap. Based
on this prototype, the irrigation cap-knife [the cap-knife
attachment (Type KUME) with a fixed snare] was developed[20] (Figure 1J).
ESD procedures using the hood-knife are performed
as follows. After the tumor is separated from the surrounding normal mucosa by complete incision around
the lesion using the IT knife, the endoscope is removed
and the hood-knife is placed on the tip and fixed with
tape. A grasping forceps is passed through the accessory
channel and the lesion is pushed away from the muscle
layer. In submucosal exfoliation, the hood-knife is only
slid by the coagulation current on the muscle layer.

WCGO|www.wjgnet.com

Transparent hood
A transparent hood facilitates better visualization of
the operating field. In particular, good visualization of
the submucosal tissue with the aid of a small-caliber-tip
transparent hood makes the cutting procedures easy and
safe[25] (Figures 2C and 3).

THERAPEUTIC ENDOSCOPE
Multibending scope
There are certain tumor locations where it is difficult to
perform EMR using the conventional scope, such as the
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EndoLifter
In ESD using an external grasping forceps through the
EndoLifter (LA-201, 202, Olympus), traction applied with
the external forceps can elevate the lesion and make the
submucosal layer wider and more visible, thereby facilitating submucosal dissection under direct vision (Figure 4).

INJECTION SOLUTIONS
There are two types of solutions for submucosal injection: an isotonic solution (normal saline, hyaluronic acid)
and a hypertonic solution (hypertonic saline, glucose,
Glyceol®)[25,32-35]. The advantage of hypertonic solutions is
better mucosal elevation and hemostatic effect than normal saline. However, a hypertonic solution is more likely
to damage tissue in the resected sample, post-resection
ulcer or the surrounding mucosa, compared with an isotonic solution.
Hyaluronic acid solution (MucoUp, Johnson and
Johnson, Tokyo, Japan) makes a better, long-lasting submucosal cushion without tissue damage, as compared to
other available solutions[25,32].

Figure 4 EndoLifter.

lesser curvature or posterior wall of the gastric body,
and the cardia. To facilitate EMR of tumors at these
locations, a two-channel scope with two independently
curving segments, that is, a multibending scope (the ‘‘Mscope’’), was developed[26]. The M-scope consists of a
distal flexible segment that can bend in any of the four
major directions, and a proximal flexible segment that
can bend in two directions. Combined operation of the
segments allows the operator to obtain a variety of visual
fields, to randomly approach or recede from the lesions,
and to obtain an en face view.

RECENT ADVANCES AFTER 2010
New devices and methods
Water jet-assisted knife: The water jet-assisted knife
(ERBEJET, Erbe Elektromedizin GmbH, Tuebingen,
Germany) with an outer diameter of 2.1 mm allows injection or hydrodissection without a needle, with a preselected effect setting through a standard working channel
of the endoscope. Without switching instruments, the
operator can alternatingly use the tool for marking the
targeted lesion, circumferential cutting, dissection, and
coagulation by radiofrequency application[36].

Multibending double-channel therapeutic endoscope
The multibending double-channel therapeutic endoscope
(the ‘‘R-scope’’) was designed for lifting lesions and for
improved dissection by the incorporation of two movable channels[27,28]. The R-scope has two movable instrument channels: one moves vertically and the other swings
horizontally. During the operation, the two instruments
can be manipulated with a knob and lever that surround
the angulation control knobs of the R-scope.

Thulium laser: The thulium 2-μm wavelength laser system (RevoLix; LISA Laser Products OHG, KatlenburgLindau, Germany) is used during ESD procedures for
marking, mucosal incision and submucosal dissection.
The original device, which consists of a 550-μm flexible
silica with metallic attachment, is inserted through the
working channel of the endoscope instead of endoscopy
knives[37].

TRACTION METHODS
Magnetic anchor system
The magnetic anchor (Pentax) consists of three parts: a
hand-made magnetic weight made of magnetic stainless
steel, microforceps, and a connecting thread. The weight
is designed to facilitate gastric ESD by use of an extracorporeal hands-free electromagnet, whereby magnetic forces
allow suitable countertraction for submucosal dissection[29].
Percutaneous traction
A small snare is introduced into the gastric lumen
through a percutaneous gastric port (2-mm diameter), to
grasp and pull the lesion away from the muscularis propria, thus facilitating resection[30].

Master and Slave Transluminal Endoscopic Robot:
The Master and Slave Transluminal Endoscopic Robot is
deployed through a two-channel therapeutic endoscope.
By remote operation of the two-armed master interface,
the endoscopist can intuitively control the slave endoscopic tools at the distal end of the endoscope[38].

External grasping forceps
In ESD using an external grasping forceps, oral traction
applied with the external forceps can elevate the lesion
and make the submucosal layer on the aboral side wider
and more visible, thereby facilitating submucosal dissection under direct vision[31].

Double-endoscope: The use of two endoscopes for
ESD provides a good field of vision and allows countertraction to be applied to the lesion, clearly facilitating submucosal dissection. Submucosal dissection is performed
with the main scope. Countertraction is applied to the
lesion with the use of the grasping forceps, introduced
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through the forceps channel of the sub-scope[39].

and highlighted the progresses in ESD. It should be emphasized that the performance of ESD, which involves
invasive endoscopic procedures, requires a high level of
technical skill and sufficient knowledge.

Yo-yo technique: The yo-yo technique is a traction
method. The endoscopic snare is mobilized through
the patient’s nose independently of the endoscope. The
partially resected specimen can be pushed or pulled according to the snare movements, exposing the dissection
plane and the distal luminal area, respectively, and facilitating submucosal dissection under direct vision[40].
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functional RNAs, such as microRNAs and long noncoding RNAs, have also been identified as key players in
these processes. This review highlights recent findings
concerning the epigenetic alterations associated with
cancers, especially gastric cancer.
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Core tip: The pathogenesis of gastric, or stomach
cancer has long been a topic of extensive research,
and these research efforts have resulted in tremendous improvements in the diagnosis and treatment of
gastric cancer patients. However, research on gastric
cancer has been focused on the genetic and environmental determinants of its formation and progression
while the role of regulators, another important set of
contributors to gastric cancer, has just begun to be
elucidated. In this review, we highlight our current
understanding of the epigenetic mechanisms by which
gastric cancer arises and progresses and discuss future
research directions.

Abstract
Cancers, like other diseases, arise from gene mutations
and/or altered gene expression, which eventually cause
dysregulation of numerous proteins and noncoding
RNAs. Changes in gene expression, i.e. , upregulation of
oncogenes and/or downregulation of tumor suppressor
genes, can be generated not only by genetic and environmental factors but also by epigenetic factors, which
are inheritable but nongenetic modifications of cellular
chromosome components. Identification of the factors
that contribute to individual cancers is a prerequisite to
a full understanding of cancer mechanisms and the development of customized cancer therapies. The search
for genetic and environmental factors has a long history
in cancer research, but epigenetic factors only recently
began to be associated with cancer formation, progression, and metastasis. Epigenetic alterations of chromatin include DNA methylation and histone modifications,
which can affect gene-expression profiles. Recent studies have revealed diverse mechanisms by which chromatin modifiers, including writers, erasers and readers
of the aforementioned modifications, contribute to the
formation and progression of cancer. Furthermore,
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INTRODUCTION
Gastric cancer is the fourth most frequently occurring
cancer worldwide and the second leading cause of cancer-related death[1]. The occurrence of gastric cancer varies with geographic area, with the highest incidence rate
of gastric cancer in East Asia, especially South Korea,
Mongolia, Japan and China. Although the mortality rate
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has dramatically decreased due to improvements in endoscopy and surgical technology, the survival rate is still
less than 15% once gastric cancer metastasizes.
Gastric cancer can arise from precursor lesions or de
novo and is commonly categorized into two main subtypes, diffuse-type gastric cancer and intestinal-type gastric cancer. Research in the past decades has provided us
with insights into the molecular mechanisms that drive
gastric cancer tumorigenesis and progression. As in other
types of cancer, genetic, epigenetic and environmental factors in combination contribute to gastric cancer
tumorigenesis and progression. Previous research has
mainly focused on genetic factors such as the inheritance
of gastric cancer susceptibility genes and environmental
factors including Helicobacter pylori infection, salt consumption, stress, smoking etc. In recent years, however,
the epigenetic mechanisms governing gastric cancer have
been at the center of gastric cancer research.

ylation through its substrate preference for hemimethylated DNA at CpG regions. DNMT3 family members,
DNMT3A, DNMT3B and DNMT3L, are involved in
establishing de novo DNA methylation patterns, although
DNMT3L is catalytically inactive and might cause gene
repression independent of DNA methylation[3].
DNA methylation was once believed to be a permanent epigenetic mark. So far, no enzyme has been discovered that directly removes the methyl group from methylcytosine. However, TET family proteins were identified
to oxidize 5-methylcytosine to 5-hydroxymethylcytosine,
eventually leading to the removal of the methyl group
from methylcytosine[4]. TET family proteins are involved
in regulating transcription during embryonic development. The tight regulation of writing and erasing methyl
marks on DNA is required for proper gene expression,
and the imbalance between writing and erasing is implicated in various cancers.
Regulation by histone modifications
The nucleosome, which is composed of 146 bp of
DNA and a histone octamer (dimers of H2A, H2B, H3
and H4) is the fundamental repeating unit of chromatin
structure and a major target of chromatin regulation[5].
Histone proteins have long flexible N-terminal tails that
are subject to several covalent modifications including
acetylation, methylation, phosphorylation, ubiquitylation,
ADP-ribosylation, crotonylation and glutarylation[6].
The combinations of different types and locations of
histone modifications, also known as histone codes, are
the main determinants of gene repression or activation.
Covalent modifications are regulated by a trio of writers,
erasers and readers. Writers and erasers add and remove
covalent modifications, respectively, while readers recognize specific modifications with specialized domains,
resulting in the recruitment of transcriptional machinery
or transcription-repression complexes. More detailed descriptions are given in the sections below.

EPIGENETIC REGULATION OF GENE
EXPRESSION
In multi-cellular organisms, different gene expression
patterns determine the fates of cells, causing them to differentiate into various cell types. Therefore, it is critical to
precisely coordinate the gene expression pattern based on
cell types during developmental processes. Furthermore,
gene expression patterns need to be maintained throughout the life span once established. Each cell appears to
‘‘memorize’’ the genetic information to be expressed and
precisely passes this memory on to its daughter cells after
cell division. This process is referred to as ‘‘epigenetic
cellular memory’’. Dysregulation of epigenetic memory
causes developmental defects, cancers and neurodegenerative diseases.
In the nucleus, DNA is packaged into a higher order
structure called chromatin, the physiological template for
transcription. Alteration of chromatin structure via the
various modifications described below is the major factor
that controls gene expression in a temporal and spatial
manner, resulting in the establishment and maintenance
of epigenetic cellular memory.

Regulation by histone lysine acetylation and
deacetylation
The first covalent modification identified was the acetylation of lysine (Lys or K) residues of histones by histone
acetyltransferases (HATs), more specifically called histone
lysine acetyltransferases (KATs). Many Lys residues of
histones are involved in interacting with DNA, and this
acetylation neutralizes the positive charge of Lys, leading to the weakening of the DNA-histone interaction
and subsequent activation of transcription[7]. In addition,
acetyllysine recruits other chromatin modifiers containing
a bromodomain that recognizes an acetyllysine to activate
transcription[8].
Histone deacetylases (HDACs), the erasers of acetylation, have been shown to be directly involved in cancer
pathogenesis via transcriptional repression of tumor suppressor genes[9]. Some HDAC inhibitors are currently in
use to treat certain types of cancer or in clinical trials[9].

Regulation by DNA methylation
Chromatin structure is modified and altered in several layers. First of all, DNA itself is methylated, and this event
mostly occurs at cytosines in CpG-rich regions. DNA
methylation at promoter regions generally occludes the
binding of transcription factors or recruits methyl-DNAbinding proteins, leading to the inactivation of gene expression, with few exceptions in which DNA methylation
can be involved in preventing gene repression[2]. DNA
methylation is a stable epigenetic mark that is inherited
by offspring or daughter cells once established.
Two different classes of DNA methyltransferases
(DNMTs) are responsible for establishing and maintaining DNA methylation. DNMT1 maintains DNA meth-

WCGO|www.wjgnet.com

557

February 8, 2015|First Edition|

Kang C et al . Epigenetics of gastric cancer

Regulation by histone lysine methylation and
demethylation
Several Lys residues of histones can also be mono-, dior trimethylated. The different locations and levels of
histone methylation add another layer of complexity to
covalent modification of histones. Among histone lysine methylations, those of histone H3 Lys4 (denoted as
H3K4) and histone H3 Lys27 (H3K27) are particularly
interesting because H3K4 and H3K27 methylations are
directly implicated in transcriptional activation and repression, respectively[10].
Methylation of H3K4 and H3K27 is catalyzed by
multi-subunit protein complexes. For example, KMT2A
(K-specific methyltransferase 2A, commonly called
MLL), which methylates H3K4 using its SET domain, is
complexed with WDR5, RBBP5 and ASH2L[11]. H3K27
is methylated by PRC2 (polycomb repressive complex 2)
composed of EED, EZH2, SUZ12 and RBBP4[12].
It is not clearly understood how H3K4 or H3K27
methylation regulates transcriptional activation or repression, respectively. However, it has been shown that H3K4
methylation recruits the BAF chromatin remodeling complex via its chromodomain to activate transcription[13]. In
regard to H3K27 methylation, another polycomb repressive complex, PRC1, recognizes trimethylated H3K27
(denoted as H3K27me3) via the chromodomain-containing protein CBX1 (chromobox homolog 1) and induces
the compaction of chromatin, resulting in transcriptional
repression, although the requirement of H3K27me3 for
PRC1 function is controversial[14-16].
Because histone methylation status is critical for gene
expression, the removal of histone methylation is highly
regulated by several histone Lys-specific demethylases
(KDMs). H3K4 is demethylated by KDM1 (commonly
known as LSD1) and KDM5B (JARID1), whereas
H3K27 is demethylated by KDM6A (UTX) and KDM6B
(JMJD3)[10]. Because the balance between methylation
and demethylation of histones is critical for coordinating
gene expression, the disruption of this balance is found
in many cancers.

Regulation by other histone modifications and
nucleosome variants
Other covalent modifications such as ubiquitylation, crotonylation and glutarylation are also involved in regulating gene expression. However, the downstream pathways
of these modifications are not well studied.
A canonical nucleosome is composed of histones
H3, H4, H2A and H2B. There are also several histone
variants such as H3.3, H2A.Z, CENP-A and macroH2A,
which are incorporated into nucleosomes with other
histones to execute their specific functions. For example,
histone H3.3 is not only found in transcriptionally active
genes but is also involved in recruiting PRC2. H2A.Z
functions in the cell cycle, and the improper incorporation of H2A.Z is implicated in various cancers[21].
Regulation by chromatin remodeling
The immediate consequence of forming a nucleosome is
to limit DNA accessibility by protein factors. Therefore,
cells have developed an elaborate system to remodel nucleosomes using ATP as an energy source. ATP-dependent chromatin remodeling complexes are classified into
five families depending on the type of ATPase subunit
of the complexes and are known as the SWI/SNF, ISWI,
CHD, INO80 and SWR1 families.
Each ATP-dependent chromatin remodeling family
is believed to remodel nucleosomes via a distinct mechanism and is involved in a distinct biological pathway, such
as gene repression, gene activation, histone exchange and
the DNA-damage response[22]. Due to the importance
of the roles of ATP-dependent chromatin remodelers
in various physiological processes, mutations and overexpression of the remodelers are often found in several
cancers.
Regulation by long noncoding RNAs
The most interesting but least studied epigenetic regulator is long noncoding RNAs (lncRNAs), which are
defined as transcripts that are generally longer than 200
nucleotides and do not code for proteins. Most lncRNAs
are synthesized by RNA polymerase II, capped at the 5’
end and polyadenylated at the 3’ end[23]. Although the
role of lncRNAs in chromatin regulation was first identified in X-chromosome inactivation several decades ago,
the significance of lncRNAs in chromatin regulation was
not fully recognized until the recent discovery that many
lncRNAs interact with chromatin modifiers and directly
control gene expression[24].
Although exact mechanisms of lncRNAs are not well
understood, it is believed that lncRNAs function through
their binding partners in several different ways[25]. They
function as a scaffold for multi-subunit protein complex
formation or recruit chromatin modifying complexes to
a specific locus leading to transcriptional activation or
repression. For example, HOTAIR (HOX antisense intergenic RNA) transcribed from a HOXC locus interacts
with PRC2 and LSD1 via its 5’ and 3’ ends, respectively,
to repress gene expression.

Regulation by histone arginine methylation
Arginine (Arg or R) residues in histones are also targets
for methylation. Arg methylation affects gene expression
by activating or repressing transcription depending on
the methylated sites[17]. Arg can be monomethylated, symmetrically dimethylated, or asymmetrically dimethylated,
although the different biological consequences of symmetric vs asymmetric Arg dimethylation are unclear.
The methylation of Arg functions in at least two
different ways. The methylation of Arg near a Lys in
histones can block the Lys methylation[18]. Specifically,
methylation of histone H3 Arg2 (denoted as H3R2)
represses transcription by blocking H3K4 methylation,
which is critical for transcriptional activation[19]. In addition, methylarginine may serve as a site-specific docking
stage for methylarginine-binding proteins, which recruit
other transcriptional regulators[20].
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In addition to HATs and HDACs, proteins called
acetylation readers, which contain a bromodomain that
recognizes acetylated histones and recruits other complexes, have been reported to undergo mutations or
translocations in certain tumor types, suggesting that
modification readers also contribute to tumorigenesis.

CANCER AND EPIGENETICS
Numerous studies have unraveled complex networks of
epigenetic regulation in several types of cancer. In this
section, we will highlight some of the epigenetic mechanisms that contribute to tumorigenesis and tumor progression, mainly focusing on DNA methylation, histone
acetylation, histone methylation and lncRNAs.

Histone lysine methylation writers in cancer
Histone methylation can take place at lysine, histidine
or arginine residues. However, we will mainly discuss
lysine and arginine methylation in this section. With
the discovery of histone lysine demethylases (KDMs),
the contribution of aberrant histone methylation status
to tumorigenesis and cancer progression has received
renewed attention in the field of cancer epigenetics in
recent years.
Alteration of histone methylation status can be a consequence of translocation, amplification, deletion, overexpression or repression of histone methyltransferase or
demethylase genes. The best-studied methyltransferase
that undergoes chromosomal translocation is KMT2A
(commonly known as MLL). This H3K4 methyltransferase is often fused with another protein, such as AFF1
(AF4/FMR2 family, member 1), ELL (elongation factor
RNA polymerase Ⅱ, alternatively called ELL1), MLLT1
(myeloid/lymphoid or mixed-lineage leukemia; translocated to, 1, or ENL) or MLLT3 (myeloid/lymphoid or
mixed-lineage leukemia; translocated to, 3, or AF9)[36,39,40].
MLL-fusion proteins can cause aberrant H3K4 methylation of target genes including HOXA7 (homeobox A7)
and HOXA9 (homeobox A9)[41]. Intriguingly, several
MLL-fusion proteins have been reported to recruit other
histone methyltransferase such as DOT1L (DOT1-like
histone H3K79 methyltransferase) in leukemia[42]. Elevated expression of another H3K4 methyltransferase,
SMYD, was found in breast cancer.
In contrast, overexpression of another H3K27 methyltransferase gene, EZH2, has been observed in a wide
variety of solid tumors and exhibits a strong association
with tumor stage and aggressiveness. An inactivating
mutation of EZH2 has also been found in lymphoid,
myeloid and T-cell acute lymphoblastic leukemia (TALL) [43]. Specifically, NOTCH1 antagonizes PRC2,
thus driving the formation of T-ALL. Another histone
methyltransferase that undergoes mutation, translocation
or repression is the H3K36-specific methyltransferase
NSD1[44,45].

DNA methylation in cancer
In general, cancer cells exhibit hypermethylation of the
CpG islands of some genes, including tumor suppressor
genes, BRCA1 (breast cancer 1, early onset), CDKN2A
(cyclin-dependent kinase inhibitor 2A), MLH1 (mutL homolog 1) and VHL (von Hippel-Lindau tumor suppressor, E3 ubiquitin protein ligase)[26-28]. In contrast, cancer
cells exhibit global hypomethylation at many genomic
sequences, which can result in chromosomal instability as
well as activation of proto-oncogenes[29-31].
DNA methyltransferase genes have been shown to be
mutated in certain cancers. For example, DNMT3A gene
is mutated in acute myelogenous leukemia, myeloproliferative disease and myelodysplastic syndrome[32]. In addition, the recently identified TET1 (tet methylcytosine dioxygenase 1) and TET2 (tet methylcytosine dioxygenase
2) proteins in the Tet (ten-eleven translocation) family of
DNA hydroxylases are involved in DNA demethylation
and found to be mutated in acute myelogenous leukemia,
myeloproliferative disease, myelodysplastic syndrome and
chronic myelomonocytic leukemia. Furthermore, TET1
gene is also fused with the histone methyltransferase
MLL (myeloid/lymphoid or mixed-lineage leukemia)
gene in some cases of acute myelogenous leukemia[33,34].
Histone modifications in cancer
As described above, histone modification status is finely
regulated by modification writers and erasers. Disruption
of this balance can cause aberrant histone modifications,
resulting in dysregulation of gene expression. In cancer
cells, one of the best-established changes in histone modifications is a global decrease in the acetylation of H4K16
and trimethylation of H4K20[35]. Recent findings regarding the roles of histone modifications in various types of
cancer are summarized in the sections below.
Histone acetylation modifiers in cancer
In cancer cells, mutations or changes in the expression
of HATs and HDACs are frequently observed. For example, some genes that encode HATs such as CREBBP
(alternatively called CBP), EP300 (p300), KAT6A (MOZ),
KAT6B (MORF) and MOXD1 (MOX) have been shown
to be mutated, translocated, or overexpressed in solid and
hematological tumors[35-38]. In addition, altered expression
of HDACs has been observed in a variety of cancers,
while somatic mutations are rarely found. Moreover, the
recruitment of HDACs to certain target genes via chimeric fusion proteins, which can occur in leukemia, has been
shown to be another mechanism of gene repression[39].
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Histone lysine methylation erasers in cancer
In addition to histone methyltransferases, the role of
histone demethylases in cancer has been highlighted in
recent studies. The activity of histone demethylases can
be dysregulated by somatic mutations or changes in their
expression in cancer cells. So far, somatic mutations have
been found in KDM5A (commonly known as JARID1A),
KDM5C (JARID1C) and KDM6A (UTX)[28,46]. Specifically, mutations in UTX, a histone H3K27 demethylase
gene, have been found in 12 different types of cancer,
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prostate and colon cancers[74-77].
The mechanisms by which the aforementioned
PRMTs contribute to tumorigenesis and metastasis have
been studied by several groups. For example, PRMT1 and
CARM1 are involved in the activation of WNT signaling,
a well-known tumor-promoting signaling pathway[78,79].
In addition, elevated activity of PRMTs via the various
mechanisms mentioned above can affect cell growth and
migration and the tumor microenvironment.

indicating a tumor-suppressive role of UTX in various
cancers. This concept was supported by a recent finding
showing that UTX controls the cell cycle by targeting the
RB1 (Rb) protein network[47].
In contrast, the role of KDM6B (JMJD3), another
H3K27 demethylase, seems to vary depending on the
type of cancer. For example, JMJD3 has been shown
to function in oncogene-induced senescence, suggesting a tumor-suppressive role of the protein[48]. However,
upregulation of JMJD3 in metastatic prostate cancer indicates a potential role of the protein in the progression
of prostate cancer[48]. In addition, overexpression of the
histone H3K4 demethylase gene KDM1A (LSD1) has
been associated with the recurrence of prostate cancer[49].
Furthermore, LSD1 has been identified as a positive
regulator of neuroblastoma and breast tumors[50,51].
Other enzymes with altered expression in cancer
include KDM2B (JHDM1B), KDM4C (JMJD2C), KDM5A (RBP2) and KDM5B (PLU1)[52-57]. JMJD2C, a member of the JMJD2 H3K9 demethylase family, has been
shown to be upregulated in various tumors including
breast cancer, prostate cancer, esophageal squamous cell
carcinoma and desmoplastic medulloblastoma[54,55,58-60]. In
addition, its potential role as an oncogene has been suggested by a recent study using immortalized mammary
epithelial cells[61].

lncRNAs in cancer
It has become clear that lncRNAs have fundamental roles
in tumorigenesis and tumor progression. One of the
best-studied lncRNAs is HOTAIR. HOTAIR has been
shown to be overexpressed in breast and colon cancers
and esophageal squamous cell carcinoma and functions
via altering PRC2 target-gene occupancy[25,80-83]. In addition, several lncRNAs have been implicated in cancer
with oncogenic functions. They include CDKN2B-AS1
(CDKN2B antisense RNA 1, or ANRIL), H19 (imprinted
maternally expressed transcript), MALAT1 (metastasis
associated lung adenocarcinoma transcript 1), PCAT1
(prostate cancer-associated transcript 1), PCBP2-OT1
(PCBP2 overlapping transcript 1, or TUC338), PCGEM1
(prostate-specific transcript), PRNCR1 (prostate cancer
associated non-coding RNA 1) and SPRY4-IT1 (SPRY4
intronic transcript 1). These lncRNAs are often found to
be upregulated in several types of cancer and exert their
oncogenic effects via promoting cell proliferation or inhibiting apoptosis and senescence.
The mechanisms by which some of these lncRNAs
execute their oncogenic functions have been uncovered.
For instance, CDKN2B-AS1 functions by causing aberrant recruitment of the PRC2 complex to CDKN2A
(cyclin-dependent kinase inhibitor 2A, or INK4A) or
CDKN2B (cyclin-dependent kinase inhibitor 2B, or
INK4B), thus suppressing their expression[84,85], whereas
PCAT1 inhibits BRCA2 (breast cancer 2, early onset)
expression[86]. In contrast, other lncRNAs, such as GAS5
(growth arrest-specific 5), MEG3 (maternally expressed
3), PTENP1 (phosphatase and tensin homolog pseudogene 1) and LincRNA-p21, have been suggested to
have tumor-suppressive effects[87-92]. GAS5 induces the
expression of the proapoptotic protein BIRC3 (baculoviral IAP repeat containing 3, or cIAP2) and has been
found to be downregulated in breast cancer[87,88], while
LincRNA-p21 induces apoptosis by affecting the TP53
(p53) pathway[92].

Histone lysine methylation readers in cancer
Like acetylation readers, methyllysine readers play a pivotal role in cancer. For example, ING (inhibitor of growth)
family proteins, which can bind di- and trimethylated
H3K4, have been found to be mutated or downregulated
by the loss of heterozygosity, supporting their role as tumor suppressors in several types of cancer[62-64]. Another
example of a methylated H3K4 binding protein, NUP98
(nucleoporin 98 kDa), is often fused with several subunits
of histone lysine methyltransferases, thereby contributing
to hematopoietic cancer[65].
Histone arginine methylation in cancer
Although histone arginine methylation has not received
as much attention as lysine methylation, numerous studies
have implicated the function of protein arginine methyltransferases (PRMTs) in cancers. The best-studied PRMT1
has been reported to be overexpressed and/or aberrantly
spliced in various types of cancer, including breast, prostate, lung and colon cancers[66-69]. A recent study demonstrated that H4R3 methylation has a strong positive correlation with tumor stages in prostate cancer[67].
In addition to PRMT1, other PRMTs, such as
PRMT2, PRMT5 and PRMT6, are overexpressed in
breast, gastric, colon and lung cancers, while elevated
PRMT3 activity without changes in its expression level
has been reported [70-73]. Furthermore, somatic mutations in PRMT8 were found in ovarian and skin cancers.
Finally, a non-PRMT family arginine methyltransferase
CARM1 (coactivator-associated arginine methyltransferase 1) has been shown to be overexpressed in breast,
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DNA METHYLATION IN GASTRIC
CANCER
As in other types of cancer, numerous studies have
shown that key players in gastric cancer are regulated by
changes in DNA methylation patterns at their promoter
CpG islands, i.e., hyper- or hypomethylation (Table 1).
These genes include tumor-suppressor genes, oncogenes,
and genes that are involved in tumor progression and
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Table 1 Examples of epigenetic alterations found in gastric cancer
Alteration source
DNA hypermethylation

Expression
Down

Down
Down
DNA hypomethylation
H3/H4 hyperacetylation
H3/H4 deacetylation
H3 dephosphorylation
MicroRNA function

Up
Up
Up
Down
Down
Down

Alteration target

Ref.

Signal pathway mediator genes (ADAMTS9, BCL2L10, BCL6B, BNIP3, CXCL12, DAPK, DKK1,
DKK3, DLL1, FBLN1, GATA4, HOXD10, LMX1A, OPCML, PCDH10, RELN, SFRP proteins,
, SOX17, TIMP3, VEZT)
Chromatin-modifying enzyme genes (MGMT, SMARCA5)
MicroRNA genes (Let-7f, MIR10B, MIR34C, MIR137, MIR155, MIR182, MIR195, MIR200B,
MIR200C, MIR210, MIR212, MIR338, MIR375, MIR378, MIR429, MIR449)
ALDH2, ASCL2, MTHFR, SULF1, SULF2, TERF2
MicroRNA gene (MIR93)
MYC
GATA, RND3
c-JUN, HSP70
Chromatin-modifying enzyme genes (DNMT1, DNMT3A, DNMT3B, UHRF1)

metastasis. In addition, recent findings demonstrating
changes in the DNA methylation patterns of microRNA
genes in gastric cancer patient samples have revealed
more complexity in the epigenetic regulation of gastric
cancer.

[93,140]
[127-139]
[122-126]
[83]
[107]
[149,150]
[151]
[141,142]

helix transcription factor, shows hypomethylation in
gastric cancer samples compared to normal tissues, and
high expression levels of this gene are correlated with
poor survival of gastric cancer patients. In addition, the
promoter of the well-known oncogene MYC has been
shown to undergo hypomethylation in gastric cancer
with lymph node metastasis[123]. Yashiro et al[124] showed
that demethylation in TERF2 (telomeric repeat binding
protein 2, or TRF2) and ERAS (ES cell expressed Ras)
promoters causes reactivation of these genes in gastric
cancer[124,125].
A recent study by Balassiano et al[126] reported that
gastric cancer patient samples contain hypomethylated
promoters of two cancer-associated genes, ALDH2
(aldehyde dehydrogenase 2 family) and MTHFR (methylenetetrahydrofolate reductase). Furthermore, overexpression of SULF1 (sulfatase 1) and SULF2 (sulfatase
1), members of the sulfatase family, caused by promoter
hypomethylation has been shown to be an independent
prognostic marker for lymph node metastasis. Finally, an
interesting study by Yuasa et al[127] showed an association
between hypomethylation of blood leukocyte DNA and
the risk of gastric cancer, indicating that changes in the
DNA methylation pattern in non-tumor cells in addition
to tumor cells themselves can be used as potential prognostic markers in gastric cancer.

DNA hypermethylation in gastric cancer
Hypermethylation of CpG islands results in the silencing
of neighboring genes, and promoters of tumor-suppressor genes are often methylated in gastric cancer patient
samples. Widely studied genes with methylated promoters include CDKN2A, TP53 (tumor protein p53), MLH1,
CDH1 (cadherin 1, or E-cadherin), RUNX3 (runt-related
transcription factor 3), APC (adenomatous polyposis
coli) and RASSF1A (Ras association (RalGDS/AF-6)
domain family member 1)[93-99]. In addition, recent studies
have identified numerous hypermethylated genes encoding pro-apoptotic or anti-growth proteins (BCL2L10,
BCL6B, BNIP3, DAPK and FBLN1), transcription factors (GATA4, HOXD10, LMX1A and SOX17), enzymes
(KL), cell-cell interaction or migration-related proteins
(ADAMTS9, OPCML, PCDH10, RELN, TIMP3 and
VEZT), DNA-repair proteins (XRCC1), signaling molecules (CXCL12, DKK1, DKK3, DLL1, SFRP proteins
and SOCS1), an RNA binding-protein (QKI) and others
(NDRG2)[100-121].
Hypermethylation of the aforementioned genes
generally promotes gastric cancer tumorigenesis and/or
metastasis via several mechanisms. DNA methylation of
tumor-suppressor genes endows gastric cells with the
ability to overcome oncogene-induced senescence as well
as apoptosis. For example, downregulation of DKK1
(dickkopf WNT signaling pathway inhibitor 1) and
SOCS1 (suppressor of cytokine signaling 1) reactivates
the WNT and STAT3 pathways, respectively[116,119,122].

MicroRNA promoter methylation in gastric cancer
MicroRNAs (miRNAs) are small noncoding RNAs that
can regulate the expression of target genes at the posttranscriptional level. Because a single miRNA can target
several messenger RNAs, dysregulation of miRNAs can
effectively affect multiple signaling pathways leading to
tumor formation and metastasis. As in other types of
cancer, recent studies have identified several miRNAs
as frequent targets of DNA methylation in gastric cancer (Table 1). For example, the suppression of several
miRNA genes, such as MIR137, MIR210, MIR375 or
MIR449, via promoter methylation has been shown to
prevent apoptosis by alleviating the miRNA-induced
inhibition of pro-survival pathways such as MAPK1 (by
MIR137 and MIR210) and PDK1 (by MIR375) or by inhibiting pro-apoptotic pathways (by MIR449)[128-130].

DNA hypomethylation in gastric cancer
Hypomethylation causes derepression of target genes;
several genes involved in tumorigenesis, progression, and
metastasis of gastric cancers have been found to be hypomethylated. For example, Kwon et al[122] demonstrated
that the promoter of ASCL2 (achaete-scute family bHLH
transcription factor 2), which encodes a basic helix-loop-
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absent in gastric cancer due to promoter methylation[93].
Moreover, the expression of several CMEs is regulated by miRNAs. For example, upregulation of UHRF1
(ubiquitin-like with PHD and ring finger domains 1) expression via downregulation of MIR146A and MIR146B
causes aberrant DNA methylation in CDH1, RUNX3
and SLIT3 (slit homolog 3) genes [143]. Furthermore,
DNMT1, DNMT3A and DNMT3B proteins are downregulated via overexpression of MIR200B and MIR200C
in gastric cancer, and this may be a cause of global DNA
hypomethylation in gastric cancer cells[144].

In some cases, downregulation of miRNAs via methylation activates tumor growth-promoting pathways such
as CDK6-VEGF (by MIR195 and MIR378), c-MYC
(by MIR212 and MIR429), cAMP response element (by
MIR182) and MAPRE1 (by MIR10B) [28,131-133]. Thus,
methylation of the aforementioned miRNAs causes overall growth of gastric cancer.
In addition to regulating gastric cancer cell survival
and growth, DNA methylation of some miRNAs promotes the ability of gastric cancer cells to invade and migrate, thus increasing their metastatic potential. Examples
of these include Let-7f, MIR155 and MIR338, which exert their effects by altering the expression of MYH9 (myosin, heavy chain 9, non-muscle), SMAD2 (SMAD family
member 2) and SSX2IP (synovial sarcoma, X breakpoint
2 interacting protein), respectively[134-136].
Downregulation of MIR9 via hypermethylation in
gastric cancer has also been found to increase not only
proliferation but also cell migration and invasion, a
prerequisite for the formation of successful metastasis, although their target genes have not been identified
yet[137]. Finally, dysregulation of MIR34C can cause drug
resistance by affecting MAPT (microtubule-associated
protein tau)[138], and dysregulation of the MIR200BC/429
cluster can do so by altering the expression of BCL2 (Bcell CLL/lymphoma 2) and XIAP (X-linked inhibitor of
apoptosis)[139].
Hypomethylation of miRNAs has also been studied.
For example, the loss of methylation at the promoter of
the MIR196 gene and upregulation of this miRNA are
frequently found in primary gastric cancer, indicating the
tumor-suppressive role of MIR196[83]. In addition, the upregulation of several oncogenic miRNAs such as MIR9,
MIR93, MIR106B and MIR222 in gastric cancer have
been reported, and their role in proliferation, anti-apoptosis and metastasis has been studied in gastric cancer
cell lines[137,140,141]. However, the question of whether the
upregulation of the aforementioned miRNAs is a consequence of DNA hypomethylation has yet to be answered.

HISTONE MODIFICATIONS IN GASTRIC
CANCER
Histone modifications including acetylation, methylation,
phosphorylation and ubiquitylation can directly alter gene
expression. Several histone modifiers show aberrant expression patterns or mutations during tumorigenesis and
cancer progression as explained above. The mechanisms
by which alterations of histone modifications contribute to
tumorigenesis and metastasis have been intensively studied
in several types of cancer. In contrast, studies of histone
modifications in gastric cancer are lacking (Table 1).
Histone-modifying enzymes in gastric cancer
Most epigenetic studies of gastric cancer have been focused on DNA methylation. Thus, scientists only recently
started to investigate histone modifiers in gastric cancer.
Recent findings on the role of histone modifiers in gastric cancer have shed light on the complex epigenetic
mechanisms governing the development and progression
of gastric cancer.
For example, histone H3K4 demethylase KDM1A
(LSD1) is upregulated in some gastric cancer cells, and
treatment of these cells with LSD1 inhibitors exerts cytotoxic effects as well as inhibitory effects on the migration
and invasion of these cells, suggesting an important role
for LSD1 in gastric cancer[145]. In addition, it has been
shown that the histone deacetylase SIRT1 (sirtuin 1) plays
a tumor-suppressive role in gastric cancer development
via inhibition of NF-κB signaling and is downregulated
in gastric cancer[146].
In contrast, the H3K9/K36 demethylase KDM4B
(commonly called JMJD2B) was recently discovered to
be a potent activator of cell proliferation as well as the
epithelial-mesenchymal transition (EMT) and correlated
with lymph node/distant metastasis[147,148]. Another H3K9
demethylase, JMJD1C, is also upregulated in gastric cancer. In addition, the H3K27 methyltransferase EZH2 has
been shown to promote gastric cancer tumorigenesis in
various model systems and exhibits significant association
with patient survival as well as lymph node metastasis[149].
Furthermore, the expression of the histone lysine acetyltransferase KAT5 (TIP60) has been shown to be reduced
in gastric cancer and to have a significant correlation with
lymph node metastasis[150].

Promoter methylation of chromatin-modifying enzyme
genes in gastric cancer
Chromatin-modifying enzymes (CMEs) can affect the
DNA methylation and histone modification status of
target genes, thus causing changes in chromatin structure. Alteration at the level of CMEs can initiate several
epigenetic cascades that affect diverse pathways involved
in tumorigenesis and the progression and metastasis of
gastric cancer.
In gastric cancer, several CMEs are also the targets of
DNA methylation (Table 1). For example, Gigek et al[142]
found that SMARCA5 (SWI/SNF related, matrix associated, actin dependent regulator of chromatin, subfamily
a, member 5), which has helicase and ATPase activity, was
often downregulated in gastric cancer patient samples
compared to normal tissue and as a consequence of its
promoter methylation. MGMT (O-6-methylguanine-DNA
methyltransferase) has also been frequently found to be
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Genes deregulated by histone modifications in gastric
cancer
Several recent studies identified genes whose expression
is regulated by various histone modifications. These include the H3/H4 hyperacetylation of the MYC promoter
via FOXO6/HNF4 axis, the repression of GATA by
deacetylation of histone H3/H4 at the promoter, and the
downregulation of RND3 (RhoE)[107,151,152]. In addition,
dephosphorylation of histone H3 serine 10 on c-JUN
and HSP70 genes has been shown to cause altered expression of these genes[153].

oncogene), SNHG1 (small nucleolar RNA host gene 1),
LINC00152 (long intergenic non-protein coding RNA
152) and LINC00261 (long intergenic non-protein coding RNA 1261) as differentially expressed lncRNAs in
gastric cancer. Studies by several groups revealed that the
expression of HOTAIR is positively associated with gastric cancer development and plays a role in invasion and
the epithelial-mesenchymal transition of gastric cancer
cells[159,162,163].

DISCUSSION
Due to tremendous research efforts, it has become clear
that epigenetic modification is a major contributor to the
formation and metastasis of most, if not all, of cancers,
including gastric cancer. Epigenetic changes including
DNA methylation and histone modifications can be
caused by mutations and/or altered expression of writers, erasers and readers of these modifications. These
deregulated modifiers, in turn, facilitate uncontrolled expression of oncogenes and metastasis-promoting genes
while keeping that of tumor- and metastasis-suppressor
genes silenced.
The focus of epigenetic research in cancer has shifted
from mere identification of changes in chromatin modifications to distinguishing epigenetic modifications that
truly drive cancer formation from bystanders. These types
of research are imperative to the design and development
of effective anti-cancer therapeutic drugs. In contrast to
the extensive studies on the epigenetic dysregulation of
other types of cancer such as breast cancer, similar studies on gastric cancer are still lagging behind, calling for
more vigorous research on this subject.
In particular, our understanding of the histone modifications in gastric cancer is very limited compared to
that of other cancer types and to DNA methylation. In
contrast to the few types of DNA modifications, histone
modifications are more diverse, adding more layers of
complexity to the epigenetic mechanisms involved in
cancer. Thus, a better understanding of the network of
histone modifications in gastric cancer will provide not
only a complete picture of gastric cancer but also an opportunity to develop anti-gastric cancer therapeutics.
Another player whose importance in gastric cancer
has only recently been identified is noncoding RNA, such
as miRNAs and lncRNAs. Whereas miRNAs regulate
protein-coding RNAs via direct binding, lncRNAs work
through guiding chromatin modifiers to the target genes.
Studies on the role of lncRNAs in gastric cancer have
only recently begun, and we are just starting to understand their functions in gastric cancer. There is no doubt
that further studies on noncoding RNAs will reveal a new
paradigm in the field of gastric cancer research.
One of the remaining important needs in understanding gastric cancer is to gain insights into the diversity of
epigenetic drivers in different types of gastric cancer. As
in genetic modifications, the types of epigenetic changes
that contribute to the formation of tumors vary depend-

Combinatorial modifications of DNA and histones in
gastric cancer
DNA methylation events are often accompanied by
histone modifications and vice versa to tightly regulate
gene expression. Several studies also discovered that the
expression of several genes in gastric cancer can be regulated by DNA methylation and histone modification simultaneously. For example, Meng et al[154] showed that the
promoter of the CDKN2A gene undergoes both DNA
methylation and histone H3K9 dimethylation. Lee et al[97]
showed that hypoxia silences RUNX3, which is known to
be suppressed by DNA methylation, via modification of
histones during the progression of gastric cancer.
Overexpression of LAMB3 (laminin, beta 3) affects
several malignant phenotypes in gastric cancer cell lines,
and these genes not only undergo demethylation at CpG
islands but also exhibit an increase in H3K4 trimethylation[155]. MYO5B (myosin VB) gene is suppressed by
DNA methylation as well as histone deacetylation, causing persistent c-MET signaling in gastric cancer[156]. A
study by Ma et al[157] demonstrated that DNA hypermethylation and histone hypomethylation of PDX1 (pancreatic
and duodenal homeobox 1) causes downregulation of
this gene in gastric cancer. Finally, gene expression of
PRDM5 (PR domain containing 5), a member of the
kruppel-like zinc finger family, is downregulated via DNA
methylation and H3K27 trimethylation, alleviating the
cell growth suppressive effect of PRDM5[158].
LncRNAs in gastric cancer
LncRNAs, once thought to be junk in cells, have now
become a center of attention in various fields from developmental biology to the study of human diseases.
However, there are few studies of the role of lncRNAs
in gastric cancer. Arita et al[159] have examined several lncRNAs previously shown to be involved in other cancers,
including H19, HOTAIR and MALAT1, and showed
that the plasma level of H19 was higher in gastric cancer
patients than in healthy controls, raising the possibility of
using lncRNA as a tumor marker in gastric cancer. Another study of H19 showed its role in the proliferation
of gastric cancer cells[160].
Cao et al[161] compared the expression profiles of
almost 10000 lncRNAs in gastric cancer and normal tissue samples and identified TUG1 (taurine upregulated
1), UCA1 (urothelial cancer associated 1), PVT1 (Pvt1
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ing on cancer types and subtypes even within tumors
originating from the same organ. For example, a given
modification contributing to intestinal-type gastric cancer
may not be the key factor for diffuse-type gastric cancer
development. Thus, it is crucial to understand cancer
type-specific epigenetic modifications in order to develop
personalized anti-gastric cancer therapeutics.
Finally, for cancer cells to grow and metastasize, they
must acquire abilities to exploit surrounding stroma, emphasizing the importance of distinction between alterations in tumor cells and those in stromal cells. However,
most previous studies of gastric patient samples have
been performed on whole tumor tissues without separating tumor cells and surrounding stromal cells, making it hard to interpret the results. Very recently, several
research groups have utilized elegant methods including
fluorescence-activated cell sorting and laser capture microdissection to separate stromal cells from tumor cells.
They made the very intriguing discovery that stroma
cells also undergo alterations in gene expression profiles,
likely caused by epigenetic modifications. These stromaspecific changes might have been masked by the tumor
cell gene expression profile if whole tumor tissue had
been used. Scientists argue that targeting the tumor
stroma might be a safer and more effective way to treat
cancer due to the relatively stable and homogeneous features of stromal cells compared to heterogeneous and
rapidly evolving tumor cells. To this end, it is imperative
to accurately characterize stroma- and tumor cell-specific
epigenetic changes, particularly in the case of gastric
cancer.
As a final comment, the primary unmet needs for gastric cancer are the development of an accurate way to predict patients at high risk for metastasis and the generation
of therapeutic drugs that effectively treat gastric cancer.
This will reduce unnecessary gastrectomy, thus improving
the quality of patients’ life and moving us one step closer
to conquering gastric cancer in the near future.
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Core tip: Epstein-Barr virus (EBV)-associated gastric
carcinoma (EBVaGC) comprises nearly 10% of gastric
carcinoma cases worldwide. In the present review, we
critically discuss the role of EBV in gastric carcinogenesis, summarising the role of viral proteins and microRNAs) with respect to aberrant methylation in EBVaGC.
Given the role of epigenetic dysregulation in tumourigenesis, epigenetic modifiers may represent a novel
therapeutic strategy.
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Abstract
Epstein-Barr virus (EBV)-associated gastric carcinoma
(EBVaGC) comprises nearly 10% of gastric carcinoma
cases worldwide. Recently, it was recognised to have
unique clinicopathologic characteristics, including male
predominance, lower rates of lymph node involvement,
and better prognosis. EBVaGC is further characterised
by abnormal hypermethylation of tumour suppressor
gene promoter regions, causing down-regulation of
their expression. In the present review, we critically
discuss the role of EBV in gastric carcinogenesis, summarising the role of viral proteins and microRNAs with
respect to aberrant methylation in EBVaGC. Given the
role of epigenetic dysregulation in tumourigenesis, epigenetic modifiers may represent a novel therapeutic
strategy.

WCGO|www.wjgnet.com

INTRODUCTION
Epstein-Barr virus (EBV) infection is ubiquitous, and is
accepted as a causative microorganism for various malignancies including nasopharyngeal carcinoma (NPC),
Burkitt’s lymphoma, and gastric carcinoma (GC). EBVassociated GC (EBVaGC) accounts for approximately
10% of cases worldwide[1,2], and is characterised by unique
clinicopathologic features including a relatively favourable prognosis (Table 1)[1-4]. In recent years, the molecular
mechanisms underlying EBV-related carcinogenesis have
become increasingly understood. EBV may contribute to
tumourigenesis through the expression of viral proteins
and microRNAs (miRNAs). Previous studies have also
reported that promoter methylation was observed more
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Table 1 Clinical and pathological features of Epstein-Barr
virus-associated gastric carcinoma

Table 2 Latent gene expression patterns in Epstein-Barr virus
infected malignancies

Clinical and pathological features

Genes

Latency Ⅰa Latency Ⅰb

Latency Ⅱ

Latency Ⅲ

EBNA1
EBNA2
EBNA3a
EBNA3b
EBNA3c
EBNA-LP
LMP1
LMP2A
LMP2B
EBER1
EBER2
BARTs
Disease

+
–
–
–
–
–
–
–
–
+
+
+
EBVaGC,
Burkitt’s
lymphoma

+
–
–
–
–
+
+
+
+
+
+
+
NPC,
Hodgkin’s
lymphoma,
NK/T-cell
lymphoma

+
+
+
+
+
+
+
+
+
+
+
+
AIDSassociated B-cell
lymphomas,
Pyothoraxassociated
lymphoma

Age
Gender
Associations
Prevalence
Location
Clinical

Histology

Prognosis

Younger1
Male predominance
Smoking
10% of gastric carcinoma cases
Gastric body/cardia
Remnant stomach
Multiple carcinomas1
Thickening of gastric wall
Ulcerated (saucer-like) neoplasm
Lower rate of lymph node involvement1
Lymphoepithelioma-like
Lymphocytic infiltration in various degrees
Atrophic gastritis
Lace pattern within the mucosa
Moderate to poorly differentiated adenocarcinoma
Longer survival1

1

Items are controversial and subject to on-going research.

EBVaGC: Epstein-Barr virus-associated gastric carcinoma; NPC:
Nasopharyngeal carcinoma; AIDS: Acquired-immunodeficiency-syndrome.

frequently in EBVaGC. Hence another method by which
EBV contributes to gastric carcinogenesis is through aberrant DNA methylation and histone modification. Thus
EBVaGC is characterised by distinct variations on genomic, epigenomic, and transcriptomic levels[5]. Here, we
review the mechanism by which EBV infection causes aberrant methylation, transformation, cancer development,
and its associated therapeutic implications.

stage. During latency, the viral genome is largely silenced
by host-driven methylation of CpG island motifs. Based
on the subset of viral genes which are expressed, tumours may be classified into four types; latency Ⅰa, Ⅰb,
Ⅱ, and Ⅲ (Table 2). EBVaGC belongs to latency type Ⅰ,
where the viral genes EBV nuclear antigen 1 (EBNA1),
EBV-encoded small RNA (EBER1/2), BamHI-A rightward transcripts (BARTs), and latent membrane protein
2A (LMP2A) may be expressed[12,13]. Notably, the expression of latency genes is associated with malignancy. For
example, EBER1 up-regulates the expression of insulingrowth factor-1, an autocrine growth factor which accelerates cell proliferation in EBVaGC[14].
Half of all EBVaGCs also express LMP2A. LMP2A
plays a critical role in the oncogenic processes in EBVaGC, and thus EBV latency patterns should be further
subdivided into Ia or Ib based on the absence or presence of LMP2A[12,15]. LMP2A not only inhibits apoptosis
through up-regulation of the cellular survivin gene via the
NF-kB pathway[16], but induces expression of phosphorylated signal transducer and activator of transcription 3
(pSTAT3), which causes up-regulation of DNA methyltransferase DNMT1[16] and DNMT3B[17] in EBV-infected
GC cells. DNA methyltransferases play important roles in
controlling DNA methylation. The subsequent overdrive
of CpG methylation and silencing of tumour suppressor
genes such as PTEN, p16, and p73 leads to the transformation of EBV-infected cells. Hence epigenetic dysregulation plays an important role in gastric carcinogenesis.

MECHANISM OF EBV INFECTION
EBV may infect host gastric epithelial cells directly or
indirectly (Figure 1). In direct infection, the viral envelope glycoprotein BMRF-2 interacts with cellular β1
integrins. Subsequently, viral protein gH/gL attaches
to cellular αvβ6/8 integrins, and triggers fusion of the
viral envelope with the epithelial cell membrane[6]. EBV
preferentially infects B lymphocytes, which then mediates
subsequent infection to epithelial cells[7]. In B cell invasion, EBV envelope glycoproteins gp350/220 bind to
B cell receptors CD21 and/or CD35[8,9]. Simultaneously,
viral glycoprotein gp42 interacts with Human Leukocyte
Antigen (HLA) class Ⅱ molecules on the B cell membrane to trigger the core fusion complex, enabling EBV
entry into the B cell (Figure 2)[8,10]. Through direct cellto-cell contact, EBV-infected B cells may subsequently
infect epithelial cells[11]. The exact mechanism of epithelial cell invasion is unclear, but involves CD21-mediated
co-capping of EBV and integrins on B cells, as well as
conjugate formation between EBV-infected B cells and
epithelial cells via the capped adhesion molecules[11]. Once
EBV enters epithelial cells, the viral capsid dissolves and
the viral genome is transported to the cell nucleus.

EBVaGC AND EPIGENETIC ALTERATIONS
Epigenetics refer to functionally relevant and heritable
changes in gene expression that occur without alteration of the underlying DNA sequence. The two primary
mechanisms which may produce this change are DNA

LATENCY, VIRAL PROTEINS, AND
CARCINOGENESIS
Following infection, EBV typically persists in a latent
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3 Invasion and cancer
development

Infection

EBV

Cell lysis
Abnormal intracellular signals

EBV

Cell
lysis

ctio

Infe
n

B cell mediated
EBV infection

2 CpG Island
methylator phenotype

Epigenetic modifications by DNMT1,
DNMT3a and EBV miRNAs

EBV

1 Latency expression EBNA1,
EBERs, LMP2A and BARTs
Gastric epithelial cells

Figure 1 Epstein-Barr virus infects host gastric epithelial cells through direct and indirect mechanisms. Epstein-Barr virus (EBV) preferentially infects B
lymphocytes, which subsequently infects gastric epithelial cells through direct cell-to-cell contact. EBV infection causes expression of latency 1a and/or 1b proteins in
gastric epithelial cells. EBV infection also up-regulates genes including EBNA1, EBER, LMP2A, and BART, altering expression of DNMTs and miRNAs. Collectively,
the abnormal intracellular signals lead to carcinogenesis and tumour development.

cells as a first step in the development of cancer[18]. This
epigenetic plasticity causes genomic instability, and collectively drives tumour progression[19].
The CpG island methylator phenotype was first
observed in EBVaGC in 1999[20]. EBV infection was
shown to induce extensive methylation and repression
of tumour suppressor genes over 18 wk in MKN7, a low
methylation GC cell line[21]. Subsequent studies confirmed
that EBVaGC has higher rates of aberrant DNA methylation than EBV non-associated GC (EBVnGC)[21,22].
Nevertheless, the mechanisms by which EBV induces
aberrant DNA methylation and histone modification remain poorly understood.

B cell
EBV

B cell
EBV
HLA Ⅱ
CD21

EBV AND microRNA

CD35

Viral encoded miRNAs play a pivotal role in alterations
to DNA methylation status in host cells. The expression
of EBV miRNAs vary under different latency programs
(Table 3)[23]. For example, miR-BART1-5p, 6, and 17-5p
suppresses LMP1 expression[24], whilst miR-BART-22
regulates expression of LMP2A[25]. EBV miRNAs further
repress cellular proteins, including PUMA, DICER1, and
BIM. EBV infection may also affect host cell miRNA
expression. Specifically, miR-200a and miR-200b are
down-regulated in EBVaGC compared to EBVnGC and
adjacent mucosa. This down-regulation may be mediated
by viral proteins such as BRAF0, EBER, and LMP2A, as
well as by aberrant DNA methylation following EBV infection[26]. More recently, miRNA sequencing studies have
revealed that EBV-infection mediates down-regulation of
tumour suppressor miRNAs including the Let-7 family.

gp42
gp350/220

B cell
EBV

Figure 2 Mechanism of Epstein-Barr virus infection in B lymphocytes. Epstein-Barr virus (EBV) envelope glycoproteins gp350/220 bind to B lymphocyte
receptors CD21 and/or CD35. Simultaneously, viral glycoprotein gp42 interacts
with HLA II on the B cell membrane to trigger the core fusion complex, enabling
EBV entry into the B cell.

methylation, and histone modification. According to the
epigenetic progenitor model, tumour-progenitor genes
promote the polyclonal epigenetic disruption of stem
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Table 3 Epstein-Barr virus-driven miRNAs and their target
genes

Table 4 Hypermethylated genes verified in Epstein-Barr
virus-associated gastric carcinoma tissue

Gene name

Function

Gene targets
in EBV

Gene targets in host cell

miR-BHRF1-1
miR-BART1-5p

LMP1[24]

miR-BART1-3
miR-BART2-5p
miR-BART3
miR-BART3-3p
miR-BART5
miR-BART6
miR-BART10
miR-BART13
miR-BART16
miR-BART17-p
miR-BART19
miR-BART22
miR-BARTs

BALF5[61]
LMP1[59]
LMP1[24]
BHRF1[59]
LMP1[24]
LMP1[24]
LMP1[59]
LMP2A[25]
-

GUF1[58], SCRN1[58]
CLEC2D[58,59], LY75[58,59], SP100[58,59],
DICER1[58,59], MICB[58,59]
CXCL11[60]
MICB[62]
DICER1[58], MICB[58]
IPO7[63]
PUMA[66]
DICER1[65]
CAPRIN2[59]
TOMM22[63]
BIM[66]

EBV: Epstein-Barr virus.

Further research is required to elucidate their role in tumourigenesis[27].

It may be caused by hypermethylation of SSTR1 and
GSTP1; both genes are frequently hypermethylated in
NPC and GC infected EBV tissues, and regulate cell
migration, proliferation, and apoptosis[30,31,39-42]. Notably,
EBV infection also up-regulates expression of FAM3B
and IHH[5]. FAM3B is associated with invasion[43], and
Indian Hedgehog (IHH) with increased metastatic
potential through angiogenesis and Snail protein expression, as well as a decrease in e-cadherin and tight
junctions[44,45]. Table 4 shows a comprehensive list of
hypermethylated genes and their role in carcinogenesis.
Hence aberrant DNA methylation plays an important
role in gastric carcinogenesis.

ABERRANT DNA METHYLATION IN
EBVaGC
Currently, GC is subdivided into three subtypes based on
CpG-island methylator phenotype (CIMP). Defined as
high (CIMP-H), low (CIMP-L), or none (CIMP-N), the
classification is based on the number of methylated loci
(≥ 4, 1-3, and 0 respectively) in the promoter regions
of five genes (LOX, HRASLS, FLNC, HAND1, and
THBD)[28]. It was previously shown that promoter methylation of cancer-related genes was seen more frequently
in EBVaGC than EBVnGC. EBVaGC is thus classified
as CIMP-H[29].
In a genome-wide study comparing promoter methylation between EBV-infected and EBV non-infected GC
cell lines, hundreds of genes involved in cancer pathways
such as cell adhesion molecules, wnt signalling pathway,
and mitogen-activated protein kinase signalling were
observed to be hypermethylated following EBV infection[17]. Further investigation through epigenomic and
transcriptomic sequencing revealed that 216 genes were
down-regulated by promoter hypermethylation. Significantly, hypermethylation of tumour suppressor genes,
including p14, p15, p16, APC, E-cadherin, and PTEN
were noted in EBVaGC, but not EBVnGC[30,31]. All studies unanimously agreed that p16 was significantly more
hypermethylated in EBVaGC[29-35]. P16 is a tumour suppressor gene which acts in the G1 phase of the cell cycle
to phosphorylate the retinoblastoma gene product (pRb).
Loss of p16 leads to uncontrolled cell growth[36], and is
thus commonly found in tumours[37,38].
Another important cellular abnormality in EBVaGC
is its resistance to apoptosis. The frequency of apoptosis
is significantly lower in EBVaGC than in EBVnGC[38].
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Hypermethylated genes

DAPK[30], BNIP3[29], FAM3B[5], HRK[29], IL15RA[17],
MINT31[32], p16[29-35], p73[30,32-34], PTEN[31,67], RASSF1A[31]
Cell adhesion
EPHB6[17], FLNc[30], FSD1[34], REC8[17], CSPG2[29]
Cell-cell interactions MDGA2[17], THBS1[31]
Cell cycle regulation APC[31], p15[30], p16[29-35], p57[29], p73[30,32-34]
Cell invasion
E-Cadherin[30,68,69]
Cell migration
EPHB6[17]
Cell proliferation
E-Cadherin[30,68,69], HRASLS[30], IL15RA[17],
MINT31[32], NKX3.1[34], RUNX3[32], TIMP2[21],
TIMP3[30]
Cell signalling
14-3-3Sigma[31], CSPG2[29], MINT1[31], MINT2[31,32],
PLXND1[21]
Differentiation
HAND1[30]
Dna repair
hMLH1[32,43,53], MGMT[31]
Exocytosis
SCRN1[34]
Metastasis
E-Cadherin[30,68,69], LOX[30]
Other
BCL7A[34], BLU[34], CHFR[29], CXXC4[21],
GSTP1[30,31,40], HLTF[29], HOXA10[70], IHH[5],
MARK1[34], MINT25[31], PAX5-β [29], SCARF2[17],
SSTR1[17,39], THBD[30], WNT5A[71]
Apoptosis

IMPLICATIONS FOR TREATMENT
Current treatment guidelines from the National Institute
for Health and Clinical Excellence (NICE) for the management of GC depends on the stage of disease. Broadly,
the mainstay for cure is surgical excision with clearance
of adjacent lymph nodes. Radiotherapy, and chemotherapeutic agents including cisplatin, docetaxel, epirubicin,
and 5-fluorouracil (5-FU) may be used as adjuvants or in
the palliative setting. Notably, no differentiation is made
between the distinct subtypes of GC in the treatment
guidelines.
Research has established that EBVaGC represents a
distinct entity of GC, characterised not only by unique
genomic aberrations, but also by clinicopathologic features such as less lymph node involvement, and significantly better prognosis[2]. Naturally, there are associated
therapeutic implications, as evidenced by resistance to
docetaxel and 5-FU in EBV-positive, but not EBVnGC
cell lines[46,47]. The chemoresistance is mediated by EBVlytic gene expression, which induces expression of Bcl-2
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epigenetic modifiers and ZEB1 inhibitors have been used
to induce lytic transformation of EBV-infected gastric
cancer cells. Expressed only in the lytic form of infection, virally encoded kinases convert ganciclovir into its
active form, potentiating its cytotoxic effects[53,54]. Hence
epigenetic modifiers may be a useful therapeutic strategy
in EBVaGC.
However, several problems must be considered.
Firstly, methylation is reversible, so re-methylation and
re-silencing after cessation of drug therapy may occur[55].
Moreover, there have been numerous concerns raised
regarding the systemic effects of non-specific gene activation in non-cancerous cells by epigenetic therapies.
Conflicting evidence exists in the literature regarding
the effect of epigenetic therapies on normal cells. Some
studies have demonstrated that 5-Aza and decitabine
increases mutation frequency, causes chromosomal rearrangements, and decreases fertility in mice. Conversely,
no increase in chromosomal integrity was observed following administration of low dose 5-aza-CdR in patients
with myelodysplastic syndrome[56]. Additionally, treatment
of 41 leukemia patients with 5-aza-CdR showed only
mild effects on global genomic de-methylation, as measured by changes in Alu methylation[57]. Few adverse effects were observed, and original methylation levels were
regained within two weeks after therapy. No development
of secondary malignancies were recorded. Consequently,
further studies are needed to investigate the long term effects of epigenetic therapies.

Table 5 Selection of epigenetic therapeutics in cancer
chemotherapy
Target

Drug name

DNA methylation

Azacitine (5-Aza-CR)
Decitabine (5-Aza-CdR)
Hydralazine
Epigallocatechin-3gallate (EGCG)
5-Fluoro-deoxycytidine
(FdCyd/FDAC)
5-fluoro-2′deoxycytidine (FCdR)
Procainamide
Procaine
Psammaplin A
RG108
Zebularine
Histone deacetylases
Vorinostat
Romidepsin
Panobinostat
SEN196
Phenyl butyrate
Valporic acid
Compound 6J
(R = -C4H8)

Status

Ref.

Approved
Approved
Phase Ⅱ/Ⅲ
Phase Ⅱ

[72]
[72]
[73]
[74-76]

Phase Ⅰ/Ⅱ

[77]

Phase Ⅰ/Ⅱ

[78]

Phase Ⅰ
Phase Ⅰ
Phase 0
Phase 0
Phase 0
Approved
Approved
Phase Ⅱ
Phase Ⅱ
Phase Ⅰ/Ⅱ
Phase Ⅰ
Phase 0

[79]
[80]
[81,82]
[83-86]
[87-89]
[90]
[90]
[91]
[92]
[93-95]
[93-95]
[96]

and survivin whilst simultaneously suppressing p21 to
inhibit apoptosis[48]. In support of this hypothesis, silencing of EBV-lytic gene LMP1 through specific small
interfering RNA (siRNA) enhanced chemosensitivity of
cancer cells to bleomycin and cisplatin[49]. Since epigenetic
dysregulation is implicated in the expression of EBV-lytic
genes and consequent tumour progression, we believe
that epigenetic processes are a rational therapeutic target
in EBVaGC.
Crucially, aberrant DNA methylation in cancer is
reversible. Thus the enzymes which regulate epigenetic
modifications are attractive targets for pharmacological
intervention. Current epigenetic therapies may be classified into histone acetyltransferase (HAT), histone deacetylase (HDAC), and DNA methyltransferase (DNMT)
inhibitors (Table 5). Broadly, they facilitate demethylation
and re-expression of epigenetically silenced tumour suppressor genes, lowering the apoptotic threshold to sensitise tumour cells to chemotherapy and radiotherapy. Consequently, there has been an emphasis on investigating
the clinical value of epigenetic therapies in combination
with conventional cytotoxic agents and radiation.
It was previously reported that the combination of
irradiation and 5-aza-CdR significantly decreased growth
activity compared with irradiation alone in OCUM-2M,
OCUM-12, and MKN-45 GC cell lines (P < 0.05). The
cell cycle arrest and increased apoptotic rate may be partly mediated by enhanced expression of p53, RASSF1,
and DAPK gene families by 5-aza-CdR[50]. The use of
epigenetic therapies in conjunction with targeted therapies such as geftinib in lung cancer, imatinib in chronic
myeloid leukemia, and trastuzumab in breast cancer cell
lines and in vivo tumour models also had synergistic effects on the induction of apoptosis[51,52]. More recently,
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CONCLUSION
EBVaGC is a unique type of GC. The characteristic
global hypermethylation of the promoter region in
tumour-suppressor genes may be due to overexpression
of DNMTs by viral latent proteins, miRNAs, and various epigenomic changes. However, the precise role of
EBV in the multifactorial etiology of GC is still not fully
understood. Further studies are needed to elucidate the
intricate relationship between EBV infection, environmental factors, genetic backgrounds, and aberrant DNA
methylation in GC. A better understanding of the role
of EBV in gastric carcinogenesis will enable discovery of
novel therapeutic targets and strategies.
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INTRODUCTION

Abstract

Gastric cancer is the fourth most common cancer and the
second most deadly cancer worldwide[1,2]; it is particularly
prevalent in Asian countries[3,4]. According to the American Cancer Society, approximately 738000 people died
worldwide from stomach cancer in 2008[5]. At present, no
effective treatment is available for this disease, and identification of early stage gastric cancer is difficult because it
is often asymptotic or misdiagnosed. Moreover, the prognosis of patients with advanced gastric cancer remains
poor due to its high metastatic recurrence[6,7], and the
complex molecular mechanisms underlying metastasis are
not well characterized[8,9].
Presently, early diagnosis of human gastric cancer or
tumor recurrence is primarily based on endoscopy, biopsy
and pathological examination. Endoscopy is a widely used
method for detecting early stages of gastric cancer[10-12]
despite its inconsistent diagnostic efficiency, which stems
from variations in the skill and experience of the endoscopist and pathologist. In recent years, several serum
biomarkers have been identified as new tools for early
screening of gastric cancer in developed countries[11-16].
However, these serum biomarkers are not effective as
other screening devices given their low specificity and sensitivity[13]. Recently, epidemiological data have revealed that
Helicobacter pylori (H. pylori) infection and dietary factors are

Metabolomics is a field of study in systems biology
that involves the identification and quantification of
metabolites present in a biological system. Analyzing metabolic differences between unperturbed and
perturbed networks, such as cancerous and noncancerous samples, can provide insight into underlying
disease pathology, disease prognosis and diagnosis.
Despite the large number of review articles concerning
metabolomics and its application in cancer research,
biomarker and drug discovery, these reviews do not
focus on a specific type of cancer. Metabolomics may
provide biomarkers useful for identification of early
stage gastric cancer, potentially addressing an important clinical need. Here, we present a short review on
metabolomics as a tool for biomarker discovery in human gastric cancer, with a primary focus on its use as
a predictor of anticancer drug chemosensitivity, diagnosis, prognosis, and metastasis.
© 2015 Baishideng Publishing Group Inc. All rights reserved.

Key words: Metabolomics; Gastric cancer; Chemosensitivity; Metastasis; Biomarkers; Nuclear magnetic resonance spectroscopy; Liquid/gas chromatography and
mass spectrometry
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Table 1 Overview of gastric cancer detection and treatment via traditional methods compared with metabolomics
Cancer detection state/stage Traditional methods
Diagnosis

Metabolomics (biomarkers)

Ref.

Endoscopy, biopsy

Prognosis
Metastasis

Chemosensitivity of drugs

Lactic acid, butanedioic acid, malic acid, citric acids, [91,93,100,101]
pyruvic acid, 3-hydroxypropionic acid, serine, proline
Radiotherapy, chemotherapy surgery
Valine, isoleucine, serine, 3-indoxyl sulfate, hippurate,
[96,99,102]
citrate
Computed tomography (CT) scanning, endo- Sarcosine, alanine, proline, serine, myo-inositol, glyc- [90,91,98,103]
scopic ultrasonography (EUS), positron emission erol
tomography (PET)
MTT chemosensitivity assay
1-acyl-lysophosphatidylcholines and polyunsaturated
[75,104]
fatty acids

Genomics
(DNA)

Transcriptomics
(RNA)

Proteomics
(protein)

Metabolomics
(DNA)

Geno typing
assays

Micro array
qRT-PCR

LC-MS
NMR 2D
gelelectrophoresis

LC-MS
GC-MS
NMR
FT-IR

Potential cancer biomarkers
Clinical test trials
Approved cancer biomarkers
For early detection, prognosis, and diagnosis etc.

Figure 1 Biological organization of different omic technologies[20]. The position of metabolomics is shown with respect to the other “omic” methods. In addition, a
scheme for the discovery of cancer biomarkers using “omics” -based approaches is shown. qRT-PCR: Quantitative reverse transcriptase-polymerase chain reaction;
LC-MS: Liquid chromatography-mass spectrometry; GC-MS: Gas chromatography-mass spectrometry; NMR: Nuclear magnetic resonance; FT-IR: Fourier-transform
infrared.

the main risk factors associated with gastric cancer[1,2].
An overview of traditional methods involved in gastric
cancer detection, diagnosis and prognosis in comparison
with metabolomic methods is presented in Table 1. The
field of metabolomics may offer practical solutions to the
challenges mentioned above. Metabolomics, the study of
the unique metabolite signature in a biological system (cell,
tissue, or organism) under a given set of conditions[17],
has emerged as a promising technology in the study
of human cancers. Metabolites are not merely the end
product of gene expression; rather, they are the result of
the interaction of the system’s genome with its environment. They are an integral part of any cellular regulatory
system[18]. Metabolomics is regarded as one of the new
high-throughput, “-omics” technologies. Along with genomics, transcriptomics, and proteomics, metabolomics
is a scientific field of study that seeks to achieve the aims
of systems biology[18,19]. The biological organization of
different “-omes” and the flow of information from the
genome to the transcriptome, the proteome and finally
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the metabolome is presented in Figure 1[20]. Metabolomic
studies offer a unique approach for identifying metabolomic pathways that are perturbed under specific conditions[21,22], thereby providing information different from
other “-omic” technologies[19]. In recent years, metabolomic studies have been successfully conducted in various
cancer systems, including stomach[21], lung[23,24], renal[25,26],
breast[27], brain[28] and colorectal[29-32]. Metabolomic studies
have also been conducted in human xenograft models[33-38]
(transplantation of living cells, tissues or organs from one
species to another). These studies can provide valuable
information in terms of novel biomarkers that identify
cancerous cells. A biomarker[39] often represents a component found in plasma, whose concentration indicates the
presence or the severity of disease states. Biomarkers can
therefore serve as an indicator of tumor progression and
treatment efficacy. Biomarkers can be chemical, physical
or biological in nature. Metabolomic studies typically begin with tissue sampling, followed by sample analysis. Nuclear magnetic resonance spectroscopy (NMR) is the most
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Procedure phase

sis. Then, we review several studies of applying metabolomics to gastric cancer research. Finally, future directions
and concluding remarks are presented.

Method/technique

Cancer group

Sampling
biological
tissues

Control group

ANALYTICAL TECHNIQUES

Sample preparation

A number of analytical techniques are currently used for
metabolomic studies depending on the particular metabolite of interest. In general, NMR spectroscopy (in most
cases 1H-NMR)[58,59], liquid chromatography (LC)[26,60]/gas
chromatography (GC)-mass spectrometry (MS) [31,61,62],
Fourier transform spectrometry[63,64] and capillary electrophoresis (CE)-mass spectrometry[65-68] are the major
spectroscopic techniques used in metabolomic analysis.
Generally, a combination of different methods provides
more information than a single method when analyzing the complete metabolome. NMR is one of the most
common analytical methods for urine and plasma analysis[69] due to its non-destructive nature, quantitative ability,
and safe metabolite identification that provides detailed
information on molecular structure. However, NMR
suffers from poor sensitivity. GC-/MS and LC-/MS are
widely accepted techniques for metabolite separation and
analysis. Metabolites must be volatile in nature in order
to use the GC-/MS technique efficiently. Fatty acids, organic acids and sugars are the best-suited metabolites for
GC-/MS. In contrast, LC-/MS can cover a broad range
of metabolites, including both volatile and non-volatile
compounds. CE-/MS is best suited for studies involving energy metabolism given its ability to simultaneously
quantify charged, low-molecular weight compounds. A
short overview of the advantages and limitations of the
different metabolomic methods is presented in Table 2.
GC-MS, LC-MS and NMR are the most commonly used
methods in cancer research, especially gastric cancer.

NMR
GC-MS
LC-MS
FT-IR

Analytical techniques

Peak detection
De-noising
Deconvolution

Preprocessing

Data processing
Multivariate
analysis

Pattern recognition
PCA
PLS-DA
OPLS
DA

Identification

Metabolites
identification
Database
knowledge

Biological
interpretation

Biomarkers for
cancer detection

Figure 2 Metabolic procedures for cancer research[12,40-42]. LC-MS: Liquid
chromatography-mass spectrometry; GC-MS: Gas chromatography-mass spectrometry; NMR: Nuclear magnetic resonance; FT-IR: Fourier-transform infrared;
PCA: Principal component analysis; OPLS-DA: Orthogonal partial least squares
discriminant analysis; PLS-DA: Partial least squares discriminant analysis.

common method of analysis. The large amount of data
generated by this analysis is then statistically processed to
identify the metabolites that are differentially expressed
between the samples, possibly leading to biomarker selection (Figure 2[12,40-42]). The key to identifying potential biomarkers is based on the level of metabolite differences in
biological samples taken from cancer patients and normal
(control) subjects. Metabolomics also has potential utility
in several fields of cancer research, including prognosis[43],
diagnosis[44,45] and drug evaluation and development[46-48].
It can also serve as an alternative strategy for personalized
cancer therapy[49,50].
Several review articles[12,40,51,52] have been published
on metabolomic applications in cancer research[20,53-55],
biomarker discovery [39,56,57] and natural product drug
discovery[18]. However, none of them have focused on a
specific type of cancer, particularly gastric cancer. Hence,
the aim of this article is to provide a brief overview of
the benefits of metabolomic studies to human gastric
cancer research, with a special focus on biomarkers. The
remainder of the paper is organized as follows. In next
section, we briefly discuss different analytical techniques
used in metabolomic studies and methods for data analy-
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DATA PROCESSING AND METABOLITE
IDENTIFICATION
Data integration and analysis is an important component of metabolomic studies because a large amount of
data is generated, similar to proteomic and transcriptomic studies. Proper management, pre-processing and
analysis of these data pose a significant challenge and
require sophisticated multivariate statistical software. A
sufficient number of statistical algorithms have been
developed for the analysis of metabolomic data, both
in a supervised and unsupervised manner. The important unsupervised methods that have been extensively
used in metabolomic analysis include principal component analysis (PCA), hierarchical clustering and selforganizing maps. Supervised methods include ANOVA,
partial least squares (PLS), hierarchical PLS, k-nearest
neighbors (KNN) and discriminant function analysis.
The principle details and applications of these methods
can be found elsewhere[44,70-72]. A short comparison of
these methods including advantages and limitations is
provided in review articles[41,52,55].
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Table 2 Comparison of different analytical techniques employed in metabolomics
Method

Sampling characteristics

Sensitivity
-6

Nuclear magnetic resoNon-destructive; mininance (NMR) spectroscopy mum sample required

10

Gas chromatography-mass Requires extraction,
spectrometry (GC-MS)
sample dried and chemical derivation
Liquid chromatographyRequires extraction and
mass spectrometry (LCconcentration (vacuum
MS)
drying), liquid-liquid
extraction

10-12

Fourier-transform infrared Uses vibrational frequen(FT-IR) spectrometry
cies of metabolites to
produce a fingerprint of
metabolism

10-6

Raman spectroscopy

10-6

Non-destructive; minimum sample required,
occasionally hydration is
needed

10-15

Advantages

Disadvantages

Ref.

Fully automated with a
high degree of reproducibility; relatively easy to identify
metabolites from simple onedimensional spectra
A relatively cheap and reproducible method with a high
degree of sensitivity
This method is increasingly
being used in place of GC-MS
as sample preparation is not as
time consuming; has a sensitivity similar to GC-MS
Cheap and good for highthroughput first screening

Lower sensitivity than mass spectrometry; co-resonant metabolites
can be difficult to quantify; drug
metabolites can be co-resonant with
metabolites of interest
Sample preparation can be time
consuming; not all compounds are
suitable for gas chromatography
More costly than GC-MS and
depends on the reproducibility of
liquid chromatography (more difficult to control than GC); can also
suffer from ion suppression
Very difficult to identify which metabolites are responsible for causing
changes; very poor at distinguishing metabolites within a class of
compounds
Very poor at distinguishing classes
of compounds

[20,41,105]

Has the advantage over FT-IR
in that water has only a weak
Raman spectrum; therefore,
many functional groups can be
observed

[20,41,108,109]

[20,41,110,111]

[20,41,110,111]

algorithm[83] with 90% accuracy, and 18 chemosensitivity metabolites for gastric cancer were proposed in their
study. Key metabolites included 1-acyl-lysophosphatidylcholine and polyunsaturated fatty acids, which are
hydrolysis products of phosphatidylcholine. The 1-acyllysophosphatidylcholine biochemical pathway regulates
the activity of enzymes like phospholipases A2 and B1
and lysophosphatidylcholine acetyltransferases[84-88]. Thus,
these key metabolites could serve as crucial modulators
of gastric cancer chemosensitivity.

CHEMOSENSITIVITY PREDICTION AND
DEVELOPMENT OF PREDICTIVE MODELS
Chemosensitivity prediction is a challenging task in the
treatment of advanced gastric cancer[73]. Chemotherapy
with anticancer drugs plays a significant role in the
personalized management of gastric cancer [74]. Some
patients with gastric cancer do not respond well to these
drugs, and in some cases, chemotherapy may cause severe toxicity and functional impairment[75-78]. Hence, it is
crucial to select individual patients with high chemosensitivity for the management of cancer by chemotherapy
treatment. The two major approaches for predicting the
activity of anticancer drugs in gastric cancer are resistance enzyme testing and cell-culture testing (chemosensitivity)[73]. In the past, chemosensitivity predictions have
been based on clone formation, cell metabolic activity
assays in vitro, proliferation, and tumor growth. Unfortunately, these methods suffer from low specificity, sensitivity and accuracy[75].
In order to overcome these limitations, high-throughput “-omic” methods have been developed as powerful
tools for use in different types of cancer treatments[79-82].
Wang et al[75] described a metabolic approach for chemosensitivity prediction in a human xenograft model of
gastric cancer treated with cisplatin and 5-fluorouracil.
In this approach, mice were divided randomly into control and treatment groups (i.e., resistant, intermediate,
and sensitive groups based on relative tumor growth).
Blood plasma was collected, and metabolic profiles were
obtained by using high performance liquid chromatography coupled with a quadrupole time-of-flight mass
spectrometer (HPLC/Q-TOF-MS). From the metabolic
data, a predictive model was developed using a KNN
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[20,41,106,107]

IDENTIFICATION OF POTENTIAL
BIOMARKERS FOR GASTRIC CANCER
METASTASIS
Metastasis[22] is the spread of a disease from one organ or
part to a non-adjacent organ or part. Most gastric cancer
deaths occur as a result of metastasis. It is important
to explore the complex mechanisms of gastric cancer
metastasis in order to identify the key metabolic markers
involved in the process. Several genes involved in gastric
cancer metastasis have been reported in the literature[8,9,89].
However, no potential biomarkers were identified as
predictors of metastasis and prognosis due to large variations in expression levels. Chen et al[90] have conducted
metabolomic studies on human xenograft models to
elucidate the underlying mechanisms of gastric cancer
metastasis and discover possible biomarkers for diagnosis. Their mice were randomized into control, metastatic,
and non-metastatic groups, and tissue samples from each
group were collected and analyzed using GC-MS. Their
study identified approximately 30 metabolites differentially regulated among the groups. Proline was the most
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Figure 3 Nuclear magnetic resonance spectra of urine samples from control (A) and cancerous mice (B)[96]. A number of metabolites showed significant metabolic changes in their levels. For example, trimethylamine oxide (TMAO) levels are reduced in cancerous mice compared with control.

as a sensitive diagnostic biomarker[94], and the inhibitor
of matrix metalloproteinase-1 was suggested as a potential prognostic biomarker[95]. Kim et al[96] conducted 1HNMR-based metabolomic studies on mouse models to
identify possible urinary biomarkers for human gastric
cancer. A comparison of the NMR spectra for the cancer and control groups is shown in Figure 3[96], and the
metabolite trimethylamine oxide (TMAO) is significantly
reduced in cancer cells compared with the control, and
it is clearly visible in the spectra. Pattern recognition
methods attempting to discriminate the control from
the tumor group indicated (Figure 4[96]) a clear separation between the cancer and control groups, thus implying the presence of significant metabolic differences in
certain metabolites between these two groups. TMAO,
3-indoxyl sulfate, hippurate, 2-oxoglutarate, and citrate
showed significant changes in concentration between
cancer and control groups and were proposed as potential urinary biomarkers for gastric cancer detection.
Yu et al[97] established a metabolic model to characterize several different stages of gastric cancer including
chronic superficial gastritis (CSG), chronic atrophic gastritis (CAG), intestinal metaplasia (IM), gastric dysplasia
(DYS) and GC. CSG showed metabolic patterns distinct
from the other groups (i.e., CAG, IM, DYS, and GC,
whose plots were closely clustered). IM closely clustered
with GC, suggesting that these two stages share similar
metabolic patterns. Fifteen metabolites displayed distinct metabolic signatures, facilitating discrimination of
CSG and GC and characterization of different stages of
GC. These biomarkers can be useful for indicating GC
risk. Song et al[98] developed a similar metabolic model
based on metabolomic studies of serum samples from
cancer and control groups. In this study, the supervised
multivariate statistical method orthogonal partial least
squares discriminant analysis was applied to discriminate
between cancer and non-cancer groups, but this model
failed to distinguish the different tumor node metastasis stages of cancer. In addition, approximately 50

up-regulated tissue metabolite in the metastatic group,
with a 2.45-fold increase in expression compared with the
non-metastatic group. Glutamine was the most downregulated metabolite, with a 1.71-fold reduction in expression in the metastatic group compared with the nonmetastatic group. All of these metabolites were involved
in pathways associated with gastric cancer metastasis, and
most of them were found in proline and serine metabolism. Hu et al[91] also conducted similar metabolomic studies, but their metabolic profiles were obtained from urine
samples. A PCA model was developed to discriminate the
gastric cancer model from control and to differentiate the
metastatic and non-metastatic groups. The level of lactic
acid was increased in the cancer group compared with
the normal group. The noted increase may be attributed
to the ‘Warburg effect’, where glucose is converted to lactic acid in cancer cells due to an increased rate of aerobic
glycolysis[92]. Chen et al[93] developed a urinary metabolic
model based on human xenograft models to distinguish
between metastatic and non-metastatic groups. GC-MS
studies were also conducted on samples from cancer patients and healthy controls. The metabolites lactic acid,
serine, proline, malic acid and fatty acids showed significant metabolic differences between cancerous and noncancerous groups. From the above discussion, it is clear
that proline and serine metabolism plays an important
role in metastasis, and metabolic biomarkers derived from
those pathways can be used for the treatment of gastric
cancer metastasis.

BIOMARKERS FOR GASTRIC CANCER
DIAGNOSIS AND PROGNOSIS
Biomarkers play a vital role in early stage diagnosis, disease prognosis, drug target identification, and patient
reaction to a particular treatment. Several biomarkers
have been proposed for gastric cancer diagnosis and
prognosis. For example, serum amyloid A was proposed
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Figure 4 Separation of the cancer (filled squares) and control groups (empty squares) using principal component analysis (A), partial least squaresdiscriminant analysis (B), and orthogonal partial least squares discriminant analysis (C) in global profiling of urine samples in two-dimensional score
plots[96]. These methods revealed that certain metabolites are involved in the separation of the two groups. OPLS: Orthogonal partial least squares; PC: Principal
component.

metabolites, many involved in amino acid and fatty acid
metabolism, displayed significant metabolic differences
between cancer and control groups and were proposed
as potential markers for the detection of cancer. In an
additional metabolomic study on gastric cancer patients,
Wu et al[99] identified tissue metabolic markers and confirmed that valine metabolism was involved in the metabolic changes associated with gastric cancer. In another
study[100], a metabolic diagnostic model was developed
to characterize gastrointestinal cancer (esophageal, gastric, and colorectal cancers) based on serum metabolomics.
Thus, biomarkers discovered from metabolomic studies may play a significant role in gastric cancer with regard
to early stage detection, diagnosis, prognosis, drug development and chemosensitivity predictions. The complete
details of metabolomics studies on human gastric cancer
including study population, sample type and analytical
method used are presented in Table 3.

MS and LC-MS metabolic techniques are widely used in
gastric cancer research. Furthermore, a large number of
multivariate data analysis methods have been developed
to analyze metabolomic data; PCA and PLS are the most
prominent examples. However, despite the number of
statistical tools available in metabolomics, many of these
methods have limitations; thus, room for further development exists.
Metabolomics has also demonstrated promise in
the development of diagnostic tools for gastric cancers.
These studies are based on small cohorts; therefore,
larger studies are needed for validation of biomarker
utility and thereafter translation to a clinical setting. The
ability to obtain a high quality sample along with sample
collection, storage and analysis are all factors that have
large consequences on metabolic results. This fact underscores the need for standardized protocols. Metabolomic
studies are beneficial for cancer identification, diagnosis
and prognosis. Moreover, by combining metabolomics
with other ‘‘-omic’’ methods, a more comprehensive understanding of the processes involved in cancer development is likely to be generated.

CONCLUSION
The use of metabolomics in human gastric cancer to
discover novel biomarkers is an emerging field. The metabolomics field is superior to other “-omic” methods,
as it provides accurate quantities of metabolites in a particular biological system. Hence, the biomarkers identified by metabolomics are likely to be reliable. NMR, GC-
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Table 3 Overview of metabolomic studies on gastric cancer
Patients/xenograft model

Sample

Sample size
(cancer + control)

Analytical
method

Multivariate
method

Major findings

Ref.

Both
Xenograft model
Patients
Patients

Urinary
sample

33

GC-MS

PCA

[93]

Serum

60

GC-MS

OPLS-DA

Patients

Plasma

80

GC-TOF-MS

PLS-DA

Patients

Serum

50

GC-MS

PCA

Patients

Tissue

18

PCA

Xenograft model

Plasma

80

GC-MS with
chemical
derivatization
HPLC/
Q-TOF-MS

Lactic acid, serine, proline, malic acid and fatty
acids as potential markers for screening and early
diagnosis
Sarcosine as a potential biomarker for the
progression of gastric cancer metastasis
Azelaic acid, glutamate, urate, creatinine, threonate
as markers for characterizing the precancerous
stages and gastric cancer
3-hydroxypropionic acid and pyruvic acids as
potential diagnostic markers for gastric cancer
Valine, isoleucine, serine and phosphoserine for
diagnosis and staging of gastric cancers

Xenograft model

Urinary
sample

24

GC/MS

PLS and
hierarchical
PLS
PCA

Xenograft model

Tissue

22

GC/MS

PCA

1-acyl-lysophosphatidylcholines and
polyunsaturated fatty acids as potential indicators
of chemosensitivity for gastric cancer
Lactic acid, butanedioic acid, malic acid and citric
acids as potential markers for cancer screening.
Alanine, proline, myo-inositol and glycerol as key
markers for identifying cancer metastasis
Serine and proline metabolism pathways were
enriched in cancer metastasis and may help
elucidate the complex molecular mechanisms
governing metastasis

[98]
[97]

[100]
[99]

[75]

[91]

[90]

PCA: Principal component analysis; PLS: Partial least squares; OPLS-DA: Orthogonal partial least squares discriminant analysis; GC-MS: Gas
chromatography-mass spectrometry; PLS-DA: Partial least squares discriminant analysis; GC-TOF-MS: Gas chromatography coupled with time-of-flight
mass spectrometry; HPLC/Q-TOF-MS: Uhra-performance liquid chromatography/quadrupole time-of-flight mass spectrometry.
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diagnosis and prognosis of stomach tumor. Simultaneously, new possible molecular markers with an established role for other neoplasms, were discussed, such
as mesothelin, stomatin-like protein 2 and Notch-1.
Hence, a wide overview including both old and new
diagnostic/prognostic tools was offered. Great attention was also dedicated to possible drugs to be used
against GC. They included monoclonal antibodies, such
as MS57-2.1, drugs used in other pathologies, such as
maraviroc, and natural extracts from plants such as biflorin. We would like to contribute to summarize the most
impressive studies presented at the IGCC, concerning
novel findings about molecular biology of gastric cancer.
Although further investigations will be necessary, it can
be inferred that more and more tools were developed,
so as to better face stomach neoplasms.
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Core tip: Gastric cancer (GC) is one of the most common tumors in the world, although scientists’ knowledge about this neoplasm grew in the last years. In
th
June, an international meeting (10 International Gastric Cancer Congress), focused on GC management,
was held in Verona (Italy). It gave an overview about
the state-of-the-art stomach tumor treatments, including chemotherapy, surgical therapies and nutritional
support. Moreover, several new possible prognostic
markers were shown. Here we report a summary of
novel findings taken from some molecular biology sessions, focused on prognosis and treatment of GC.

Abstract
The Tenth International Gastric Cancer Congress (IGCC)
was held in Verona, Italy, from June 19 to 22, 2013.
The meeting enclosed various aspects of stomach
tumor management, including both tightly clinical approaches, and topics more related to basic research.
Moreover, an overview on gastrointestinal stromal tumors was provided too, although here not discussed.
Here we will discuss some topics related to molecular
biology of gastric cancer (GC), inherent to prognostic,
diagnostic and therapeutic tools shown at the conference. Results about well known subjects, such as
E-cadherin loss of expression/function, were presented.
They revealed that other mutations of the gene were
identified, showing a continuous research to improve
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intervention, whereas in the United States this kind of
radical management in carriers is usually performed[12-15].

DOI: http://dx.doi.org/10.3748/wjg.v20.i27.8986

MARKERS KNOWN IN OTHER CANCERS:
POSSIBLE ROLE IN GC DIAGNOSIS AND
PROGNOSIS

INTRODUCTION
Gastric cancer (GC) represents one of the most frequent
cause of cancer death[1,2], although most of the mechanisms leading to its development have been clarified.
Helicobacter pylori (H. pylori) infection, salted/smoked food
consumption and E-cadherin mutations[2-4] are the main
causes of stomach tumor, according to multifactoriality characterizing almost all neoplasms. Improving early
diagnosis is one of the most yearned target, because of
possible misunderstanding of first GC symptom. Therapies are based above all on surgery and, however, the use
of drugs was recently supported by GC gene expression
analysis, which led to performing target specific treatments[5,6]. Reflecting the need of a multidisciplinary approach, the (10th IGCC) predisposed several sessions in
which the authors were allowed to present their results
in a well targeted context. Discussed topics ranged from
surgical techniques, to patient nutrition, to diagnosis and
chemotherapy. We focused our attention on subjects
related to possible diagnostic/prognostic factors and
to molecular targeted therapies. As we report, together
with novel findings about well characterized molecules,
a role in GC development of markers involved in other
neoplasms growth was also found. Moreover, discussed
therapies provided interesting starting points, as the
results obtained with natural extracts of Capraria biflora
on a GC cell line and the treatment of a mouse model
of peritoneal metastases with maraviroc, an Food and
Drug Administration (FDA) approved drug used for
human immunodeficiency virus (HIV) patients. Hence
we can assert that the 10th IGCC gave an all-round view
about GC, showing the most important trend in this
neoplasm management.

Nearby novel discoveries related to well-known markers,
such as CDH1, novel potential diagnostic and prognostic tools were described.
Santos-Sousa et al[16] presented an emerging role for
mesothelin, a glycosylphosphatidylinositol-anchored cell
surface protein overexpressed both in mesothelioma[17-19]
and in ovarian cancer[18-20]. They found that mesothelin
expression in GC tissue specimens was correlated with
tumor location, macroscopic appearance, Lauren histological classification and stage. Moreover, its cytoplasmic
expression was correlated with lymphatic invasion and
associated with poorer survival. In 2012, Baba et al[21]
discussed the role of mesothelin in GC development
and its possible usefulness as a prognostic factor. They
found that patients positive for mesothelin expression
in gastric tissues showed broader nodal involvement and
deeper tumor invasion. Yet, when the analysis was limited to only advanced GC cases, a higher survival rate was
found in mesothelin positive patients. Considering the
papers of Santos-Sousa et al[16] and of Baba et al[21], it can
be inferred that mesothelin is an independent prognostic
factor of GC, as stressed from authors themselves. But
the first authors showed its cytoplasmic placement as
a key element in exerting prognostic role, whereas the
second ones referred its expected cell membrane localization. Hence further studies are necessary to better
answer questions about mesothelin expression and localization so as to improve our knowledge on its role in GC
development.
Few contributions were presented about the role of
cell cycle regulators in stomach tumor development. Very
interesting were the results presented by Kim et al[22],
which focused their attention on p16 protein, whose
expression was found lost in other neoplasms[23-26]. The
same result was obtained in intestinal histotype of GC
from the analysis performed by the authors, who showed
that loss of p16 expression was related to a higher rate
of cancer recurrence and poorer 5-year disease-free survival. This finding led the authors to hypothesize a role
of loss of p16 expression in GC development, which is
similar to data observed in other cancers.
Stomatin-like protein 2 (SLP-2) is a protein belonging to the stomatin superfamily, which has been found
overexpressed in several kind of tumors[27]. Its overexpression is generally associated with poor prognosis in
esophageal squamous cell carcinoma, human gallbladder
cancer and HER2 negative breast cancer[27-29]. Liu et al[30]
confirmed SLP-2 as a prognostic tool to manage GC.
High level of SLP-2 expression was significantly associated with the depth of invasion, lymph node and distant
metastases, and tumor node metastasis (TNM) stage in

NOVEL FINDINGS ABOUT E-CADHERIN
Many studies about E-cadherin (also known as CDH1)
have been performed over the past several years. Its role
in GC development is ascertained by now[7-9] and several
germline mutations were effectively well characterized[7].
Yet, Sugimoto et al[10] reported the first case of a de novo
large genomic deletion of CDH1 associated with earlyonset diffuse GC. The patient, with a deletion of the
exon 11, was a 41-year-old man with no familial history
of GC. His son was a carrier of the same deletion, hence
according to authors’ conclusions, CDH1 mutational
status should be considered also in the absence of familial history of GC. Again, the investigation of CDH1
mutational status led also to decision of profilactic gastrectomy, as shown by Biffi et al[11]. Authors presented a
case of 41-year-old female patient positive for germline
CDH1 mutation, who had previously undergone surgical
resection of a lobular breast cancer. The case reported
by authors was the first Italian prophylactic surgical
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GC. Notch1 is another possible marker overexpressed
in GC, as shown in two independent cohort studies
performed by Chu et al[31]. Both of them showed that
higher Notch1 expression was correlated with a shorter
survival time, while lower Notch-1 expression was correlated with a better survival of GC patients. These
results suggest that Notch1, whose prognostic role was
found in other tumors[32,33], has a predictive role in clinical outcomes of GC patients too. Moreover, the authors
highlighted the dependence of Notch1 prognostic value
on p65 status, hypothesizing a role as a promising novel
target for GC therapy.
An unexpected result was reported by Chen et al[34].
They found that CD44 positive expression in surgical
specimens of primary GC was not correlated with clinicopathological features and survival outcomes. These
data may be considered surprising because CD44 is a
well-recognized tumor marker[35-37]. It may be possible
that GC development is independent from CD44 expression levels, although it has to be mentioned that in
2013, a paper of Hirata et al[38] was published, in which
the authors found a correlation between expression of a
CD44 variant and GC recurrence.
Epigenetic control of DNA expression was often
found pivotal in etiogenesis of various cancers, since
it leads to gene silencing and therefore to loss of expression of oncosuppressors too[39-41]. Calcagno et al[42]
investigated the expression levels of enzymes with methyltransferase activity, showing that they may exert an
important role in GC development. They found high
levels of DNMT1, DNMT3A and DNMT3B (DNAmethyl-transferase 1, 3A and 3B) expression in gastric
adenocarcinoma tissues, when compared to normal
specimens. However, they found no correlation between
DNMT1, DNMT3A and DNMT3B overexpression
and clinicopathological features, drawing the conclusion that the increased expression may be placed in the
early stage GC development. Besides, the same authors
investigated the effects of hypermethylation in GC cell
lines[43]. They treated two gastric adenocarcinoma cell
lines, ACP02 (diffuse-type) and ACP03 (intestinal-type),
with a demethylating agent and evaluated gene expression compared to untreated cells. The genes neuritin 1
(NRN1) and tumor necrosis factor alpha-induced protein (TNFAIP) were found upregulated in both GC cell
lines compared to controls, while metastasis associated
lung adenocarcinoma transcript 1 (MALAT1) and small
nucleolar RNA D (SNORD) were overexpressed only in
intestinal-type GC cell line. They obtained these data as
before by microarray assay and confirmed them by realtime PCR, finding new genes epigenetically altered in
GC. Also, the overexpression of nonmuscle myosin IIA
(NMIIA) may be associated with progression and poor
prognosis of GC, as revealed by Liu et al[44], because high
expression of this protein is significantly correlated with
the depth of wall invasion, lymph node metastasis, distant metastasis and TNM stage. Another very interesting
prognostic tool was presented by Choi[45], who found
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that in GC patients, the number of loss of eterozygosity (LOH) may be a determinant poor prognostic factor.
The author analyzed LOH of 5 chromosomes having
tumor suppressor genes such as p16, PTEN, Rb, E-cadherin and p53 in 100 surgically resected tumors. Patients
with 2 or more LOHs displayed a poorer 5-year survival
rate than those who had less than 2 LOHs. In particular,
LOH in 17p13 (p53 locus) contributed to a lower survival rate. Therefore, the number and the type of LOH
in GC may be useful prognostic indicators. A very innovative diagnostic tool was presented by Linē et al[46], who
identified a tumor-associated autoantibody signature that
can be used for the early detection of GC among highrisk individuals. The autoantibody production, which
does not correlate with histotype, already occurs in early
GC and it could be associated with shorter overall survival. H. pylori status, grade, localization and size of the
primary tumor were not related to autoantibody signature. Diagnosis of GC at advanced stages is considered
a major reason for lower five-year overall survival rate in
developing countries[47]. Hence, early diagnosis of GC is
fundamental for patient survival.

VASCULAR ENDOTHELIAL GROWTH
FACTOR AS POSSIBLE GC MARKERS
VEGF (vascular endothelial growth factor) has been largely investigated because of its active role in angiogenesis. It
was found that its overexpression is a poorer prognostic
marker in various neoplasms such as osteosarcoma[48],
non-small cell lung carcinoma[49] and melanoma[50].
Some authors analyzed the expression levels of VEGFs either alone, or together with other possible prognostic factors. Kruszyna et al[51] showed that VEGF, hypoxia
inducible factor-1 (HIF-1) and CXC chemokine receptor 4 (CXCR4) were up-regulated in tumoral, but not in
normal specimens. Von Hippel-Lindau tumor suppressor (VHL) and HIF-prolyl hydroxylase 2 (PHD2) were,
instead, expressed at very low levels in tumor tissues. All
these results were found related with malignant tumor
progression and lymph node metastasis, drawing attention to the possibility of considering VEGF, CXCR4,
VHL and PHD2 as prognostic markers of GC. Noteworthy were also the results obtained by Partika et al[52].
Although in few patients, they observed the absence
of VEGF within the GC tissue despite its high plasma
concentration. The authors hypothesized that VEGF in
somehow was quickly eliminated into the blood stream.
Hence, further investigations may be useful to cast light
on the possibility to use plasma levels of VEGF as a
biomarker. Finally, Yingwei et al[53] investigated the expression levels of VEGF, EGF and their receptors in
GC cell lines of different biological properties and the
outcomes of their targeted inhibition. They found that
EGF, EGFR, VEGF and VEGFR mRNA expression
increased sequentially in SGC7901, BGC823, HGC27
and MGC803 cell lines, allowing them to increase their
proliferation, motility and adhesion. Therefore, spe-
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cific inhibition of VEGF and EGF may impair cellular
properties related to tumoral phenotype, representing
a possible therapeutic strategy for GC. On the other
hand, Donizy et al[54] have not found any clinical significance of VEGF-C, VEGF-D, VEGFR-3 expression in
GC patients. The only statistically significant parameter
which they found related to poor prognosis and shorter
long-term survival was the lower level of matrix metalloproteinase-2 (MMP-2). Hence it can be deduced that,
although there are some exceptions, VEGF pathways
may be considered as possible prognostic tools and/or
therapeutic targets.

invasion. In particular, a functional monoclonal antibody
(mAb) MS57-2.1 against novel antigenic markers on the
gastric cancer cell surface, MS57A and MS57B, was generated. Both antigens are membrane bound glycosylated
enzymes and belong to the alkaline phosphatase family[64].
MS57-2.1 mAb was produced by hybridoma method
and it was able to bind specifically to GC cell membrane
with high affinity. Through this binding, a cellular signal
inhibiting tumor cell migration and invasion was found
activated in vitro and tumor metastasis impairment was
detected in vivo. Hence, MS57-2.1 mAb could represent
an effective novel tool in GC therapy because it may
help to impair progression of tumoral phenotype. Other
authors tested the effect of drugs both in vitro and in vivo
experiments. In vitro, Calcagno et al[65] evaluated the cytotoxic and genotoxic potential of E-2-Benzo[D]thiazol
in normal and gastric tumor cells (ACP02 - diffuse-type
gastric adenocarcinoma cell line). Their results showed
DNA damage and apoptosis in tumor cells, without
significant damage to lymphocytes. These findings suggest E-2-Benzo[D]thiazol as a potential drug to improve
GC management. Protein kinase D (PKD) inhibitor
CID755673 may be another anti-neoplastic treatment for
GC, as shown by Tsuboi et al[66]. PKD regulates multiple
normal and abnormal biological processes, including
angiogenesis[67,68]. VEGF pathway seems to be an important driver of tumorigenesis in GC, as previously reported[69,70], also in a paragraph above. Analysis of mechanism of action of CID755673, performed in MKN45
cell line, showed inhibition of PKD phosphorylation,
induced by phorbol myristate acetate, and of VEGF secretion levels in a dose-dependent manner. Hence, PKD
inhibitors may contribute to angiogenesis regression in
GC. In an in vivo model, Graziosi et al[71] studied the effect
of maraviroc, a chemokine CCR5-receptor antagonist, in
GC treatment. Maraviroc is the first member of a new
class of antiretroviral drugs, whose mechanism of action
is pivoted on blocking R5-tropic HIV entry into CD4
cells[72,73]. It was approved by United States FDA to be
used, in combination with other antiretroviral agents, for
treatment of patients carrying both drug-sensitive and
-resistant HIV strains[74]. In cancer, metastasis prevention
induced by maraviroc was observed in hepatocellular
carcinoma[75] and basal breast cancer[76,77]. In their study,
Graziosi et al[71] analyzed a mouse model of peritoneal
carcinomatosis in which maraviroc reduced both GC cell
dissemination and tumor growth. These findings provide
evidences for an important role of CCR5 in cancer cell
invasiveness, suggesting also a possible use of maraviroc
as a further therapy to reduce the risk of metastasis in
GC patients. Finally, among the various possible chemotherapeutic strategies, it has to be mentioned the potential
efficacy of biflorin, a prenyl-ortonaftoquinone obtained
from the roots of Capraria biflora L., in ACP02 cell line.
Calcagno et al[78] reported that biflorin exerts anticancer
activity; it inhibits both tumor cell line growth in culture
and tumor development in mice[79,80]. In fact, biflorin
showed a powerful cytotoxic effect in vitro, inhibiting cell

MICROSATELLITES INSTABILITY
Interesting studies about prognostic significance of microsatellites instability (MSI) were also presented. Pascale
et al [55] analyzed the differences in MSI between two
groups of patients living in higher and lower Italian risk
areas. The authors found that GC patients living in higher
risk areas showed a higher rate of MSI than those in lowrisk areas. These results stress the relationship among
environment, genome and cancer, topic of investigations
for a long time. Although not always demonstrated, it is
undeniable that many authors contributed to reinforce
the aforementioned relationship. The analysis performed
by Pascale et al[55] is hence particularly interesting because
it highlighted the clinical implications derived from possible impact of environment on human genome. Kim
et al[56] presented similarly interesting results, related to
role of MSI in GC medical evaluation. They studied the
link between the MSI-high (MSI-H) and GC prognosis
in patients who underwent gastrectomy. In few patients
MSI-H was detected and there was no relationship with
lymph node involvement. Yet, MSI-H correlated with a
poorer prognosis than MSI-low (MSI-L) and microsatellite stable (MSS) context. It has to be noticed that in literature different results were reported too. Some authors
showed that MSI-H was related to a better prognosis[57-59],
whereas others reported no significant correlation between MSI and GC prognosis[60,61]. And in more recent
reviews, the role exerted by MSI in GC development is
discussed but not definitely clarified[62]. Hence it can be
deduced that far from being well understood, the role
of MSI in GC, although challenging cues were provided
during the 10th IGCC, deserves further investigations in
order to better clarify its role in GC development.

TREATMENT AND THERAPY OF GC
One of the most challenging topics of the 10th IGCC, representing also one of the most innovative section of 10th
IGCC, was referred to biomolecular analysis of therapeutic
management of GC. Various authors obtained promising results, identifying novel potential therapeutic tools
that could have a future clinical application. Liu et al[63]
identified a novel immunological method that can not
only detect GC cells and but also inhibit migration and
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proliferation, migration and invasion. Moreover, after
treatment, morphological analysis spotlighted cell death
by necrosis. Results obtained by authors seemed to be
focused on a possible reduction of MYC copy number in
ACP02 and in the length of telomeres, to give a possible
explanation for biflorin effects.

12

CONCLUSION

13

The 10 th IGCC gave a complete overview about the
state-of-the-art of stomach tumor management. Both in
the basic research and in clinical activity, there has been
a great knowledge improvement. In our opinion, original
suggestions were particularly found in therapy and treatment sections. Treatment of GC with Maraviroc, generally used in HIV patients, may be a turning point, so as
the promising possible use of biflorin. Yet, due to complexity of GC etiogenesis, further studies will be necessary and will have to be performed for a long period of
time to reach the target of a gold standard therapy.
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Core tip: This minireview summarized the most up-todate important microRNAs (miRNAs) involved in tumor
progression and development in gastric cancer. The
potential use of miRNAs in the different areas of clinical
settings is discussed.

Abstract
Gastric cancer is one of the leading causes of cancer
mortality in the world. Aberrant expression of microRNAs (miRNAs) is the hallmark of this disease. MiRNAs
are endogenous non-coding RNAs that are involved
in many biological processes (e.g. , cell proliferation,
differentiation, apoptosis, invasion and development)
through gene repression. Deregulation of miRNA expression in gastric tumors and cancer cell lines have
been documented to contribute in tumorigenesis, and
the expression signature may correlate with different
cancer types and clinicopathological features. Here,
we summarized the updated gastric cancer-associated
miRNAs and the downstream targets in the process of
tumorigenesis. Recently, many researchers make use
of the miRNA microarray platform to profile miRNA expression in gastric cancer and correlated with different
clinical parameters. Its application on cancer diagnosis,
prognosis and predicting treatment response rate are
still underway and needs further investigation. Emerging roles of miRNAs with oncogenic or tumor suppressive properties in gastric tumorigenesis were discussed.
Epigenetic silencing of miRNA by hypermethylation
of promoter CpG island was also observed in gastric
cancer. However, detailed mechanisms of how miRNAs
regulate gene expression in gastric cancer has not
been well studied. In this review, we highlight the up-
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INTRODUCTION
Gastric cancer is the second leading cause of cancer mortality in the world, and has a particularly high incidence in
Asian countries including China and Japan. Despite the
declining incidence of gastric cancer, there are still over 1
million cases newly diagnosed and 850000 deaths globally
each year[1]. The high mortality rate is mainly due to late
presentation, since early stage of gastric cancer is either
asymptomatic or presents with non-specific symptoms.
The survival rate depends on the stage of gastric cancer at the time of diagnosis[2]. In Western countries, the
5-year survival ranged from 5%-20%, whereas in Japan,
the survival rate was about 50% due to early diagnosis[3].
Today, surgery remains the mainstay of potentially curative treatment for gastric cancer. Nevertheless, over 50%
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of the patients may still develop recurrence after curative
resection. A good screening method for early detection
is the best way to reduce gastric cancer mortality. Due to
the associated side effects with endoscopy, including perforation, aspiration pneumonia or bleeding, thus making
endoscopic screening not a common practice in the community. Hence there is an urge for the discovery of biomarkers for non-invasive early detection in gastric cancer
patients.
MicroRNAs (miRNAs) are endogenous noncoding
regulatory RNAs with 17-25 nucleotides, which play important roles in post-transcriptional gene regulation. The
ability to bind complementary sequences in 3’-untranslated regions (3’-UTR) of various target mRNAs leading
to direct mRNA degradation or translational repression.
MiRNAs regulate gene expression and contribute to development, differentiation, inflammation, and carcinogenesis. At present, over 24500 entries have been listed in the
miR Registry Database (release 20, http://www.mirbase.
org/), implicating more than 30000 mature miRNA products, and the number of miRNAs is expected to increase
exponentially in the future. Studies have shown that over
30% of human genes are regulated by miRNAs, in which
a single miRNA controls over hundreds of RNA.
MiRNA plays pivotal role in biological processes
including cell proliferation, metastasis, differentiation,
development and apoptosis[4,5]. Accumulating evidence
showed that the miRNA profiles were differentially expressed in cancerous tissues and normal counterparts[6,7].
The fact that miRNAs are very specific for different
types of tissues and even for types of cells within those
tissues, many studies profiled the miRNA patterns in
various cancer types, which put forward the diagnostic
and prognostic values of miRNAs in clinical applications.
To date, there are many different platforms to study the
expressions of miRNA, for example, northern blots, realtime PCR, primer extension and microarrays. Microarray
has been the most widely used for miRNA research, not
only it is a more user-friendly platform, its high throughput property makes possible to profile the whole genome
of miRNA.
Deregulation of miRNA in human cancers was a
result of impaired miRNA-biogenesis, genomic or epigenetic alterations, leading to the proto-oncogenic or
tumor suppressive role of miRNA in tumorigenesis.
For oncogenic miRNA, inhibitor of miRNA blocks the
function of miRNA; while tumor suppressive miRNA,
reconstitute miRNA precursor produce an anti-tumor effect. Hence targeting specific miRNA could be a possible
alternative for treating gastric cancer patients.

nucleotides hairpin precursor (Pre-miRNA) and exported
to the cytoplasm by a nuclear membrane export receptor Expotin-5. Pre-miRNA is then cleaved by another
RNase Ⅲ enzyme Dicer to form a mature doublestranded miRNA (about 22 nucleotides) which comprises
a mature miRNA guide strand and passenger strand. The
guide strand (mature miRNA) is incorporated into RNAinduced silencing complex (RISC) to target mRNA via
2 mechanisms: (1) cleavage of mRNA at the miRNA
binding site; and (2) repression of translation. Due to the
fact that miRNAs are present in the genomic regions that
involved in cancers, miRNAs become increasingly recognized as potential marker for diagnosis and prognosis.

GASTRIC CANCER RELATED MIRNAS IN
CELL PROLIFERATION AND APOPTOSIS
Microarray is a useful and convenient platform to profile
the miRNA expression in human cancers. By comparing
the expression in gastric cancerous tissue with non-tumor
tissue, the distinct miRNA signatures are associated with
progression and perhaps prognosis of gastric cancer[8].
The miRNA signatures have a higher accuracy and reproducibility than mRNA expression profiles, over 80% of
the paired gastric samples were classified correctly by the
miRNA signatures. Prediction and validation of downstream targets become increasingly important in miRNA
research, here; we listed the targets of upregulated and
downregulated miRNAs in gastric cancer (Table 1).
Over 92% of the gastric cancer patients demonstrated an upregulation of miR-21 in solid human tumors,
including gastric cancer[9]. Currently, it has been reported
that miR-21 was upregulated not only in cancerous tissues but also in Helicobacter pylori (H. pylori)-infected
gastric mucosa[10]. Gastric cancer is a result of multistep
and long-term interactions between genetic and environmental factors which process from chronic gastritis,
atrophic gastritis, intestinal metaplasia, glandular atrophy
and dysplasia[11]. The miRNA that was associated with H.
pylori-induced inflammation was miR-218, overexpression of this miR abrogated nuclear factor-kappa B (NF[12]
κB) activation . It was hypothesized that miR-21 might
augment the progression of infected normal mucosa to
chronic gastritis with unknown mechanisms. The signal
transducer and activator of transcription 3 (STAT3) activated the induction of miR-21[13]. Activation of NFκB and interleukin (IL)-6 stimulated STAT3 signaling,
which may explain the H. pylori-mediated upregulation of
miR-21. Interestingly, there is a transcription binding site
of NF-κB located in miR-21 transcriptional elements,
suggesting that miR-21 upregulation is a result of NF-κB
activation in gastric cancer[14].
Numerous evidence revealed that miR-21 attributed
to gastric cancer through enhanced cell proliferation and
inhibited apoptosis. On top of that, miR-21 also has the
ability to incite cell invasion and migration. It has been
reported that RECK, a tumor suppressor gene, is the
target of miR-21. It involves in the process of metastasis

BIOGENESIS OF MIRNAs
The biogenesis of miRNA involves the transcription of
miRNA by RNA polymerase Ⅱ to form large doublestranded precursor (Pri-miRNA) in the nucleus. It appeared in a hairpin structure which was then cleaved
by RNase Ⅲ endonuclease Drosha to produce a 60-70
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5-fluorouracil treatment in gastric cancer cells[17].

Table 1 Gastric cancer-associated microRNAs
Functions
Upregulated miRNAs
miR-15b, miR-16
Cell survival
miR-21
Cell proliferation, invasion

Targets

BCL2
PTEN
PDCD4
miR-23a
Cell proliferation
IRF1, IL6R
miR-27a
Cell proliferation
PROHIBITIN
miR-43c
Epigenetic regulation
VEZT
miR-106a
Cell cycle regulation
RB1
miR-106b-25 cluster Cell cycle arrest, apoptosis
E2F1
p57, p21, p27
miR-107
Invasion, metastasis
DICER1
miR-130b
Apoptosis, epigenetic
BIM, RUNX3
regulation
miR-150
Cell proliferation
EGR2
miR-223
Invasion, metastasis
EPB41L3
Downregulated miRNAs
let-7a
Cell proliferation
RAB40C
miR-9
Cell proliferation
NFkB
Cell proliferation, cell cycle
CDX2
regulation
miR-34b
Cell proliferation,
NOTCH1,
transcription,
c-Myc
epigenetic regulation
BCL2, SIRT1
miR-124a
Cell cycle arrest
CDK6
miR-126
Cell cycle arrest
CRK
miR-129-2
Cell proliferation,
SOX4
differentiation, epigenetic
regulation
miR-143
Cell proliferation
AKT
miR-145
Cell proliferation
IRS-1
miR-146a
Invasion, migration
EGFR, IRAK1
miR-148b
Cell proliferation
CCKBR
miR-181c
Transcriptional activation
NOTCH4,
K-ras
miR-200 family
Cell proliferation,
ZEB2,
invasion, migration
E-cadherin
miR-212
Cell proliferation
MeCP2
miR-218
Invasion, metastasis
ROBO1
receptor
Transcriptional activation
NFkB
miR-375
Cell survival
PDK1,
14-3-3zeta
Cell proliferation
JAK2
miR-451
Cell proliferation
MIF

Ref.

GASTRIC CANCER RELATED MIRNAS IN
CELL INVASION AND METASTASIS

[47]
[49]
[50]
[51]
[52]
[53]
[34]
[54]
[55]
[56]
[57]

There is a strong correlation of elevated expression of
high mobility group AT-hook 2 (HMGA2), a nonhistone
chromosomal protein that modulate translation, with tumor invasiveness in gastric cancer. HMGA2 was inversely
regulated by the let-7 miRNA family. High expression of
HMGA2 correlated with tumor invasion and was an independent prognostic factor in gastric cancer[21]. In addition,
miR-214 was reported to modulate hedgehog signaling,
where activation of hedgehog contributes to gastric cancer[8]. High expression of miR-214 was identified to correlate with unfavorable outcome in gastric cancer. In ovarian
cancer, miR-214 regulated the downstream target PTEN
to induce cell survival[22]. Furthermore, miR-196b expression has been shown to be significantly higher in gastric
cancer tissues than normal counterparts[23]. Silence of
ETS2 (a transcriptional modulator) enhanced miR-196b
expression which promoted gastric cancer cell migration
and invasion by increased vimentin, MMP-2 and MMP-9
expressions and suppressed E-cadherin expression.

[58]
[59]
[60]
[61]
[62]
[63]

[64]
[65]
[66]

Epigenetic alteration of miRNAs
Gastric carcinogenesis is a multistep process with genetic
alterations including mutation, activation of oncogenes
and suppression of tumor suppressor genes, and overexpression of growth factors. Genetic instability, DNA
methylation and mutations are known to participate
in the early development of gastric cancer. Epigenetic
changes become important areas in gastric cancer research. DNA methylation altered gene expression by
methylation of gene promoters at CpG islands which
lead to silencing of tumor suppressor genes in cancer
cells. Accumulating evidence revealed that abnormal
methylation pattern was observed in human diseases, as
well as cancer. MiR-9-1, miR-34b/c, miR-148, miR-137,
miR-193a, miR-203 and miR-342 were hypermethylated
in various human cancers[24,25].
Aberrant expression of miRNAs has been observed
in relation to gastric tumor progression, which may partially be explained by epigenetic modulation. Expressions
of miR-34b, miR-127-3p, miR-129-3p and miR-409 have
been found to correlate with the methylation status in human gastric cancer tissues, as well as in gastric cancer cell
lines[26]. Methylation status of the CpG islands in miR34b and miR-129 promoters was higher in gastric cancer
tissues than normal counterparts. In addition, treatment
with 5-aza-2’-deoxycytidine (demethylating agent) and
trichostatin A (histone deacetylase inhibitor) significantly
restored the expression of these miRNAs in a time-dependent fashion, suggesting low expression of these two
miRNAs was due to hypermethylation of CpG islands.
In consistent with the findings in gastric cancer, hypermethylation of miR-34b has been implicated in other
cancers like ovarian, non-small cell lung and colorectal

[17]
[17]
[67]
[68]
[30]
[69]
[29]
[70]
[12]
[71]
[72]
[73]

and angiogenesis through regulating metalloproteases
(MMPs)[10]. MiR-125b, miR-199a and miR-100 have been
shown to be the most important progression-related
miRNAs in gastric cancer and pancreatic adenocarcinoma[12,15], implicating that miRNA may have different
functions depends upon the tumor site. There are some
miRNAs (miR-32, miR-182 and miR-143) that are found
to be associated with intestinal-type gastric cancer, this
study implicated the usefulness of miRNA expression
profiles may serve as diagnostic biomarkers for different
subtypes of gastric cancers[16]. Expressions of miR-143,
miR-145, miR-9, miR-443, miR-31, and miR-34 have
been reported to downregulate in gastric cancer[17-19].
The roles of miR-143 and miR-145 on cell proliferation
have also been demonstrated in other gastrointestinal
cancers[20]. Ectopic expression of miR-143 and miR-145
showed significant growth retardation and sensitized to
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cancers[24,27,28]. A recent study revealed that methyl-CpGbinding protein (MeCP2) level was highly expressed in
gastric cancer cell lines and primary gastric cancer[29]. Ectopic expression of miR-212 abrogated MeCP2 protein
through binding at the MECP2 3’-UTR region leading to
cell growth retardation. Notably, there were allelic loss at
3p, 4p, 5q, 8p, 9p, 13q, 17p and 18q in gastric carcinoma,
and miR-212 is located at chromosome 17p13.3, which
could partly explain the downregulation of miR-212.
In another report, miRNA microarray data showed
that miR-181c was upregulated in 5’aza-2’-deoxycitidinetreated cells when compare with untreated gastric cancer cells, and yet the expression was downregulated in
primary gastric carcinoma[30]. With the use of cDNA
microarray analysis, it revealed that Notch4 and K-ras
were the downstream targets of miR-181c. Recent data
showed that low expression of miR-181c also involved in
the pathogenesis of glioblastoma[31]. Reduced miR-181c
expression was observed in a panel of high-grade glioblastoma tumors and cell lines. A highly positively correlated transcript p300/CBP-associated factor modulated
by miR-181c inhibited cell growth and increase apoptosis.
However, in squamous cell carcinoma, miR-181c expression was found to be upregulated when compare with the
normal tissues[32].
Epigenetic modifications plays a crucial role in the
control of miRNA expression and linked to cancer phenotype or potentially serve as early detection, disease
progression marker for gastric cancer, hence, further
mechanistic studies on miR methylation would be an important area to the development of therapeutic strategy
in treating against this disease.

several studies have shown that miRNAs have differential expression in the plasma of gastric cancer patients
when compare with the normal controls[36,37]. Most of the
studies demonstrated an improved sensitivity and specificity than conventional tumor markers (CEA, CA12-5,
CA19-9 and CA72-4)[35,37,38]. These mark a new era for
the potential use of circulating miRNA in diagnosis of
gastric cancer. Taken together, the deregulated miRNAs
could serve as a diagnostic biomarker for gastric cancer,
and hopefully detection of miRNA deregulation in plasma might help in early diagnosis of gastric cancer, so that
designing individualized treatment to antagonize the action of miR could be done in the early stage to improve
survival.

MIRNA AS PROGNOSTIC MARKER
Recently, many researchers are looking into the potential
use of miRNAs as prognostic tools other than diagnostic
application, however, this specific marker needs to correlate closely with clinical outcomes and metastatic potential. Profiling of miRNAs seems to be advantageous over
mRNAs in terms of cancer phenotypes differentiation.
A current report suggested a prognostic signature for
gastric cancer which consist of four risk miRNAs (miR10b, miR-21, miR-223 and miR-338; with hazard ratio > 1)
and three protective miRNAs (miR-30a-5p, miR-126 and
let-7a; hazard ratio < 1), and was associated with clinical
outcomes[39]. Another study showed that low expressions
of miR-21 and miR-181b are associated with overall
survival in patients treated with S-1 and doxifluridine[40].
Low expression of miR-125a-3p is correlated with tumor
size, invasion, metastasis and advanced clinical stage, and
an independent prognostic marker for gastric cancer[41].
Ectopic expression of miR-125a-3p showed remarkable
retardation of gastric cancer growth in vitro, illustrating
the tumor suppressive property and potential clinical use
of miR-125a-3p. On the other hand, the other strand of
miR-125a, miR-125-5p also showed similar tumor suppressive effect in gastric cancer, and low expression was
associated with poor prognosis[42]. Other study showed
that HMGA2 expression was directly correlated with
tumor invasiveness and prognosis, which is modulated
by let-7 family[21]. A similar observation was also seen
in pituitary adenomas, in which low expression of let-7
induced HGMA2 and related to tumor proliferation and
invasion[43].

CLINICAL APPLICATIONS
Potential miRNA as biomarker
It was found that the expression levels of miRNA correlated with clinical outcome. MiR-421 was overexpressed
in 73% (44/60) of gastric cancer tissues when compared
with the adjacent normal counterparts, and there is no
correlation with poor prognosis of patients, suggesting
that miR-421 upregulation could be an early diagnostic
marker for gastric cancer[33]. In another study, miR-31 was
found to be downregulated in gastric cancer tissues by
real-time RT-PCR[19] however, the molecular mechanism
is yet to be elucidated. MiR-106a expression was correlated with some clinic-pathological features including
tumor stage, size and differentiation, metastasis and invasion[34]. Higher level of miR-106a was observed in gastric
carcinoma when compared with non-tumor tissues. Recently, a five-miRNA signature (miR-1, miR-20, miR-27a,
miR-34 and miR-423-5p) was identified as a diagnostic
marker for gastric cancer with the receiver operating
characteristic (ROC) curve over 0.85% in serum samples,
which demonstrated a higher sensitivity than conventional marker (CEA or CA19-9)[35].
It was hypothesized that miRNA-derived from tumors would be shredded into the circulation. Indeed,
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MIRNA AND CHEMOTHERAPY
Though surgery is a promising treatment for gastric cancer, however, over 50% of patients will have recurrence
or systemic metastasis. Chemotherapy has been widely
used in the management of patients with advanced disease to prolong survival. However, multidrug resistance
(MDR) often hinders successful chemotherapeutic treatment. And there are the two mechanisms exist in tumor
cells towards cytostatic drugs: intrinsic or acquired drug
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resistance.
MiR-138 was found to be highly expressed in MDR
variant when compared with its parental leukemia cells[44].
Increased accumulation of adriamycin inside the cells
resulted in apoptosis through the repression of P-gylcoprotein (P-gp) and Bcl2 expressions. Multidrug resistance-associated protein (MRP-1) is another transporter,
other than P-gp, that expels cytostatic drugs out of the
cell. Transfection with miR-326 reduced expression of
MRP-1 and sensitized the cells to VP-16 and doxorubicin
in resistance cells[45]. Similar approach by using miR-27a
and miR-451 antagomirs decreased P-gp and multidrug
resistance-1 (MDR1) mRNA expression which increased
the intracellular concentration of cytotoxic drugs in the
cells[46]. When the miRNA expression profiles in MDR
variant were compared with its parental gastric cell line,
a small subset of miRs has been excavated. Downregulation of miR-15b and miR-16 in MDR cells restrained the
cells from apoptosis by modulation of Bcl2[47]. Ectopic
expression of miR-15b and miR-16 sensitized MDR cells
to chemotherapeutic agent, which lead to cell apoptosis[48]. These findings are of great impact on the functions
of miRNAs, and notably improve/sensitize the efficacy
of chemotherapeutic agent in gastric cancer.

of these miRNAs and their target genes, it would open
up new perspectives for more sophisticated and effective
therapeutic agents for treating gastric cancer.
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Racial and ethnic disparities in gastric cancer outcomes:
More important than surgical technique?
Shaila J Merchant, Lily Li, Joseph Kim
tients may not be solely attributed to surgical technique
and extent of lymphadenectomy. More recent evidence
from the Asian population of Los Angeles County and a
broad spectrum of the United States suggests that racial
disparities exist independent of the number of lymph
nodes harvested. Our data suggests that gastric cancer
outcomes are not comparable among different racial and
ethnic groups. Therefore, a one size fits all approach to
gastric cancer management appears to be inappropriate.
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Abstract
Racial and ethnic disparities in cancer care are major
public health concerns and their identification is necessary to develop interventions to eliminate these disparities. We and others have previously observed marked
disparities in gastric cancer outcomes between Eastern
and Western patients. These disparities have long been
attributed to surgical technique and extent of lymphadenectomy. However, more recent evidence suggests
that other factors such as tumor biology, environmental
factors such as Helicobacter pylori infection and stage
migration may also significantly contribute to these observed disparities. We review the literature surrounding
disparities in gastric cancer and provide data pertaining
to potential contributing factors.

INTRODUCTION
Cancer health disparities are “differences in the incidence,
prevalence, mortality and burden of cancer and related
adverse health conditions that exist among specific
population groups”[1]. Such disparities related to race and
ethnicity are well described and are major public health
concerns. Indeed, cancer incidence and death rates vary
considerably among select racial and ethnic groups[2,3].
For example, when considering all cancer sites combined,
black men have higher incidence and death rates compared to white men; black women also have higher death
rates compared to white women[2-4]. These disparities
apply to much of the United States, where whites and
blacks are the predominant racial groups. However, in
states such as California that have a large population of
immigrants, racial disparity investigations have included
the Asian population.
Our research group and others have previously investigated gastrointestinal cancer outcomes in Asians

© 2015 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: Our prior investigations and review of the
literature suggest that racial and ethnic disparities in
gastric cancer outcomes in Eastern and Western pa-
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Table 1 Investigations performed by our group demonstrating racial and ethnic disparities in gastrointestinal cancer outcomes
Ref.

Histology

Cancer
registry

Groups

Findings

Hepatocellular
carcinoma

SEER

white, black, Hispanic,
and Asian

Kim et al[7], 2011

Rectal cancer

LAC CSP

Lee et al[8], 2012

Rectal cancer

LAC CSP

white, black, Hispanic,
and Asian
white, black, Hispanic,
and Asian

Lee et al[9], 2012

Colon cancer

LAC CSP

Blacks have shortest OS
Race/ethnicity independently predicts OS
Asian race independently predicts improved OS
Asians have longest OS
Race/ethnicity independently predicts OS
Of patients who received neoadjuvant radiation, blacks have the
poorest survival
Race/ethnicity independently predicts survival
Asians have longest OS

Kim et al[16], 2010

Gastric cancer

LAC CSP

Kim et al[59], 2009

Gastric cancer

LAC CSP

Nelson et al[18], 2013

Gastric cancer

SEER

Artinyan et al[5], 2010

white, black, Hispanic,
and Asian
white, black, Hispanic,
Asians have longest OS
Asian race independently predicts improved OS for surgical patients
and Asian
Korean, Chinese, Japanese,
Koreans have longest MS
Filipinos have shortest MS
Filipino, and Vietnamese
Japanese and Filipino ethnicities independently predict worse OS
Korean-Americans and
Korean-Americans have prolonged OS independent of LNs
whites

SEER: Surveillance, Epidemiology, and End Results; LAC CSP: Los Angeles County Cancer Surveillance Program; MS: Median survival; OS: Overall
survival.

revealing better survival outcomes in a variety of cancers including hepatocellular carcinoma and rectal and
colon cancer[5-9] (Table 1). In addition to differences in
incidence and survival, there are differences in the type
of treatment received. This is more prominent in the
management and subsequent outcomes of gastric cancer,
one of the most common cancers in Asia[10]. Disparities
in gastric cancer outcomes has been an area of active
investigation, with many striving to explain the dramatic
differences in survival between Eastern and Western patients. Here, we explore the literature on racial and ethnic
disparities in gastric cancer and the factors that may contribute to this phenomenon.

initial diagnosis and to have a higher proportion of distal
gastric cancers[14,15]. Our group’s investigation of gastric
cancer in southern California revealed that Asians, Hispanics and blacks had the lowest percentage of proximal
tumors, whereas whites had the highest percentage of
proximal tumors. Furthermore, Asians were more likely
to have localized disease[16]. When examining receipt of
therapy, our group also observed that Asians were more
likely to undergo curative intent surgery[16]. Gill et al[15]
observed that Asians also received chemotherapy more
often than non-Asians. Regarding the quality of surgical resection, Al-Refaie et al[17] demonstrated that Asians
were less likely to have inadequate lymphadenectomy
compared to whites. It is no surprise then that studies
have repeatedly demonstrated that Asian patients have
better gastric cancer survival compared to other racial
and ethnic groups[10,15,16,18]. This disparity in survival when
viewed in a larger context between Eastern and Western
countries has been attributed largely to surgical technique
and extent of lymphadenectomy[19-21]. However, our investigations suggest that other factors such as differences
in tumor biology[14,22,23] and infectious etiologies such as
Helicobacter pylori (H. pylori)[24] may influence these disparities to variable extents. We discuss these factors below.

Racial and ethnic disparities in gastric cancer
Despite a decreasing incidence in the United States,
gastric cancer remains a leading cause of cancer-related
death worldwide[11]. In the United States, the estimated
new number of gastric cancer cases was 21600 with a
corresponding estimated number of deaths of 10990[2].
Although the number of deaths from gastric cancer has
been steadily declining since 1930, the disease continues
to be common in Asian countries where nearly 60% of
new cases occur[12]. Notwithstanding the higher prevalence of gastric cancer in Asia, significantly better outcomes have been reported in Asian compared to Western
countries[13]. For example, 5-year gastric cancer survival
in Japan is 60% compared to the much lower 20% in the
United States and Europe[10]. However, the outcomes disparities are not limited to survival alone. In fact, important differences have also been observed in gastric cancer
presentation and anatomic location and patient receipt of
multi-modality therapy and surgery.
When considering disease presentation and location (proximal - cardia, fundus; distal - body, antrum,
pylorus), Asian patients are more likely to be younger at
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Surgical technique and extent of lymphadenectomy
One of the historical areas of controversy in the surgical
management of gastric cancer is the extent of lymphadenectomy. Lymph node disease is an independent prognostic factor in gastric cancer[19,20,25,26] and prospective
randomized trials have shown mixed results pertaining
to the value of extended lymphadenectomy. One such
study performed by the Medical Research Council in the
United Kingdom[27] examined gastrectomy with D1 vs D2
lymph node dissection (LND) and the results showed
higher morbidity and mortality in the D2 LND group.
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Furthermore, 5-year overall and recurrence-free survival
were not significantly different between the 2 groups[28].
The Dutch Gastric Cancer Group also conducted a
major investigation, randomizing patients to undergo
gastrectomy with D1 vs D2 LND[29]. The analysis demonstrated that D2 LND was associated with significantly
greater peri-operative morbidity and mortality compared
to D1 LND. Although there was no survival benefit initially observed with D2 LND[30,31], a 15-year analysis of
the data showed that D2 LND was associated with lower
locoregional recurrence and gastric cancer-related death
rates[32]. Nevertheless, Western data is generally different
from studies performed in Eastern countries. In Japan,
numerous retrospective, observational, and prospective
studies have shown improved survival in patients undergoing extended lymphadenectomy[19-21]. As such, D2
LND is regarded as standard of care and nearly all centers in Asia have embraced the routine performance of
extended LND, whereas its performance in the United
States and Western centers is likely to occur only at specialty centers.
The degree of LND is based on the Japanese staging
system in which nodal stations are categorized as N1, N2,
N3 or N4[19,20]. For example, D1 dissection entails removal of the N1 lymph node basin (i.e., perigastric, lesser and
greater curvature, suprapyloric and infrapyloric), whereas
D2 dissection involves D1 dissection plus removal of
nodes along the major named arteries (left gastric artery,
splenic artery, common hepatic artery and celiac trunk).
More extended lymph node dissections involve the removal of lymph nodes in the hepatoduodenal ligament
and retropancreatic and para-aortic regions. In a randomized controlled trial comparing D1 and D3 LND, the
more extensive LND was associated with higher 5-year
overall and recurrence-free survival[21].
The adoption of D2 LND in Western countries has
been slow and may contribute to the reported differences in survival outcomes between Eastern and Western
patients undergoing surgery for gastric cancer. Interestingly, our own data suggests that the superior survival
outcomes noted in Eastern populations may not be directly related to extent of lymphadenectomy. Using the
National Cancer Institute’s Surveillance, Epidemiology
and End Results (SEER) registry, we observed that the
outcomes of Korean-American gastric cancer patients
were independent of lymph node number[18]. Remarkably,
despite a consistently low number of examined lymph
nodes for Korean-American patients, survival rates were
comparable to previously reported outcomes from East
Asian centers with higher lymph node yields. These findings suggest that the higher gastric cancer survival in the
East may not be attributed solely to surgical technique.
However, our own group firmly adheres to the routine
performance of D2 LND dissection in our patients with
gastric adenocarcinoma.

number of lymph nodes examined may affect nodal staging[33-35]. Thus, the comparison of outcomes between
Eastern centers with extended LND and Western centers
with inadequate LND may produce disparities because
of potential under-staging in Western patients. Originally
described by Feinstein et al[36] as the Will Rogers phenomenon, there is a migration of disease into more advanced
stages by the identification of lymph node disease with
more extensive dissection (in Eastern patients) that would
otherwise remain unidentified (in Western patients) with
inadequate surgical dissection. Therefore, stage migration
associated with more radical lymphadenectomy in the
East may contribute to the disparate survival differences
between Eastern and Western patients.
Tumor biology
The different patterns of gastric cancer in the East and
West are so apparent that many have suggested inherent
differences in biologic behaviour. This theory may be supported by the distinct anatomic patterns of gastric cancer
location between Eastern and Western patients. Distal
cancers constitute the majority of stomach cancer cases
worldwide[10] whereas the incidence rates of proximal
cancers have increased in Western countries[10,37,38]. While
the distinct anatomic patterns and histologic subtypes of
cancer may suggest differing tumor biology, studies have
been unable to consistently support this notion.
From a molecular perspective, McCulloch et al[39,40]
showed that the oncogenes c-erbB2 and TP53 were expressed in a similar fashion in gastric cancers from Japanese and British patients, but Theuer et al[23] demonstrated
higher frequency of microsatellite stability in gastric
cancers from Japanese compared to American patients.
Theuer et al[22] demonstrated that normal E-cadherin expression was more common in Japanese intestinal-type
gastric cancer whereas c-erbB2 expression was higher in
American gastric cancers. These findings are relevant because abnormal E-cadherin expression is associated with
adverse features in gastric cancer such as loss of cellcell adhesion (a more common feature of diffuse-type
gastric cancer)[41,42] and increased c-erbB2 expression may
correlate with depth of invasion and metastasis[43]. Furthermore, tumors in British patients have a significantly
greater mean cell nuclear antigen proliferation index
than Japanese tumors and increased levels of an “antimetastasis” factor have been reported in specimens from
Japanese compared to British patients[44].
Different genetic backgrounds in various ethnic
populations may alter susceptibility to developing gastric cancer. More recently, there has been a plethora of
information pertaining to genetic polymorphisms in gastric cancer. Various genes, including but not limited to,
CD14[45], glutathione S-transferase T1[46] and XRCC3[47]
have been shown to alter gastric cancer susceptibility in
ethnic groups, particularly Asians and Caucasians. These
molecular studies suggest that differences in tumor biology among various ethnic groups exist and may contribute
to racial disparities in gastric cancer outcomes.

Stage migration
Variability in the extent of lymphadenectomy and the
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H. pylori
Globally, H. pylori infection affects 50% of the worldwide population[48]. In addition to its indisputable role
in chronic gastritis and peptic ulcer disease[49,50], the association between H. pylori and gastric cancer is also well
accepted[25,50-52] and epidemiologic studies estimate that
the risk of gastric cancer in H. pylori-infected individuals
is increased by 20-fold[53]. In general, the seroprevalence
rates in less developed or developing countries are higher
than in developed countries[24]. Compared to the United
States, Asian countries have higher seroprevalence rates
and Asian immigrants have much higher rates of H. pylori
seropositivity than whites[24,54]. Thus, the high rates of
gastric cancer in Asia may occur from a complex interaction between host factors, environmental factors and H.
pylori infection[24].
Different H. pylori strains occur across diverse geographic regions and differences in these strains have correlated with variations in gastric cancer epidemiology[24].
For example, cytotoxin-associated gene A (CagA) and
vacuolating cytotoxin A are major pathogenic factors
that may dysregulate host intracellular signalling pathways
and lower the threshold for neoplastic transformation[50].
Strains that produce CagA are more likely to cause cancer[55,56]. Finally, differences in H. pylori genomes have
been demonstrated between East Asian and non-Asian
populations[57] and may also conceivably contribute to
disparities in gastric cancer outcomes.

namese populations, with the greatest difference between
Koreans and Filipinos, who had the best and worst
overall survival, respectively. Korean patients were least
likely to have nodal or distant disease and had a lower
rate of proximal tumors; conversely, Filipino patients had
amongst the highest rates of nodal and distant disease
as well as proximal gastric cancers. These results suggest
that there are differences in gastric cancer presentation
and survival among Asian ethnicities and that combining
diverse Asian ethnic populations as one single race may
be grossly inappropriate.
In a more recent study utilizing the SEER registry, we
compared characteristics of Korean-American patients
who had high or low lymph node counts and attempted
to determine whether extent of lymphadenectomy during
curative-intent gastric surgery would impact survival[18].
Remarkably, overall survival was not different in KoreanAmerican patients undergoing excision of 1-15 lymph
nodes compared to 16+ lymph nodes for all stages of
disease. A similar analysis was conducted for whites,
which showed that overall survival diverged according to
examined lymph node groups. Specifically, white patients
with 16+ examined lymph nodes had significantly longer
overall survival than for 1-15 examined lymph nodes for
all stages of disease. These findings suggest that extent
of lymphadenectomy may not contribute to survival outcomes in Eastern patients as much as previously believed
and that it may be more important in Western patients.

Our research observations
Our group has taken great interest in racial and ethnic
disparities in gastric cancer. Within the state of California, Los Angeles County is an ethnically diverse population in which the percentage of Asians is approximately
3-fold higher than in the general United States population
and where Hispanics comprise the largest ethnic group[58].
This milieu provides a unique opportunity to study the
potential association between race and ethnicity and
gastric cancer outcomes. Using the Los Angeles County
Cancer Surveillance Program database, we demonstrated
that Asian patients with gastric cancer demonstrated
longer survival than whites, Hispanics and blacks[16].
Furthermore, in patients that underwent surgical resection, superior survival was again demonstrated in Asian
patients compared to whites, Hispanics and blacks[16] and
remained significant even when cancer location and extent of lymphadenectomy were taken into account. Even
more intriguing is the observation that there was no improvement in 5-year survival for patients with increased
lymph node retrieval. Our results support the presence
of persistent racial and ethnic differences despite controlling for technical factors
We subsequently compared outcomes among the different Asian ethnic groups and discovered differences
in gastric cancer survival among Asian ethnicities[59].
Again using the Los Angeles County Cancer Surveillance
Program database, we showed stark survival differences
between Korean, Chinese, Japanese, Filipino and Viet-

DISCUSSION
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Much literature shows that the issue of racial and ethnic
disparities and cancer outcomes remains important and
thus it continues to be under active investigation. These
disparities are likely influenced by a number of different
factors (e.g., access to screening, quality of surgical care,
access and response to multimodality therapy, etc.) and a
better understanding of these disparities can lead to interventions that may help to abolish these disparities.
Stark differences in gastric cancer outcomes between
Eastern and Western patients have been investigated and
debated. Although many Eastern surgeons are convinced
that these disparities are largely secondary to surgical
technique, the importance of race and ethnicity in impacting these disparities has gained traction. As a surgical
unit, we strongly advocate the routine performance of
D2 lymphadenectomy for curative resection of gastric
adenocarcinoma, but we also strongly suspect that factors
beyond surgical control influence outcomes.
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Core tip: For the patients with a history of endoscopic
resection of early gastric cancer, Helicobacter pylori (H.
pylori ) eradication followed by continued surveillance
for gastric cancer is generally required because those
with severe gastric atrophy retain considerable gastric
cancer risk even after H. pylori eradication. We review
the role of H. pylori and effect of H. pylori eradication
indicating the incidence and the predictive factors on
development of metachronous cancer after endoscopic
therapy of early gastric cancer.

Abstract
The high incidence of gastric cancer in Japan initially
resulted in establishment of a country-wide gastric
cancer screening program to detect early and treatable
cancers. In 2013 countrywide Helicobacter pylori (H.
pylori ) eradication was approved coupled with endoscopy to assess for the presence of chronic gastritis. Current data support the notion that cure of the infection
in those with non-atrophic gastritis will prevent development of gastric cancer. However, while progression
to more severe damage is halted in those who have
already developed, atrophic gastritis/gastric atrophy
remain at risk for subsequent development of gastric
cancer. That risk is directly related to the extent and
severity of atrophic gastritis. Methods to stratify cancer
risk include those based on endoscopic assessment of
the atrophic border, histologic grading, and non-invasive methods based on serologic testing of pepsinogen
levels. Continued surveillance is required because those
with atrophic gastritis/gastric atrophy retain considerable gastric cancer risk even after H. pylori eradication. Those who have already experienced a resectable
early gastric cancer are among those at highest risk as
metachronous lesions are frequent even after H. pylori
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INTRODUCTION
Gastric cancer is the fourth most common cancer and
second leading cause of cancer deaths worldwide with
more than 700000 deaths annually[1]. There are marked
geographic differences in gastric cancer incidence both
within and between countries and regions with the high-

611

February 8, 2015|First Edition|

Shiotani A et al . Metachronous gastric cancer after eradication

H. pylori as a definite carcinogen[15]. Two decades then
passed before this knowledge was translated into the decision to approve population-wide H. pylori eradication
for any population[7]. During this interval a number of
misconceptions regarding the attributable risk of H. pylori
infection in gastric cancer were corrected and the role of
atrophic gastritis as a surrogate for cancer risk was confirmed[16]. It is now accepted that H. pylori infection is responsible for more than 95% of gastric cancers (e.g., one
study in Japan demonstrated that H. pylori-negative gastric
cancer accounted for less than 3% among all gastric cancers)[17]. H. pylori infection causes progressive damage to
the stomach that may eventually result in atrophic gastritis/gastric atrophy with a rapidly increasing risk of gastric
cancer. It is this progressive nature of the process that
makes it so dangerous and many have been lulled into
compliancy when deciding what to do with a patient with
mild or non-atrophic gastritis without recognizing that
the current histology is actually an early stage of a progressive process and the subsequent changes are largely
irreversible. However, progression can be prevented or
halted by H. pylori eradication but the cancer risk associated with atrophic damage can at best be only partially
reversed. As such, H. pylori infection has been likened to
infestation with termites which also cause typically silent
put progressive damage. As with termites, the best results
are obtained when the problem is discovered before permanent and extensive damage has occurred. The failure
to recognize the progressive nature of the process can result in compliancy during which an individual cancer risk
progressively increases[18] .
H. pylori induced gastritis is typically acquired in childhood. Initially the inflammation and damage is most
severe in the non-acid secreting gastric antrum. Over
time the damage progresses into the gastric corpus as an
advancing atrophic border which can be recognized endoscopically, and the damage clinically progresses more
rapidly along the lesser curve than the greater curve[19,20].
Chronic inflammation related with H. pylori affects differentiation and promotes metaplasia[21-23]. As the damage
advances into the corpus along the atrophic border it
leaves behind a lawn of pyloric metaplasia (also known as
pseudopyloric or mucus metaplasia) now recognized to
be similar or identical to spasmolytic polypeptide/trefoil
factor family 2 (TFF2)-expressing metaplasia (SPEM)
described in animal models of gastric cancer[24,25]. The
recognition that pyloric metaplasia could be easily recognized by immunostaining as SPEM rather than the previous cumbersome process of identifying it on the basis
of corpus location and pepsinogen I staining allowed
many older observations to be rapidly confirmed and
extended[16]. It is now believed that intestinal metaplasia
arises from SPEM and SPEM may also provide the cell
of origin of gastric cancer[25,26]. Intestinal metaplasia is no
longer thought to be the precursor of gastric cancer but
rather is an easy recognized surrogate for the presence
and extent of gastric mucosal atrophy[27-29]. The concept
of multifocal atrophic gastritis actually represents scat-

est incidence occurring in Japan, Korea, China, Eastern
Europe and parts of Central and South America[2]. An attempt to reduce gastric cancer mortality led Japan in the
1950’s to establish secondary cancer prevention programs
to detect malignant lesions in an early and potentially
treatable stage. Improved detection of early lesions using
double contrast roentgenography of the stomach, gastrocamera and most recently endoscopic examination with
biopsy of suspected lesions has resulted in improved survival of patients receiving operative therapy[3].
Endoscopic methods to remove premalignant as
well as superficial malignant gastric lesions such as endoscopic mucosal resection and endoscopic submucosal
dissection have now become the standard of care in Japan and Korea for management of early gastric cancers
with no evidence of lymph node metastasis. This program has been highly successful and currently more than
half of Japanese gastric cancer cases are diagnosed at an
early stage[4]. Because endoscopic submucosal dissection
involves removal of both the mucosa and submucosa,
large lesions can be resected en bloc yielding an improved
histopathological diagnosis compared to endoscopic mucosal resection. However, both methods result in greater
post-interventional quality of life compared to surgical
resection[5].
While endoscopic removal of an early gastric cancer
only solves the problem of that particular lesion it does
not affect the overall cancer risk. The stomach in patients with early gastric cancer typically exhibits extensive
chronic atrophic changes with multiple areas with preneoplastic changes and often contains microscopic foci
of intramucosal cancer[6,7]. Prior studies that examined
stomachs of patients with early gastric cancer reported
that detailed histologic examination will reveal foci of
intramucosal cancer in up to 15%[8-10]. The presence of
these lesion is likely at least partially responsible for the
fact that the risk of developing a metachronous lesion
following endoscopic removal of an early gastric cancer
has ranged between 1% and 4% per year[8,11-13]. Because
of the high risk of metachronous lesions it is recommended that these patients are enrolled in a life-long endoscopic surveillance program.
The factors that influence the rate of appearance of
metachronous lesions remain unclear, however some
studies have shown that Helicobacter pylori (H. pylori) eradication results in a lower risk of developing a metachronous lesion[14]. Based on prior studies and the cancer field
effect, it should not be surprising that either metachronous lesion remains a risk. For example, H. pylori eradication in patients with H. pylori infection and atrophic
gastritis but no evidence of cancer has been shown to reduce but not eliminate that risk suggesting a role for the
organism itself, for continuing H. pylori-induced inflammation, or both in relation of cancer risk.
H. pylori and gastric cancer
In 1994, the International Agency for Research on Cancer (IARC) of the World Health Organization classified
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tered areas of intestinal metaplasia arising within a lawn
of SPEM-type atrophy damage[30-32]. The ease of diagnosing pyloric metaplasia has allowed development of a
new gastric cancer risk stratification system, the corpuspredominant gastritis index, to join the Operative Link
for Gastritis Assessment (OLGA) and OLGA-M histology systems of stratifying gastric cancer risk[33].

in detection of atrophic gastritis and early gastric cancer
and the decision was made that H. pylori eradication therapy should be accompanied by endoscopy to examine the
extent and severity of gastritis. In countries where gastric
cancer risk is lower and a large number of experienced
endoscopists is lacking, it would probably be more prudent and cost effective to use pre-therapy pepsinogen
testing to risk stratify patients into those possibly at higher risk for subsequent gastric cancer and those with little
or risk post H. pylori eradication. Those in the higher risk
category could then undergo endoscopy using a validated
risk stratification system to identify those with indications
for continued surveillance.

SERUM MARKERS FOR GASTRIC
CANCER RISK ASSESSMENT
Pepsinogen
For population wide testing it is important have efficient
and cost effective practical mass screening methods that
correlate with the risk of developing gastric cancer (i.e.,
non-invasive risk stratification). Since H. pylori infection
is the necessary but insufficient cause of gastric cancer,
identification and eradication of H. pylori is the most
important step; eradication H. pylori infections which will
ultimately eliminate gastric cancer. There are a number
of validated non-invasive methods to identify H. pylori
infection ranging from serologic methods, through the
urea breath test and stool H. pylori antigen testing[34].
However in populations where gastric cancer is common, H. pylori eradication alone is often insufficient as
many individuals will have already have experienced
irreversible gastric damage and thus carry an ongoing
risk for development of gastric cancer despite H. pylori
eradication. In the past when the emphasis was on identifying incidence cases of gastric cancer in high prevalence countries such as Japan, a number of approaches
(secondary cancer prevention) were tested. Measurement of serum pepsinogens proved to be a useful noninvasive method of identification of patients at risk and
also proved cost effective for enriching the population
with gastric cancer in screening studies[35-37]. The concept
is based on the fact that pepsinogen Ⅰ is produced by
the chief and mucous neck cells in the fundic glands
whereas and pepsinogen Ⅱ is produced throughout the
stomach as well as by Brunner’s glands[38,39]. Damage to
the gastric corpus results in a progressive decline in both
pepsinogen Ⅰ levels and the ratio of pepsinogen Ⅰ to
pepsinogen Ⅱ (pepsinogen Ⅰ/Ⅱ). Pepsinogen testing
thus allows a non-invasive assessment of the presence
and extent of atrophic gastritis and can be used to risk
identify patients endoscopic cancer screening programs
or for possibly needing endoscopic surveillance after
H. pylori eradication[6,29,35,37,40-42]. While this approach has
been shown to be useful, the cumulative data have shown
some limitations. Probably the most important limitation
is that H. pylori eradication can significantly change pepsinogen levels with a decrease of pepsinogen Ⅰ and pepsinogen Ⅱ and an increase of pepsinogen Ⅰ/Ⅱ even
among those at high risk for gastric cancer[43,44]. Thus, at
least as currently used, serum pepsinogen testing cannot
be used as a reliable marker of atrophy for patients who
already have been treated by eradication therapy.
Japan has a large cadre of endoscopists experienced

WCGO|www.wjgnet.com

Micro-RNA
Micro-RNAs (miRNAs) are 18-25 nucleotide noncoding
RNA sequences that are transcribed but not translated
into proteins. Some miRNAs have been shown to possess oncogenic or tumor suppressor activity and relate to
apoptosis, proliferation, differentiation, metastasis, angiogenesis, and immune response, which are all potentially
involved in cancer initiation, progression and treatment
response[45,46]. MiRNAs can also be detected circulating
in a cell-free form in blood, most probably in exosomes
which protect them against degradation by ribonuclease, and their signatures in blood are similar in men
and women, as well as individuals of different age[47,48].
Furthermore, miRNA levels are similar in plasma and
serum, and freeze/thaw as well as prolonged storage at
room temperature does not affect their levels[48]. Thus,
serum miRNAs have the potential of a novel biomarker
for many cancers. Lawrie et al[49] first discovered tumorspecific deregulation of circulating miRNAs and subsequently, circulating miRNAs have been suggested great
potential as biomarkers for many cancers including gastric cancer[48,50,51]. Moreover, accumulating reports suggest
the potential of miRNAs in the early detection of gastric
cancer.
We investigated serum miRNAs as markers to individuals at high risk for gastric cancer not only before H.
pylori eradication but also after eradication. The serum
levels of miR-106b and let-7d before and after H. pylori
eradication; miR-21 after eradication were significantly
higher in the high-risk group than in controls. H. pylori
eradication significantly changed serum pepsinogen levels
even in the high-risk group, whereas eradication did not
significantly alter miR-106b and let-7 levels in the highrisk group. These results suggest that serum miRNAs
may be equivalent or even superior to serum pepsinogen
as a biomarker to detect those at high risk for gastric cancer before and after H. pylori eradication[52].

EFFECT OF H. PYLORI ERADICATION ON
CANCER INCIDENCE
In the first half of the 20th century it was recognized
that gastric cancer risk was related to atrophic gastritis[7,53]. The late 20th century brought new information
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and identified that gastric cancer was an inflammationrelated cancer caused by chronic infection with H. pylori.
It was initially unclear whether H. pylori eradication alone
would suffice to eliminate or greatly reduce gastric cancer risk or whether some form of surveillance would be
still required. The fact that those with atrophic gastritis
whose H. pylori had disappeared spontaneously following destruction of the normal gastric niche for their
growth still retained a high risk of gastric cancer suggested that H. pylori eradication alone was likely to prove
insufficient[6]. Many clinical studies have subsequently
examined the effect of H. pylori eradication on the subsequent incidence of gastric cancer. For example, Take et
al[54] in a prospective non-randomized eradication study
among more than1100 Japanese patients with peptic
ulcers showed that H. pylori eradication reduced the risk
of subsequently developing gastric cancer. A followup for a mean of 3.9 years of these patients found that
gastric cancer developed in less frequently among those
who had had successful H. pylori eradication compared
to those with persistent infection (0.23% vs 0.70% at 1
year, p = 0.04, log-rank test)[54]. While eradication did not
completely eliminate the risk, and the risk was related to
the extent of atrophic gastritis at the time of eradication
therapy[54]. The remained risk of developing gastric cancer was reported to be 0.30% per year[55]. The Shangdong
intervention trial failed to find a difference in gastric
cancer incidence after 7.3 years but did find a significant
fall 14.7 years post H. pylori eradication therapy[7,56]. The
latest meta-analysis has confirmed that successful eradication reduced the risk for gastric cancer and included 6
randomized controlled trials including four from China,
one from Japan, and one from Colombia. The median
follow-up period was 6 years. The pooled analysis yielded
a relative risk for gastric cancer of 0.65 (95%CI: 0.43-0.89)
following successful eradication therapy[57].
One effect of H. pylori eradication therapy is to stop
the progression of damage and thus lock in or reduce the
gastric cancer risk present at the time of H. pylori eradication[6]. Thus, those with non-atrophic gastritis would be
expected to have negligible risk of subsequently developing gastric cancer whereas those with atrophic gastritis
would be expected to have a risk equal to or somewhat
lower than others with the same pattern of gastritis but
definitely lower than an untreated cohort whose risk
would increase yearly as the disease progressed[6]. The
available data confirm these expectations[6,41]. However,
there are few studies that have followed patients who
were matched based on risk stratification. A longitudinal
cohort study of 9.3 years in Japan reported significant
reduction in cancer incidence after eradication in H. pylori
positive patients with mild atrophic gastritis as evaluated
by serum pepsinogen testing. The incidence per 100000
person-year in those with persistent infection was 111
compared to 69 among those the infection was eradiated.
However the cancer incidence was not significantly different (237 vs 223) among the patients with more severe
atrophy[58].
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Eradication of the infection stops the inflammatory
process, promotes healing of gastritis and resolution of
inflammation. Nonetheless, the link between H. pylori
and cancer runs through atrophic gastritis and intestinal
metaplasia, and eradication cannot reverse the severe
atrophic damage and intestinal metaplasia, especially incomplete type or SPEM that has already occurred. For
examples, H. pylori eradication prior to development of
intestinal metaplasia improves corpus gastritis enhancing
sonic hedgehog (SHH) and its downstream regulators
and diminishing SHH methylation and aberrant CDX2
expression, which inhibit intestinal development and
differentiation and reverse gastric phenotype. However,
eradication in patients with high risk such as atrophy with
intestinal metaplasia, especially incomplete type or a history of endoscopic treatment for gastric cancer does not
result in much if any improvement[22,59,60]. The ability to
predict the point of no return for the development of
the malignancy is of particular interest and whether the
presence of severe atrophy, SPEM, or some intestinal
metaplasia subtypes alone or together correspond to this
point, still need to be investigated[61].

CUMULATIVE INCIDENCE OF
METACHRONOUS CANCER AFTER
ERADICATION
The group with the highest risk of gastric cancer includes
those who have already had one cancer cured by upper
gastrointestinal endoscopy. Several studies have reported
incidence of metachronous cancer after successful H.
pylori eradication (Table 1).
Uemura et al[62] were the first to show that H. pylori
eradication could reduce the risk of development of gastric cancer in this group of patients when, in a retrospective study, 132 patients with early gastric cancer were followed after endoscopic resection; metachronous gastric
cancer developed only in 6 of 67 (9%) patients without
eradication over a follow up of 3 years. A later multicenter prospective randomized study in Japanese patients
followed for 3 years after endoscopic removal of an early
gastric cancer found metachronous gastric cancer in 9 of
272 (3.3%) patients with H. pylori eradication vs 24 of 272
(8.8%) controls[14]. The incidence of metachronous gastric cancer was reduced significantly (OR = 0.35, 95%CI:
0.16-0.78; p = 0.009) consistent with H. pylori eradication
having a benefit in delaying the onset of new cancers in
the same stomach.
In contrast, a Japanese retrospective study reported
that H. pylori eradication did not reduce the incidence of
metachronous gastric cancer. Baseline severe mucosal atrophy and a follow-up of more than 5 years were found
to be independent risk factors for the development of
metachronous gastric cancer[63]. Moreover, a recent Japanese multicenter retrospective cohort study from 12 hospitals detected metachronous multiple cancers in 65 of
1258 (5.2%) during a mean of 26.8 mo. The cumulative
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Table 1 Incidence of metachronous cancer after successful Helicobacter pylori eradication
Ref.

Country

Subject No.

Study design

Mean follow-up
periods

Incidence (%)

Eradication effect
(95%CI)

Uemura et al[62], 1997
Fukase et al[14], 2008

Japan
Japan

65/67
272/272

3 yr
3 yr

0 vs 9
3.3 vs 8.8

Shiotani et al[12], 2008
Hanaoka et al[66], 2010
Maehata et al[63], 2012

effective P = 0.011
effective 0.35
(0.16-0.78) P = 0.009

Japan
Japan
Japan

80
82
177/91

NR
Multicenter openlabel RCT
single arm

11.3
14.6
8.5 vs 14.3

OR = 1.71 (0.72-4.03)

Kato et al[64], 2013

Japan

263/105

3.5/Y

NS

Seo et al[65], 2013

South Korea

61/13

33 mo
55 mo
3 yr
1.1-11.1 yr
26.8 mo
2-5 yr
27.2 mo

9.8 vs 23.1

Chon et al[69], 2013

South Korea

129
85/44

26 mo
16.5-30 mo

4.7 vs 11.4

OR = 0.36
(0.08-1.70),
effective HR = 0.143
P = 0.008

retro NR
Multicenter retro
cohort
retro cohort
Retro NR

Subject No.: Number of subjects with eradication/without eradication and with failure of eradication; RCT: Randomized controlled trial; NR: Nonrandomized; Retro: retrospective; NS: Not significant.

incidence of metachronous cancers increased linearly and
the mean annual incidence rate was 3.5%. The incidence
rate did not differ between patients with or without H. pylori eradication[64]. A recent study from Korea also reported that metachronous gastric cancer showed a decrease
in the eradicated group, but this did not reach statistical
significance (or = 0.36, 95%CI: 0.08-1.70, p = 0.189),
although metachronous gastric cancer was significantly
decreased in the eradicated group (OR = 0.108, 95%CI:
0.016-0.726, p = 0.035) among the subgroup who were
followed-up for more than 18 mo[65].
These recent studies have all confirmed that the presence of one early gastric cancer identifies a group of
patient at extremely high risk of metachronous cancer
consistent with the histologic analysis of the remaining
gastric mucosa in patients with early gastric cancer undergoing gastric resection. The risk of a metachronous
cancer among those not having H. pylori eradication appears to be in the range of 3%-4% per year (e.g., 3000 to
4000/100000 per year) (Table 1). Overall H. pylori eradication appears to reduce that risk but this is not seen in
all studies and studies are needed to identify risk factors
that correlate with subsequent risk such as pattern and
extent of atrophy as well as better characterization of the
mucosa in terms of inflammation, presence and extent
of SPEM, different types of intestinal metaplasia, gastric
microbiota, etc..

risk and those with some residual risk for cancer. Those
with residual risk can likely be assured that their risk will
not increase as they age and although it will probably
decrease somewhat, some risk remains[7]. Our previous
study showed that atrophy in biopsy specimens from the
lesser curvature of the corpus was strongly associated
with gastric cancer risk[12]. The frequency of severe atrophy assessed by histology (100% vs 53.2%, p = 0.03) was
higher and the serum pepsinogen Ⅰ/Ⅱ ratio before H.
pylori eradication was significantly lower in the group that
developed metachronous cancer compared to the group
that did not. A pepsinogen Ⅰ of < 25 ng/ml before
eradication was significantly associated with development
of a new lesion[12]. Moreover, extensive atrophic gastritis
diagnosed by autofluorescence imaging (AFI), which is
new endoscopic imaging technology using illumination
of different wavelength light through a filter in a light
source[21], was a significant predictor for metachronous
cancer developed after successful eradication and could
possibly be useful to identify patients undergoing endoscopic submucosal dissection who still required intensive
surveillance after eradication[66].
For many individuals H. pylori eradication equates with
cancer prevention whereas for others it only produces
a reduction in risk. This difference in outcome depends
on the level of risk when the eradication is performed.
For those with history of endoscopic resection of one
cancer, H. pylori eradication followed by surveillance for
gastric cancer is generally indicated (i.e., a combination
of primary and secondary prevention), because the risk
of gastric cancer remains high even after H. pylori eradication[6,53]. The previous study indicated that levels of
hMLH1 promoter hypermethylation, which is a frequent
cause of the microsatellite instability (MSI) -H phenotype, are similar in the surrounding non-cancerous tissue
compared to cancer tissue[67]. In addition, another study
indicated that MSI and hypermethylation of hMLH1
in cancer lesions were detected more frequently in the
patients with multiple gastric cancers than those with

PREDICTIVE FACTORS FOR
METACHRONOUS GASTRIC CANCER
AFTER H. PYLORI ERADICATION
Previous studies have looked at factors that helped
predict development of gastric cancer after H. pylori
eradication and those data might provide clues to risk
stratification after endoscopic removal of an early gastric
cancer and H. pylori eradication. H. pylori eradication will
thus produce two populations: those with minimal to no

WCGO|www.wjgnet.com

615

February 8, 2015|First Edition|

Shiotani A et al . Metachronous gastric cancer after eradication

solitary gastric cancer[68]. These results indicate that inactivation of hMLH1 through promoter hypermethylation
seems to be involved in the development of multiple
gastric cancers following the MSI pathway. MSI or hypermethylation of hMLH1 as well as serum miRNA might
be potential predictive markers for metachronous cancer.
Studies are required to establish appropriate markers irrespective H. pylori eradication for gastric cancer screening.
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intracellular Cl concentration could act as a mediator
of cellular signaling and control cell cycle progression
in GC cells. Further, we demonstrate the cytocidal effects of hypotonic shock on GC cells, and indicate that
the blockade of Cl channels/transporters enhances
these effects by inhibiting regulatory volume decrease.
A deeper understanding of molecular mechanisms may
lead to the discovery of these cellular physiological approaches as a novel therapeutic strategy for GC.
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Core tip: This article aims to systematically review the
current knowledge on expression and functioning of ion
transporters in gastric cancer (GC). Various types of ion
channels, water channels and regulators of intracellular
pH have been found to express in GC, and to control
tumorigenesis. Our studies indicate the intracellular Cl
concentration could control cell cycle progression in
GC cells. Further, we demonstrate the cytocidal effects
of hypotonic shock, and indicate that regulation of ion
transport enhances these effects. A deeper understanding of molecular mechanisms may lead to the discovery
of these cellular physiological approaches as a novel
therapeutic strategy for GC.

Abstract
Recent studies show that ion channels/transporters play
important roles in fundamental cellular functions that
would be involved in the cancer process. We review
the evidence for their expression and functioning in human gastric cancer (GC), and evaluate the potential of
cellular physiological approach in clinical management.
Various types of ion channels, such as voltage-gated
+
K channels, intracellular Cl channels and transient receptor potential channels have been found to express
in GC cells and tissues, and to control cell cycles. With
regard to water channels, aquaporin 3 and 5 play an
important role in the progression of GC. Regulators
of intracellular pH, such as anion exchanger, sodium+
hydrogen exchanger, vacuolar H -ATPases and carbonic
anhydrases are also involved in tumorigenesis of GC.
Their pharmacological manipulation and gene silencing affect cellular behaviours, suggesting their potential
as therapeutic targets for GC. Our studies indicate the
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INTRODUCTION
Gastric cancer (GC) represents the second most common
cause of cancer-related deaths in the world[1]. Recently,
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factor for gastric neoplasia[16]. Kuwahara et al[17] have analyzed the expression of KCNE2 in surgically excised tissue from human GC associated with gastritis cystica profunda and confirmed that reduced KCNE2 expression
correlates with disease formation. It has been proposed
that atrial natriuretic peptide modulates the proliferation
of human GC cells via voltage-gated K+ channels, KQTlike subfamily member 1 (KCNQ1)[18]. Inwardly rectifying K+ channels (Kir) have been also implicated in GC.
Lee et al[19] have demonstrated that knockdown of Kir2.2
suppresses tumorigenesis by inducing reactive oxygen
species-mediated cellular senescence.
There is evidence also for Cl- channels involvement
in GC. Overexpression of chloride intracellular channel
1 (CLIC1) is shown to be a potential prognostic marker
for GC[20]. Elevated CLIC1 expression is strongly correlated with lymph node metastasis, lymphatic invasion,
perineural invasion and pathological staging, suggesting
that it is a potential prognostic marker[20]. Zheng et al[21]
have shown that PA28β regulates cell invasion of GC by
modulating the expression of CLIC1. On the other hand,
Ma et al[22] have shown that high CLIC1 expression inhibits proliferation and enhances apoptosis, migration and
invasion of GC cells.
The transient receptor potential (TRP) superfamily
consists of a highly diverse group of ion channels that
are mostly permeable to monovalent and divalent cations.
TRP channels may be divided into seven subfamilies,
including the classical (TRPC), the vanilloid receptor
related (TRPV) and the melastatin related (TRPM) channels. In GC, Cai et al[23] have shown that Ca2+ elevation
regulated by TRPC6 channels is essential for G2/M phase
transition and suppresses growth in human GC cells.
TRPV6 has been implicated in capsaicin-induced apoptosis in GC cells[24]. Further, several reports have shown
important roles of TRPM7 in apoptosis and cell viability
of GC cells[25-28].
There is significant evidence for involvement of these
ion channels in GC cell proliferation and disease progression. Hence, their clinical potential would be worth investigating further.

the prognosis of GC has been improved with advances in
surgical techniques, adjuvant therapy, chemoradiotherapy
and molecular targeted therapy[2]. However, long-term
outcomes of patients with GC remain dismal, especially
for advanced disease. An improvement in the treatment
of recurrent or metastatic GC depends on understanding
of the molecular mechanisms regulating the tumorigenesis and the progression of the disease.
Over the past few decades, many reports have revealed that ion channels and water transporters play important roles in fundamental cellular functions. Particularly, their physiological roles in cell proliferation have been
considered since cell volume changes, which require the
participation of ion and water movement across the cell
membrane, are indispensable in cell cycle progression.
Recently, the roles of ion and water channels/transporters have been studied in cancer cells[3-7] and various types
of transporters have been found in cancers of digestive
organs.
This article aims to systematically review the current
knowledge on expression and functioning of ion and
water channels/transporters in GC cells and tissues. The
ultimate objective is to evaluate the potential of cellular
physiological approaches, such as regulation of ion channels, water channels, intracellular pH, intracellular ion
concentration and osmolality, in clinical management of
GC.

REGULATION OF ION CHANNELS
Recent studies have demonstrated that several subtypes
of K+ channels are expressed in human GC cells, and are
associated with cell proliferation. Altered expression of
several voltage-gated K+ channels (Kv) has been observed
in GC. Lan et al[8] have demonstrated that Kv1.5 protein is
frequently detected in GC tissues and down-regulation of
the expression of Kv1.5 in SGC7901 cells inhibits their
proliferation and tumorigenicity. Further, Han et al[9] have
shown that up-regulation of Kv1.5 increases the K+ current density and sensitivity of SGC7901 cells to multiple
chemotherapeutic drugs, such as adriamycin or 5-fluorouracil. Expression of Kv4.1 has been found in human GC cell lines, and its down-regulation inhibited cell
proliferation via the blockage of G1-S transition[10]. Eag1
(Kv10.1) was aberrantly expressed in GC tissues and associated with cancer lymph node metastasis and stage[11].
Human ether-a-go-go-related gene (HERG) encodes one
of the components of delayed rectifier K+ currents. In
GC, HERG channel has cancer-limited expression and
its blocker diminishes the G1-S transition[12,13]. Ding et
al[14] have shown that the survival rates for the hERG1positive expression group are significantly lower than
the negative group, and hERG1 expression is found to
be an independent prognostic factor. Further, HERG
expression has been reported to be essential for cisplatin
to induce apoptosis in human GC[15]. Disruption of K+
channel protein, voltage-gated K+ channel subfamily E
member 2 (KCNE2), has been shown as a possible risk
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REGULATION OF WATER CHANNELS
Aquaporins (AQPs) are transmembrane proteins that
facilitate transport of water and, in some cases, small solutes across membranes; charged species are not permeated. Thus, AQPs are important for cell volume regulation and electrolyte balance under both physiological and
pathophysiological conditions. To date, 13 AQP subtypes
and their pathophysiologic roles have been characterized
in humans. In GC, several reports indicated the role of
AQP3 in signal pathway. Huang et al[29] have shown that
AQP3 plays a critical role in human epidermal growth
factor (hEGF) -induced cancer cell migration and proliferation and that hEGF induced AQP3 expression via
ERK signal transduction pathways. Wang et al[30] have
demonstrated that c-Met regulates the expression of
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AQP3 via the ERK signalling pathway in GC. Xu et al[31]
have shown that AQP3 positively regulates matrix metalloproteinases (MMPs) proteins expression through the
PI3K/AKT signal pathway in human GC cells. Recently,
the microRNA-mediated gene repression mechanism
involved in AQP3’s role has been investigated in GC[32].
AQP5 also plays an important role in the tumorigenesis,
progression and differentiation of human GC cells[33,34].
Shen et al[35] have reported expression profiles of multiple
AQPs in human GC and their clinical significance. AQP3
and AQP5 are detected remarkably more strongly in carcinoma tissues than in normal mucosa by immunofluorescence. They have shown that both AQP3 and AQP5
expression are associated with lymph node metastasis and
lymphovascular invasion in patients.
These results indicate that AQPs play important roles
in the tumorigenesis and progression of human GC and
suggest that, especially, AQP3 and 5 can become potential therapeutic targets against GC.

The carbonic anhydrases (CAs) are a family of zinc
metalloenzymes that have an important role in cellular
pH regulation through reversible hydration of carbon
dioxide to carbonic acid. To date, 16 isozymes have been
identified, which differ in tissue distribution, subcellular
localization, and catalytic activity. Expression of CA IX
has been found at the invasion front of gastric cancers[45].
Kato et al[46] have shown that the CA IX expression level
is significantly high in cases of type 4 GC and diffuse
type GC, and significantly correlates with the invasion
depth in lymph node metastasis. The prognosis for CA
IX-positive patients is significantly poorer than that of
CA IX-negative patients.
These results suggest that pH regulators, such as AEs,
NHEs, V-H+-ATPases and CAs are potentially key therapeutic targets and the silencing of their expression could
provide a new therapeutic approach for treating GC.

REGULATION OF INTRACELLULAR ION
CONCENTRATION

REGULATION OF INTRACELLULAR PH

Several reports indicating the important roles of Clchannels/ transporters on cell proliferation suggest that
the intracellular chloride concentration ([Cl-]i) regulated
by them would be one of the critical messengers. We
have investigated roles of the [Cl-]i in cell cycle progression of human GC cells[47]. We have found that furosemide, a blocker of Na+/K+/2Cl- cotransporter (NKCC),
diminished cell growth by delaying the G1-S phase progression in GC cells with high expression and activity of
NKCC[48]. NKCC is one of the important transporters
controlling the [Cl-]i via uptake of Cl- into the intracellular
space and, therefore, furosemide decreases the [Cl-]i[49]. Clchannels also contribute to the regulation of [Cl-]i which
is related to cell volume. When cell shrinkage occurs isosmotically, [Cl-]i decreases because the major membranepermeable anion is Cl-[50]. Furthermore, we have found
that the decrease of the [Cl-]i inhibits cell growth of GC
cells and that this inhibition of cell growth is due to cell
cycle arrest at the G0/G1 phase caused by diminution of
CDK2 and phosphorylated Rb[51]. The decrease of the
[Cl-]i significantly increased expressions of p21 mRNA
and protein[51]. In addition, we revealed that the [Cl-]i affects cell proliferation via activation of MAPKs through
up-regulation of p21 in GC cells[52]. Similar phenomena
are also observed in GC cells with low [Cl-]i caused by inhibition of NHE[53]. These findings suggest that the [Cl-]i
regulates important cellular functions in GC cells, leading
to the development of novel therapeutic strategies.

Anion exchanger (AE) proteins facilitate the electroneutral exchange of Cl- for HCO3- across the plasma
membrane of mammalian cells and thus contribute to
regulation of intracellular pH. The AE family is now
comprised of three members, AE1, AE2 and AE3. AE1
is frequently expressed in GC, where it fails to traffic to
the plasma membrane, but interacts with the tumor suppressor p16 in the cytoplasm. Down-regulation of AE1
in gastric cancer SGC7901 cells is shown to inhibit cell
growth and clinical analyses have indicated that AE1 expression is associated with a low survival rate of GC patients. Suppression of AE1 induces cell death in human
GC cells[36-39]. Expression of AE2 in human GC has been
also investigated, and AE2 is associated with gastric carcinogenesis and achlorhydria[40]. Wang et al[41] have shown
that early growth response protein 1 is critical for gastrindependent up-regulation of AE2 in GC cells.
The sodium-hydrogen exchanger (NHE) mediates a
coupled counter-transport of one H+ ion in exchange for
one Na+ ion. The basic role is to maintain intracellular
pH, but NHE proteins are also important for regulation
of cell volume and growth. Liu et al[42] have shown that
the NHE1 antisense gene significantly suppresses cell
growth and induced cell apoptosis in SGC7901 cells. Nagata et al[43] have shown that rapid and extensive decrease
of intracellular pH caused by NHE1 inhibitors leads
MKN45 and MKN74 cells to apoptotic and cytotoxic
events.
Vacuolar H+-ATPases (V-H+-ATPases), as the specific
proton pump of the cell, play an important role in maintaining intracellular pH. Proton pump inhibitors (PPI),
mainly treating acid-related diseases, inhibit the expression of V-H+-ATPases. Chen et al[44] have shown that
PPIs decreased the intracellular pH of SGC7901 cells, by
inhibiting V-H+-ATPases, and enhanced the cytotoxic effects of antitumor drugs.
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REGULATION OF OSMOLALITY
Several previous studies have indicated the cytocidal effects of hypotonic stress on cancer cells. Lin et al[54] have
reported that peritoneal lavage with distilled water improves the survival rate in patients with spontaneously
ruptured hepatocellular carcinoma. Huguet et al[55] have
discussed the optimal method for peritoneal lavage with
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Figure 1 Blockade of Cl- movement (channel) enhances the cytocidal effect of hypotonic solution via the inhibition of regulatory volume decrease in cancer cells. RVD: Regulatory volume decrease.

volume by inhibiting RVD and enhances the cytocidal
effects of the hypotonic solution (Figure 1). We have
found similar phenomena in esophageal[61] and pancreatic
cancer cells[62]. AQPs also contribute to RVD[63]. On the
other hand, NKCC plays some roles in regulatory volume
increase (RVI)[64].
These findings demonstrate the cytocidal effects of
hypotonic shock on GC cells, and suggest that the regulation of ion transport enhances these effects. A deeper
understanding of ion transport mechanisms in gastric
cancer cells during hypotonic shock could lead us to the
development of novel therapeutic strategies.

distilled water during colorectal cancer surgery. In GC,
Mercill et al[56] have reported that exposure to distilled water reduces the number of surviving gastric cells. Tsujitani
et al[57] have shown that hypotonic intraperitoneal cisplatin treatment with distilled water at the time of a gastric
resection is well tolerated for patents with GC. Recently,
we have analyzed the changes in the cellular morphology
and volume of GC cells subjected to hypotonic stress using several unique methods and apparatus, such as a differential interference contrast microscope connected to a
highspeed digital video camera and a high-resolution flow
cytometer[58]. Video recordings by high-speed digital camera have demonstrated that hypotonic shock with distilled
water induces cell swelling followed by cell rupture. Measurements of cell volume changes using a high-resolution
flow cytometer indicate that severe hypotonicity with
distilled water increases broken fragments of GC cells
within 5 min. In addition, we treated the GC cells with
5-nitro-2-3-phenylpropylamino)-benzoic acid (NPPB), a
Cl- channel blocker, to enhance the cytocidal effects of
the lavage by increasing their cell volume during hypotonic stress via the inhibition of regulatory volume decrease
(RVD)[59,60]. RVD occurs after hypotonicity-caused cell
swelling. RVD is caused by activation of ion channels and
transporters, which cause effluxes of K+, Cl-, and H2O,
leading to cell shrinkage. NPPB is the broad spectrum
Cl- channel blocker which is fat-soluble and inhibits both
Cl- channels in cell membrane and CLIC. In MKN45
and Kato-Ⅲ cells, treatment with NPPB increases cell
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CONCLUSION
This review shows a variety of ion channels, AQPs and
pH regulators are expressed in human GC cells and tissues. Their expression relates to the pathological character of the GC tissues. Pharmacological manipulation
and gene silencing affect their activities and fundamental
cellular functions that would be involved in the GC process. Overall, we can suggest that ion, water channels and
pH regulators are functional biomarkers and therapeutic
targets in GC. A deeper understanding of molecular
mechanisms may lead us to the discovery of these cellular physiological approaches, such as regulation of ion
channels, water channels, intracellular pH, intracellular
ion concentration and osmolality, as a novel therapeutic
strategy for GC.
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What make differences in the outcome of adjuvant
treatments for resected gastric cancer?
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cancer drugs, and chemoradiotherapy might be the key
words to develop further improvement in the adjuvant
treatment of resectable gastric cancer. Moreover, it is
not new but still true to stress the importance of D2
surgery as the baseline treatment in order to minimize
the amount of residual tumor after surgery.
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Core tip: Recent positive results of adjuvant clinical trials for gastric cancer are attributed to new approaches
different from previous negative trials. Inclusion of novel effective drug (S-1: ACTS-GC) and new combination
of drugs (capecitabine and oxaliplatin: CLASSIC/Cisplatin and 5-fluorouracil: FNCLCC/FFCD), combination of
chemotherapy and radiotherapy (SWOG INT0116), and
combination of different timing (pre- and postoperative: MAGICC), might have contributed to yield positive
results after curative D2 surgery. D2 surgery is going
to be adopted as recommended treatment in Eastern
and Western countries, and should be the baseline
treatment to minimize the amount of residual tumor in
future trials of adjuvant treatment.

Abstract
After a long history of Dark Age of adjuvant chemotherapy for gastric cancer, definite evidences of survival
benefit from adjuvant treatment have been reported
since 2000s. These survival benefits are likely attributed
to something new approach different from pervious
studies. In 2001, South West Oncology Group INT0116
trial yielded survival benefit in curatively resected gastric
cancer patients with postoperative chemoradiotherapy
[5-fluorouracil (5-FU) + Leucovorin + radiotherapy], followed by positive result by MAGIC Trial, employing perioperative(pre- and postoperative chemotherapy with
Epirubicin, cisplatin (CDDP), 5-fluorouracil (ECF) regimen in patients with curative resection. A novel drug
[S1: ACTS-GC (Adjuvant chemotherapy trial of TS-1 for
gastric cancer) in 2007], or new drug combination chemotherapys [CDDP + 5-FU: FNCLCC/FFCD (Federation
Nationale des Centres de Lutte contre le cancer/Federation Francophone de Cancerologie Digestive) in 2011,
Capecitabine + Oxaliplatin: CLASSIC in 2012] also produced positive results in terms of improved prognosis.
Neoadjuvant or perioperative chemotherapy, novel anti-

WCGO|www.wjgnet.com

Original sources: Nakajima T, Fujii M. What make differences
in the outcome of adjuvant treatments for resected gastric cancer? World J Gastroenterol 2014; 20(33): 11567-11573 Available from: URL: http://www.wjgnet.com/1007-9327/full/v20/
i33/11567.htm DOI: http://dx.doi.org/10.3748/wjg.v20.i33.11567

INTRODUCTION
Previous review articles on the adjuvant treatment for
gastric cancer have commonly stated that the prognosis
of gastric cancer patients still remains poor even after
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prognosis of gastric cancer patients until the report of
SWOG INT-0116 trial[4] with adjuvant chemoradiotherapy in 2001 (Table 1). This is the first report that the largescale phase Ⅲ clinical trial in patients with curatively
resected gastric cancer yielded the significant survival
benefit from postoperative adjuvant chemoradiotherapy.
Combination of chemotherapy (5-fluorouracil and leucovorin: FL) and radiotherapy + FL, a new approach to
the adjuvant treatment, might decreased the amount of
residual tumor after surgery. Although there are several
criticisms that the results of this study could not be extrapolated to Asian countries where surgery alone produced better survival in curatively resected patients, the
chemoradiotherapy has become the standard treatment
of locally advanced gastric cancer in the United State.
Clinical significance of postoperative chemoradiotherapy
is to compensate underpowered surgery (D0 surgey in
54%)[3,8]. This success was followed by a perioperative adjuvant chemotherapy with ECF (epirubicin + cisplatin +
5-fluorouracil) in patients with curatively resected gastric
cancer (MAGIC Trial)[9] in 2006. This treatment is new
in terms of the combination of pre- and postoperative
adjuvant chemotherapy. Comparing with ordinary postoperative chemotherapy, neoadjuvant chemotherapy has
some theoretical advantages[10,11]: relatively high dose intensity available, down-staging of the tumor, eradication
of micro-metastasis, reduction of residual tumor burden
after curative surgery. Postoperative chemotherapy might
also diminish minimal residual tumor after surgery. Low
dose-compliance of this postoperative chemotherapy was
the target of criticism, but it has become an European
standard for locally advanced resectable gastric cancer.
In 2007, a large-scale clinical trial in Japan compared S-1
(combined drug of tegafur, gimeracil, oteracil potassium)
plus D2-surgery and D2-surgery alone in patients with
Stage Ⅱ or Ⅲ gastric cancer, and reported significant
survival benefit at the median follow-up time of 3 years
(ACTS-GC trial)[5]. S-1 is a new oral drug: tegafur (5-fluorocuracil derivative), gimeracil (an inhibitor of dihydropyrimidine dehydrogenase) and oterasil (inhibitor of
orotate phosphoribosyltansferase), and it is reported to
be highly active with mild toxicities in advanced gastric
cancer[12,13]. In 2011, another perioperative adjuvant chemotherapy with Cisplatin and 5-fuorouracil also reported
a significant survival benefit in patients with curatively
resected lower esophageal, esophago-gastric junction, and
gastric cancer. The two drugs themselves were not new,
but they were used before and after surgery (FNCLCC/
FFCD)[6]. A new combination of adjuvant capecitabine
and oxaliplatin (Adjuvant capecitabine and oxaliplatin for
gastric cancer after D2 gastrectomy: CLASSIC Trial)[7]
also yielded a significant survival benefit at 3 years after
surgery in patients with stage Ⅱ-ⅢB gastric cancer after
D2 surgery in Korea in 2012. Survival benefit in both
ACTS-GC and CLASSIC trials continued later than 5
years after surgery[14]. Thus, these successful trials seems
to commonly share something new in terms of a new
drug or new combination regimen, or pre- and postoperative adjuvant chemotherapy, or a new combined

Table 1 Recent epoch making adjuvant trials showing survival
benefit
Reporter/group

Regimen

Patients

Macdonald/2001
FL + (Rad. + FL) Curat. D2
(SWOG INT0116)
Cunningham/2006 EPF (peri-op.)
Curat.
(MAGIC)
Sakuramoto/2007
S-1
Ⅱ-Ⅲ
(ACTS-GC)
Ychou/2011
CDDP + 5-FU
Curat.res.
(FNCLCC/FFCD)
(peri-op.)
Bang/2012
Cape. + Oxal.
Ⅱ-ⅢB
(CLASSIC)

3 ysr/
treated

3 ysr/
control

50

41

361

231

80.1

70.1

381

241

74

51

1

Five year survival rate. 3 ysr: 3 year survival rate (%); FL: 5fluorouracil +
leucovorin, Rad.: Radiation; Curat.: Curative; EPF: Epirubicin + CDDP +
5-FU; Cape.: Capecitabine; Oxal.: Oxaliplatin; peri-op: Peri-operative.

curative resection was performed, and that adjuvant treatment almost failed in improving the prognosis of gastric
cancer patients[1-3]. However, in resent years, a few clinical
trials reported a certain survival benefit from adjuvant
treatments[4-7]. What make differences in the outcome of
adjuvant treatment for resected gastric cancer? Possible
reasons may be attributed to the emergence of new effective drugs, new combination of chemotherapy, radiation
or hyperthermia, different delivery timing (pre-, post- or
perioperative) or route of drugs (intravenous, intra-arterial, or intra-peritoneal) which might increase the local drug
concentration at tumor sites, less amount of residual tumor due to improved surgical technique, modified surgical
indication for advanced diseases, or elaborate trial design,
or increased compliance of drug administration.
Recent improvement in adjuvant treatment has been
evaluated by the literature review in relation to the factors
mentioned above with an aim of getting promising suggestions for future trials.

LITERATURE RESEARCH
Evaluation of treatment effect needs proper selection of
endpoints. Survival benefit is principally evaluated by the
phase Ⅲ trials with overall survival (OS), relapse free survival (RFS), or median survival time (MST) as primary endpoints. On reviewing the previous literatures through electronic database (PubMed), or referring to previous systemic
reviews, inclusion criteria are as follows: (1) prospective
randomized phase Ⅱ or Ⅲ trials with sufficient number of
patients based on the statistics, elaborated analysis based on
well-managed data, and clear conclusions as to the survival
benefit in relation to the endpoints stated above; and (2) literatures published later than 2000 with a few exception for
important reports published before 2000.

RESULTS AND DISCUSSION
Recent state of the arts in adjuvant treatments of
resected gastric cancer
Adjuvant chemotherapy had failed in improving the
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Table 3 Phase Ⅲ Neoadjuvant chemotherapy trials

Table 2 Postoperative adjuvant chemotherapy
Reporter/year
Nakajima/1984
Coombes/1990
Krook/1991
Macdonald/1995
Lise/1995
Grau/1998
Nakajima/1999
(JACOG8801)
Neri/2001
Bajetta/2002
Nashimoto/2003
(JCOG9206-1)
Chipponi/2004
Bouche/2005
(FFCD)
De Vita/2007
(GOIM 9602)
Nakajima/2007
(NSAS-GC)
Di Costanza/
2008 (GOIRC)
Sasako/2011
(ACTS-GC)
Miyashiro/2011
Noh/2013
(CLASSIC)
Kang/2013
(AMC0201)

Lee/2012
(ARTIST)

Regimens vs
Surgery alone

Patients

MFC + F/MF’
C + F’
FAM
FA
FAM
FAM2
MMC + FT
MF + UFT

Curat. Res.

68.4/62.5

Curat. Res.
Curat. Res.
Ⅰ-Ⅲ
Ⅱ, Ⅲ
Curat. Res.
S(+)

45.7
32
37
42 mo1
672
85.8

35.4
33
32
36 mo1
45
82.9

ELF
ELF
MFC + F

N(+)
N(+)
Curat. Res. S(-)

30.22
52
91.2

12.6
48
86.1

FLP
FP

S(+) or N(+)
Ⅱ-Ⅳ

39
46.6

39
41.9

ELFE

ⅠB-ⅢB

48

43.5

UFT

T2/N1−2

862

73

PELF

ⅠB-Ⅳ

47.6

48.7

S-1

Ⅱ-Ⅲ

71.72

61.1

CDDPip +
CFiv
Cape. + Oxal.

S(+), curative

62

60.9

Ⅱ-ⅢB

782

69

MMC + 5’
FUDR (MF’)
vs MF’ +
CDDP
Cape. +
CDDP(XP) vs
XP + Rad. +
XP

Ⅱ-Ⅳ

61.1

57.9

Curative, D2

78.23

74.2

OS 5ysr (%)
Treated

51.4

Regimen

Patients

Songun/1999
Stahl/2009

FAMTX
PLF + rad. vs PLF

Curat. Res.
Curat. Res.
(E-G J)
Curat. Res.

Schumacher/2010

PL

Survival benefit
Trial

Control

15/271
47.42

18/29
27.7

72.73

69.9

1
R0 surgery rate; 2Three year survival rate, P = NS; 3Two year survival
rate. FAMTX: 5-FU + Adriamycin + Methotrexate; PLF + rad.: CDDP +
Leucovorin + 5-FU and radiation; E-G J: Esophago-gastric junction; Curat.
Res.: Curative resection.

why curative surgery (D2) combined with appropriate adjuvant treatment is the minimum requirement for better
treatment results[16]. Since 1960s in Japan, D2 surgery has
been adopted as the standard treatment choice in primarily resectable cancer[17]. D2 surgery has been accepted not
only in Eastern but also in Western countries (NCCN
and EORTC guidelines: http://www.nccn.org/professionals/physician_gls/f_guidelines.asp; http://www.medscape.com/viewarticle/751024).
Postoperative chemotherapy with new drugs: Curative resection and postoperative adjuvant chemotherapy
has been the ordinary treatment modality for a long time.
Table 2 shows the summary of recent phase Ⅲ trials of
postoperative chemotherapy [14,18-34]. Most of adjuvant
trials reported around 2000 were using mitomycin C-,
5-fluorouracil- or Adriamycin-based regimens, most of
which failed to produce survival benefit. Statistically
significant survival benefit was reported in a trial done
before 2000[35], but the sample was too small to confirm
the survival benefit. However, a new drug such as S-1, or
a new combination such as Capecitabine and Oxaliplatin
yielded positive results in terms of survival benefit in
the ordinary settings of postoperative adjuvant chemotherapy. It suggests that previous treatment failure is not
always attributed to the trial setting itself, but to ineffective drugs. Clinicians’ pessimism in 1990s led statisticians
to make meta-analysis of phase Ⅲ trials of adjuvant chemotherapy[36-41], which somehow encouraged clinicians by
showing a marginal survival benefit, and at the same time
caused a paradigm shift from postoperative to neoadjuvant chemotherapy in 1990s[3,42,43].

1

Median survival time (month); 2Statistically significant; 3Three year
Disease free survival. OS 5ysr: Overall 5 year survival rate; MFC/F:
Mitomycin C (MMC) + 5-FU + Cytosine arabinoside(CA) iv, and oral
5-FU; MF’C/F’: MMC + Ftoraful (FT) + CA iv and oral ftoraful; FAM: 5-FU
+ Adriamycin + MMC; FA: 5-FU + Adriamycin; FAM2: Modified 5-FU
+ Doxorubicin + MMC; MF+UFT: MMC + 5-FU iv and oral UFT; ELF:
Etoposide + Leucovorin + 5-FU; FLP: 5-FU + Leucovorin + CDDP; FP: 5-FU
+ CDDP; ELFE: Epirubicin + Leucovorin + 5-FY + Etoposide; PELF: 5-FU +
Leucovorin + CDDP + Epidoxorubicin; CDDPip + CFiv: CDDP ip + CDDP
+ 5-FU iv; S(+): Serosa involved; Curat. Res.: Curative resection.

modality of chemotherapy and radiotherapy after high
compliance D2 surgery.

Neoadjuvant chemotherapy: According to the delivery
routes of drugs, neoadjuvant chemotherapy employs
systemic[44-49], intra-arterial (ia), or intra-peritoneal (ip)
delivery, or combination of different deliveries. Though
numerous small size phase Ⅱ trials have been reported
in 1990s, but large scale phase Ⅲ trials are not so much
done as shown in Table 3[48,50]. It is because that neoadjuvant chemotherapy has generally been indicated to
patients with high risk of relapse. Ia or ip chemotherapy
has advantage to increase in the local drug concentration
at the tumor site[51]. Ia chemotherapy through hepatic
artery has been used to control hepatic metastasis, and
sometimes induce drastic tumor shrinkage. Ip chemo-

What have made differences in the outcome of adjuvant
treatments?
As stated above, reviewing previous papers is important
to elucidate the reasons of obtaining survival benefit.
Type of surgery: Incomplete surgery does not produce
permanent cure, and the treatment results seems inversely
correlated with the amount of residual tumor behind
surgery. There is no definite evidence for D2 superiority to D1[15], but D2 surgery has been accepted in recent
adjuvant trials as base-line treatment. This is the reason
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therapy is sometimes done at the time of surgery, or via a
catheter placed into the peritoneal cavity connected with
a delivery device implanted in the subcutaneous tissue[52].
These local delivery methods rarely be done in single use,
but they were combined with systemic administration (iv
or oral), and ip administration was sometimes combined
with hyperthermia[53].

endpoint of survival benefit in the past trials. In recent
trials such as ACTS-GC or CLASSIC trials, three-year
survival rate was employed as the early predictor of survival benefit based on the result of interim analysis. Later
follow-up study revealed that the survival benefit has
been kept later than 5 years.
In AVAGAST trial71], significant survival benefit was
observed by RFS (relapse free survival), but not by overall survival (OS). OS is influenced by the effect of subsequent treatment, but RFS is not. It is a difficult issue
whether to choose RFS or OS as the primary endpoint,
but recent trials tend to choose RFS.

Combination of different delivery timings, or delivery routes: Past postoperative adjuvant chemotherapy
failed to improve the prognosis, but as stated before,
MAGIC trial used a combined regimen of pre-and postoperative (peri-operative) adjuvant chemotherapy regimen and succeeded to yield survival benefit. Referring
to the result of INT 0116 study and Magic trial, a phase
Ⅱ trial of combined preoperative chemotherapy and radiotherapy was done for locally advanced gastric cancer
with favorable results[54], and a phase Ⅲ trial by EORTC
(CRITICS) is now conducted to determine which chemotherapy or chemoradiotherapy should be chosen in
postoperative treatment[55]. Combination of systemic and
local delivery (ia or ip chemotherapy) is sometimes employed in adjuvant or neoadjuvant settings[32,56-63]. Some
of them produced favorable results in terms of local effect and survival benefit. Ia chemotherapy was seldom
used as neoadjuvant setting for resectable gastric cancer,
but was sometimes applied to patients with unresectable
diseases such as large T4, liver metastasis, or peritoneal
dissemination[64-66]. The author tried a combined systemic and ia chemotherapy[67] (FLEP regimen: 5-FU +
leucovorin, systemic, and etoposide + CDDP, ia ) for
preliminarily unresectable gastric cancer associated with
hepatic metastasis, paraaortic lymph node metastasis, or
peritoneal dissemination. Response rate was 50%, and
some of responders were subjected to radical surgery,
and survived more than 5 years. Phase Ⅱ trials generally
reported good local response which sometimes resulted
in prolonged survivals, but survival benefit of neoadjuvant chemotherapy had not been confirmed by phase Ⅲ
setting until Magic trial.
Clinical response to chemotherapy is reportedly correlate with postoperative survival [43,68], but histologic
response to chemotherapy was not always the surrogate
endpoint of better survival[46,69,70].

Future perspective
Recent positive results in adjuvant treatment of gastric
cancer after resection have encouraged physicians to
develop further effective treatments. It may be rational
and efficient way to employ in adjuvant setting a drug
or combination of drugs which yielded good response
in advanced gastric cancer. Combination of chemotherapeutic drugs and molecular targeting drugs, such as
trastuzumab[28], bevacizusmab[71], or apatinib[72] may be
promising in adjuvant trials.
Determination of proper duration of adjuvant chemotherapy[49] is another important issue in a positive regimen. It is important from the point of patient’ quality of
life, and medical economics, if shorter or less aggressive
regimens are equivalent or superior to standard regimen.
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tinue to make this approach expensive for routine use.
Alternatively, epigenetic markers appear to be very
promising, as they can be detected in bodily fluids as
well as tissues. However, such markers must be used
carefully because epigenetic changes may occur due to
environmental factors and aging. Despite the advances
in technology and its access, to date, there are few defined biomarkers of prognostic and diagnostic use for
gastric tumors. Therefore, the use of a panel of several
approaches (genetic, epigenetic and proteomic) should
be considered the best alternative for clinical practice.
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Core tip: Despite the advances in technology and its
access, to date, there are few defined biomarkers of
prognostic and diagnostic use for gastric tumors. Therefore, a combination of several approaches (genetic, epigenetic and proteomic) should be considered the best
alternative for clinical practice. Considering this point of
view, this review aims to discuss the most studied biomarkers, discussing the pros and cons of each type of
marker and their use in the clinical practice.

Abstract
Gastric cancer is considered one of the most deadly
tumors worldwide. Even with the decline in its incidence, the mortality rate of this disease has remained
high, mainly due to its late diagnosis and to the lack of
precise prognostic markers. The main purpose of this
review is to present genetic, epigenetic and proteomic
molecular markers that may be used in a diagnostic and
prognostic manner and to discuss the pros and cons of
each type of marker for improving clinical practice. In
this sense, we observed that the use of genetic markers, especially mutations and polymorphisms, should
be carefully considered, as they are strongly affected
by ethnicity. Proteomic-based markers show promise,
but the higher costs of the associated techniques con-

WCGO|www.wjgnet.com

Original sources: Pinheiro DR, Ferreira WAS, Barros MBL,
Araújo MD, Rodrigues-Antunes S, Borges BN. Perspectives
on new biomarkers in gastric cancer: Diagnostic and prognostic
applications. World J Gastroenterol 2014; 20(33): 11574-11585
Available from: URL: http://www.wjgnet.com/1007-9327/full/v20/
i33/11574.htm DOI: http://dx.doi.org/10.3748/wjg.v20.i33.11574

INTRODUCTION
Despite the decline in its incidence since World War Ⅱ,

633

February 8, 2015|First Edition|

Pinheiro DR et al . Prognostic and diagnostic biomarkers in gastric cancer

gastric cancer remains the fourth most common type
of cancer worldwide and is tied with lung cancer as the
second leading cause of death from cancer[1,2]. The global
incidence of gastric cancer for 2008 was estimated to be
989000 new cases and 738000 related deaths[3].
It is known that gastric cancer is a multifactorial disease involving environmental factors, such as Helicobacter
pylori infection, and genetic susceptibility[4,5]. Histologically, gastric cancer is classified according to Làuren[6] into
two types, diffuse (or undifferentiated) and intestinal (or
differentiated), with the majority of cases being of the
intestinal type[7].
Despite improvements in medical technology, such
as the development of new diagnostic imaging methods,
gastric cancer remains a silent disease that is frequently
diagnosed in advanced stages, which is responsible for its
elevated mortality[8]. Additionally, the presence of metastasis in the lymph nodes is a frequent event in this type
of neoplasia and is considered an important prognostic
marker because it may contribute to the high rates of recurrence and/or gastric cancer mortality[9].
Considering the increasing level of understanding of
the molecular basis of tumor biology, several biomarkers
have been identified for many types of tumors[10]. These
biomarkers or molecular markers are molecular entities
(DNA, RNA or protein) that can be isolated from biological materials and are useful in the five main areas of
cancer study and medicine: cancer screening, diagnosis,
tumor classification, prognosis and prediction of a therapeutic response[11]. Despite its importance in translational
medicine, some important factors determining the efficiency of a molecular marker assay are the levels of sensitivity and specificity[12], which currently limit their use in
clinical practice.
Due to the above-mentioned factors, it is very important to establish molecular markers that can help health
professionals in the diagnosis and prognosis of gastric
cancer, including those that can be used in a non-invasive
way. In this sense, this review aims to present the biomarkers of diagnostic and prognostic use with a broad
spectrum of biological samples and detection methods,
including genetic, epigenetic and proteomic approaches.

both of which are associated with the development of
Lynch syndrome and gastric carcinogenesis[16,17].
In general, the occurrence of MSI in GC is associated with any change (genetic or epigenetic) in DNA
repair genes[18]. To define the MSI status of an individual,
researchers must assess a panel defined by the National
Cancer Institute (BAT25, BAT26, D2S123, D5S346
and D17S250). In this sense, MSI can be considered a
prognostic marker, as GC patients who are positive for
microsatellite instability (MSI+) have certain features and
prognosis, such as tumors located in the antrum and an
intestinal phenotype with an expansive growth pattern,
especially when associated with MLH1 methylation[19].
Direct invasion of adjacent organs and extensive nodal
metastasis have both been reported, along with a lack of
distant metastasis and chemoresistance to fluorouracil
treatment[20-22], but with a better prognosis[23], especially in
cases of the intestinal type[24,25].
The presence of MSI consequently influences the
emergence of mutations in other genes that are important for the maintenance of cellular homeostasis.
To date, this association has been reported in genes involved in cell cycle regulation and apoptosis (TGFβ RII,
IGFIIR, TCF4, RIZ, BAX, CASPASE 5, FAS, BCL10
and APAF1) and in the maintenance of the genomic
integrity (MSH6, MSH3, MED1, RAD50, BLM, ATR
and MRE11). Consequently, changes in these genes lead
to the accumulation of mutations that can result in the
development of a malignant phenotype[15,26].
In addition to MSI, another well-studied phenomenon is the CIN phenotype, the most common type of
genomic instability observed in solid tumors and a major
source of genomic instability in GC. This phenotype is
characterized by gross chromosomal abnormalities, such
as the gain or loss of entire chromosomes (i.e., aneuploidy) and/or fractions of chromosomes (i.e., loss of
heterozygosity, amplifications and translocations)[27-30].
In contrast to MSI, for which the same markers are
analyzed in any population, CIN analyzes the entire genome of the individual tumor. In this sense, a common
characteristic observed is that several markers may be
influenced by the patient’s ethnicity. One example is the
description of a loss of chromosome 11q observed in
diffuse-type GC, which is unique to the population of
North Brazil[31].
However, in a broader sense, the results of CIN suggest that several altered chromosome regions are shared
independent of the studied population. Therefore, we
can observe that losses of chromosome 4q, 9p, 18q, 21q
and 22q and gains of chromosomes 5p, 8p, 8q, 17q, 20p
and 20q are frequent events in GC and are related to the
patient’s clinical outcome, as this depends on the amount
of DNA copy number alterations[30-33].
It is worth noting that the rearranged chromosomes
are always involved with important genes, such those
controlling the cell cycle machinery. This was explored by
the work of Fan et al[32], who used array Comparative Genome Hybridization and found several events of losses

GENETIC MARKERS
Genomic instability
Genomic instability is considered one of the hallmarks
of cancer[13]. It can be classified into chromosome instability (CIN) and microsatellite instability (MSI), with the
latter being a major pathway involved in gastric carcinogenesis and occurring in at least 20% of all gastric cancer
(GC) patients. Several studies have assessed the MSI status of GC patients around the world; however, to date,
there are no conclusive studies regarding its significance
in the diagnosis and/or prognosis of sporadic or familial
gastric cancer[14,15].
MSI usually results from alterations in the genes responsible for DNA repair, such as MLH1 and MSH2,
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Table 1 Main genetic and epigenetic alterations in gastric cancer tissues and their clinical application as biomarkers
Alteration
HER-2 amplification
MYC amplification
TP53 Arg72Pro
CDH1 -160 C>A
CDH1 hypermethylation
p16 hypermethylation

Type of alteration

Clinical application

Ref.

Genetic
Genetic
Genetic
Genetic
Epigenetic
Epigenetic

Prognostic and therapeutic
Progression and metastasis
Risk predictor, prognostic
Risk predictor
Prognostic, metastasis
Diagnostic, prognostic and therapeutic

[34-40]
[52]
[63-67,69-72]
[76-78]
[167,170,171]
[156-160]

and gains of entire chromosomes and amplifications and
deletions of parts of the genome. All of these alterations
involved or harbored regions of 321 known or candidate
oncogenes (e.g., MYC, HER2, TGFB1), frequently showing copy number gains, and 12 tumor suppressor genes
(e.g., p16, SMAD4, SMAD7), showing frequent copy
number losses.
Another common feature of gastric tumors is the
presence of gene amplification. It is known that the increased production and amplification of HER2 can be
observed in various types of cancer. Several clinical studies have been able to identify HER2 protein overexpression or HER2 gene amplification in gastric cancer, with
great variation in the number of patients with HER2positive tumors[34]. Although the prognostic value of
this biological marker remains questionable for resected
gastric cancer[35-37], it is well documented that this amplification event is more frequent in intestinal-type GC[38-40]
and is significantly associated with a poor prognosis[34-40].
Furthermore, this gene amplification is considered an
important biological marker for guiding clinical decisions
regarding adjuvant chemotherapy with trastuzumab, especially in patients with lymph node metastasis, as it predicts sensitivity to this chemotherapeutic agent[34,36,38,41-45].
The overexpression of the MYC gene, especially due
to gene amplification, was described as a frequent event
in GC, ranging from 15.6% to 100% in primary tumors,
especially those of the intestinal type[46-51]. In a recent
study, de Souza et al[52] demonstrated the overexpression
of MYC in gastric tumors, linking it to tumor progression (deeper tumor extension and the presence of distant
metastasis).

is known that infections and nutritional, environmental
and genetic factors have a direct link with gastric carcinogenesis. However, individuals exposed to these factors
that actually develop gastric cancer belong to a small
group, suggesting that the genetic susceptibility, mainly
SNPs, of the host must be taken into consideration[57-59].
The number of studies linking genetic polymorphisms and GC has increased exponentially over the past
decades, in parallel with major advances in sequencing
and genotyping, and polymorphisms may be useful indicators for assessing the risk of gastric cancer[60]. However,
it is worth noting that the results derived from polymorphism studies still need to be carefully interpreted, as
these biomarkers are generally population dependent,
with a strong ethnic influence.
One well-studied polymorphism is TP53 Arg72Pro,
which remains controversial with regard to its potential
as biomarker. Although no association with GC risk was
observed in Turkish[61] and Korean[62] populations, several
meta-analyses indicate its potential use as a risk predictor
for Asian but not Caucasian populations[63-67]. According
to Francisco et al[68], this difference must be related to ethnicity, as it may modulate the penetrance of Arg72Pro in
cancer susceptibility.
In addition to its application as a risk predictor, this
polymorphism has recently been used as a prognostic factor because it may be correlated with the clinical outcome
of patients receiving chemotherapy, though with contradictory results. Wang et al[69] observed that the Arg allele
is related to an unfavorable effect on patients treated with
5-fluorouracil (5-FU). However, different results were
obtained by several other works in which the Pro allele
was related to poor survival in patients using 5-FU[70], oxaliplatin[71] or a combination of paclitaxel and cisplatin[72].
Therefore, although promising, the use of the Arg72Pro
polymorphism in this sense should be carefully analyzed.
Another studied polymorphism is -160C>A, which
is located in the promoter region of CDH1, a gene that
encodes a transmembrane glycoprotein responsible for
mediating intercellular adhesion and cell polarity and
plays an important role not only in the regulation of
morphogenesis of normal and neoplastic tissues but also
in tumor invasion and metastasis[73].
It has been described that the A allele of this polymorphism results in an approximately 68% reduction in
transcriptional activity in comparison to the C allele[74,75]
and has been associated a with the negative regulation of
CDH1, which can lead to the loss of cell-to-cell adhesion

Mutations and polymorphisms
As genetic alterations have a clear influence on the development and outcome of cancer treatment, it is expected
that gene-based markers have a significant impact on
tumor control. Among the most prevalent and common
genetic alterations in GC are mutations in the TP53 and
CDH1 genes (Table 1). However, in terms of biomarkers
of diagnosis and prognosis, there is some divergence in
the results with respect to the occurrence of mutations
and their relationship to the histological characteristics of
the tumor or stage in GC[53-55].
In addition to mutations, other important genetic
alterations influencing gastric tumorigenesis are singlenucleotide polymorphisms (SNPs), which are responsible
for over 90% of the variation in the human genome[56]. It
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mediated by E-cadherin, resulting in increased susceptibility to tumor development and subsequent tumor invasion and metastasis[76]. Thus, the variant allele was suggested to be a likely genetic marker for an increased risk
of GC[77,78].
A considerable number of studies have been conducted to investigate the association between this polymorphism and susceptibility to GC in humans, with conflicting results, which may also be explained by the ethnic
composition of each population studied[55,60,79-84].
Although the AA genotype is related to an increased
risk of GC in the Oman population [74] and Caucasians[73,76], several meta-analyses did not find any influence
on the overall risk for the studied populations (Caucasians,
Asians and mixed). However, when stratified by ethnicity,
the results suggest a protective effect of the A allele in
Asian populations[75,85,86].
Two other genotypes in CDH1, 347G>GA and
+54T>C, were significantly associated with the risk of
GC in a study conducted in China[87]. However, two
studies in Japan[88] and Italy[89] did not confirm this relationship. According to Pan et al[90], to reach a definitive
conclusion, further studies with better designs are needed
to explore the association of CDH1 gene polymorphisms
with GC susceptibility.

These biomarkers include, for example, tubulin beta
chain, thymosin beta-4-like protein 3, cytochrome b-c1
complex subunit 1, aromatic amino acids (tyrosine, phenylalanine, tryptophan), S100A9/AAT and S100A9/GIF,
collagen type IV, hyaluronic acid, prostaglandin E2, EGF,
TGFα, epidermal growth factor receptor (EGFR), proapolipoprotein A1 (proApoA1), apolipoprotein A1,
transthyretin (TTR), D-dimer, vitronectin (VN), interleukin-6, a-2 macroglobulin, C-reactive protein and plasminogen activator inhibitor-1[107]. However, most of these
biomarker candidates still need to be extensively validated
in large clinical cohorts because they have been identified
in many studies with different methods over time.
It is worth mentioning that other sources of proteins,
such as tissue samples and cell lines, have been used in
the discovery of new GC biomarkers. To date, tissue
samples have not been widely used for this purpose due
to poor reproducibility and the small overlap between
studies as well as conflicting data. Moreover, in most of
these studies, etiological differences between diffuse and
intestinal tumor subtypes were ignored because finer
sample classification was not possible with the limited
patient materials[107]. Due to these difficulties, modern
techniques in proteomic studies have enabled a much
higher number of proteins in GC tissues to be described,
including selenium-binding protein 1, ENO1, ADHIC,
ETFB, VDAC, DMBT1, LTF, GRP78, GRP94, PPIA,
PRDX1, PTEN, CRIP1, HNP-1, S100A6, S100A8,
S100A9, α-defensin-1 and α-defensin-2[107-111]. Other proposed candidate biomarkers include CRIP1, HNP-1, and
S100-A6[112] and human neutrophil peptides 1-3 (HNPs
1-3) and MIF[113]. In summary, the detection and verification of tissue biomarkers through the application of various proteomic methods can promote the more robust
clinical evaluation of patients with gastric cancer.
As reported, the majority of tumor biomarkers in GC
diagnosis are glycoproteins[114], with the most common
being mucin-5AC (MUC5AC), IgG, mucin-1 (MUC1),
IGHM, LRG1, haptoglobin (HP), albumin (ALB), TF,
kininogen-1 (KNG1), alpha-1-acid glycoprotein (AGP),
ceruloplasmin (CP), A1BG, vitamin D binding protein
(GC), alpha-1-antitrypsin (SERPINA1), antithrombin
(SERPINC1), angiotensin (AGT), CFB, serpin peptidase
inhibitor, Clade A (SERPINA3), alpha-2-HS-glycoprotein (AHSG), Zn-alpha-2-glycoprotein (AZGP1), CLU,
ITIH2, complement factor H (CFH), interalpha-trypsin
inhibitor HCRP, SERPING1 and C4A variant protein
(C4A)[115-118].
Recently, Li et al[119] studied two multidrug-resistant
cell lines and their parental drug-sensitive GC cell line to
characterize the multiple drug resistance (MDR)-related
cell surface glycoproteome. These authors successfully
identified 56 cell membrane glycoproteins, 11 of which
(Mesothelin, EGFR, Integrin alpha-3, CD59, Folate receptor alpha, Peptidyl-prolyl cis-trans isomerase FKBP9,
Laminin subunit alpha-5, Dihydropyridine receptor alpha
2, Multidrug resistance protein 1, Prostaglandin F2 receptor negative regulator and Golgi apparatus protein 1) were

PROTEOMICS
Proteomic-based techniques in cancer biology, such as
2-DE (two-dimensional electrophoresis), iTRAQ (isobaric tags for relative and absolute quantitation), ICAT
(isotope-coded affinity tag), protein chip array and liquid
chromatography, have been used to identify and quantify
proteins that can be used as biomarkers in bodily fluids
and tissues in GC[91].
Human serum contains a complex array of peptides.
Some of these may function as biomarkers, with their
presence/absence or relative abundance being correlated with health status and thus useful for prognosis or
diagnosis[92]. To date, the most common fluid biomarkers available for GC include carcinoembryonic antigen
(CEA), carbohydrate antigen 19-9 (CA 19-9), carbohydrate antigen 72-4 (CA 72-4), Cytokeratins (CYFRA
21-1, TPA - tissue polypeptide antigen, TPS - tissue
polypeptide-specific antigen), E-cadherin, pepsinogen,
cytokines and the β-subunit of HCG. However, although
some authors suggest that the sensitivity and specificity
of these markers are not sufficient for the diagnosis of
GC[93,94], their use in clinical practice is recommended by
most authors because they are useful as prognostic, diagnostic and peritoneal recurrence markers[95-100]. The use
of CEA and CA 19-9 as prognosis markers, for example,
is recommended because their levels increase according
to the tumor stage; these markers are especially useful
when a cutoff ratio (divided in three stages: negative, low
and high) is applied[94-96].
An expansive bibliography about new biomarkers in
biological fluids of GC has accumulated over time[101-106].
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Table 2 miRNAs differently expressed in gastric cancer tissues and their clinical application
miRNA
miR-301a
miR-29 family
miR-146a
miR-10b
miR-107
miR-345 + miR-142
let-7i
miR-221
miR-148a
miR-155
miR-129-2-3p
miR-181b
miR-21

Level of expression

Clinical application

Ref.

Up-regulated
Down-regulated
Down-regulated
Up-regulated
Up-regulated
Up-regulated (miR-345) and Down-regulated
(miR-142)
Down-regulated
Up-regulated
Down-regulated
Down-regulated
Down-regulated
Up-regulated
Up-regulated

Progression and prognostic
Prognostic and therapeutic
Metastasis
Progression and prognostic
Prognostic
Recurrence and progression

[127]
[128]
[129]
[130]
[131]
[132]

Prognostic and therapeutic
Progression, prognostic and therapeutic
Prognostic
Progression and metastasis
Progression
Prognostic
Prognostic

[133]
[125,134]
[135]
[136]
[137]
[138]
[138,139]

ed, which can be useful in the diagnostic process[123-125].
Moreover, due to their size, abundance, tissue specificity
and relative stability in the circulation of biological fluids,
these molecules can serve as accessible biomarkers to detect and monitor GC[126] (Tables 2 and 3).
Recently, miRNA studies have focused on the prediction of chemotherapeutic resistance, as some of
those molecules, such as miR-19a/b and miR-106a, accelerate drug efflux, acting as a barrier to the success of
GC chemotherapy[146,147].

found to be differentially expressed with the same trend
in both the drug-resistant and sensitive cell lines. This
report was the first concerning the relationship between
glycoprotein alterations and MDR in gastric tumors and
was also helpful for better interpreting the sophisticated
mechanisms of MDR in gastric cancer, which, of course,
still require further investigation and verification.
Given the current multiplicity of proteomic studies
in GC, due to the vast amounts of data generated, it is
important to maintain an up-to-date and searchable index
of the lists of biomarkers obtained in different studies.
Finally, it is essential that future studies focus not only on
identifying the disease-associated alterations in proteins
but also on determining the cellular functions of the
proteins identified as well as the mechanistic networks in
which they participate. The biomarkers identified experimentally should serve as entry points for investigating the
mechanisms of carcinogenesis and tumor progression.

Methylation and histone modifications
DNA methylation is an epigenetic modification in both
prokaryotes and eukaryotes and occurs at carbon 5 of
the cytosine ring within CpG dinucleotides, especially in
the promoter region of several genes and in noncoding
genomic regions[148,149]. Because DNA methylation has a
tissue-specific pattern, is involved in a variety of cellular
processes, such as gene expression regulation, genomic
imprinting, transcriptional regulation and cellular differentiation, and can be modified during tumorigenesis, it is
used as a molecular marker of the tumor-development
process[150-152].
In GC patients, it is suggested that the methylation
pattern of some genes is dependent on environmental
factors, such as the presence of H. pylori[153-155], as well as
on the patient’s age[153]. Therefore, biomarkers should be
carefully selected to avoid false results in a prognostic and
diagnostic approach.
An aberrant methylation pattern of several genes is
currently associated with GC (Table 1). One of these
genes is the classical tumor suppressor gene p16, which
was identified as a diagnostic[156,157] and prognostic biomarker in several populations because it can be related to
better survival in patients who received 5-fluoracil therapy[158], to metastasis and poor survival in patients without
neoadjuvant therapy[159] and to tumor location[160].
Several other genes with altered methylation patterns
were identified as potentially useful prognostic biomarkers, including RKIP[161], ADAMTS9[154], XAF1[162],
BCL6B[163], miR34b and miR129-2[164] and HOXD10[165],
but studies have only been performed in a few Asian

EPIGENETICS
MicroRNA
MicroRNAs (miRNAs) are small (typically about 22 nt in
size) regulatory RNA molecules that modulate the activity of specific mRNA targets and play important roles
in a wide range of physiologic and pathologic process.
miRNAs generally disrupt gene expression by inhibiting translation or through the cleavage of the target
mRNA[120]. When associated with the tumor process,
miRNAs are called oncomiRs; they may act as oncogenes
or as tumor suppressor genes. As a result, oncomiRs can
be used in the diagnosis and treatment of cancer, as the
expression patterns of miRNAs in human cancer appear
to be tissue specific[121]. In addition, genome-wide studies have shown that miRNA genes are frequently located
within regions of heterozygosity loss and amplification
and fragile sites, suggesting the vital role of miRNAs in
tumorigenesis[122].
miRNAs have shown great potential as tissue-based
markers for cancer definition. The presence of a miRNA
signature in gastric cancer has been suggested by some
authors, with specific genes being up- and down-regulat-
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Table 3 miRNAs differently expressed in body fluids from gastric cancer patients and their clinical application
miRNA
miR-200c
miR-421
miR-21
miR-106a
miR-129-1-3p
miR-129-2-3p
miR-335
miR-221
miR-744
miR-376c
miR-199a-3p

Body fluid

Level of expression

Clinical application

Ref.

Blood
Gastric Juice
Gastric Juice
Gastric Juice
Gastric Juice
Gastric Juice
Blood
Serum
Serum
Serum
Plasma

Up-regulated
Up-regulated
Up-regulated
Up-regulated
Down-regulated
Down-regulated
Up-regulated
Up-regulated
Up-regulated
Up-regulated
Up-regulated

Progression and survival
Screening
Screening
Screening
Screening
Screening
Recurrence and prognostic
Screening
Screening
Screening
Progression, screening

[140]
[141]
[142]
[142]
[137]
[137]
[143]
[144]
[144]
[144]
[145]

populations.
Some of the markers analyzed to date have methylation patterns that are related to the patient’s chemosensitivity, such as MGMT, MLH1, BNIP3, DAPK and
BMP4[166-168]. As a result, these genes may be useful for
predicting the best treatment for each patient.
One of the most interesting features of methylation
markers is the fact that many of them may be used as
non-invasive makers, as they can be detected in body fluids such as serum, plasma and peritoneal wash.
One of the most commonly used markers in body
fluids is the CDH1 gene methylation pattern, the main
mechanism responsible for CDH1 down-regulation[169].
The altered methylation pattern of this gene may be detected in peritoneal fluid and used as a marker of tumor
recurrence, metastasis and tumor stage[167,170] or in serum,
where it is used together with the APC methylation status
as a marker of prognosis[171].
Some other markers may be detected in serum, such
as SFRP2[172] and SLC19A3[173], or gastric washes, such
as a combination of MINT25, ADAM23 and GDNF[174];
these are useful as diagnostic markers.
Although studies associating the methylation status of
a particular gene and tumorigenesis are frequent, those associating histone modifications, as well as the enzymes responsible, are still few. The majority of such studies are related to histone deacetylase enzymes, which are considered
molecular markers of prognosis, with the expression of
HDAC 1 and 2 being related to tumor aggressiveness[175,176].

can result in the following question: how universal can a
prognostic/diagnostic genetic marker be? Thus far, there
is unfortunately no answer to that question, and we believe that it will be a long time until this question may be
conclusively answered. Therefore, the simplest approach
at present is to validate the discovered markers in the
target population and to use several biomarkers for each
patient. One alternative could be the use of a proteomic
approach, which only analyzes protein expression and is
independent of the cause (genetic or epigenetic) of any
altered pattern. However, there are some limitations to
that approach, such as the availability of studies in only
a few populations and the cost of the analysis, which remains very high.
Conversely, epigenetic markers appear to be much
more tumor specific, as their pattern has been confirmed in
all of the studied populations. Moreover, epigenetic markers are more prone to become target markers for therapeutics trials, as these types of alterations are reversible.
Therefore, one might carefully select molecular markers depending on their use. We must bear in mind that
genetic markers are much more dependent on the ethnic
component than epigenetic markers, making the latter a
currently much more reliable option for clinicians.
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been widely accepted until a series of clinical trials were
performed to evaluate the value of perioperative treatment. Although multimodal perioperative treatment has
been widely applied in clinical practice, personalization
of perioperative treatment represents the next stage in
the treatment of gastric cancer. Genomic-guided treatment and efficacy prediction using molecular biomarkers in perioperative treatment are of great importance
in the evolution of treatment and may become an ideal
treatment method.
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Core tip: Multimodal perioperative treatment of advanced gastric cancer is playing an increasingly important role in patient treatment. Different strategies,
including preoperative and postoperative chemotherapy
and radiochemotherapy, are implemented in clinical
practice and a new concept of perioperative-targeted
therapy is emerging. Although many randomized clinical trials have been performed to determine the effectiveness of these therapies over surgery alone, little
evidence exists regarding the comparison of the different therapies. Personalized treatment should be based
on the results of randomized clinical trials as well as
subgroup analyses, tailored by histology, demography,
and predictors, including tumor markers and genomic
profiling.

Abstract
Gastric cancer is one of the most frequently diagnosed
cancers worldwide. Although the rate of gastric cancer has declined dramatically over the past decades in
most developed Western countries, it has not declined
in East Asia. Currently, a radical gastrectomy is still the
only curative treatment for gastric cancer. Over the
last twenty years, however, surgery alone has been
replaced by a multimodal perioperative approach. To
achieve the maximum benefit from the perioperative
treatment, a thorough evaluation of the tumor must
first be performed. A complete assessment of gastric
cancer is divided into two parts: staging and histology.
According to the stage and histology of the cancer,
perioperative chemotherapy or radiochemotherapy can
be implemented, and perioperative targeted therapies
such as trastuzumab may also play a role in this field.
However, perioperative treatment approaches have not
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guidelines have been suggested. Aside from verifying
malignant disease histologically, the goal of biopsies is to
evaluate the histological tumor type and examine the biological behavior of the tumor, if possible, by appropriate
sampling. Different types of gastric cancer may respond
differentially to chemotherapy or radiotherapy. For example, hepatoid adenocarcinoma, a rare form of gastric
cancer, responds poorly to chemotherapy and the best
strategy is to operate as early as possible[15]. However,
several different histological classifications of gastric cancer currently exist and include the Lauren classification,
Japanese Gastric Cancer Association classification, and
World Health Organization (WHO) classification[16,17].
The lack of consensus in histological classification reveals
an insufficient understanding of the biological behavior
of gastric cancer. Inconsistencies between the biopsy and
postoperative histology occur frequently, which limits the
implementation of personalized treatment by histology
alone. Therefore, TNM stage-oriented treatment is the
gold standard for preoperative treatment of gastric cancer. The heterogeneity of gastric cancer greatly contributes to the personalized treatment and represents one of
the main challenges in perioperative treatment.
Evaluation of the tumor infiltration stage (T-stage)
is the main parameter to distinguish AGCs from EGCs.
The current gold standard for T-staging is endoscopic ultrasound (EUS), which has an accuracy between 65% and
92%[18] and a sensitivity and specificity of 88% and 100%
for T1, 82% and 96% for T2, 90% and 95% for T3,
and 99% and 97% for T4, respectively[19]. Multi-detector
computed tomography (MDCT) for T-staging is less accurate than EUS, though the sensitivity and specificity
of serosa involvement are similar to EUS[18,19]. A metaanalysis involving nine studies utilizing positron emission
tomography (PET) to evaluate gastric cancer reported
that, despite the inability to stage gastric cancer by tumor
depth, PET has a pooled primary tumor detection ratio
of 80% in identifying the existence of gastric cancer[20].
Lymph node involvement (N-stage) represents the
greatest challenge in gastric cancer staging. N-staging is
currently achieved by evaluating the number of metastatic lymph nodes according to the 7th AJCC TNM staging
system[8]. Currently, lymph node size is the primary parameter used to define nodal involvement. Micrometastasis without lymph node enlargement is not detected by
imaging methods such as MDCT or EUS. The sensitivity
and specificity for N-staging with EUS is approximately
50%-60% and 85%-95%[19], respectively, and MDCT is
not superior to EUS[18,19]. PET can evaluate node metabolism using the standardized uptake value (SUV) in addition to acquiring the size of the lymph nodes. However,
the mean SUV noted for N-staging can also vary, with
overall values ranging from 4.5 to 6.8, and an overall accuracy of 17.7% to 79.2%[20].
Distant metastasis (M-stage) is predominantly evaluated with thoracic, abdominal, and pelvic MDCT with a
sensitivity and specificity of > 70% if performed using
a biphasic protocol (including a portal venous contrast
phase) and a slide thickness < 3 mm[14,21]. Thus, MDCT is

INTRODUCTION
Gastric cancer is one of the most frequently diagnosed
cancers around the world. Until the mid-1990s, it was the
first cause of cancer death in the world and now it represents the fourth most common cancer[1,2]. While gastric
cancer is the 14th most common cancer in the United
States, it is the 2nd most common cancer in China[3,4].
Although the effects of geography on the incidence and
prognosis are still not clearly understood, factors of gastric carcinogenesis, diagnosis, and therapeutic strategies
may contribute to the differences[5].
Radical gastrectomy, the complete surgical resection
of macroscopic and microscopic tumors (R0 resection),
is still currently the only way to cure gastric cancer. The
extent of lymphadenectomy, however, has been controversial between the East and West until recent years. Radical gastrectomy with extended D2 lymphadenectomy is
considered the standard surgical practice in East Asia and
has been accepted in the West. Nevertheless, limited D1
resection with radiochemotherapy is still more frequently
implemented in Western countries[5-7].
In contrast to those with early gastric cancers (EGCs),
patients diagnosed with advanced gastric cancers (AGCs)
typically have a poor prognosis. According to the 7th
edition of the American Joint Committee on Cancer
(AJCC) tumor-node-metastasis (TNM) staging of gastric
cancer, the 5-year survival rate of patients with AGCs
was 9.2%-45.5% in the United States[8], and 40%-60%
of patients with local AGCs experience recurrence after
surgery[9]. Over the last few decades, surgery as the sole
form of treatment has been replaced by different forms
of multimodal treatment of AGCs around the world[10-12].
To achieve the most benefits from the perioperative treatment of AGCs, a thorough evaluation of the tumor is
required. Different stages and histological types of gastric
cancers have different biological behaviors and thus respond differentially to treatment, a factor that hits at the
core of personalized perioperative treatment for gastric
cancer.
This article will review the current strategies towards
personalized perioperative treatment of gastric cancer
and discuss the appropriate indications for perioperative
treatment, multidisciplinary approaches for AGCs, as well
as the future questions that remain in the tailored management of gastric cancer.

PRETHERAPEUTIC EVALUATION OF AGC
According to the National Comprehensive Cancer Network (NCCN) Clinical Practice Guidelines in Oncology of Gastric Cancer and other guidelines worldwide,
a complete endoscopic evaluation of the esophagus,
stomach, and duodenum with a biopsy of any suspicious
lesion is considered the gold standard for detection and
histological verification of gastric cancer[11,13,14]. Because
the number and location of the biopsies are still controversial and limited evidence-based data exist to address
the controversy, a variety of recommendations in national
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considered the gold standard approach for assaying solid
organ metastasis. PET is also one of the best methods
to assess the M-stage of gastric cancer with an overall
accuracy of 88%[20], but studies comparing PET with
MDCT for M-staging are still lacking[20]. Because of the
high prevalence of peritoneal carcinomatosis, additional
attention must be paid to T3 and T4 patients[22-24]. Laparoscopic exploration should be employed to exclude liver
metastasis and peritoneal carcinomatosis. Detection of
free cancer cells by peritoneal lavage cytology can predict
the risk of peritoneal carcinomatosis with high specificity
and this patient category may also benefit from hyperthermic intraperitoneal chemotherapy (HIPEC), which
has been shown to improve overall survival and decrease
peritoneal local recurrence[25]. Metabolic imaging represents another advantage of PET in evaluating gastric
cancer, as it may provide clues to predict treatment responses, which will be discussed later in this article.

early increase in the apparent diffusion coefficient (ADC)
values[35-38]. Additionally, a low pretreatment ADC value is
often predictive of a better outcome[34], which may provide an important opportunity for individualized therapy,
minimizing unnecessary toxicity associated with ineffective therapies and improving overall patient health care at
a lower cost. The efficacy of DW-MRI in gastric cancer,
however, has only been evaluated in a few cases[39,40].
Because of the nature of metabolic imaging, PET can
provide information on the metabolic response of gastric
cancers. A series of studies have been performed to assess the utility of PET in predicting the response to gastric cancer treatment[41-49]. In these studies, a metabolic response was defined as a decrease of ≥ 35% in the tumor
glucose SUV after preoperative chemotherapy, which can
be predicted by fluorodeoxyglucose PET. These studies
suggested that the metabolic response may correlate with
tumor response, ultimately translating into improved patient survival[41-48].

MOLECULAR AND RADIOLOGIC
ASPECTS OF PERSONALIZED
PERIOPERATIVE TREATMENT

PERIOPERATIVE CHEMOTHERAPY
Over the past decades, gastric cancer treatment by surgery alone has been replaced by a multimodal treatment
approach consisting of surgery and pre- or postoperative
chemotherapy or radiochemotherapy. In addition to the
wide clinical application of multimodal treatment, personalized perioperative treatment represents the future
of gastric cancer treatment.

Researchers worldwide have been working to identify the
molecular subtypes of gastric cancer and their differential
responses to chemotherapy. Lei and colleagues identified
three subtypes of gastric adenocarcinoma: proliferative,
metabolic, and mesenchymal. In the study from Lei et
al[26], cancer cells from the metabolic subtype were more
sensitive to and reaped greater benefits from 5-fluorouracil (5-FU) than the other subtypes. Meanwhile, tumors of
the mesenchymal subtype contained cells with features
of cancer stem cells, and cell lines of this subtype were
particularly sensitive to phosphatidylinositol 3-kinaseAKT-mTOR inhibitors in vitro. This study has been
touted by some experts in the field as a new direction for
personalized therapy of gastric adenocarcinoma and they
are finding ways to apply this information to identify tumor subsets and develop molecularly tailored, individualized therapies[27]. Although many other studies have been
conducted, there is still no consensus on the molecular
subtypes of gastric cancer[28-31]. Recently, several studies
have focused on predicting the efficacy of chemotherapy
using genome-guided chemotherapy. Molecular biomarkers including VEGFR-1 and ERCC1/TS mRNA levels[32]
were reported in the 2013 International Gastric Cancer
Congress[33]. While there is still a long way before these
studies can be translated into clinical practice, clinical trials may provide some clues for the choice of treatment
regimen in the postoperative setting.
Diffusion-weighted MRI (DW-MRI) is a promising
imaging technique to evaluate cancer treatment response,
as it is sensitive enough to detect the macromolecular and
microstructural changes that occur at the cellular level
prior to anatomical changes during therapy[34]. Studies
have shown that successful treatment of many tumor
types can be detected using DW-MRI to measure the
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Postoperative chemotherapy
The survival benefits of postoperative chemotherapy differ in clinical trials between Eastern and Western countries. In 1993, Hermans and colleagues performed a meta-analysis on 11 clinical trials from 1980 and found that
postoperative chemotherapy for resectable gastric cancer
did not, in general, improve survival[49]. In contrast, the
Global Advanced/Adjuvant Stomach Tumor Research
International Collaboration Group conducted a metaanalysis on 17 randomized clinical trials (RCTs) including
3838 patients with resectable gastric cancer and reported
that postoperative chemotherapy was associated with a
statistically significant benefit in terms of overall survival
(HR = 0.82, 95%CI: 0.76-0.90; P < 0.001) and diseasefree survival (HR = 0.82, 95%CI: 0.75-0.90; P < 0.001)[50].
This meta-analysis supports the utility of postoperative
chemotherapy in resectable gastric cancer.
In contrast to the small benefit observed on overall
survival in the Western clinical trials, favorable outcomes
were observed in RCTs in the East. A large RCT from
the Adjuvant Chemotherapy Trial of S-1 for Gastric
Cancer (ACTS-GC) in Japan randomly assigned 1059 patients with stage Ⅱ or Ⅲ gastric cancer who underwent
gastrectomy with extended (D2) lymph node dissection
to groups with or without S-1 adjuvant chemotherapy[51].
In this study, the 3-year overall survival rate was 80.1% in
the S-1 group and 70.1% in the surgery-only group (HR
= 0.68, 95%CI: 0.52-0.87; P = 0.003). However, the high
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overall survival rate at 3 years in both groups has not
been replicated in any Western trials. The United States
multicenter phase Ⅲ study comparing cisplatin/S-1 with
cisplatin/infusional fluorouracil in advanced gastric or
gastroesophageal adenocarcinoma stratified more than
1000 patients to compare the overall survival between the
postoperative chemotherapy regimens of cisplatin/S-1
and cisplatin/5-FU but failed to confirm the results from
the ACTS-GC trial and showed that cisplatin/S-1 did not
prolong overall survival of patients with advanced gastric
or gastroesophageal adenocarcinoma when compared
with cisplatin/5-FU[52].
In addition to S-1, capecitabine, another form of oral
fluoropyrimidine, with oxaliplatin (XELOX) was evaluated in the Capecitabine and Oxaliplatin Adjuvant Study
in Stomach Cancer (CLASSIC) study, which was a multicenter, randomized, phase Ⅲ trial occurring across 37
centers (n = 1035 patients) in South Korea, China, and
Taiwan[53]. The 3-year disease-free survival was 74% in the
chemotherapy and surgery group in comparison to 59%
in the surgery only group (HR = 0.56, 95%CI: 0.44-0.72;
P < 0.0001). A recent update of the CLASSIC trial has
also been reported. After a median follow-up of 5 years,
a 34% reduction in the risk of death with chemotherapy
versus surgery alone was observed (HR = 0.66, 95%CI:
0.51-0.85; P = 0.0015)[54]. The 5-year overall survival rates
were 78% in the XELOX group and 69% in the surgery
alone group (P = 0.0029). This update further proved the
efficacy of XELOX as a treatment regimen for postoperative chemotherapy.
A meta-analysis from Janunger et al[55] also found that
there was a significant difference in the effect of chemotherapy on AGCs between Asian and European patients.
This study has raised the issue about whether there are
ethnic differences between gastric cancer patients in the
East and West. RCT results should always be tracked
back to the population from whom the study group was
sampled, which is an important principle of personalized
medicine.
The results of the above clinical trials and meta-analyses indicate that 5-FU (or its derivatives) postoperative
chemotherapy may bring selected patients with resectable gastric cancer a higher probability of survival, but
the studies are insufficient at predicting how individuals
will respond. Thus, there is still a long way to go towards
achieving personalized postoperative chemotherapy.
The subgroup analysis of the ACTS-GC and CLASSIC trials highlights the future direction of personalized
postoperative chemotherapy. In the ACTS-GC trial, male
patients < 60 years of age with stage Ⅱ (6th TNM classification), stage T2 (tumor invades the muscularis propria
or the subserosal connective tissue), stage N1 (1-6), and
undifferentiated histological tumors may benefit most
from postoperative S-1 chemotherapy, although it is important to note that the difference was not statistically
significant. In a similar analysis performed in the CLASSIC trial, male patients < 65 or ≥ 65 years of age with
stage Ⅱ (6th TNM classification) and stage N1 or N2 (1-15

WCGO|www.wjgnet.com

involved nodes) respond more favorably to postoperative
XELOX chemotherapy when 3-year disease-free survival
was examined. A comparison between the two treatment
regimens suggests that patients older than 65 years of age
or with lymph node metastasis in 7-15 nodes may benefit
more from the XELOX regimen than S-1. This type of
comparison between different trials, however, does not
provide solid evidence of one treatment having an advantage over another; RCTs are still required to provide
additional evidence for personalized perioperative chemotherapy.
What is the best chemotherapy regimen and course
of treatment? Dozens of clinical trials including the
NCT01426646, NCT00343668, and NCT01531452 are
currently being performed to address this question. It
seems be an answerless question with the increasing number of cytotoxic drugs being developed. Studies must also
find a way to predict the effects of different treatments.
Moreover, there is currently no way to assess how these
treatments affect individuals, rather than populations.
Preoperative chemotherapy
Preoperative chemotherapy is commonly applied in Europe and this clinical practice is based on the results of
three major RCTs. The Medical Research Council Adjuvant Gastric Infusional Chemotherapy (MAGIC) trial, a
British multicenter RCT, randomly assigned over 500 patients with histologically verified adenocarcinoma of the
stomach or gastroesophageal junction to either surgery
alone or surgery following chemotherapy with epirubicin, cisplatin, and 5-FU[56]. With a median follow-up of
four years, the preoperative chemotherapy group had a
higher likelihood of overall survival (HR = 0.75, 95%CI:
0.60-0.93; P = 0.009; 5-year survival rate: 36% vs 23%)
and of progression-free survival (HR = 0.66, 95%CI:
0.53-0.81; P < 0.001). This trial was limited by the heterogeneous inclusion criteria, which included patients with
gastric cancer, gastroesophageal cancers, and cancers of
the distal esophagus, as well as the lack of quality control
of surgical and pathological operations. Moreover, more
than half of the patients in the preoperative group did
not complete the chemotherapy regimen, making it difficult to evaluate the effects of preoperative chemotherapy
from postoperative chemotherapy. Thus, it is important
to remember that the results of the MAGIC trial are not
sufficient to confirm the effects of preoperative chemotherapy on gastric cancer following curative gastrectomy
with D2 lymphadenectomy.
The ACCORD07/FFCD-9703 French trial obtained
similar results to the MAGIC trial[57]. Two hundred and
twenty-four patients with resectable cancer of the lower
esophagus, gastroesophageal junction, or stomach were
enrolled to either a surgery alone group or to the preoperative chemotherapy group, which received two or
three preoperative cycles of intravenous cisplatin and a
continuous intravenous infusion of 5-FU for five consecutive days every 28 d and three or four postoperative
cycles of the same regimen in addition to the surgery.
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Proper imaging evaluation should be performed at
the appropriate time to achieve the utmost benefit prior
to surgery. Currently, the Response Evaluation Criteria
In Solid Tumors 1.1 criteria, WHO criteria, and many
other sets of criteria are used to evaluate the effectiveness of preoperative treatment[59], but limitations still exist. None of these criteria can accurately predict a gastric
cancer patient’s response to chemotherapy. New imaging methods like diffusion weighted imaging and PET
may provide clues for this problem. As to the pathology
evaluation, the widely applied Tumor Regression Grade
was developed from patients with rectal cancer and is still
not specific enough for gastric cancer. Patients diagnosed
as M1 may benefit from preoperative chemotherapy due
to the free cancer cells in a peritoneal lavage cytology examination. These patients received HIPEC together with
preoperative chemotherapy, which converted some patients to ypM0 when a second peritoneal lavage cytology
examination was performed, giving them a potential R0
operation[24]. This modality is now being evaluated in our
center (NCT01471132).

Compared with the surgery alone group, the preoperative
chemotherapy group had better overall (38% vs 24%; HR
= 0.69, 95%CI: 0.50-0.95; P = 0.02) and disease-free (34%
vs 19%; HR = 0.65, 95%CI: 0.48-0.89; P = 0.003) 5-year
survival rates. In a multivariate analysis, preoperative chemotherapy (P = 0.01) and stomach tumor localization (P
< 0.01) were favorable prognostic factors for survival,
and preoperative chemotherapy significantly improved
the curative resection rate (84% vs 73%, P = 0.04). The
same limitation of heterogeneous inclusion criteria still
exists in this trial and does not answer the remaining
questions from the MAGIC trial.
To address the questions remaining in the trials mentioned above, the EORTC 40954 trial was performed[58].
This trial used stringent inclusion criteria to include only
locally advanced adenocarcinoma of the stomach and
gastroesophageal junction (SIEWERT Ⅱ and Ⅲ). Patients in this trial were randomly assigned to either undergo surgery alone or receive surgery in combination with
preoperative chemotherapy consisting of cisplatin, 5-FU,
and leucovorin. In contrast to the above trials, rigorous
preoperative staging and quality control of surgery were
applied in this trial. However, this trial was halted due to
poor accrual after 144 patients were assigned. Out of the
144 included patients, 52.8% had tumors located in the
proximal third of the stomach (including SIEWERT Ⅱ
and Ⅲ) and the R0 resection rate was 81.9% after preoperative chemotherapy, as compared with 66.7% with surgery alone (P = 0.036). After a median follow-up period
of 4.4 years and 67 deaths, a survival benefit could not
be shown (HR = 0.84, 95%CI: 0.52-1.35; P = 0.466). An
overall survival of 64.6 mo was observed in the chemotherapy group in comparison to 52.5 mo in the surgery
alone group. This trial showed a significantly increased
R0 resection rate, but failed to demonstrate a survival
benefit. Possible explanations of why a survival benefit
was not observed in the study include a low statistical
power, a high rate of proximal gastric cancer and a better
outcome than expected after radical surgery alone due to
the high quality of surgery, which included resections of
regional lymph nodes outside the perigastric area. Another limitation that needs to be considered is the possibility
of increased morbidity and mortality of the operation
after preoperative chemotherapy.
The differing results from these three trials might be
associated with the quality control of the surgery. Only
the EORTC 40954 trial applied the D2 lymphadenectomy and may render the negative effects of preoperative
chemotherapy more apparent. The specific treatment
regimen used for preoperative chemotherapy is another
caveat that must be addressed. The regimens used in the
three trials above are not recommended in East Asia, despite being included in the NCCN and European Society
for Medical Oncology guidelines[10-12]. Clinical trials to
compare different regimens have been performed worldwide. There are currently more than 50 clinical trials
registered on the clinicaltrials.gov website, with a broad
spectrum of regimens and drugs.
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PERIOPERATIVE RADIOCHEMOTHERAPY
Although postoperative radiochemotherapy is currently
used in the United States as a standard treatment of
AGCs, it is not widely accepted in other parts of the
world. In 1984, a small prospective clinical trial that included 60 patients evaluated the value of postoperative
radiochemotherapy for the first time, and a significant
5-year survival benefit was observed (23% vs 4%)[60].
Based on this small trial, the larger South West Oncology
Group/Intergroup trial was established to further evaluate the utility of postoperative radiochemotherapy in the
treatment of gastric cancer[61]. In this trial, a total of 556
patients with resectable adenocarcinoma of the stomach
or gastroesophageal junction were randomly assigned to
surgery alone or surgery plus postoperative radiochemotherapy. The postoperative treatment consisted of fluorouracil/leucovorin, followed by 4500 cGy of radiation (180
cGy for five days). The median overall survival in the
surgery-only group was 27 mo, as compared with 36 mo
in the radiochemotherapy group; the HR for death was
1.35 (95%CI: 1.09-1.66; P = 0.005). The HR for relapse
was 1.52 (95%CI: 1.23-1.86; P < 0.001). The trial showed
promising results for postoperative radiochemotherapy
in the treatment of gastric cancer, but the quality control
for surgery was still poor, with only a 10% rate of D2
lymphadenectomy. As a result, the value of postoperative
radiochemotherapy after D2 lymphadenectomy remained
unclear and was not fully accepted in East Asia. Based on
the results of this trial, only patients with D0/D1 lymphadenectomy or non-R0 gastrectomy should be assigned
to postoperative radiochemotherapy.
Preoperative radiochemotherapy is not currently used
as a standard treatment for gastric cancer anywhere. The
Chemoradiotherapy for Oesophageal Cancer Followed
by Surgery study evaluated the utility of preoperative
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radiochemotherapy for esophageal or gastroesophageal
junction cancer and reported significant overall survival
improvement in the preoperative radiochemotherapy
group (49.4 mo vs 24 mo; HR = 0.65, 95%CI: 0.495-0.871;
P = 0.003)[62]. This trial, however, primarily focused on
esophageal cancer and does not provide strong evidence
for gastric cancer. Other ongoing trials are currently evaluating the safety and utility of preoperative radiochemotherapy (NCT01924819, NCT01815853, NCT00512304,
NCT01523015), but a large phase Ⅲ RCT has not yet
been reported. The main caveat of this treatment is the
potential for radiotherapy to cause tissue damage, leading to undesirable healing of the anastomosis. Before
the results of these trials are reported, administration of
preoperative radiochemotherapy should be applied with
additional attention and care. Based on the results from
esophageal cancer studies and small trials, preoperative
chemoradiation may bring a favorable survival benefit
though a definitive answer requires analysis of the results
from the ongoing clinical trials.

may be applied on different patient subsets that have
been classified by stage, location, biology, and other parameters. Here, we recommend that clinical trial results
should be adopted on the appropriate patients based on
study inclusion criteria, with regard to age, stage, surgery,
and even ethnicity. In addition to the traditional pretreatment workup, new imaging techniques such as PET, diagnostic laparoscopy and DW-MRI, can provide additional
information on efficacy prediction and patient selection.
Different therapies including preoperative and postoperative chemotherapy and radiochemotherapy are applied in
clinical practice and new concepts of perioperative-targeted therapies are starting to play a role in this field. The
core of individualized treatment is to use the appropriate
strategy on the right patient. Development of molecular
biomarkers, molecular and functional imaging techniques
will be of great help.
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and limits of oncological follow-up after gastrectomy
th
for cancer” that was launched one year before the 10
International Gastric Cancer Congress. Authors having
specific expertise were invited to comment on their
previous publications to provide the subject for an
open debate. During a three-month-long discussion,
32 authors from 12 countries participated, and 2299
people visited the dedicated web page. Substantial differences emerged between the participants: authors
from Japan, South Korea, Italy, Brazil, Germany and
France currently engage in instrumental follow-up,
whereas authors from Eastern Europe, Peru and India
do not, and British and American surgeons practice it
in a rather limited manner or in the context of experimental studies. Although endoscopy is still considered
useful by most authors, all the authors recognized
that computed tomography scanning is the method of
choice to detect recurrence; however, many limit follow-up to clinical and biochemical examinations, and
acknowledge the lack of improved survival with early
detection.
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Core tip: A web round table entitled “Rationale and
limits of oncological follow-up after gastrectomy for
cancer” was launched in 2012 in preparation for the
th
10 International Gastric Cancer Congress. A total of
32 authors from 12 countries participated in a threemonth-long discussion, and 2299 people visited the
dedicated web page. The discussion revealed that the
practice of follow-up after radical gastrectomy for cancer is not homogenously applied worldwide. The differences are related to culture, health system organization, and level of care.

Abstract
Oncological follow-up after radical gastrectomy for
cancer still represents a discrepancy in the field, with
many retrospective series demonstrating that early
diagnosis of recurrence does not result in an improvement in patient survival; yet, many centers with high
quality of care still provide routine patient follow-up
after surgery by clinical and instrumental controls. This
was the topic for a web round table entitled “Rationale
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gastrectomy for cancer: Results of an international web round
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Table 1 Official rules of web-based round tables launched in
2012
Round table rules
1

2

INTRODUCTION

3

Gastric cancer is one of the most common cancers in
the world. Although there has been significant progress
in alternative therapies, such as chemo- and radiotherapies for other tumors of the gastrointestinal tract, surgery remains the mainstay of therapy. Even after radical
gastrectomy, a significant proportion of patients experience recurrence[1-5]. Without efficacious therapies, these
recurrences are almost always fatal. Many studies examining the clinical significance of follow-up after curative
surgery agree that there are no survival benefits for early
detection of recurrence in asymptomatic patients[6-12].
The Italian Research Group for Gastric Cancer (IRGGC) was formed with a special interest in the diagnosis
and therapy of gastric cancer, comprised of a number of
Italian centers with a common clinical policy, such as the
removal of perigastric and extra-perigastric lymph nodes
during surgery[13]. With consideration of the patient as a
global entity, the spirit of the IRGGC is exemplified by
the participation of endoscopists, pathologists, oncologists and surgeons. Indeed, the approach adopted by the
group is to provide an intensive, clinical and instrumental
follow-up, aimed both at minimizing the nutritional and
functional sequelae of gastrectomy, and verifying if the
actual “modus operandi” achieves results comparable to
those of Eastern centers in terms of post-operative mortality, recurrence and survival. However, in the light of
the literature, this practice should be critically analyzed.
The purpose of this highlight is to present the history and results of a web round table focused on postoperative follow-up in order to clarify issues concerning what control tools are more likely to be useful, and
which have proved unnecessary - and possibly invasive in most cases, within what time we can expect a cancer
recurrence, and what proportion of patients can actually
benefit from a therapy after relapse. The results of this
round table discussion have stimulated an international
debate about timing, methods and results of follow-up
schemes currently in use.

4
5
6
7
8
9
10

molecular biologists and radiotherapists. In preparation
for the Congress, the Scientific Committee activated several web-based round tables focused on the most critical
points of gastric cancer care. One such web round table
was entitled “Rationale and limits of oncological followup after gastrectomy for cancer”. Web round tables began in 2012 and were coordinated by one or more chairmen using the Congress website.

ROUND TABLE STRUCTURE
A number of general rules were adopted to conduct
the round table discussion (Table 1). For each topic, the
authors of important studies were asked to preliminarily present what their own published works contributed
to new experience and knowledge. These answers were
then presented as short articles on the conference web
site, representing a first bibliographic reference. All users
were able to read these articles at any time. Round tables
were open for approximately one month at different
times to allow a concentrated and qualified discussion.
Each round table started with a set of questions proposed by the chairmen. For each question, every participant was required to post his comment after a free web
registration. At the end of the discussion, chairmen outlined conclusions that were thereafter published on the
website and presented during the Congress. A separate
certificate for web round table attendance was available
at the Congress.
The chairmen of the web round table focused on
follow-up were Dr. Gian Luca Baiocchi (Brescia University, Italy), Professor Yasuhiro Kodera (Nagoya University, Japan), Professor Daniele Marrelli (Siena University, Italy) and Professor Fabio Pacelli (Roma Catholic
University, Italy). Five questions were initially proposed
followed by an “open discussion” tool that was made
available for the participants. Thirty-two authors from a
total of 12 countries participated (Figure 1). Overall, 107

ROUND TABLE ORIGIN
The main theme of the 10th International Congress of
the International Gastric Cancer Association held in Verona, Italy on June 19-22, 2013 was “tailored and multidisciplinary gastric cancer treatment”. This theme clearly
underlined the aim of not only involving surgeons,
pathologists and gastroenterologists, but also oncologists, epidemiologists, statisticians, nutritional teams,

WCGO|www.wjgnet.com

The Web Round Table constitutes an open scientific debate
for the participants of the 10th International Gastric Cancer
Congress. The Web Round Tables have a specific interest
in gastric cancer
Registration for the forum has the value of pre-registration
to the Conference
All content for debate is moderated by a chairman. This is
not a chat
Topics not related to the round table will not be published
Specific request for personal clinical issues will not be
published
The roundtables are addressed to the scientific community
and not to patients, who have to ask their family doctors
Improper or offensive statements will not be published
Debates involving only a few people will not be continued
Nobody will be forced to answer personal questions
Chairmen will be supported by co-chairmen for a better
moderation
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Luxembourg (1)
United States (2)

France (1)

Germany (2)

Ukraine (1)
Japan (3)

United States (4)
Mexico (1)

Perù (1)
India (1)

Brasil (3)

Italy (12)

Figure 1 Geographical distribution of web round table participants.

comments were posted: 6, 12, 14, 5 and 7 comments for
questions 1-5, respectively, and 63 for the “open discussion.” Owing to the good participation and to the continuing debate, the web round table was maintained for
approximately three months. At the closure date (July 1,
2012), a total of 2299 visits to the web round table contents were registered; this number increased to 4732 by
October 24, 2013.

regular checks on the outpatient basis could significantly
improve the nutritional status after gastrectomy; active
interventions (i.e., enteral or parenteral feeding) could
do, but such interventions are not easily done in routine
clinical practice.

QUESTION 2
Is the follow-up helpful or harmful from a psychological
point of view?
From a theoretical standpoint, the follow-up is likely to
benefit a patient who receives a prognosis of death before clinical symptoms appear. Many of the round table
participants state that additionally, from a psychological
standpoint, the follow-up is likely to be more helpful
than harmful. For example, regular checks can provide
good support for the patient and a way to show them
that they are not fighting the disease alone. On the other
hand, participants specified that they usually do explain
to the patient about recurrence, but they never discuss
that he/she is going to die in a few months. Unfortunately, only clinicians from Italy, Brazil, Ukraine and
Peru responded to this question, whereas there were no
comments from British or American surgeons.

QUESTION 1
Does follow-up improve the nutritional parameters after
gastrectomy?
The vast majority of participants indicated that one of
the accessory reasons to follow patients undergoing
gastrectomy over time is to diagnose and correct any
nutritional deficiencies. The first months after the intervention necessitate a close monitoring of diet, owing to
obvious changes in alimentary practices. Frequent assessment of body weight and biochemical parameters such
as complete blood count and iron is useful, and in some
cases, nutritional supplements are given. Clearly, there is
a difference between patients according to age, total vs
subtotal gastrectomy, and reconstruction; total gastrectomy in elderly patients is the most risky clinical scenario
for nutritional deficits. Pancreatic enzymes may theoretically represent a valuable therapeutic tool, especially in
later times, when patients do not increase in body weight
despite adequate food intake. Furthermore, nutritionists
and other co-medicals, rather than surgeons, could be
more effective in assisting patients learning a new way of
feeding. Although stomal therapists have many roles at
the outpatient clinic after colorectal operations, there are
unfortunately no health professionals to aid upper-gastrointestinal surgeons. Indeed, it is unlikely that simple
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QUESTION 3
Does the follow-up increase the overall survival?
At the best of actual knowledge, clear evidence on oncological follow-up after gastrectomy is lacking. Rather,
discrepancies are evident: while many retrospective series
have definitively pointed out that diagnosis of asymptomatic recurrence does not improve survival, the daily
practice in many centers is to provide the patient with
ongoing clinical and instrumental checks. This outlook
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has almost three reasons. The first relies on the belief
that biomedical research will develop in the future more
effective chemotherapy schemas (as it has been done in
colorectal cancer). Therefore, relaxing requirement for
follow-up may prevent identification of patients who
may benefit from such. Second, daily evaluation of the
results of surgical and oncological therapies is crucial to
improve their quality. Reliable data on recurrence and
survival obtained from rigorous follow-up allow for comparisons between different therapies. Third, rather than
source of stress, scheduled follow-up provides in many
cases patients with a sense of protection and reassurance.
Interestingly, the above mentioned results were substantially different around the world. Japanese, Korean, Italian, Brazilian, French and Dutch experts believe in the
sense of routine oncological follow-up, while Authors
from Eastern Europe and developing countries such as
Peru and India do not. An intermediate position is registered from United States and GB, whose physicians are
currently engaged in a very limited, clinical-based followup (apart from the context of clinical trials).

futility of follow-up, as clearly expressed in a number of
retrospective series both from Eastern[7-9] and Western
centers[6,10,14] and in a systematic review[11]. In particular, it should be noted that a diagnosis of recurrence in
the asymptomatic phase is unable to improve survival.
Moreover, the patient’s quality of life can be worsened
by anticipating the diagnosis of death. Some authors discovered that symptomatic cases are inherently aggressive
and are characterized by a lower overall survival[6,10,14], and
though the identification of such patients in the asymptomatic phase cannot lead to a better prognosis, it may be
relevant to the therapeutic decision[15]. While acknowledging that a diagnosis of recurrence in the asymptomatic
phase prolongs survival after diagnosis of recurrence,
some authors clarified that the delayed diagnosis in the
group with symptomatic relapse makes no difference in
overall survival[8,9]. On the other hand, the cost of followup programs is clear. An assessment made by the Tokyo
Cancer Center estimates that a surgical department with
a medium volume of gastric cancer surgery - about 50
radical resections for gastric cancer a year - must bear the
weight of 150 patients in follow-up every year in the fifth
year, and 200 in the tenth year. These figures are even
higher in Eastern centers with a high volume and high
percentage of early gastric cancers[11].
Many experts participating in the web Consensus
Conference actually believe that a follow-up time ranging from 36 and 60 mo is at the same time necessary and
useful: oncological follow-up more than 5 years after
surgery likely is not cost-effective. Obviously, a longer
the follow-up would allow to diagnose a number of early
cancer at other sites, but this should be more properly
named screening than follow-up.
There was also no consensus concerning the methods used during the follow-up, ranging from a followup based only on clinical examination to one based on
sequential computed tomography and positron emission
tomography. Finally, upper-gastrointestinal endoscopy is
still performed all over the world, even though the majority of experts recognize that intraluminal recurrences
are very infrequent, and searching for a second tumor is
screening rather than follow-up.

QUESTION 4
What examinations are cost-effective in finding a
recurrence during follow-up?
The different attitude of the participants toward followup practice was also reflected by very different practical
approaches. Contrast-enhanced computed tomography
is universally recognized as the mainstay for recurrence
diagnosis, however, many experts actually perform only
clinical and biochemical follow-up. In developing countries, CT scan is replaced by abdominal ultrasound. Endoscopy is still considered useful by most Authors, but it
is often specified that upper gastrointestinal endoscopy
detects remnant cancer more than recurrences. A further
discussion of this point has been suggested by all participants.

QUESTION 5
Sites and timing of recurrence
Two different patterns of relapse were identified: in
Eastern countries, the main recurrence site is the peritoneum, and no more than 50% of recurrences are detected in the first postoperative year (no more that 75%
in the second year). Some Eastern authors pointed out
that adjuvant chemotherapy would further prolong these
times. In Western countries, on the contrary, 30% of
recurrences involve the peritoneum, 30% nodal/local,
30% hematogenous and 10% multiple sites. Almost 80%
of recurrences are found before 12 mo, and up to 90%
are found before 24 mo.

CONCLUSION
This international, web-based round table was performed
to explore the expert’s opinion on the sense of routine
follow-up after gastrectomy, searching in particular for
eventual advantages in terms of early recurrence detection, availability of treatments and improved survival;
diagnosis and eventual treatment of nutritional deficiencies are a second important issue. The round table was
surprisingly well participated by authors who approached
the issues with passion and diligence, including those
from industrialized countries as well as countries with
lower technological content and with less developed
health systems. Moreover, this is a subject that is suitable
for different interpretations, even philosophical in nature

OUTCOME
If there is one issue concerning the treatment of gastric
cancer in which the literature is quite unanimous, it is the
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Table 2 Follow-up protocols proposed by the Italian Research Group for Gastric Cancer
Level

Time (mo)
3

Mild
Tumor markers
Abdominal ultrasound
Chest X-ray
Thoraco-abdominal CT
Endoscopy
Moderate
Tumor markers
X
Abdominal ultrasound
Chest X-ray
Thoraco-abdominal CT
Endoscopy
Intensive
Tumor markers
X
Abdominal ultrasound
Chest X-ray
Thoraco-abdominal CT
Endoscopy

6

9

X
X

12

15

X
X
X

18

21

X
X

X

X

X

X

X

X
X

30

33

X
X

X
X

X
X

X

X
X

X

X

X

X

X
X

42

48

54

60

X
X
X

X
X

X
X

X
X

X
X

X

X
X
X

36

X

X

X
X
X

27

X
X
X

X
X
X

24

X
X
X

X
X
X

X

X

X

X

X
X

X

X
X

X
X

X
X
X
X

X

X

X
X

X

X
X

Model is based on recurrence risk. The model to calculate the prognostic score can be downloaded from the website: www.gircg.it. Printed with permission
from Marrelli D, Caruso S, Roviello F. Follow-up and treatment of recurrence. In: de Manzoni G, Roviello F, Siquini W, editors. Surgery in the Multimodal
Management of Gastric Cancer, Springer-Verlag Italia 2012. CT: Computed tomography.

as well as technical.
Finally, many participants recognized that gastric cancer follow-up does not improve survival, as the majority
of recurrent cases are not amenable to curative care. As
a consequence, a more intensive follow-up is unlikely to
have a clinical relevance, owing to the very small proportion of cases which potentially could undergo a kind
of treatment. However, this very small proportion is
no longer nil, and this is why many surgeons worldwide
continue to give their patients the chance of scheduled
examinations. An interesting and unexpected debate was
also stimulated by the provocative observation made by
a Japanese surgeon that “for the United States and British patients, the surgeon is essentially an engineer who
opens a lid of the patient’s abdomen and removes what
should not be there”. In Japan, the surgeon is a “savior”
and patients tend to become insane when a surgeon declares that the patient does not need to come to see him
or her anymore.
The real goal of this discussion would be reached by
individualization of follow-up on the basis of the recurrence risk [a proposal of follow-up tailored to a prognostic score[16] has been made by the IRGGC (Table 2)]. On
one hand, high-risk patients unfortunately relapse in few
months: they may be strictly screened for recurrence,
but no significant survival benefit should be expected.
On the other hand, low-risk patients should undergo a
mild but prolonged follow-up (late recurrences are more
frequently locoregional), taking into account the possibility of second cancers. Finally, intermediate-risk cases
should be managed after further selection, eventually
based upon newly discovered (biological?) features[17].
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Chemotherapy

Core tip: Gastric cancer remains one of the most common malignancies worldwide and has a poor prognosis.
Early diagnosis is a key factor in improving the survival
rate. No reliable diagnostic biomarker exists for gastric
cancer. DNA microarray analysis is one of the new technologies able to measure the expression levels of a
large number of genes simultaneously. Specific genes

(differently up- or down-regulated) play an important role in the development and progression of gastric cancer. Another recent application of microarray
analysis in gastric cancer is the possible tailoring of
personalized chemotherapy.

Abstract
Gastric cancer is one of the most common tumors
worldwide. Although several treatment options have
been developed, the mortality rate is increasing. Lymph
node involvement is considered the most reliable prognostic indicator in gastric cancer. Early diagnosis improves the survival rate of patients and increases the
likelihood of successful treatment. The most reliable
diagnostic method is endoscopic examination, however,
it is expensive and not feasible in poorer countries.
Therefore, many innovative techniques have been studied to develop a new non-invasive screening test and
to identify specific serum biomarkers. DNA microarray
analysis is one of the new technologies able to measure
the expression levels of a large number of genes simultaneously. It is possible to define the gene expression
profile of the tumor and to correlate it with the prog-

Original sources: D’Angelo G, Di Rienzo T, Ojetti V. Microarray analysis in gastric cancer: A review. World J Gastroenterol
2014; 20(34): 11972-11976 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v20/i34/11972.htm DOI: http://
dx.doi.org/10.3748/wjg.v20.i34.11972

DEFINITION AND EPIDEMIOLOGY
Gastric cancer is one of the most common tumors
worldwide, although there is a consistent decreasing trend
in Europe secondary to diffuse Helicobacter pylori (H. pylori)
eradication therapy[1]. It is more common in men and in
developing countries, with nearly one million new cases
diagnosed each year[2,3].
In the United States, gastric cancer represents approximately 2% of all new tumor cases annually, but is more
common in countries such as South Korea where it is
the most frequent cancer type, representing 20.8% of all
neoplasms. The survival rate at six months is strictly related to the stage at diagnosis, and is around 65% in those
diagnosed early and less than 15% in those diagnosed in
advanced stages. Metastatic invasion occurs in 80%-90%
of patients.

nosis and metastasis formation. Several studies in the
literature have been published on the role of microarray analysis in gastric cancer and the mechanisms
of proliferation and metastasis formation. The aim of
this review is to analyze the importance of microarray
analysis and its clinical applications to better define
the genetic characteristics of gastric cancer and its
possible implications in a more decisive treatment.
© 2015 Baishideng Publishing Group Inc. All rights reserved.
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Although several treatment options have been developed, the incidence and mortality rates are increasing[4].

cases endoscopic ultrasonography may also be useful to
assess the degree of stomach wall infiltration.

RISK FACTORS

PROGNOSIS
[5]

Risk factors for gastric cancer include : Age (> 60 years),
lifestyle (smoking, alcohol consumption, ingestion of
nitrate or nitrite-rich food)[6], H. pylori infection[7], gastric
diseases (Menetrier’s disease, autoimmune atrophic gastritis, pernicious anemia, and intestinal metaplasia), genetic
factors, personal or familiar history of gastric cancer[8].
Among these, H. pylori infection is considered the main
risk factor, and a possible trigger in 65%-80% of gastric
cancer cases[9]: The CagA virulence factor could potentially
induce cancer by causing chronic inflammation[10].
In contrast, antioxidants, such as vitamin A and C,
contained in fresh fruits and vegetables, typical of the
Mediterranean diet, and green tea are considered protective factors, as they have been linked with a reduction in
the prevalence of gastric cancer.
Estrogen is considered a protective factor for gastric
cancer, justifying the higher incidence in males compared
with females (3:1).

The prognosis of gastric cancer is closely linked to the
diffusion stage at diagnosis; 5-year survival is approximately 90% if gastric cancer is detected early, and is less
than 10% in patients with advanced stage cancer[13].
Staging is based on three parameters: parietal infiltration (T), lymph node involvement (N) and the presence
of distant metastases (M).
It is well known that correct staging is essential in
order to select patients with locally advanced cancer who
can be treated peri-operatively and those with early-stage
disease who are candidates for immediate surgery or
treatment which will result in organ preservation.
Lymph node involvement is considered the most reliable prognostic indicator in gastric cancer, but its detection
by all currently available imaging techniques is unreliable[14].
High mortality is secondary to the low rate of curative resections in locally advanced cancers, which occur
in approximately 2/3 of cases at diagnosis, and lead to
unsatisfactory results following adjuvant postoperative
treatment.

SYMPTOMS
Unfortunately, stomach cancer occurs with very general
and non-specific symptoms such as nausea, difficulty
in digestion, lack of appetite or difficulty in eating large
amounts of food, pain in the upper abdomen, and these
symptoms can easily be confused with those of gastritis
or gastric ulcer.
Moreover, these symptoms are often wrongly treated
with antacids or proton pump inhibitors with an initial
improvement in symptoms.
More specific symptoms such as persistent pain,
weight loss, anemia, loss of appetite, and iron-deficiency
anemia appear in the advanced stages and this often delays the diagnosis.

IMPORTANCE OF BIOMARKERS
Early diagnosis is a key factor in the approach to gastric
cancer detection in patients who are asymptomatic, as
it improves survival rate and increases the likelihood of
treatment success. Available treatments include surgery or
endoscopic mucosal resection, which may be preceded or
followed by radiation and chemotherapy.
The most reliable diagnostic method is endoscopic
examination, however, it is not considered a good screening test as it is invasive, expensive and not practicable in
poorer countries[15].
Therefore, many innovative techniques have been
studied to develop a new non-invasive screening test and
to identify a serum biomarker, which is unfortunately as
yet unavailable[16-18].
A biomarker of gastric cancer could also be useful in
helping to clarify cancer-related mechanisms, to identify a
new target therapy and monitor treatment response.
Ideal biomarkers for early cancer detection should be
expressed in a high percentage of patients with high levels in tumor tissues. Biomarker expression should be constantly elevated during the whole neoplastic process and
absent in normal tissue. Moreover, the detection method
should be easily performed.
The evolution of proteomic technologies has contributed to the discovery and development of diagnostic
tools in the management of cancer through the identification of protein expression in different conditions.
Many target proteins have been proposed as diagnostic biomarkers in different cancer types, such as carcinoembryonic antigen (CEA) for colon cancer, CA-125 for
ovarian cancer, alpha-fetoprotein for liver cancer, and

DIAGNOSIS
Early detection of cancer can reduce the probability of
disease progression, advanced cancer, and death, and increase the probability of successful treatment[11].
Unfortunately, no reliable diagnostic biomarker exists
for gastric cancer. Screening for gastric cancer is routinely
performed in Eastern countries, where the incidence is
much higher than in Western countries.
Diagnosis should be made by gastroscopy or surgical biopsy, reviewed by an experienced pathologist, and
should be reported according to the World Health Organization criteria.
Ninety percent of gastric cancers are adenocarcinomas, and according to the Lauren classification are divided into diffuse and intestinal[12].
Before undergoing surgery it is also necessary to assess possible distant spread of the tumor with either
computed tomography scan or ultrasound, and in some
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CA-19.9 for prostate and pancreatic cancer. Unfortunately, the specificity and sensitivity (20%-30%) of these
biomarkers such as CEA, CA 19-9, and Ca72-4 are not
acceptable for gastric cancer[19].

host. A cascade of cytokines, receptors, enzymes, enzyme
inhibitors, and adhesion molecules, simultaneously regulate the cross-talk between the mechanisms of signals at
the invasive front.
The metastatic process begins with the detachment
of cells from the primary tumor, as the loss of cohesiveness results in cells being easily detached from the
primary tumor. Intracellular adhesion molecules (ICAM),
vascular cell adhesion molecules, and neural cell adhesion
molecules are implicated in this process[23]. Polymorphism
of ICAM has been used as a biomarker for gastric cancer
and has been associated with disease progression[23].
Proteolysis of the extracellular matrix is an essential
component of neoplastic invasion: the matrix metalloproteinases (MMP), the activator of plasminogen and
plasmin, the cathepsins and eparanase are all involved
in this process[24]. Numerous studies have evaluated the
expression of certain metalloproteinases and their correlation with disease progression in gastric cancer using
microarray analysis[24].
Koskensalo et al[25] detected an overexpression of
MMP-7 in gastric cancer and suggested that it may be an
independent prognostic marker. Zheng et al[26] analyzed over
200 patients with gastric cancer in Japan, and found that the
expressions of MMP-2, MMP-9 and VEGF were positively
correlated with increased local and distant invasion.
Tumor cells are capable of active movements through
the tissues in which they are located as single cells or as
small aggregates. The signals that regulate tumor cell
motility are mediated by components of the extracellular
matrix, typically by integrins, or by factors secreted by the
host or by the tumor itself and are recognized by specific
receptors expressed on the tumor cell.
It is believed that tumor growth requires the formation of new blood vessels, a process called angiogenesis,
and these new blood vessels are derived from pre-existing
capillaries and veins. Recently, it was discovered that the
proliferation of lymphatic vessels is controlled, at least in
part, by two members of the family of vascular endothelial growth factors[27].
Using microarray techniques which allowed the analysis of gene expression on a large scale it was shown that
the genetic profile of metastasis in an individual is similar
to the corresponding primary tumor. It was also possible
to define the gene expression profile (gene expression
signature) of the tumor at diagnosis which was shown to
correlate with prognosis and metastasis formation.
Genetic alterations are divided into two classes of
genes: oncogenes, whose actions are dominant, and suppressor genes which require that both alleles are inactivated.
Some studies based on the comparison of tumor tissue vs normal tissue, have often revealed up-regulation of
genes involved in cell proliferation and down-regulation
of genes concerned with cell differentiation and homeostasis.
Hippo et al[28] compared, through gene expression
analysis using oligonucleotide microarrays, 22 primary
human advanced gastric cancer tissues and 8 non-cancerous gastric tissues and identified around 150 genes dif-

MICROARRAY
DNA microarray analysis is one of the new technologies in
the field of cancer genetics research and can measure the
expression levels of large numbers of genes simultaneously.
It is characterized by a collection of microscopic
DNA spots attached to a solid surface.
The method comprises several phases: samples are
extracted and processed for total RNA extraction, then
labeled, hybridized, stained, and scanned using the chip
for the human genome. Finally, microarray image data are
analyzed by special software. This technique has helped
scientists identify which genes are active and which are
inactive in different cell types and to understand how
these cells function normally and how they are affected
when various genes do not function properly. The production of RNA is directly proportional to the activity of
the analyzed gene and generates a very bright fluorescent
area. Conversely, the less active genes produce less RNA
and lower fluorescence. One of the most frequent uses
of this technique is to evaluate gene activity at different
times such as before and after therapy or to compare two
biological conditions, such as disease state vs normal state.
Clearly there may be higher expression of specific genes in
neoplastic tissue compared to normal (up-regulated genes
in neoplastic cells) or vice versa (down-regulated genes in
neoplastic cells).
The results help to better understand the mechanisms
of disease, to identify disease subphenotypes and to predict possible progression. Moreover, this technique could
help to assign functions to previously annotated genes, to
frame group genes into functional pathways, and to predict the activities of new compounds[20].

CDNA MICROARRAY IN GASTRIC
CANCER
In recent decades, many studies have suggested that
genetic alterations play an important role in the development and progression of gastric cancer[21]. Metastatic dissemination is the culmination of a complex process that
matures over a long period, and which involves up- and
down-regulation of genes and proteins.
This interaction between genes is thus responsible for
tissue invasion, angiogenesis, cell circulation, colonization
in secondary organs, and not least, the evasion of host
defenses[22].
Proteolysis, motility and cell adhesion are conventionally considered the local triad of functions necessary for
tumor cells to metastasize. These functions are the basis
of the transport of tumor cells through tissue barriers.
They are regulated by the interaction of a number of
proteins inside the cell that send signals to the surface
and to cellular and extracellular compartments of the
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ferentially expressed. In particular, genes associated with
lymph node metastasis belonged to cell adhesion proteins
such as Cadherin and transcription factors such as Oct-2.
A large study which compared gastric adenocarcinoma
and non-neoplastic gastric mucosa using CDNA microarray, showed a larger group of genes associated with cell cycle progression in tumors than in non-neoplastic tissues[29].
Our group recently published a paper on cDNAmicroarray analysis as a new tool to predict lymph node
metastasis in gastric cancer. In particular we identify
gene expression patterns associated with the presence or
absence of lymph node metastases in gastric adenocarcinoma. We found seven genes exclusively expressed in
N+ and five genes exclusively expressed in N0 patients.
The up-regulated genes in cancer specimens belong to
cell proliferation and control, transcription and neoangiogenesis, meanwhile the down-regulated genes were
involved in the mechanism of apoptosis and cell differentiation[30]. Another small study which compared
9 xenograft and 2 primary gastric cancer samples with
normal gastric epithelial tissues using cDNA array, found
an overexpression of several genes involved in cell cycle
control in cancer samples[31], confirming our results.
More recently, another study evaluated the association between the expression of the trefoil factor family
(TFF1-TFF3) involved in mucosal protection, and the
clinicopathological characteristics of gastric adenocarcinoma. Interestingly, they observed normal expression of
TTF1 in healthy gastric tissue and a reduction in half of
the gastric cancer samples. On the other hand, TFF3 was
not expressed in normal tissue and highly expressed in
tumor samples. They found a correlation between high
levels of TFF3 and metastatization, poor prognosis and
patient survival[32]. The authors indicated that an imbalance in the expression of the two genes with a reduction
in TFF1 and increased expression of TFF3 play a role in
gastric carcinogenesis.
Jin et al[33] analyzed the gene expression profiles of
gastric cancer tissue samples and healthy controls using
microarray analysis. They found that genes which were
up-regulated were involved in cell proliferation, while
down-regulated genes controlled the immune response
and cellular homeostasis.
Another recent application of microarray analysis in
gastric cancer is the possible tailoring of personalized
therapy. In advanced and metastatic gastric cancer, conventional chemotherapy has shown limited efficacy. Numerous studies have been published on new treatments
for gastric cancer, however, encouraging results have only
been observed for trastuzumab and ramucirumab[34,35].
Trastuzumab is a monoclonal antibody against epidermal growth factor receptor 2. A large study of over 500
patients with gastric cancer and overexpression of HERB2
showed an improved survival rate (greater than 10 mo) in
the group treated with chemotherapy (capecitabine/fluorouracil plus cisplatin) in combination with trastuzumab
compared to those treated with chemotherapy alone[36].
Shah et al[37] using cDNA array, analyzed 36 patients
with gastric cancer and identified several pathways that
were differentially regulated in each gastric cancer subtype
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with a plausible biological difference and different behavior.

CONCLUSION
It is well known that patients with a diagnosis of gastric
cancer, even if they have the same characteristics of local
and distant diffusion, have different prognoses and treatment responses. Obtaining a “real identity card” for each
tumor could revolutionize the treatment of cancers. The
increased use of microarray analysis in clinical practice is
accelerating the understanding of the complex structure
and natural history of tumors. Furthermore, its role as a
prognostic factor is emerging and it is believed that in the
future it may be used in the clinical setting.
However, most of these data originate from a limited
number of small studies, thus larger trials are needed in
order to better define the role of microarray analysis in
clinical practice and its prognostic value.
The use of microarray analysis in gastric cancer can
help physicians understand the aggressiveness of different cancers and improve their management.
The possibility of studying the gene expression of a
tumor and to correlate this with its clinical characteristics
could significantly change therapeutic procedures. The
big challenge will be the assessment of the real contribution of research on the clinical aspects of microarrays
and molecular data provided by the studies. Therefore,
it will be important to propose and develop analytical
models able to integrate all the different aspect of tumors
such as clinical data, molecular factors (gene expression
and functional proteomics), traditional risk factors and
parameters of response to current therapies[38].
Based on various studies, a team of oncologists, surgeons, geneticists, pathologists, biologists, and bioinformaticians, will be necessary in order to realize personalized targeted cancer therapy[38].
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Core tip: In recent years, a large body of evidence has
been accumulated to support the role of proteinase activated-receptors (PARs) in the control of gastric cancer
(GC). In particular, it has been demonstrated that both
PAR-1 and PAR-2 may trigger intracellular signals which
ultimately sustain gastric carcinogenesis, whereas the
exact role of PAR-3 and PAR-4 in the initiation and
progression of GC remains to be ascertained. Despite
these promising and novel observations, further experimentation is needed to better characterize the mechanisms underlying the expression and function of PARs
in GC and their potential as therapeutic targets.

Abstract
Gastric cancer (GC) is the fourth most common cancer
in the world and the second cause of cancer-related
death. Gastric carcinogenesis is a multifactorial process,
in which environmental and genetic factors interact to
activate multiple intracellular signals thus leading to uncontrolled growth and survival of GC cells. One such a
pathway is regulated by proteinase activated-receptors
(PARs), seven transmembrane-spanning domain G
protein-coupled receptors, which comprise four receptors (i.e. , PAR-1, PAR-2, PAR-3, and PAR-4) activated by
various proteases. Both PAR-1 and PAR-2 are over-expressed on GC cells and their activation triggers and/or
amplifies intracellular pathways, which sustain gastric
carcinogenesis. There is also evidence that expression
of either PAR-1 or PAR-2 correlates with depth of wall
invasion and metastatic dissemination and inversely
with the overall survival of patients. Consistently, data
emerging from experimental models of GC suggest that
both these receptors can be important targets for therapeutic interventions in GC patients. In contrast, PAR-4
levels are down-regulated in GC and correlate inversely
with the aggressiveness of GC, thus suggesting a negative role of this receptor in the control of GC. In this
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Gastric cancer
Gastric cancer (GC) is the fourth most common cancer
in the world and the second cause of cancer-related death
worldwide[1]. Most GCs arise in the antrum and lesser
curvature of the stomach, even if tumors may involve the
proximal stomach and gastroesophageal junction[2]. GC is
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more frequent in men than in women. There are geographic and ethnic differences in the incidence of GC around
the world, as well as trends in each population over time,
suggesting that gastric carcinogenesis can be influenced by
environmental, host and genetic factors[2-5]. Environmental
risk factors for GC include salt and salt-preserved foods,
high meat diet, nitroso compounds, obesity, smoking,
Helicobacter pylori (H. pylori)-related gastritis, gastric surgery,
whereas consumption of fruits, vegetables and fiber are
supposed to be protective factors[6-12]. Many host-related
factors can enhance GC risk, including blood group A,
hypertrophic gastropathy (including Ménétrier’s disease),
immunodeficiency syndromes, pernicious anemia, family
history of GC, chronic atrophic gastritis, and concomitant
cancer syndromes (including hereditary non-polyposis
colorectal cancer, familial adenomatous polyposis, LiFraumeni syndrome, hereditary diffuse gastric cancer and
Peutz Jeghers syndrome)[13,14]. Moreover, many polymorphisms of genes involved in inflammation [interleukin
(IL)-1B, IL-1RN, IL-8], detoxification of carcinogens
(GSTs, CYP2E1), folate metabolism (MTHFR), intercellular adhesion (E-cadherin) and cell cycle regulation (p53)
are associated with GC. In particular, polymorphisms
of IL-1B gene (IL-1B-511*T) and of the IL-1 receptor
antagonist gene (IL-1RN*2/*2) and homozygotes for
MTHFR677T have been associated with an increased risk
of GC; carriers of both IL-1B-511*T (IL-1B-511*T/*T
or IL-1B-511*T/*C) and H. pylori virulence factors (vacAs1-, vacAm1-, and cagA-positive) have a further increased risk of GC as compared to carriers of each of
these polymorphisms[15,16].
The most common type of GC is adenocarcinoma
and in the subsequent paragraphs the term GC is used to
indicate gastric adenocarcinoma. According to the Lauren classification two variants of gastric adenocarcinoma
can be considered: the intestinal type, which is the most
frequent and has a morphology similar to adenocarcinomas arising in the intestinal tract, and the diffuse type,
which is less common and is characterized by a lack of
intercellular adhesions and the consequent inability to
form glandular structures[17]. The intestinal type of gastric adenocarcinoma is supposed to generate from a preexisting chronic gastritis, which leads to chronic atrophic
gastritis, intestinal metaplasia, dysplasia and eventually
to adenocarcinoma. In contrast, diffuse type GC has no
clearly defined pre-cancerous lesions[18].
Most patients with GC are asymptomatic and may
have an advanced incurable disease at the time of presentation. Indeed, at the time of diagnosis, approximately
50%of patients may have a disease that extends beyond
loco-regional confines, and only one-half of these patients can receive a potentially curative resection[19]. Thus
the overall 5-year patient survival rate is about 25%.
Surgically curable early GC are usually asymptomatic and
detected during screening programs, which are not widely
performed, except in countries which have a very high
incidence, such as Japan, Venezuela and Chile[20-22]. Weight
loss and persistent abdominal pain are the most common
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symptoms at initial diagnosis, associated with anorexia,
nausea, early satiety. Dysphagia is common in patients
with cancers arising in the proximal stomach or at the
esophagogastric junction. Other symptoms and signs
include occult or overt gastrointestinal bleeding, the presence of a palpable abdominal mass, left supraclavicular
adenopathy (Virchow’s node), a periumbilical nodule (Sister Mary Joseph’s node), a left axillary node (Irish node) or
a mass in the cul-de-sac on rectal examination (Blumer’s
shelf). The most common metastatic distribution occurs
in the liver, peritoneal surfaces and non-regional or distant lymph nodes. Less common is the involvement of
ovaries (Krukenberg’s tumor), central nervous system,
bone, lung or soft tissues. Paraneoplastic manifestations
include dermatologic findings such as diffuse seborrheic
keratoses (sign of Leser-Trelat) and acanthosis nigricans,
or microangiopathic hemolytic anemia, membranous
nephropathy, hypercoagulable states (Trousseau’s syndrome) and polyarteritis nodosa[23-34].

PROTEINASE-ACTIVATED RECEPTORS IN
THE GASTROINTESTINAL TRACT
Proteinase-activated receptors (PARs) are seven transmembrane-spanning domain G protein-coupled receptors, comprising four receptors (i.e., PAR-1, PAR-2,
PAR-3, and PAR-4) and activated by various proteases.
PAR activation is an irreversible phenomenon in which
the protease binds to and cleaves the amino-terminal exodomain of the receptor, thus generating a new aminoterminal sequence that binds the core receptor and
activates transmembrane signaling to internally located
G-proteins[35]. Whereas PAR-1, -3, and -4 are activated
by thrombin, PAR-2 is activated by multiple trypsin-like
enzymes, such as trypsin itself and mast cell tryptase[36,37].
Moreover, PAR-1 can also be activated by plasmin,
coagulation factor Xa and activated protein C. These
ligands recognize and cleave the N-terminal exodomain
of PAR-1 between Arg41 and Ser42. Following PAR activation, the G-proteins trigger a cascade of downstream
events leading to engagement of integrins, cell adhesion,
migration and mitogenesis[38-42]. Activation of PARs can
also be triggered by proteases derived from mites, cockroach, bacteria and fungi, and this phenomenon could be
relevant for the pathogenesis of PAR-associated diseases
(e.g., asthma and atopic dermatitis)[43,44].
PARs are expressed by epithelial cells, enteric neurons, smooth muscle cells, fibroblasts and immune cells
in every region of the gastrointestinal tract and accessory
organs, including the salivary glands, stomach, intestine,
pancreas and liver[45-52]. Activation of PAR-2 in parotid
gland acinar epithelial cells stimulates the secretion of
both mucin in a non-cholinergic, non-adrenergic and
tyrosine kinase dependent manner and salivary amylase
through a mechanism that does not involve capsaicinsensitive nerves[45,53].
Both PAR-1 and PAR-2 control gastric mucosal function. Activation of PAR-1 by thrombin appears to be
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liferation and differentiation[71] and therefore could contribute to the uncontrolled cellular growth in the various
organs. Indeed, abnormal PAR-1 expression has been
seen in highly invasive breast cancer, advanced-stage
prostate cancer, oral squamous cell carcinoma [72] and
colon cancer[73] and has been associated with pancreatic
cancer cell differentiation[74] and invasion signals in kidney
and colon cancer cells through activation of a Rho-A-dependent pathway[75]. Similarly, activation of PAR-2 leads
to proliferation of colonic epithelial cancer cells[76] and
proliferation and invasion of pancreatic cancer. PAR-2 is
also over-expressed by breast, gallbladder, lung, kidney,
uterine and cervical cancers and glioblastoma tumors[76-78],
but it remains unclear the exact contribution of this receptor in the pathogenesis of these cancers. In contrast,
PAR-2 exerts a tumor protective role in skin carcinogenesis. The role of PAR-3 and PAR-4 in human cancer is
less clear, even if experimental data suggest that PAR-4
contributes to hepatocellular carcinoma cell migration,
fibrotic response in the lung cancer, growth of prostatic
and colonic tumor cells and hematogenous metastasis of
melanoma cells[79-82].

cytoprotective in a gastric epithelial cell line through the
secretion of mucin and prostaglandin E[54], and in a rat
model, where it has been implicated in the protection of
the gastric mucosa from ethanol-induced damage[55]. In
both studies, the protective effect was dependent upon
cyclooxygenase (COX) activity. In contrast, other studies
have shown that PAR-1 may be pro-inflammatory as its
activation causes plasma extravasation in the stomach[56].
These differences may rely on the model used, since the
former study assessed the effect of PAR-1 activation
on ethanol-induced damage in rats[55] while the later one
evaluated PAR-1 effects in normal mouse stomach[56].
PARs have numerous effects on intestinal epithelial function, depending upon the site of expression.
Studies from cell lines have demonstrated that PAR-1
is expressed on both basolateral and apical surfaces
of a duodenal crypt cell line. Activation of basolateral
PAR-1 stimulates apically directed chloride secretion in
a calcium-dependent manner[57]. This effect is due to
Src-kinase-associated epidermal growth factor receptor
(EGFR) kinase transactivation which stimulates MAP
kinase-induced activation of phospholipase A2. The subsequent liberation of arachidonic acid stimulates chloride
secretion via a mechanism dependent upon both COX-1
and COX-2[58]. In contrast, activation of apical PAR-1 in
the same cell line activates a different Src-independent
signaling pathway, which leads to apoptosis and increased
permeability of epithelial monolayer[59]. PAR-2 is also expressed on intestinal epithelial cells[51,60] and its activation
in isolated segments of rat jejunum stimulates chloride
secretion in a manner independent of enteric nerves,
suggesting that the effect is directly on the epithelium[61].
Similar results were seen following activation of PAR-2
in human colonic explants[62].
Activation of PAR-1 in submucosal secretomotor
neurons of mouse colon suppresses chloride secretion[63].
PAR-2 activation on enteric nerves may change the
electrophysiological properties of these neurons, either
causing excitation[64] or enhancing excitability induced by
other activators[65]. Furthermore PAR-2 might have a role
as a mediator of neurogenic inflammation in the intestine[66] and could mediate intestinal hyperalgesia[67]. PAR-1
can also activate intestinal myofibroblasts and promote
prostaglandin (PG)-E2 secretion [50]. Both PAR-1 and
PAR-2 are expressed by intestinal mast cells[68,69] but their
role in controlling the activity of these cell types remains
to be ascertained.
In the pancreas, PAR-2 is expressed on both acinar cells[53] and duct epithelial cells[48], and its activation
stimulates amylase secretion and electrolyte transport
respectively. The contribution of PAR2 in the pathogenesis of pancreatic disorders is not yet fully understood
even though some forms of experimental pancreatitis are
characterized by activation of PAR-2[70].

PARS AND GASTRIC CANCER
PAR-1
Human GC are marked by elevated levels of PAR-1 and
there is evidence that PAR-1 expression correlates with
depth of wall invasion and peritoneal dissemination and
inversely with the overall survival of patients[83]. Consistently, PAR-1 is over-expressed in MKN28, MKN74
and NUGCIII GC cell lines, whereby its activation by
α-thrombin leads to nuclear factor-κB (NF-κB) activation
and increased expression of downstream target genes (e.g.
tenascin-C, Bcl-2, cIAP1, EGFR), which regulate GC cell
growth, apoptosis and diffusion[84]. The factors/mechanisms which control PAR-1 expression in GC are not fully understood even though it has been demonstrated that
galectin-3, a 31-kilodalton member of carbohydrate-binding proteins over-expressed in GC patients, is involved
in the control of PAR-1. In particular, it was shown that
silencing of galectin-3 in GC cell lines down-regulates
PAR-1 and consequently reduces migration of tumor
cells, while over-expression of galectin-3 increases PAR-1
expression. Analysis of basic mechanisms by which galectin-3 regulates PAR-1 revealed that galectin-3 directly
interacts with Fra-1 and c-Jun in the AP-1 complex, thus
promoting up-regulation of AP-1 transcriptional activity
and enhanced binding of the AP-1 complex to the PAR-1
promoter. At the same time, galectin-3 increases production of matrix metalloproteinases, which could further
enhance GC cells invasion by promoting both PAR-1 activation and extracellular matrix degradation[85].
PAR-1 expression is increased in the stomach of patients with H. pylori infection and circumstantial evidence
suggests that PAR-1 may contribute to down-regulate the
host response against H. pylori[86]. PAR-1 is encoded by a
gene on chromosome 5q11.2-q13.3, which is 27 kilobase

role of PARs in the control of epithelial cell proliferation
and cancer
PAR-1- and PAR-2-driven signals stimulate cellular pro-
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long and has two exons separated by a large intron of
22 kilobase. Three main polymorphisms are known in
PAR-1 gene: PAR-1-505 ins/del, PAR-1 IVSn-14 A/T
and PAR-1-1426 C/T[87]. The first 2 polymorphisms are
involved in the production and activity of PAR-1 and
therefore their presence could amplify the local mucosal
inflammation thereby promoting the development of H.
pylori-associated lesions (e.g., ulcers and GC)[88,89]. This hypothesis well fits with the demonstration that in Chinese
subjects, PAR-1 IVSn-14 A/T allele is a risk factor for
the development of GC[90]. Along the same line, studies
in Caucasian, African-American, Asian and Hispanic gastric cancer patients have shown that PAR-1-505 ins/del
polymorphism is a prognostic marker in patients with
localized GC, whereas no association was found between
PAR-1 IVSn-14 A/T and time-to-tumor recurrence or
overall survival[89].

and deeper glands and its levels are markedly down-regulated in GC. In particular, the diminished levels of PAR-4
in GC associated with the clinically aggressive phenotype
of this neoplasia, as PAR-4 is barely detectable in poordifferentiated GC tissue and in tumors with extensive
lymph node invasion. The reason why PAR-4 is downregulated in GC remains unknown. However, studies in
AGC cell lines have shown that 5-Aza-2’-deoxycytidine, a
demethylating agent, can enhance PAR-4 expression, thus
implying a role for PAR-4 promoter hypermethylation in
the down-regulation of the PAR-4 gene transcription in
GC cells[99].

DISCUSSION
The data described in the present article underline the
involvement of PAR-1 and PAR-2 in the processes that
sustain gastric carcinogenesis. Although PAR-1 and
PAR-2 are also up-regulated in clinical conditions which
associate with GC (i.e., H. pylori infection), the exact factors and mechanisms involved in the overexpression and
activation of these two receptors in human GC are not
fully understood. Further studies are therefore needed
to address these issues as well as to clarify the exact
mechanism(s) by which these receptors promote gastric
carcinogenesis. While studies with cultured GC cell lines
indicate that both PAR-1 and PAR-2 can directly activate
intracellular pathways involved in the growth and diffusion of GC cells, it is conceivable that both receptors
may also affect the activation and function of mucosal
immune cells, which could in turn affect GC cell behavior. In contrast, preliminary evidence indicates that
PAR-4 expression is down-regulated in GC, but the functional relevance of this finding remains to be ascertained.
The demonstration that PAR-4 levels correlate inversely
with the aggressiveness of GC suggests that this receptor
can be a negative regulator of the initiation and/or progression of the neoplasia, even though studies in other
systems have documented a dual role of PAR-4 in sustaining tumorigenesis[79,80,82,100-102].

PAR-2
Like PAR-1, PAR-2 is highly expressed in primary GC tissue and PAR-2 levels correlate with the depth of tumor
invasion, lymphatic involvement, early metastasis (liver
metastasis and venous invasion) and poor prognosis of
GC[91]. Analysis of PAR-2 in human GC tissue revealed
however that additional cell types such mast-cells, vascular endothelial cells, smooth muscle cells, macrophages
and stromal fibroblasts, express PAR-2[92]. One of the
factors implicated in the activation of PAR-2 in GC cells
is trypsin, which plays an important role in GC invasion
and metastasis given its ability to catalyze the hydrolysis
of proteins and promote extracellular matrix degradation. Trypsin-driven PAR-2 activation promotes GC cell
growth and enhances GC cell adhesion to fibronectin via
an integrin α5β1-dependent pathway[92]. The mitogenic
effect of PAR-2 on GC cells is mediated by Src-dependent EGFR transactivation, which causes phosphorylation of ERK 1/2[93]. In GC, PAR-2 could also regulate
angiogenesis, given that trypsin-induced PAR-2 activation
in MKN28 cells enhances expression of proangiogenetic factors, such as vascular endothelial growth factor
(VEGF) and COX-2, in a dose and time-dependent manner, through a mechanism which appears to be at least in
part dependent on MAP kinase activation[78,94,95].
PAR-2 is also over-expressed in the H. pylori-colonized
gastric epithelium and studies in gastric adenocarcinoma
(AGS) cells showed that H. pylori can promote the expression and the activation of PAR-2. This later phenomenon
could be either directly induced by H. pylori or mediated
by small amount of tryptase secreted in H. pylori-treated
AGS cell cultures[96,97].
Activation of PAR-2, but not PAR-1, in MKN45 cell
lines up-regulates the expression of IL-8, a chemokine
which enhances the recruitment of leukocytes to the
stomach, thereby amplifying the mucosal inflammation
seen in both H. pylori-associated gastro-duodenal ulcer
and GC[98].
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Core tip: According to the literature, endoscopic submucosal dissection (ESD) has been proposed as the
gold standard in the treatment of early gastric cancer.
However, ESD requires safe sedation management.
This review covers safe sedation using propofol and
other sedative drugs in the context of the available literature. Moreover, understanding safe sedation could
be important in managing perioperative patients with
gastric ESD. To this end, we suggest that sedation using propofol is safe and results in patient satisfaction
after endoscopic gastric treatment for ESD.

Abstract
Endoscopic submucosal dissection (ESD) has been proposed as the gold standard in the treatment of early
gastric cancer because it facilitates a more accurate
histological assessment and reduces the risk of tumor
recurrence. However, the time course of ESD for large
gastric tumors is frequently prolonged because of the
tumor size and technical difficulties and typically requires higher doses of sedative and pain-controlling
drugs. Sedative or anesthetic drugs such as midazolam
or propofol are used during the procedure. Therapeutic
endoscopy of early gastric cancers can often be performed with only moderate sedation. Compared with
midazolam, propofol has a very fast onset of action,
short plasma half-life and time to achieve sedation,
faster time to recovery and discharge, and results in
higher patient satisfaction. For overall success, maintaining safety and stability not only during the procedure but also subsequently in the recovery room and
ward is necessary. In obese patients, it is recommended that the injected dose be based on a calculated
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INTRODUCTION
The importance of endoscopic procedures in the diagnosis and treatment of digestive disease is increasing.
Furthermore, safe and painless endoscopic procedures
have recently been requested. Conscious sedation is an
effective technique in reducing pain and improving satisfaction during the endoscopic examination.
For early gastric cancer (EGC) without metastasis, in-
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Table 1 Comparison studies of sedation for gastric endoscopic submucosal dissection
Ref.

Year

Propofol

Midazolam

Sasaki et al[7]
Chun et al[8]
Rong et al[9]
Yamagata et al[10]
Uesato et al[11]
Takimoto et al[12]
Kiriyama et al[13]

2012
2012
2012
2011
2010
2010
2010

●
●

●

●
●
●

●1
●
●
●
●

Combination

General anesthesia

Other

Anesthesiologist present

●
●

●

●

●
DEX

Conclusion
P>M
Combination > P
GA > M
P>M
GA > M
DEX
P>M

1

Diazepam. About drug names (propofol/midazolam/combination/general anesthesia/pentazocine/fentanyl), “●” means that the drug were "used". And
about the line of Anestheologist, “●”means that anesthesiologists "managed" sedation. Combination: Propofol and midazolam; DEX: Dexmedetomidine
hydrochloride; P: Propofol; GA: General anesthesia; M: Midazolam.

cluding lymph node metastasis, complete curative resection is possible with endoscopic treatment. Therefore,
higher quality endoscopic examination and diagnosis are
important in the detection and treatment of earlier stage
gastric cancers.
Therapeutic endoscopy, routine esophagogastroduodenoscopy (EGD), and colonoscopy can often be performed with minimal or moderate sedation; these sedation practices vary widely throughout the world. In the
United States, more than 98% of EGDs and colonoscopies are performed with sedation[1,2]. On the other hand,
in many European and Asian countries, routine EGD is
often performed under pharyngeal local anesthesia without intravenous sedation or general anesthesia, and colonoscopy is performed without sedation[3-5]. Currently, per
os endoscopic examinations under conscious sedation
and per nasal thin endoscopic examinations without sedation are often performed[6]. In cases where sedative or
anesthetic drugs are required, drugs such as midazolam
or propofol are the drugs of choice.

decreased after 2010. Therefore, the literature suggests
that propofol is most commonly used for sedation during endoscopic treatment for gastric cancer.

ENDOSCOPIC TREATMENT FOR
GASTRIC CANCER
Endoscopic resection for gastric cancer is performed on
the tumor lesions without risk of metastasis[26,27]. The
number of endoscopic procedures for treatment of EGC
is increasing[28].
Patients with EGC are often in good general health
compared to patients with advanced gastric cancer. Most
of these patients are able to complete their activities of
daily living without symptoms or weight loss. Therefore,
these patients are relatively low-risk candidates for sedation and endoscopic treatment.
Endoscopic mucosal resection (EMR) has traditionally been used to treat mucosal gastric cancers. This
procedure is often performed quickly and therefore does
not require a long sedation time. Recently, endoscopic
submucosal dissection (ESD) was initially intended to
treat large EGCs and produced higher rates of en bloc
resections and tumor-free margins compared to the
conventional EMR technique[29,30]. As a result, ESD has
been proposed as the gold standard in the treatment of
EGC[31-33].
ESD for the resection of large tumors is frequently
prolonged because of the tumor size and related technical difficulties requiring higher doses of sedative and
pain-controlling drugs such as midazolam and pentazocine. Therefore, a method of safe sedation is necessary.
In EMR, the procedure time is short and may be possible using only a benzodiazepine, such as midazolam,
for sedation. However, midazolam may not be sufficient
for ESDs that require a longer treatment time, and can
be dangerous for the patient. Therefore, safe but longacting sedation is necessary for these ESDs. In addition,
ESDs have a higher rate of complications such as perforation causing peritonitis, delayed bleeding, and other
perioperative complications[34,35].
More invasive treatments, including emergency surgical procedures, may be necessary depending on the
degree of complications post-ESD. Therefore, preopera-

SELECTION METHODS FOR LITERATURE
TO BE REVIEWED
We reviewed the literature published until December
2013 to identify studies of gastric cancer patients treated
with endoscopic treatment procedures. Studies were
identified by searching the Medline and PubMed databases using the terms “gastric cancer”, “endoscopy”,
“treatment”, and “sedation”. Research articles on hypopharyngeal cancer, submucosal tumors, screen endoscopy, metallic stenting, and gastronomy procedure were
excluded in this review. In total, 41 potential articles were
identified during the primary evaluation. Thereafter, 19
articles that met the inclusion criteria were selected for
evaluation on this topic. Of these, 7 comparison studies
published after 2010 showed that propofol alone, propofol combined, or general anesthesia provided more
benefits than midazolam[7-13] (Table 1).
In the 12 studies concerning endoscopic treatment
of gastric cancer that are not comparative studies on sedation, propofol sedation was used in 9 articles (75%)[14-25]
(Table 2), and the use of midazolam alone was reported
in 3 articles (50%) prior to 2009; however, this number

WCGO|www.wjgnet.com

674

February 8, 2015|First Edition|

Kiriyama S et al . Sedation during endoscopic gastric treatment
Table 2 Relationship between sedation and endoscopic gastric treatment
Ref.

Year

Propofol

Sohara et al[14]
Park et al[15]
Schumacher et al[16]
Takano et al[17]
Lee et al[18]
Nonaka et al[19]
Hata et al[20]
Gotoda et al[21]
Kiriyama et al[22]
Imagawa et al[23]
von Renteln et al[24]
Kondo et al[25]

2013
2013
2012
2011
2011
2010
2009
2009
2009
2008
2008
2004

●

Midazolam

Combination

Fentanyl

Anesthesiologist present

●

●

●
●
●
●

●

Petizine/pentazocine

●
●

●
●
●
●
●
●

NA
●
NA
NA
●
●
●
●
NA
●

●

About drug names (propofol/midazolam/combination/general anesthesia/pentazocine/fentanyl), “●” means that the drug were "used". And about the
line of Anestheologist, “●” means that anesthesiologists "managed" sedation. Combination: Propofol and midazolam; NA: Not applicable.

tive examination and management are important, and
endoscopic treatment should not be performed without
proper preparation; in fact, the perioperative management for ESD should be similar to that for a surgical
procedure.

SAFE MANAGEMENT AFTER THE
ENDOSCOPIC PROCEDURE
For overall success, maintaining safety and stability not
only during the procedure but also subsequently in the recovery room and ward is necessary. If perforation occurs,
serious complications can be prevented if the symptoms
are detected early. However, over-sedation inhibits the
patient from communicating their complaints. Therefore,
it is necessary for consciousness to be recovered as soon
as possible after treatment.
During the ESD procedure, it is preferable that a
gastroenterologist or surgeon focuses on treatment and
performs the procedure. Therefore, staff who specialize
in this area can control the sedation management. Postoperatively, a delayed complication can occur owing to a
prolonged sedation effect; therefore, safe management
of sedation is necessary both during and after the procedure. A local analgesic such as lidocaine can be used to
control postoperative pain[22].

NEED FOR SEDATION
The endoscopic treatment of EGC is mainly performed
as ESD. For large tumors, it is usually a prolonged procedure requiring higher doses of sedative and paincontrolling drugs such as midazolam and pentazocine.
To perform an ESD safely, the movement of the patient
during treatment must be controlled, as the operator
must be able to focus on the procedure for its success.
ESD has a high risk of complications that may require emergency surgical procedures, making sufficient
preoperative management necessary. ESD treatment can
take a long time; therefore, if securing adequate doctors
and operating room hours is an issue, treatment under
general anesthesia is recommended.
In clinical practice, this can be problematic because
of the difficulty in securing anesthesiology support and
medical insurance coverage. Therefore, regardless of the
indications, ESD is commonly performed in the endoscopic room. Additionally, staff who are familiar with
the procedure are generally present in the endoscopy
unit and can assist with the procedure. ESD is possible
under sedation as opposed to an open surgery that requires general anesthesia. If safe and stable sedation can
be maintained, ESDs for most cases of EGC can be
performed under sedation.
Spirometry, electrocardiography, and blood laboratory examination are necessary aspects of the preoperative examination. The use of propofol and monitoring
of vital signs (blood oxygen saturation, blood pressure,
and electrocardiography) during the procedure are performed as per the American Society of Anesthesiologists (ASA)[36] and American Society of Gastrointestinal
Endoscopy guidelines[37].
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PROPERTIES OF PROPOFOL
Benzodiazepines (midazolam, diazepam), narcotics (fentanyl, meperidine), propofol, neuroleptic tranquilizers
(droperidol) are all acceptable choices for sedation. Recently, propofol has been used more frequently as the
sedative drug of choice for endoscopic procedures[38,39].
It was originally used for general anesthesia, but is now
also used in endoscopic procedures. Propofol is a very
short-acting sedative[40] that can be administered by continuous infusion or bolus administration; stable sedation
is generally maintained by continuous infusion. It is a lipid-soluble drug for which the quantity of fat in the body
influences the dose. If actual body weight is used to
determine dosage in patients with a high body mass index, it is likely that over-sedation will occur. In obese patients, it is recommended that the injected dose be based
on a calculated standard weight. Propofol has a quicker
recovery profile than other sedative drugs; patients re-
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gain consciousness more quickly after administration is
withdrawn. There is no antagonist for propofol, unlike
midazolam with flumazenil; therefore, prevention of
over-sedation is necessary. Nurses who received training
in advanced cardiac life support manage the propofol
sedation under the guidance of a supervising gastroenterologist[41].

CONTRAINDICATIONS FOR PROPOFOL
USE
Contraindications for propofol use include pregnancy
and egg or soy allergy, hypotension (a baseline systolic
blood pressure < 90 mmHg), psychiatric or neurologic
disease, difficult airway management (limited opening of
the mouth, short neck, or low cervical spine mobility),
severe obstructive pulmonary disease (bronchial asthma
or emphysema), and ASA class Ⅴ physical status[43].

METHOD OF SEDATION USING
PROPOFOL AND MIDAZOLAM
In sedation using propofol, a continuous infusion dosed
at 3-5 mg/kg per hour is appropriate. The exclusive
pump (Telfusion pump, TERUMO, Japan) allows for
easy setting and management of the infusion. Using this
method, patients receive not only the sedative agent but
also an analgesic (such as pethidine, pentazocine, or fentanyl) before treatment. At the initial stage of sedation, a
bolus injection is often given at a dose of 0.5-0.8 mg/kg
for patients ≥ 70 years of age and 0.8-1.0 mg/kg for
patients < 70 years of age[13,41]. After ensuring that the
sedation level is equal to a score of 5-6 on the Ramsey
scale, the endoscopic procedure can be performed[13,42].
Patients with a higher risk of sedation, such as those >
85 years of age or who are ASA class Ⅳ, must be managed carefully.
When using midazolam for sedation, an initial bolus
of 2-4 mg is administered. After injection, the sedation
level is evaluated and another 1-2 mg is administered
if the level is unsatisfactory. Additional sedation and
analgesia is titrated at the discretion of the physician or
nurse. Incremental increases in midazolam administration are necessary if the patient shows signs of discomfort, restlessness, or agitation.
Midazolam has an additive sedating effect; however,
this accumulation can result in an overdose. Originally,
midazolam was used for short-term sedation, but has
now been used for longer-term sedation in procedures
such as ESD. There is, however, no evidence in the literature that midazolam is safe for long-term sedation.
Recently, the usefulness and safety of propofol sedation
for endoscopic procedures has been compared with that
of midazolam, showing that propofol is more useful, particularly in respect to the recovery time after sedation[40].

IMPROVING QUALITY OF LIFE
THROUGH CHOICE OF SEDATION AND
ANESTHESIA
According to the literature on sedation during endoscopic procedures, the safety and usefulness were investigated
through evaluation by medical staff such as gastroenterologists and assisting nurses, and there were few reports
on patient satisfaction[44].
This review has certain limitations. It was difficult to
elucidate evidence levels and the grade of recommendations from the article on early gastric cancer, endoscopic
treatment, and sedation management referred to in the
present review. It is thought that safe sedation using
propofol, which demonstrates a quicker recovery profile,
confers better patient satisfaction[45].

CONCLUSION
Safe and curative gastric endoscopic treatments are more
commonly performed under sedation. Propofol has been
increasingly used as the preferred sedation drug and is
both safe and useful. However, further evaluation is necessary for safe sedation management.
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Core tip: This article summarizes the current understanding and recent evidence regarding DNA methylation markers in gastric cancer (GC) and includes our
previous works. Current diagnostic and therapeutic
tools of GC have not been successful in decreasing the
global burden of this disease; however, it is promising
that the early diagnosis and careful selection of patient
subsets prior to initiating chemotherapy is a key factor
for improving the outcomes of patients with GC. Methylation biomarkers would be useful for different purposes, including early detection, classification, assessment
of the tumor prognosis, the development of therapeutic
strategies and patient follow-up.

Abstract
Despite a decline in the overall incidence of gastric cancer (GC), the disease remains the second most common
cause of cancer-related death worldwide and is thus a
significant global health problem. The best means of improving the survival of GC patients is to screen for and
treat early lesions. However, GC is often diagnosed at an
advanced stage and is associated with a poor prognosis.
Current diagnostic and therapeutic strategies have not
been successful in decreasing the global burden of the
disease; therefore, the identification of reliable biomarkers for an early diagnosis, predictive markers of recurrence and survival and markers of drug sensitivity and/
or resistance is urgently needed. The initiation and progression of GC depends not only on genetic alterations
but also epigenetic changes, such as DNA methylation
and histone modification. Aberrant DNA methylation is
the most well-defined epigenetic change in human cancers and is associated with inappropriate gene silencing.
Therefore, an increasing number of genes methylated
at the promoter region have been targeted as pos-
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INTRODUCTION
Although the incidence of gastric cancer (GC) has declined on a yearly basis, it remains the fourth most com-
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suppressor genes[6]. Numerous studies have reported
that many tumor suppressor genes, which play key roles
in functions pertaining to cancer prevention (DNA repair, cell adhesion, cell cycle control and apoptosis), are
silenced by the hypermethylation of their promoters
during carcinogenesis[7]. Therefore, it is reasonable to
hypothesize that the DNA methylation status of certain
genes serves as a useful biomarker for predicting tumor
behavior. Furthermore, DNA methylation biomarkers
offer several advantages over genetic and serum markers[8,9]. First, the incidence of aberrant DNA methylation
of specific CGIs is higher than that observed in genetic
abnormalities[9,10]. Second, the aberrant DNA methylation observed in cancer can be sensitively detected using
a simple technique, methylation-specific PCR. Third, aberrant DNA methylation appears to occur in early-stage
tumors, causing the loss- and/or gain-of-function of key
processes and signaling properties[4].
In this review, we summarize the current status and
recent evidence regarding DNA methylation biomarkers
in GC and assess the clinical potential of these biomarkers for use in risk assessment, early diagnosis and the
evaluation of treatment and prognosis in patients with
GC.

Table 1 Commonly methylated genes in gastric cancer tissue
compared with normal tissue
Gene

Frequency
(%)

Assay

ITGA4
ZIC1

96.0
94.6

Q-MSP
MSP

PRDM5
PCDH10
TFPI2
RUNX3

88.0
82.0
80.9
75.2

SPINT2

75.0

BTG4
SFRP2
hMLH1
DKK-3
TCF4
GRIK2

73.7
73.3
72.9
67.6
67.0
66.6

RARβ

65.8

CHFR
BNIP3
RASSF1A
LRP1B
SFRP5

65.0
65.0
61.8
61.0
56.0

Function

Other
Transcriptional
regulation
MSP
Cell cycle
MSP
Apoptosis
MSP
Other
Q-MSP
Transcriptional
regulation
MSP
Cell growth/
differentiation
MSP
Other
Q-MSP
Apoptosis
MSP
DNA repair
MSP
Wnt pathway
Pyrosequencing
Cell cycle
Q-MSP
Cell adhesion/invasion/migration
MSP
Retinoic acid
pathway
Q-MSP
Other
Q-MSP
Apoptosis
MSP
Ras pathway
Q-MSP
Other
Q-MSP
Wnt pathway

Ref.
[19]
[20]
[21]
[22]
[23]
[24]
[25]
[26]
[27]
[28]
[29]
[30]
[31]
[32]
[33]
[33]
[14]
[34]
[19]

MSP: Methylation-specific PCR; Q-MSP: Quantitative methylation-specific
PCR.

FREQUENTLY METHYLATED GENES IN
GC

mon cancer and the second leading cause of cancerrelated death worldwide [1]. Recent progress in early
diagnosis, surgical techniques and perioperative management have improved patient satisfaction and outcomes;
however, GC remains a major clinical challenge due to
its high prevalence, poor prognosis and limited treatment options. The case fatality rate of GC is higher than
that of other common malignancies, such as colorectal,
breast and prostate cancer[2]. Because the prognosis of
patients with GC depends on the tumor stage at diagnosis and the selection of an appropriate treatment
strategy, the identification of novel biomarkers for early
diagnosis and predictive markers of drug sensitivity is
urgently needed.
Accumulating evidence suggests that cancer is caused
by both epigenetic and genetic abnormalities[3]. DNA
methylation, a major epigenetic modification that is
strongly involved in the control of gene expression, is
an early landmark event in carcinogenesis[4]. DNA methylation is a covalent chemical modification catalyzed by
enzymes of the DNA methyltransferase family that mediate the addition of a methyl (CH3) group to the fifth
carbon of the cytosine. DNA methylation usually occurs
within the context of 5’-CG-3’ (CpG dinucleotide) clustered regions known as CpG islands (CGIs), which are
frequently found proximal to the promoters of housekeeping genes[5]. The occurrence of methylation within
the CGI of a gene promoter is associated with a compact chromatin structure and is linked to the transcriptional silencing of the affiliated gene, particularly tumor

The methylation of gene promoters is now recognized
to be one of the primary mechanisms used to inactivate tumor-related genes (particularly tumor suppressor
genes) as well as genetic alterations. Since the first article
by Fang et al[11] in 1996 describing the DNA hypomethylation of c-myc and c-Ha-ras in GC, numerous studies have
been published on the involvement of DNA methylation in GC. To date, the aberrant DNA methylation of
more than 100 genes, such as tumor suppressor genes
(including E-cadherin, RASSF1A, p16, GSTP1, SOCS1,
SFRP1 and PTEN) has been reported in GC[12-17]. A recent meta-analysis[18] reviewed 143 case-control studies
reporting the methylation frequency of 142 individual
genes. Consequently, a total of 70 genes were found to
be significantly hypermethylated in cancer tissue compared with those observed in normal tissue obtained
from GC subjects. Table 1 shows a list of genes that are
commonly methylated in GC compared with those in
corresponding normal gastric tissue[14,19-34].
E-cadherin is one of the most important tumor suppressor genes in GC, and its inactivation is thought to
contribute to tumor progression via subsequent increases
in proliferation, invasion and metastasis[35-37]. E-cadherin is
silenced by CpG methylation in various cancers, including GC and particularly undifferentiated GC, at the early
stage[12,13]. However, E-cadherin methylation is frequently
observed in both neoplastic and the corresponding nonneoplastic gastric mucosa. Age-related E-cadherin methylation is commonly present in the gastric mucosa starting
from approximately 45 years of age[38]. However, RASS-
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F1A, a member of the Ras association domain family,
is a tumor suppressor gene that plays a critical role in
cell cycle regulation, apoptosis and microtubule stability
by regulating the Ras signaling pathway[39]. Mutations of
RASSF1A are uncommon, whereas silencing by promoter methylation is frequent in cancers, including GC[40,41].
In contrast, such methylation occurs in only a small
proportion of non-neoplastic gastric epithelia[42]. Moreover, RASSF1A methylation is closely associated with
the TNM stage and a poor prognosis in GC patients[43].
Therefore, RASSF1A represents a potential diagnostic
and therapeutic target in GC.

may contribute to the formation of field defects for GC.
With respect to the correlation between the methylation
level in the gastric mucosa and risk of GC, Nakajima
et al[53] showed that the methylation levels in the gastric
mucosa are significantly increased in patients with a single GC and even more prominently increased in patients
with multiple GCs among H. pylori-negative individuals.
In contrast, the methylation levels in H. pylori-positive
individuals were increased to various degrees. Moreover,
it has previously been shown that the development of
inflammation triggered by H. pylori infection is pivotal
for aberrant methylation and that the expression of
inflammation-related genes, such as IL-1β , Nos2 and
TNF in the stomach is associated with the induction
of DNA methylation[54,55]. IL-1β directly induces the
promoter methylation of E-cadherin, an important extracellular matrix component involved in the maintenance
of epithelial stability[56]. Namely, the H. pylori-induced
methylation of E-cadherin promoter is mediated through
IL-1β. Furthermore, IL-1β is an important mediator of
H. pylori-induced TGF-β 1 methylation[57-59]. As previously described, basic and clinical studies have demonstrated that H. pylori infection is strongly correlated with
aberrant methylation in GC. Meanwhile, it has become
increasingly clear that the eradication of H. pylori significantly reduces gene methylation[60,61]. The removal of the
aberrant DNA methylation induced by H. pylori in precancerous lesions would be a novel approach to preventing cancer. Niwa et al[62] showed that 5-aza-dC treatment
prevents the development of H. pylori-induced GC using a Mongolian gerbil model. Therefore, the removal
and/or suppression of H. pylori-induced aberrant DNA
methylation may prevent H. pylori-associated cancers.

GENE METHYLATION AND
CARCINOGENESIS
Helicobacter pylori infection
It has been reported that a widely known pathogen, Helicobacter pylori (H. pylori), is involved in the development
of GC [44]. H. pylori is a Gram-negative spiral-shaped
bacterium that is present in the stomach of approximately half of the world’s population[45,46]. Numerous
prospective studies have shown that H. pylori infection
plays an essential role in gastric carcinogenesis[47], and
the mechanisms underlying gastric carcinogenesis due to
H. pylori-induced DNA methylation have been clarified.
Maekita et al[48] collected tissue samples of gastric mucosa from 154 healthy volunteers and 72 patients with
differentiated-type GC via endoscopy and evaluated the
methylation levels in seven CGIs among eight lesions.
The data indicated that H. pylori infection potently and
temporarily induces the methylation of multiple CGIs
to various degrees and that the methylation levels in
specific CGIs in noncancerous gastric mucosa are associated with the risk of GC in H. pylori-negative individuals. Our previous study also demonstrated that H. pylori
infection contributes to the loss of RUNX3 expression
via promoter methylation in GC[49]. In RUNX3-deficient
mouse, some gastric epithelial cells differentiated into
intestinal type cells, suggesting that the loss of RUNX3
expression triggered precancerous intestinal metaplasia
(IM), which possibly leads to cancer in the stomach[50].
This speculation is supported by independent evidence
recently published by Lu et al[24]. Furthermore, regardless of the status of H. pylori infection, the number of
methylated genes in IM was significantly higher than
that found in chronic gastritis without IM[51]. However,
recent studies have intensively investigated the role of
miRNA methylation in GC. Ando et al[52] demonstrated
that gastric mucosa infected with H. pylori exhibits significantly higher methylation levels of three miRNAs
(miR-124a-1, miR-124a-2 and miR-124a-3) than that
without H. pylori infection among healthy volunteers
and that the noncancerous gastric mucosa of GC patients exhibits higher methylation levels than the gastric
mucosa of healthy volunteers among H. pylori-negative
individuals. Therefore, the methylation-induced silencing of miRNA genes, as well as protein-coding genes,
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Epstein-barr virus
Epstein-barr virus (EBV) causes infectious mononucleosis on initial infection, and more than 90% of adult
patients become EBV carriers[63]. It is well known that
EBV is associated with several malignancies, such as
Burkitt lymphoma[64] and nasopharyngeal carcinoma[65].
EBV-positive GC was first discovered in 1990[66], and the
incidence of EBV-positive GC ranges from 7% to 15%
regardless of race or region[67,68]. EBV infection occurs at
an early stage of carcinogenesis and plays an important
role in cancer development. Furthermore, previous studies have reported that aberrant promoter methylation is
more frequently involved in EBV-positive GC than EBVnegative GC[69-72]. DNA methylation of the promoter
region in the APC, p16, MINT1, TP73 and HOXA10
genes[19,69,73] has been specifically observed in patients
with EBV-positive GC. Moreover, one recent study demonstrated that the frequency of the methylation of seven
genes (TP73, BLU, FSD1, BCL7A, MARK1, SCRN1
and NKX3.1) is significantly higher in EBV-positive GC
patients than in EBV-negative GC patients[74]. Regarding the molecular mechanisms underlying host DNA
methylation during the early stages of EBV infection
in gastric epithelium, human DNA methyltransferases
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from GC patients. Aberrant methylation of the p16 promoter was detected in 44.2% of the GC tissues (23/52),
whereas all normal gastric mucosa samples (n = 50) were
unmethylated. Furthermore, among the patients with p16
methylation, 60.9% (14/23) also exhibited methylation in
their corresponding serum samples. Therefore, the detection of DNA methylation in the serum is a potential biomarker for the early detection of GC. Kanyama et al[81]
also demonstrated that the aberrant DNA methylation of
p16 was observed in six of 23 serum samples obtained
from GC patients (26.1%), regardless of the tumor stage
and/or clinicopathological features, thus suggesting that
p16 methylation is also a potential biomarker for the early
detection of GC. Additionally, other methylation markers in the serum, such as RUNX3, MGMT, DAPK, TFPI,
RASSF1A and SOCS1, were reported to be useful for
the early detection of GC[82-87]. Leung et al[88] investigated
multiple gene methylation in the serum DNA of GC
patients, focusing on the incidence of promoter hypermethylation in 10 tumor-related genes (APC, E-cadherin,
GSTP1, hMLH1, MGMT, p15, p16, SOCS1, TIMP3
and TGF-beta RII). Among these 10 genes, APC (17%),
E-cadherin (13%), hMLH1 (41%) and TIMP3 (17%) were
significantly methylated in the GC patients compared
with that observed in the healthy volunteers. Furthermore, methylation was detected in the serum of 33 of 60
(55%) patients in at least one of these four genes. These
results suggest that the detection of DNA methylation in
the serum has diagnostic value in GC patients.
Another attempt regarding the early detection of
GC was made in which methylation markers in gastric
washes were investigated. Because many mucosal cells
can be found in stomach juice, the detection of molecular markers in gastric washes is a possible noninvasive
approach to screening for GC. Oishi et al[89] identified
Sox17 methylation to be a candidate biomarker for detecting GC using a genome-wide DNA methylation
analysis of gastric wash samples. Moreover, Watanabe
et al[90] suggested that MINT25 is a sensitive and specific
marker for screening GC. The authors initially assessed
24 tissue samples and identified six methylated genes
(MINT25, RORA, GDNF, ADAM23, PRDM5 and
MLF1). The methylation levels of these six genes significantly increased according to the progression from
non-neoplastic gastric mucosa to normal adjacent tissue
to dysplasia and finally to early GC. The power of these
six genes was validated in 153 different populations using gastric washes. Consequently, MINT25 methylation
exhibited the best sensitivity (90%) and specificity (96%)
in terms of tumor detection in the gastric washes.

(DNMTs) have received attention as methylation drivers
during EBV infection. It has been reported that LMP2A
induces the phosphorylation of STAT3, which activates
DNMT1 transcription and causes a loss of the PTEN
expression via the methylation of the PTEN promoter
in EBV-associated GC [75]. Zhao et al [76] also showed
that the induction of promoter methylation by EBV is
regulated by the upregulation of DNMT3b by LMP2A.
Furthermore, a recent large-scale analysis performed by
Matsusaka et al[77] assessed the DNA methylation profiling of GC using the Infinium Human Methylation27
BeadChip (Infinium, Illumina, San Diego, CA, United
States). The authors classified GC into three epigenotypes (EBV−/low methylation, EBV−/high methylation
and EBV+/high methylation) according to the pattern
of DNA methylation. EBV-positive GCs exhibited distinct and markedly high levels of methylation, while the
CXXC4, TIMP2 and PLXND1 genes were specifically
methylated in the EBV-positive epigenotype. MLH1 was
preferentially methylated in the EBV−/high methylation
epigenotype; however, no methylation was detected in
the EBV+/high methylation epigenotype. Namely, the
authors identified the specific genotype associated with
EBV infection and proved that the epigenetic alteration
observed in EBV-positive GC is directly caused by EBV
infection.

DNA Methylation Markers for
Diagnosis
Early detection
Less than 25% of GC cases are diagnosed at an early stage,
and the 5-year survival rate is approximately 20%-25%
worldwide[78]. However, the survival rate improves to
over 60% if the disease is detected at an early stage[78],
emphasizing the importance of making an early diagnosis of GC. Bodily fluids, particularly blood, contain
various molecules that originate from other tissues and
organs. These molecules can signal the presence of cancer and therefore are potential cancer biomarkers. Firstgeneration tumor markers, such as CEA, CA19-9 and
CA72-4, are associated with the development of GC;
however, none of these markers are available for the
purpose of screening and early detection of GC. Nucleic
acids, which can be easily amplified using the PCR technique, represent obvious potential targets for biomarker
development. The detection of circulating tumor DNA
released from apoptotic or necrotic tumor cells or actively secreted from proliferating cells was first reported
approximately three decades ago[79]. Circulating tumor
DNA carries not only tumor-specific genetic information
but also epigenetic marks, particularly DNA methylation.
The use of DNA methylation tests in GC patients would
facilitate the development of novel biomarkers for the
early detection and diagnosis of GC.
Abbaszadegan et al[80] evaluated the methylation of
p16, one of the most frequently methylated genes in GC,
in cancer tissues and the corresponding serum obtained
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Prediction of recurrence
The postoperative recurrence of GC usually occurs in
the peritoneum, lymph nodes (LNs) or liver[91]. Peritoneal
metastasis is the most frequent event in recurrent GCs[91],
and 50%-60% of GC patients with serosal invasion following curative resection eventually develop peritoneal
metastasis[92]. Peritoneal metastasis exhibits resistance to
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various chemotherapeutic agents, causes massive ascites
and occasionally results in intestinal obstruction. The
average length of survival following the development of
peritoneal metastasis is 4.9 mo[93]. Therefore, the ability
to predict peritoneal metastasis is essential for selecting
the treatment strategy before metastatic nodules in the
peritoneum become large. We previously reported that
DNA methylation is a possible marker for detecting cancer cells in the peritoneal washes (PW) of GC patients[33].
In that study, the DNA methylation of six genes, including BNIP3, CHFR, CYP1B1, MINT25, SFRP2 and
RASSF2, was analyzed in 107 PW specimens obtained
from GC patients who underwent surgery. The patients
were classified into the following three groups: group
A (n = 42), patients with a depth of cancer invasion at
the muscularis propria (MP) or less than the MP; group
B (n = 45), a depth of cancer invasion beyond the MP;
and group C (n = 20), histologically diagnosed peritoneal
metastasis or cytologically detected cancer cells in the
peritoneal cavity. The methylation status of the six genes
significantly differed between the three groups (group
A, 0%-5%; group B, 0%-15%; group C, 15%-45%; P <
0.01). Furthermore, three of nine patients in group B in
whom methylation was detected in PW in at least one of
these six genes experienced peritoneal recurrence after
surgery. However, only one of 36 patients without gene
methylation experienced peritoneal recurrence (P < 0.05).
Yu et al[94] also showed that the presence of methylated
E-cadherin in PW predicts a poor prognosis in GC patients. Conducting methylation analyses and cytological
examinations of PW is therefore useful for predicting
the risk of recurrence in patients with GC.
LN metastasis is one of the most important factors in
predicting recurrence in patients with GC[95]. The presence
of micrometastasis, which cannot be detected using conventional histological methods, is significantly correlated
with the postoperative prognosis of GC patients[96-98].
The detection of micrometastasis in LNs is therefore
very important for making an accurate classification of
the cancer stage and selecting the appropriate treatment
strategy. Several studies have reported RT-PCR analyses
to detect a positive expression of CEA, CK19 or CK20
mRNA in 5.3%-23.8% of LNs that are free from histological metastasis in patients with GC[99-101]. However,
accumulating evidence suggests that gene methylation,
such as that of E-cadherin [102] , SULF1 [103] , TFPI2 [86] ,
NDRG2 [104] and GPX3 [105], is a useful biomarker for
detecting LN metastasis in GC patients. Yi Kim et al[102]
investigated the expression of E-cadherin in resected
specimens obtained from 60 patients with early GC and
correlated the findings with the metastatic potential of
the tumors. Their data suggested that the methylation
of E-cadherin is involved in LN metastasis in patients
with GC. Furthermore, Hur et al[103] examined the expression of SULF1 and SULF2 in a large cohort of 450
GC tissues. The GC tissues exhibited a conspicuously
higher expression of SULF1 (P = 0.0002) regulated
by the promoter hypomethylation compared with that
observed in the normal mucosa. Additionally, SULF1 is
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an independent prognostic (P = 0.0123) and LN metastasis predictive factor (P = 0.0003) in patients with GC.
Our previous study[106] also evaluated the methylation
of multiple genes to detect the micrometastasis of GC.
Methylation analyses are useful for accurately staging
tumors and selecting optimal candidates for chemotherapy.

GENE METHYLATION AS A PREDICTIVE
BIOMARKER FOR DRUG SENSITIVITY
Five-fluorouracil
In addition to several chemotherapeutic agents, 5-fluorouracil (5-FU) is widely used as a key drug in chemotherapy
for advanced GC. 5-FU is converted into fluorodeoxyuridine monophosphate, which inhibits the activity of
thymidylate synthase (TS), an enzyme required for DNA
synthesis[107]. Several enzymes involved in the metabolic
pathway of 5-FU, including TS, dihydropyrimidine dehydrogenase, thymidine phosphorylase (TP) and orotate
phosphoribosyltransferase, have been intensively examined as candidate biomarkers for the efficacy of 5-FU
therapy. Our previous work also focused on the correlation between the response to 5-FU and the expression
of the above enzymes[108]. However, the predictive power
of these molecules with respect to the efficacy of 5-FU
remains controversial[109]. Therefore, it is necessary to
establish new predictive tools for selecting patients who
will benefit from treatment with this conventional cytotoxic drug.
We previously demonstrated that the methylation of
p16 predicts survival benefits from 5-FU in patients with
GC[110]. p16 proteins, a product of the CDKN2/MTS1
gene, are G1/S-specific cell cycle inhibitors[111]. p16 silencing induced via DNA methylation accelerates the cell
cycle and increases the cell number in the S-phase. These
conditions allow cancer cells to easily absorb 5-FU into
S-phase cells, resulting in the enhancement of drug efficacy. Another in vitro study showed that p16 dysfunction
is correlated with increased sensitivity to 5-FU in patients
with brain tumors[112]. Furthermore, Kato et al[113] showed
that the methylation of two proapoptotic genes, TMS1
(target of methylation-induced silencing; also called
‘‘ASC’’) and DAPK (death-associated protein kinase), is
associated with resistance to 5-FU and a poor prognosis
in GC patients. The expression of ASCL2 (achaete scutelike 2), a cancer stem cell (CSC) marker in colon cancer[114], is also mediated via epigenetic mechanisms, and
the upregulation of ASCL2 by promoter demethylation
in GC is associated with resistance to 5-FU[115]. CSCs are
relatively resistant to commonly used cancer therapies,
such as radiation and chemotherapy. Therefore, the development of reliable CTC biomarkers and CSC-targeted therapies is crucial for improving survival in cancer
patients.
Multigene methylation has also been investigated as
another approach for developing predictive biomarkers
for a response to 5-FU. The prognostic relevance of the
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CpG island methylator phenotype (CIMP) following the
administration of standard therapy or a 5-FU-based chemotherapy regimen has been reported in different types
of cancers, including GC[70,116-118]. Although no direct
correlations between the CIMP status and chemosensitivity and/or resistance have thus far been demonstrated
in patients with GC, the detection of the CIMP-positive
phenotype can be used to independently predict better
survival after 5-FU-based chemotherapy in patients with
stage Ⅲ colorectal cancer[116]. Moreover, the CIMP status
in GC has been shown to be associated with microsatellite instability and clinicopathological features, such as
tumor location, histology and the TNM stage[70,117]. Further investigations should clarify the role of the CIMP
status in the chemosensitivity and/or resistance of GC.

and may also be involved in the development of IM of
the esophagus and stomach[129]. Other epigenetic markers for CDDP have been frequently assessed in patients
with ovarian and lung cancers[130-132]. Stefansson et al[131]
recently showed that BRCA1 silencing induced by promoter hypermethylation predicts enhanced sensitivity to
platinum in ovarian and breast cancer patients. Tumor
suppressor BRCA1 proteins as well as BRCA2 proteins
play major roles in DNA double-strand break repair via
homologous recombination[133]. BRCA1 and BRCA2 are
frequently mutated in patients with familial breast and
ovarian cancer, and BRCA1/2-deficient cancers often
exhibit a better response to DNA cross-linking agents,
such as platinum[133]. Furthermore, Wang et al[134] demonstrated that the methylation of 14-3-3 sigma predicts survival benefits from cisplatin plus gemcitabine treatment
in lung cancer patients. BRCA1 and 14-3-3 sigma silencing induced by promoter methylation is also observed in
GC[69,135]. Further attempts to identify novel methylation
biomarkers of the efficacy of cisplatin therapy in GC
patients are needed.

Cisplatin
Cisplatin is a platinum-containing compound that is commonly used in various cancers, including GC. The use of
cisplatin-based regimens, such as ECF (epirubicin/cisplatin/fluorouracil) and DCF (docetaxel/cisplatin/fluorouracil), has improved the survival of GC patients[119].
Cisplatin forms intrastrand and interstrand cross-links
between purines, and these platinum-DNA adducts activate several signaling pathways, resulting in doublestranded DNA breaks and the impairment of replication and gene expression [120]. The initial approach to
identifying biomarkers of cisplatin sensitivity focused on
the genes involved in the drug’s mechanisms of action.
ERCC1 (excision repair cross-complementation group 1)
is a major component of the nucleotide excision repair
(NER) complex that acts as the rate-limiting enzyme in
the NER pathway[121]. De Dosso et al[122] showed that the
overall survival of GC patients who receive cisplatinbased adjuvant chemotherapy following curative resection is longer among patients who exhibit a negative
expression of ERCC1 proteins. A recent meta-analysis
also indicated a significant association between polymorphisms of the NER genes (ERCC1 and ERCC2) and
the response to platinum-based chemotherapy[123]. In GC
patients, a high expression of NER (ERCC1, ERCC2,
GSTP1, XRCC1) and DNA damage proteins (TP53,
GADD45A) is negatively associated with a response to
cisplatin[124,125].
Despite the intensive investigation of genetic markers for platinum agents (as described above), little information regarding the epigenetic variability affecting the
clinical outcomes of platinum-based therapy is available
in the setting of GC. One recent in vitro study evaluated the methylation profiles of 20 GC cell lines and
identified BMP4 (bone morphogenetic protein 4) to be
an epigenetically regulated gene that is highly expressed
in cisplatin-resistant cells[126]. BMP4 encodes a secreted
protein belonging to the TGF β superfamily. BMP4
binds to BMP type Ⅰ/Ⅱ receptors, thereby activating a
signaling cascade that results in the phosphorylation of
SMAD1/5/8. BMP4 induces the epithelial mesenchymal
transition via the SMAD pathway in several cancers[127,128]

WCGO|www.wjgnet.com

Taxane (paclitaxel and docetaxel)
Paclitaxel and docetaxel, both of which are microtubulestabilizing agents that block cell division by interfering
with the function of mitotic spindles by inhibiting microtubule dynamics[136,137], are commonly used in secondline chemotherapy regimens in GC patients who exhibit
resistance to 5-FU-based chemotherapy in Japan [138].
Checkpoint with forkhead-associated domain and ring
finger (CHFR) has been intensively investigated as a
candidate biomarker of the response to microtubule
inhibitors in various cancers, including GC[139-141]. CHFR
functions as a mitotic checkpoint by detecting mitotic
stress induced by microtubule inhibitors, such as paclitaxel, and, under such conditions, induces cell cycle
arrest in the G2 phase to repair damaged DNA and is
consequently resistant to taxane[142]. However, cells with
a CHFR gene inactivated by aberrant hypermethylation
cannot detect DNA damage and proceed to mitosis with
subsequent cell death due to mitotic catastrophe, i.e.,
these cells demonstrate a high sensitivity to taxane. We
previously demonstrated that the methylation of CHFR
is correlated with the response to treatment with paclitaxel in both GC cell lines and patients[143].
Stone et al[144] demonstrated that, in addition to CHFR
methylation, BCL-2 expression is associated with DNA
methylation in human breast cancer and that BCL-2
hypermethylation is a potential biomarker of sensitivity
to antimitotic chemotherapy, including that with paclitaxel and docetaxel. The promoter hypermethylation of
RASSF1A as well as BCL-2 was also shown to be an
important factor modulating the efficacy of docetaxelbased chemotherapy in patients with breast cancer[145].
Furthermore, a recent in vitro study indicated that TGFβ I
(transforming growth factor-beta-inducible gene-h3)
is frequently methylated and associated with paclitaxel
resistance in patients with ovarian cancer[146]. However,

684

February 8, 2015|First Edition|

Nakamura J et al . Methylation biomarkers of gastric cancer

to our knowledge, no methylation markers for the efficacy of paclitaxel and/or docetaxel have thus far been
reported in GC patients (except for CHFR methylation).

trastuzumab plus chemotherapy group and 11.1 mo
in the chemotherapy alone group (HR = 0.74; 95%CI:
0.60-0.91; P = 0.0046)[156]. The ToGA trial also demonstrated that patients who express a higher level of HER2
receive the greatest benefits from trastuzumab. Although
the efficacy of trastuzumab appears to be predictable
based on the expression level of HER2, the molecular
mechanisms underlying trastuzumab resistance in GC
patients are unknown. Preclinical studies have indicated
that increased signaling via the PI3K/AKT pathway contributes to trastuzumab resistance in patients with breast
cancer[157,158]. Moreover, several reports have shown that
DNA methylation profiles can be used to predict the
breast cancer subtype and support the prognosis determination and therapeutic stratification of patients with
breast cancer[159-161]. Terada et al[162] evaluated the methylation levels in the promoter CGIs of 11 genes in 63 human breast cancer samples and concluded that frequent
methylation exhibits a strong association with HER2
amplification in patients with breast cancer. Based on
this evidence, increasing the understanding of epigenetic
profiles in the setting of GC may enable physicians to
classify the intrinsic subtypes of GC and predict the response to trastuzumab in GC patients.
The AVAGAST trial, which was designed to investigate the impact of an anti-vascular endothelial growth
factor (VEGF) monoclonal antibody (bevacizumab) in
combination with fluoropyrimidine-platinum as first-line
therapy for advanced GC showed significant improvements in progression-free survival and the response rate
compared with that observed in the placebo group (HR
= 0.80, P = 0.0037; 46.0% vs 37.4%, P = 0.0315, respectively)[163]. Additional analyses of biomarkers[164], including VEGF-A, neuropilin-1 and VEGF receptors-1 and
-2 (VEGFR-1 and VEGFR-2), showed that the baseline
plasma VEGF-A levels and tumor neuropilin-1 expression are potential predictors of bevacizumab efficacy.
The patients with a high plasma VEGF-A level exhibited
a trend toward improved overall survival (HR = 0.72;
95%CI: 0.57-0.93) compared with the patients with a
low VEGF-A level (HR = 1.01; 95%CI: 0.77-1.31; P =
0.07). Furthermore, the potential predictive power of the
plasma VEGF-A level identified in the AVAGAST trial is
supported by two other independent biomarker analyses
performed in patients with metastatic breast cancer (the
AVADO study)[165] and pancreatic cancer (the AViTA
study)[166]. However, the levels of VEGFRs failed to predict the efficacy of bevacizumab in the AVAGAST study,
although the VEGFR-2 expression in the AVADO study
and the VEGFR-1 expression in the AViTA study were
significantly associated with bevacizumab efficacy[167,168].
In a previous study, the methylation of the VEGF gene
was not observed in most cancer cells, whereas the promoter hypermethylation of the VEGFR-1 gene (Flt1)
and VEGFR-2 gene (KDR) were widely detected in various cancer cells, including those of GC[169]. A recent in
vitro study by Kim et al[170] also suggested that the efficacy
of various VEGF-target drugs, including anti-VEGF

Irinotecan
Irinotecan (CPT-11) is a semisynthetic derivative of
camptothecin (CPT), which interferes with DNA replication and cell division through its potent interaction with
the enzyme topoisomerase 1 (Topo 1)[147]. Both CPT-11
and CPT are Topo1 inhibitors. CPT-11 is primarily used
in second-line or subsequent chemotherapy in the treatment of GC.
Several mechanisms have been proposed for resistance
to CPT, such as variable levels of the enzymes involved
in the conversion of CPT-11, reduced cellular accumulation due to active drug efflux, a reduced expression of
Topo 1, alteration in the structure of Topo 1, alterations
in the cellular response to CPT-Topo 1-DNA complex
formation and the activation of NF-kappaB[148,149]. To
identify the epigenetic predictive markers for the efficacy
of CPT-11, we previously analyzed the gene methylation
of CHFR, p16, RUNX3, E-cadherin, MGMT, hMLH1,
ABCG2, UGT1A1 and BNIP3 in 27 colorectal cancer
patients who were postoperatively treated with S-1 plus
CPT-11 combined therapy. Among these candidate
genes, we identified BNIP3 gene methylation as a possible marker for predicting a poor response to S-1 plus
CPT-11 therapy in patients with colorectal cancer[150]. Another study also demonstrated that metastatic colorectal
cancer patients with BNIP3 methylation exhibit resistance
to first-line CPT-11 chemotherapy compared with those
without such methylation[151]. Furthermore, two independent studies suggested that the methylation of the UGT1A1 gene in colorectal cancer patients is an important
mechanism of UGT1A1 gene silencing and is associated
with CPT-11 resistance[152,153]. However, no reliable markers of the sensitivity and/or resistance to CPT-11 have
thus far been identified in GC, including BNIP3 and UGT1A1 methylation. Recently, Miyaki et al[154] focused on
the DNA methylation profiles of colorectal cancer and
GC and identified a novel gene, DEXI (glucocorticoidinduced protein coding gene), that is frequently methylated in colorectal cancer and GC patients using the MSAFLP (methylation-sensitive amplified fragment-length
polymorphism) technique[155]. DEXI methylation results
in a poor response to CPT-11-based chemotherapy, suggesting that DEXI is a potent therapeutic target and an
epigenetic biomarker for the selection of patients who
will benefit from CPT-11-based chemotherapy.
Trastuzumab and bevacizumab
Two recent phase Ⅲ RCTs demonstrated the clinical
efficacy and safety of antibody therapy in patients with
advanced GC. The ToGA study investigated the additional benefits of trastuzumab in combination with
chemotherapy as a first-line treatment of human epidermal growth factor receptor 2 (HER2)-positive advanced
GC. The median overall survival was 13.8 mo in the
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monoclonal antibodies, is influenced by the epigenetic
alteration of VEGFRs.
Among the several molecular targeted therapies for
GC to date, only trastuzumab has succeeded in significantly increasing the overall survival in patients with
HER2-overexpressing GC. Other agents, including bevacizumab, have failed to achieve efficacy in increasing
survival rates over those obtained with standard chemotherapy. It is promising that the careful selection of patient subsets is a key factor for improving GC outcomes.
Therefore, further investigations to identify reliable predictive biomarkers of drug efficacy, including methylation profiling, are needed.

formation obtained from blood samples may also be an
important prognostic biomarker in GC patients. It has
been reported that patients with hypermethylated insulin-like growth factor 2 (IGF2) in blood leukocyte DNA
exhibit a significantly better survival rate than those with
hypomethylated IGF2[181].
As described above, many previous studies of methylation in GC have focused on the prognostic significance of single methylated genes. However, the LINE-1
methylation level is regarded to be a surrogate marker
of global DNA methylation, and LINE-1 hypomethylation is strongly associated with a poor outcome in several types of human cancers[182,183] (http://link.springer.
com/article/10.1007/s10120-012-0209-7/fulltext.html CR14). Shigaki et al[184] reported for the first time that the
genome-wide DNA hypomethylation status measured
according to the LINE-1 level is independently associated with poor survival among patients with GC. Furthermore, regarding the prognostic value of CIMP status,
it has been reported that CIMP-high is associated with
better overall survival, although this parameter is not an
independent prognostic factor in patients with resected
GC[117]. In another study, patients with a CIMP-negative
status demonstrated significantly worse survival than patients with a CIMP-high or CIMP-low status among 78
primary GC series in Japan[70]. In contrast, two investigators reported that hypermethylation at 14 CGI loci or
more is closely associated with a poor clinical outcome
and was found to be an independent prognostic factor
in 196 cases of GC in South Korea[185,186]. Moreover,
another report demonstrated no significant differences
in survival between the CIMP-positive group and the
CIMP-negative group[187]. The CIMP status prognostic
value is therefore controversial in the setting of GC. A
large-scale study is needed to validate the association
between CIMP status and the prognosis of patients with
GC.
Although DNA methylation at the fifth position of
cytosine (5-mC) is a key epigenetic marker associated
with the prognosis of GC, 5-mC is converted to 5-hydroxymethylcytosine (5-hmC) by the ten-eleven translocation family of DNA hydroxylases. In recent years, the
effects of 5-hmC on the characteristics of cancer have
been widely recognized. However, the significance of
5-hmC for the prognosis of human cancers, including
GC, remains largely unknown. Yang et al[188] indicated
that a decreased 5-hmC level is a strong and independent
poor prognostic factor in patients with GC. The direct
or consequential methylation of microRNAs may also
influence the prognosis of GC[189]. Prompt and reliable
methods for the analysis of the molecular basis of GC
have recently been developed, and the impact of epigenetic modification on the prognosis of GC patients has
been increasingly revealed. Increasing understanding of
epigenetic molecular profiles will hopefully be successfully applied to predict and improve the prognosis of
GC.

DNA METHYLATION AND THE
PROGNOSIS OF GC PATIENTS
The most common tool for predicting patient prognosis
of GC is the TNM classification. However, some GCs
exhibit different behavior from that predicted by the
TNM classification; hence, the accumulation of further
information and the identification of indicators, such as
molecular biomarkers, is necessary to precisely predict
the prognosis. Recently, numerous studies have investigated the molecular basis of GC, and an association
between aberrant DNA methylation and the prognosis
of GC patients has been reported[171-174]. A large number
of genes, including p16, E-cadherin, MGMT, RASSF1,
RUNX3, etc., have been shown to be suppressed by CGI
hypermethylation[175]. Among these genes, the promoter
hypermethylation of E-cadherin[176] (http://link.springer.
com/article/10.1007/s10120-012-0209-7/fulltext.html
- CR32) and MGMT[177,178] (http://link.springer.com/article/10.1007/s10120-012-0209-7/fulltext.html - CR34) is
associated with worse outcomes after surgery in GC patients. Additionally, Wanajo et al[172] identified the methylation of CACNA2D3 (calcium channel voltage-dependent alpha 2/delta subunit 3) to be a strong indicator
of poor prognosis among patients with advanced GC.
Furthermore, Kim et al[179] suggested that the expression of galectin-7 is critically regulated by DNA hypermethylation and may play a role as a prognostic marker
of GC. Our recent work also demonstrated that trefoil
factor 1 (TFF1) expression is silenced by DNA methylation and is associated with tumor invasion and poor
survival in GC patients[180]. TFF1 is considered to be a
tumor suppressor gene in GC. We assessed the immunohistochemical expression of TFF1 in 182 GC patients
and examined whether the level of TFF1 is associated
with clinicopathological factors and/or patient survival.
Consequently, a low expression of TFF1 was found to
be independently associated with a poor survival in 108
GC patients treated with surgery alone. Furthermore,
bisulfite sequencing demonstrated that TFF1 expression
was strongly mediated by DNA methylation in both the
GC cells and tissues. Although most previous studies
evaluated DNA methylation in GC tissues, epigenetic in-
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Multi-gene methylation
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Figure 1 Candidate methylation biomarkers in gastric cancer. Summary of methylation biomarkers in gastric cancer. Numerous methylated genes are considered
to be possible biomarkers for different purposes, such as risk assessment, early detection, the prediction of recurrence and prognosis and the development of therapeutic strategies. 5-FU: 5-fluorouracil; H. pylori: Helicobacter pylori; IL: Interleukin; EBV: Epstein-barr virus.

CONCLUSION

4

The field of cancer epigenetics has significantly expanded over the last decade, and technological advances have
dramatically accelerated investigation in this area of cancer research. Aberrant DNA methylation results in the
misregulation of cellular processes, such as proliferation,
transformation and anti-apoptotic effects, all of which
promote cancer progression. However, DNA methylation has great potential to provide valuable information
for understanding the malignant behavior of GC (Figure
1). Further investigations of the DNA methylation status, which regulates cancer initiation, proliferation, invasion, metastasis and drug resistance, will aid in designing
strategies for earlier detection and better therapeutic
decision making in the setting of GC.
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conditions. Thus, potential functions of these circulating miRNAs can be deduced and may implicate their
diagnostic value in cancer detection. Circulating miRNAs, as well as tissue miRNAs, may allow for the detection of gastric cancer at an early stage, prediction of
prognosis, and monitoring of recurrence and/or lymph
node metastasis. Taken together, the data suggest that
the participation of miRNAs in biomarker development
will enhance the sensitivity and specificity of diagnostic
and prognostic tests for gastric cancer.
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Core tip: Gastric cancer is the second leading cause of
cancer-related death, and > 80% of cases are diagnosed at the middle to late disease stage. Novel biomarkers for the detection of early stage gastric cancer
are therefore urgently needed. Recent recognition of a
correlation between aberrantly expressed microRNAs
(miRNAs) and cancer-related processes has highlighted
the potential of miRNAs as diagnostic and prognostic
markers. Detection of miRNAs, in tissue as well as in
serum/plasma, may enhance the sensitivity and specificity of diagnostic and prognostic tests for early stage
gastric cancer, and provide a means to monitor recurrence and/or lymph node metastasis.

Abstract
Gastric cancer is the fourth most common cancer in
the world and the second leading cause of cancerrelated death. More than 80% of diagnoses occur at
the middle to late stage of the disease, highlighting an
urgent need for novel biomarkers detectable at earlier stages. Recently, aberrantly expressed microRNAs
(miRNAs) have received a great deal of attention as
potential sensitive and accurate biomarkers for cancer
diagnosis and prognosis. This review summarizes the
current knowledge about potential miRNA biomarkers for gastric cancer that have been reported in the
publicly available literature between 2008 and 2013.
Available evidence indicates that aberrantly expressed
miRNAs in gastric cancer correlate with tumorigenesis,
tumor proliferation, distant metastasis and invasion.
Furthermore, tissue and cancer types can be classified
using miRNA expression profiles and next-generation
sequencing. As miRNAs in plasma/serum are well protected from RNases, they remain stable under harsh
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INTRODUCTION
Although the rate of gastric cancer (GC) has declined
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Figure 1 MicroRNAs and gastric cancer.

over the last 50 years, GC remains the fourth most common cancer worldwide, with a total of 989600 new
cases and 738000 deaths estimated in 2008[1]. Over 70%
of these new cases and deaths occurred in developing countries, with half of the world total occurring in
Eastern Asia (mainly in China)[2]. Due to the absence of
specific symptoms and early detection, gastric cancer
is often diagnosed at an advanced stage when a cure is
not possible, and in these cases, the prognosis remains
unfavorable. Median survival is 7-9 mo and survival at 2
years is exceptionally > 10%. A combination of early diagnosis and the improvement in surgical techniques has
extended survival in GC patients[3-5]. As the prognosis
for these patients differs depending on the disease stage
at the time of diagnosis, early detection of GC is crucial. While the combined use of tumor markers, such as
α-fetoprotein, carcinoembryonic antigen and carbohydrate antigens 125 and 19-9, improves the sensitivity for
the diagnosis of advanced gastric cancer, these markers
yield inconsistent results when used for early detection
of GC[6-10]. Therefore, identification of novel biomarkers for early GC diagnosis is a major focus of current
investigation.
A class of small (about 22 nucleotides) noncoding
RNA species, known as microRNAs (miRNAs), have
been shown to regulate gene expression and play important roles in a wide range of physiological and pathological processes[11-18]. For example, the miR-15a-miR-16-1
cluster has been demonstrated to promote prostate cancer by targeting genes related to a multitude of oncogenic
activities[19], and p53-mediated transactivation of miR34a has been shown to influence the expression of genes
related to apoptosis[20]; furthermore, miR-373, miR-520c
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and miR-10b have been shown to promote tumor invasion and metastasis[21-23]. Although the biological function of miRNA has yet to be fully understood, miRNA
analyses indicate that a wide range of tumor types display
significantly different expression profiles compared to
normal tissues. Thus, miRNAs are now being utilized
in development of various diagnostic tests as highly tissue specific biomarkers, with the potential for clinical
determination of metastasis origin[24-26]. MiRNAs remain
stable after incubation at room temperature for up to 24
h or after up to eight cycles of freeze-thawing. MiRNAs
protected by various lipids and proteins in exosomes and
other microparticles have been detected in plasma, serum, urine, saliva, and milk[27-30]. Their stability and easily
testable length (about 22 bp) make miRNAs well suited
for being utilized as biomarkers. Furthermore, circulating miRNAs meet the basic conditions for utility as a
biomarker as tumor-derived miRNAs can be detected in
plasma, with no significant difference in circulating levels
in healthy male and female subjects[31-36]. Current knowledge concerning the diagnostic and prognostic applications of miRNAs in GC is reviewed and summarized
below.

MiRNAS AND GC
An increasing number of studies have shown dysregulation of miRNAs in Helicobacter pylori-infected gastric
mucosa and GC, which correlates with cancer development and tumor progression [37-41] (Figure 1). For example, upregulation of miR-17-5p/20a promotes GC
cell cycle progression and inhibits cell apoptosis via posttranscriptional modulation of tumor suppressor protein
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the expression of MXD1[104]. The in vivo roles of miR133b and miR-202-3p have been shown to inhibit GC
metastasis by directly targeting Gli1 and suppressing Gli1
target genes, OPN and Zeb2[105,106]. In addition, miR1207-5p and miR-1266 are significantly decreased in GC
tissues, and their ectopic expression inhibits gastric tumor growth in vitro and in vivo by suppressing hTERT[107].
Other miRNAs, such as miR-26a and miR-212, can
inhibit proliferation of GC by directly repressing the expression of their targets FGF9 and RBP2[108,109].

TP53INP1 and the cyclin-dependent kinase inhibitor
p21 [42]. MiR-106b and miR-93 impair TGF β -induced
apoptosis in GC cells through inhibition of BCL2L11[43].
In addition, miR-150 has been shown to promote GC
growth by targeting EGR2[44], a tumor suppressive transcription factor that induces apoptosis by direct transactivation of BNIP3L and Bak[45]. Other miRNAs, such as
miR-204, are downregulated in gastric tumors, and their
ectopic expression inhibits the colony formation, migration and tumor engraftment of GC cells by targeting
Bcl-2 mRNA[46]. Additionally, miR-375 is one of the most
downregulated miRNAs in GC and its overexpression
substantially reduces cell viability by targeting PDK1 and
14-3-3zeta[47]. Furthermore, ectopic expression of miR146a, whose levels are significantly lower in cancerous
tissues, inhibits migration and invasion of GC cells and
downregulates the expression of the epidermal growth
factor receptor and interleukin receptor-associated kinase
IRAK1[48].
MiRNAs have also been shown to correlate with tumor proliferation and pathology. Low expression levels
of miR-125a-5p are associated with an enhanced malignant potential, such as tumor size and depth, and a poor
clinical prognosis. In vitro assays have shown that the
proto-oncogene ERBB2 is a direct target of miR-125a5p, which potently suppresses the proliferation of GC
cells[49]. Song et al[50] showed that miR-148b is significantly downregulated in GC tissues and cell lines compared
with their non-tumor counterparts, and is associated
with tumor size. Reduced expression of miR-148a, as
well as miR-152, was also shown in human GC by Chen
et al[51], which correlated with an increased tumor size
and advanced tumor stage.
Invasiveness and metastasis are essential aspects of
cancer cells that have also been associated with miRNA
gene targeting. Recent studies have demonstrated that
the expression of the novel tumor suppressor protein
programmed cell death 4 (PDCD4) is suppressed by
miR-21 and downregulated in GC. Tumor size and
depth, lymph node metastasis, venous invasion, advanced stage, and poor clinical prognosis are all significantly correlated with reduced PDCD4 and elevated
miR-21 expression[52], as well as higher expression of
miR-106a[53]. In contrast, the levels of let-7a miRNA are
significantly lower in the serum and tumor tissues of
gastric adenocarcinoma patients compared to the peritumoral tissues and serum from healthy controls. In vitro
transfection of MNK-45 cells with let-7a significantly
inhibits the protein expression of the chemokine receptor CCR7, and impedes their migratory and invasive capabilities[54-56].
Furthermore, in vivo studies have also shown the
significant impactions of miRNAs in gastric carcinogenesis[57-102]. For example, tumor suppressor gene miR-338
can decrease migratory, invasive, proliferative behaviors
as well as EMT by targeting NRP1 in GC[103]. By using
gain or loss-of-function in in vitro and in vivo experiments,
overexpressed miR-19a/b in GC tissues have been observed to have a pro-metastatic function by attenuating
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CLINICAL APPLICATION OF MiRNAs AS
BIOMARKERS IN GC
Due to the absence of specific symptoms and early detection[55], GC is often diagnosed at an advanced stage
with a median survival of about 7-9 mo[56]. Thus, a longstanding goal of GC research has been to identify methods for the early diagnosis and management of cancer.
Over the past five years, scientists have begun to explore
the feasibility of utilizing miRNAs as biomarkers, as
many are involved in GC tumorigenesis, proliferation,
invasion and metastasis (Tables 1-4).
MiRNAs as diagnostic markers
MiRNA expression profiles and next-generation sequencing have revealed that miRNA aberrant expression could
be used for tissue specificity and to classify cancer types,
highlighting the potential of miRNAs for cancer diagnosis. For example, miR-375 is significantly downregulated
in distal gastric adenocarcinoma tissues as well as in
the circulating serum. At a normalized cutoff of 0.218,
miR-375 yields a receiver operating characteristic (ROC)
area under the curve (AUC) of 0.835 with a specificity
of 80% and a sensitivity of 85%, in the discrimination
of distal gastric adenocarcinoma from control tissues[57].
The levels of miR-106a and miR-21 are significantly
higher in GC tissues[53,58], while the level of miR-31 is
significantly lower[59]. MiR-421 is overexpressed in GC
tissues, and while it is not associated with clinicopathological features, it may be involved in the early stage of
gastric carcinogenesis[60]. As the positive detection rate
of miR-421 is higher than that of serum carcinoembryonic antigen, it thus may serve as an efficient early
diagnostic biomarker. These new data lend further support to the notion that miRNAs may represent efficient
diagnostic biomarkers.
MiRNAs as prognostic markers
The connection between miRNA expression and GC
progression and metastasis suggests that miRNAs can
be used as prognosis monitoring tools. The expression
levels of miR-10a, miR-221, miR-212 and miR-195
are associated with lymph node metastasis[61-63], and in
addition, miR-21 expression is also significantly correlated with histologic type, tumor stage, and pathologic
tumor-node-metastasis (pTNM) stage[64]. Meanwhile, a
seven-miRNA signature (miR-10b, miR-21, miR-223,
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Table 1 Tissue microRNAs as diagnostic biomarkers
Ref.

Sample

Method (normalization)

MiRNA

Clinical application

60 GC (46A, 6M, 8S)/18 C
63 GC/10 C
55 GC/17 C
37 GC/37 C
72 GC/72 C

qRT-PCR (U6)
real-time qRT-PCR (RNU6B)
real-time qRT-PCR (U6)
qPCR (U6)
qRT-PCR

miR-421
miR-31
miR-106a
miR-21
miR-196a

Xiao et al[98] (CN)

20 GC/20 C

qRT-PCR (U6)

miR-146a

Song et al[50] (CN)

4 GC cell lines
106 GC/106 C tissues
101 GC(34I, 67B)/101CC/101 C

real-time qRT-PCR (U6)

miR-148b

Diagnostic biomarker
Diagnostic biomarker
Diagnostic biomarker
Diagnostic marker
Detecting GC and monitoring
recurrence
Diagnostic biomarker and therapeutic
target
Diagnostic biomarker

real-time qRT-PCR (U6)

20 GC/20 C

miRNA microarray and qRT-PCR (U6)

miR-148a and
miR-152
miR-574-3p

Jiang et al[60] (CN)
Zhang et al[59] (CN)
Xiao et al[53] (CN)
Chan et al[58] (CN)
Tsai et al[67] (CN)

Chen et al[51] (CN)
Su et al[101] (CN)

Detection of gastrointestinal cancer
Early detection of GC

C: Control; GC: Gastric cancer; A: Adenocarcinoma; M: Mucinous carcinoma; S: Signet-ring cell carcinoma; I: Intestinal; D: Diffuse.

Table 2 Tissue microRNAs as prognostic biomarkers
Ref.

Sample

Method (normalization)

MiRNA

Clinical application

qRT-PCR (U6)
miRNA microarray and
qPCR (U6)
real-time qRT-PCR (U6)

miR-17-5p/20a
miR-335

Therapeutic marker
Recognition of recurrence risk

Liu et al[62] (CN)

110 GC/110 C
31 with/43 without recurrent
GC
92 GC/92 C

miR-221

Inoue et al[96] (JP)

161 GC/161 C

Prognostic factor for overall
survival
Prediction of prognosis

Wang et al[42] (CN)
Yan et al[66] (CN)

Brenner et al[97] (IL)
Zhang et al[68] (CN)
Kim et al[99] (KR)

Nishida et al[49] (JP)
Li et al[65] (CN)

Xu et al[64] (CN)
Wu et al[63] (CN)
Liu et al[102] (CN)
Chen et al[61] (CN)
Valladares-Ayerbes et al[100] (ES)
Kogo et al[48] (JP)
Sacconi et al[46] (IT)

miRNA qPCR array, TaqmiR-107
man miRNA assay and
real-time qRT-PCR (U6)
45 GC (39A, 6S)
miRNA microarray and miR-451, miR-199a-3p
Prediction of recurrence
qRT-PCR (six miRs)
and miR-195
29 with/36 without recurrent miRNA microarray and miR-375 and miR-142-5p Prediction of recurrence risk for
GC (A)
qPCR (U6)
GC
15 GC cell lines
miRNA methylome profilmiR-10b
Assessing the risk of GC
100 GC(44I, 56D)/100 C tis- ing, bisulfite pyrosequencsues
ing and qRT-PCR (U6)
87 GC
qRT-PCR (RNU6B)
miR-125a-5p
Prognostic marker
100 GC
real-time RT-PCR
miR-10b, miR-21,
Survival prediction
miR-223, miR-338, let-7a,
miR-30a-5p, miR-126
86 GC
RT-PCR (Let-7a)
miR-21
Prediction of LN metastasis
52 GC/52 C
real-time RT-PCR (U6,
miR-212 and miR-195
Prediction of LN metastasis
Let7a, miR-191, 103)
84 GC/84 C
qRT-PCR (U6)
let-7i
Prediction of chemotherapeutic
sensitivity and prognosis
3 GC/1 gastric mucosal lines miRNA array and qPCR
miR-10a
Prediction of LN metastasis
38 GC (28A, 8T, 2S)/10 C tissues
(U6)
28 CC/7 GC/3 pancreas
qRT-PCR (5S and U6)
miR-17-92
Prognostic markers
90 GC/90 C
qRT-PCR (RNU6B)
miR-146a
Prognostic factor
123 GC (75I, 24D, 24U)/123 C miRNA microarray and
miR-204
Prognostic value
qPCR (RNU6B)

C: Control; CC: Colorectal cancer; GC: Gastric cancer; LN: Lymph node; A: Adenocarcinoma; T: Tubular adenocarcinoma; S: Signet-ring cell carcinoma; I:
Intestinal; D: Diffuse; U: Undefined.

miR-338, let-7a, miR-30a-5p, miR-126) has been identified for overall survival and relapse-free survival in GC
patients[65]. A high frequency of recurrence and poor
survival are observed in GC cases with high levels of
miR-335, miR-196a or miR-375, while low expression
levels of miR-146a, miR-142-5p or miR-204 are correlated with increased tumor size, pTNM stage and worse
overall survival[66-68,46,48]. Furthermore, low expression of
miR-125a-5p is associated with a poor prognosis and
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enhanced malignancy potential, measured by tumor size,
tumor invasion and liver metastasis.
MiRNA-based therapeutic approaches
Several studies to date have investigated the molecular
mechanisms underlying miRNA targeting as an anticancer therapy. Overexpression of miR-34a has been
shown to induce apoptosis and accumulation of cells
in the G1 phase, ultimately inhibiting tumorsphere for-
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Table 3 Circulating microRNAs as diagnostic biomarkers
Ref.
Li et al[74] (CN)
Rotkrua et al[72] (JP)

Li et al[75] (CN)
Cai et al[76] (CN)
Li et al[91] (CN)
Wang et al[92] (CN)
Song et al[93] (CN)

Sample

Method (normalization)

MiRNA

Clinical application

80 EGC/70 C plasma
6 DCKO mice with DGC/6 C
tissue
21 DCKO mice with DGC/23 C
serum
230 GC/130 C and
20 gastric precancerous plasma
90 GC(70A, 16M, 3S, 1SC)/90 C
plasma
8 GC/8 C tissue
70 GC(56A, 13M, 1S)/70 C plasma
174 solid cancers/39 C serum

real-time qRT-PCR(U6, U44)
miRNA microarray and

miR-199-3p
miR-103, miR-107,

Early detection of GC
Early detection of DGC

TaqMan qRT-PCR (cel-miR-39)

miR-194 and miR-210

miRNA microarray and
real-time qRT-PCR (U6, U44)
qRT-PCR (cel-miR-39)

miR-199-3p

GC detection

miR-106b, miR-20a,
and miR-221
miR-223, miR-21
and miR-218
miR-21

Early detection of GC

qRT-PCR (U6, cel-miR-39)
qRT-PCR (miR-16)

GC detection

82 GC(71A, 3S, 1SC)/46 DYS/128
TaqMan low-density array
miR-221, miR-376c
and TaqMan qRT-PCR (cel-miR-39)
and miR-744
C serum
56 GC/30 C plasma
miRNA microarray
miR-451 and miR-486
and qRT-PCR (U6)
61 GC(A, M)/61 C serum
miRNA microarray
miR-378
and real-time qRT-PCR (U6)
164 GC/127 C serum
Solexa sequencing
miR-1, miR-20a, miR-27a,
and qRT-PCR (the serum volume)
miR-34 and miR-423-5p
8 GC/8 C tissue
qRT-PCR (RNU6B)
miR-17-5p, miR-21, miR-106a,
79 GC/30 C plasma
miR-106b and let-7a
20 GC/190 C plasma
real-time qPCR (global means)
miR-195-5p
80 gastric adenocarcinomas/40
real-time qRT-PCR (U6)
let-7a
peritumoral tissues
80 gastric adenocarcinomas/45 C
serum

Konishi et al[94] (JP)
Liu et al[77] (CN)
Liu et al[82] (CN)
Tsujiura et al[73] (JP)
Gorur et al[95] (TR)
Wang et al[54] (CN)

Detection of some solid
cancers
Early detection of GC
Screening GC
Early detection of GC
GC detection
GC detection
Early detection of GC
GC detection

C: Control; DCKO: Double-conditional knockout; DGC: Diffuse-type gastric cancer; DYS: Dysplasia; GC: Gastric cancer; LN, lymph node; A: Adenocarcinoma; M: Mucinous carcinoma; S: Signet-ring cell carcinoma; SC: Squamous cell carcinoma.

Table 4 Circulating microRNAs as prognostic biomarkers
Ref.
[81]

Valladares-Ayerbes et al
Komatsu et al[78] (JP)
Wang et al[79] (CN)
Kim et al[80] (KR)

(ES)

Sample

Method (normalization)

MiRNA

Clinical application

52 GC/31 C peripheral blood
and 2 GC cell lines
69 GC plasma
79 pre-operative GC/30
post-/6 relapse plasma
16 LN-positive GC/15 LNnegative GC/10 C serum

qRT-PCR (U6, 5S)

miR-200c

Predictor of progression and survival

qRT-PCR (U6)
qRT-PCR (RNU6B)

miR-21
miR-17-5p/20a

qRT-PCR

Prognostic marker
Prediction of prognosis and monitoring
of chemotherapeutic effects
miR-21, miR-146a,
Predicting LN metastasis
and miR-148a

C: Control; GC: Gastric cancer; LN: Lymph node.

mation[69]. Both miR-15b and miR-16 were shown to
promote chemotherapy (mitotic inhibitor: vincristine)induced apoptosis in a human GC cell line (SGC7901/
VCR), suggesting the potential of these miRNAs to
modulate the sensitivity of GC cells to certain anticancer drugs[70]. The potential anticancer property of miR508-5p has been shown to involve its targeting of the
3’-untranslated regions of ABCB1 and zinc ribbon
domain-containing 1 (ZNRD1), which sensitizes cancer
cells to an array of known chemotherapeutic agents[71].
Furthermore, increased expression of miR-150 and
miR-146a, and reduced expression of miR-142-3p and
miR-199b-5p have been observed in blood samples
from chronic myeloid leukemia patients after two weeks
of imatinib therapy, suggesting that miRNAs may serve
as a novel clinically useful biomarker in this disease[110].
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In this regard, miR-451 has also been considered as a
potential predictor marker of imatinib therapy[111]. In addition, miR-1274a is shown to be involved in sorafenib
therapy of hepatocellular carcinomas (HCC) by targeting ADAM9[112]. Other miRNAs, such as miR-122, can
directly inhibit angiogenesis in vitro with concomitant
suppression of its target genes, namely ADAM10, SRF,
and Igf1R[113]. Ectopic expression of miR-122 potentiates growth inhibitory function of sorafenib in HCC
cells. Additionally, Kaplan-Meier survival analysis reveals
that low expression levels of miR-21 and miR-181b are
closely associated with better GC patient’s overall survival for both S-1 and doxifluridine based therapies[114].
Collectively, these data suggest the potential application
of miRNAs not only as targets of anticancer therapeutic
approaches but also as predictive markers of drug resis-
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tance and treatment response.

FUTURE PERSPECTIVES

Circulating miRNAs as biomarkers
The search for non-invasive tools for the diagnosis and
management of cancer has led to the investigation of
circulating nucleic acids, including miRNAs, in plasma
and serum. Finding miRNAs in plasma/serum has suggested the potential of miRNA signatures in cancer
diagnosis. Endogenous circulating miRNAs, which are
protected from RNases and remain stable in harsh conditions, exhibit specific tissue and cancer type expression
patterns[31,32], demonstrating their diagnostic potential.
Circulating levels of miR-103, miR-107, miR-194 and
miR-210 were upregulated in sera from double conditional knockout mice with early or advanced-stage diffuse-type GC[72]. Tsujiura et al[73] have shown that plasma
miR-17-5p, miR-21, miR-106a, and miR-106b are significantly higher, whereas let-7a is lower, in GC patients,
with AUCs of 0.721 and 0.879 for the miR-106b and
miR-106a/let-7a ratio assays, respectively. Furthermore,
the expression of miRNA-199a-3p, miR-106b, miR-20a,
and miR-221 are significantly elevated in plasma of GC
patients with AUCs of 0.818, 0.7733, 0.8593, and 0.7960,
respectively[74-76]. However, there were no significant differences in the plasma levels of these miRNAs among
the four TNM stages. Our group has found that serum
miR-378 is significantly elevated in early GC patients,
in an assay yielding an ROC curve area of 0.861 with
a 87.5% sensitivity and a 70.73% specificity[77]. These
findings indicate that elevated circulating miRNAs can
be detected in early stages of tumor growth, suggesting
their potential as noninvasive biomarkers for early GC
detection.
There is also evidence to suggest that circulating miRNA levels are associated with the progression and prognosis of GC. MiR-21, miR-17-5p/20a, miR-146a, and
miR-148a have been reported as non-invasive biomarker
candidates to predict prognosis, monitor chemotherapeutic effects and predict the presence of lymph node
metastasis[48,50,78-80]. In addition, Valladares-Ayerbes et al[81]
have found that expression levels of miR-200c correlate
with the number of lymph node metastases, and are significantly associated with poor overall and disease-free
survival rates, suggesting that miR-200c has the potential
to be a predictor of cancer progression and survival.
Moreover, Liu et al[82] used Solexa sequencing and qRTPCR to identify a profile of five serum miRNAs (miR-1,
miR-20a, miR-27a, miR-34 and miR-423-5p) correlating
with tumor stage that can serve as biomarkers for detecting GC. In their study, the AUCs for this five-serum
miRNA signature were 0.879 and 0.831 in two sets of
serum samples, which are markedly higher than those of
the currently used biomarkers carcinoembryonic antigen
(0.503) and carbohydrate antigen 19-9 (0.600). Furthermore, their data demonstrated that higher sensitivity and
specificity of monitoring prognosis can be achieved by
circulating miRNAs as compared to the other commonly
used non-miRNA testing methods.

Recently, the detection of circulating tumor cells in peripheral blood has received a great deal of attention for
the prediction of postoperative cancer recurrence and
the evaluation of novel adjuvant therapies. A significant
correlation has been identified between the number
of circulating cancer cells and the levels of miR-106a,
miR-17, miR-421 and miR-21[83-85]. In this regard, miRNAs are being evaluated as a new molecular diagnostic
marker for the detection of these cells. These data highlight a novel potential use for miRNAs in monitoring
circulating tumor cells. In addition to serum, the levels
of miRNAs in gastric juice are under investigation. Levels of miR-21 are higher in specimens of intestinal type
GC compared to diffuse or mixed GC type, whereas
the levels of miR-129-1-3p and miR-129-2-3p in gastric juice are significantly lower, with AUCs of up to
0.969 for miR-21 and 0.656 for a combination test of
miR-129-1-3p and miR-129-2-3p[86,87]. Furthermore, the
addition of gastric juice miR-421 for the detection of
early GC shows a remarkable improvement over serum
carcinoembryonic antigen alone[88]. These results indicate
that gastric juice miRNAs provide additional novel noninvasive biomarkers for screening GC.
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CONCLUSION
Although miRNAs show promise as detection and prognosis biomarkers, there are methodological and technical limitations regarding the analyses. The variety of
methodologies, types of carcinomas included, analysis
software and normalization strategies used in the various
studies in the published literature have led to a considerable amount of variability and inconsistency among
the findings reported. Therefore, detection methods
should be standardized and include normalization controls, such as the housekeeping miRNAs, miR-16[89] and
RUN6B[77]. MiR-93 is also recommended as a suitable
reference gene for serum miRNA analysis between GC
patients and healthy controls[89]. Other protocols call for
samples to be processed from identical input volumes,
then corrected for technical variability using spikedin synthetic non-human (Caenorhabditis elegans) miRNA
as a normalizing control[31,90]. The use of “invariant”
miRNAs as endogenous controls has been proposed by
some investigators, however, biological variability may
preclude this approach. As no consensus concerning the
ideal normalization control has been reached, additional
studies are needed for sufficient sensitivity and precision
in the quantification of miRNAs.
Though thousands of miRNAs have been demonstrated to be related to GC, the variability among different patients, even with the same type of cancer, makes
it impossible to use just one marker as a reliable method
for determining cancer status. For this reason only the
combination of several miRNAs could be effective for
diagnostic purpose. For example, low expression of miR-
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106b and high expression of miR-181b are observed in
patients with liver cirrhosis. The AUC for miR-106b and
-181b are 0.715 and 0.833, respectively. The ROC curve
of the combined miRNAs has an AUC of 0.882. These
data demonstrate that the combined detection of miR106b and miR-181b has more considerable clinical value
to diagnose patients with liver cirrhosis[115]. The combination of four serum miRNAs (miR-22, miR-572, miR-638
and miR-1234) signature and TNM stage had better
prognostic value in personalized therapy for nasopharyngeal carcinoma than the TNM stage or miRNA signature
alone[116]. In addition, high expressed miR-223, miR-21
and low expressed miR-218 in GC patients yield the
AUC values of 0.9089, 0.7944, and 0.7432, respectively.
While the combined ROC analysis reveals the highest
AUC value of 0.9531 in discriminating GC patients from
healthy controls[92]. Therefore, a cluster of biomarkers for
one disease would be a better diagnostic tool with much
higher sensitivity, specificity, and accuracy.
In conclusion, GC-specific miRNAs have been associated with tumorigenesis, tumor proliferation and
metastasis. While further investigation with large-scale
validation is needed before miRNAs can serve as a noninvasive screening tool in routine clinical trials, their
inclusion in biomarker development will enhance the
sensitivity and specificity of diagnostic and prognostic
tests for GC.
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Core tip: There are differences in metabolomic profiles of gastric cancer patients and healthy controls,
as well as between different stages of gastric cancer.
The transition from normal to malignant consistently
shows upregulation in lactate and downregulation of
glucose consistent with the Warburg effect. This trend
is perpetuated as cells advance from non-invasive to invasive. Key tricarboxylic acid (TCA) cycle intermediates
and amino acids are elevated as a result of anaplerotic
reactions. Perpetuation of the TCA cycle generates
energy for essential cell functions. There is less consistency between lipid and nucleic acid metabolites.

Abstract
Gastric cancer is one of the deadliest cancers worldwide, and is especially prevalent in Asian countries.
With such high morbidity and mortality, early diagnosis is essential to achieving curative intent treatment
and long term survival. Metabolomics is a new field of
study that analyzes metabolites from biofluids and tissue samples. While metabolomics is still in its infancy,
there are numerous potential applications in oncology,
specifically early diagnosis. Only a few studies in the
literature have examined metabolomics’ role in gastric
cancer. Various fatty acid, carbohydrate, nucleic acid,
and amino acid metabolites have been identified that
distinguish gastric cancer from normal tissue and benign gastric disease. However, findings from these few
studies are at times conflicting. Most studies demonstrate some relationship of cancer cells to the Warburg
Effect, in that glycolysis predominates with conversion
of pyruvate to lactate. This is one of the most consistent findings across the literature. There is less consistency in metabolomic signature with respect to nucleic
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INTRODUCTION
The burden of gastric cancer is significant in Canada and
worldwide. In 2013, the Canadian Cancer Society estimated there were 3300 new cases of gastric cancer which
caused 3.3% of all male cancer related deaths, and 2.2%
of all female cancer related deaths[1]. On a global scale, an
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estimated 990000 people were diagnosed in 2008, with
60% of those cases occurring in East Asia[2]. With an
estimated 736000 deaths worldwide[3], the fatality to case
ratio is approximately 70%[4]. Despite these grim statistics, overall morbidity and mortality are declining due to
changes in diet, treatment for Helicobacter pylori (H. pylori),
early screening programs, improved surgical techniques
and chemotherapy regimens.
Much of the mortality is attributable to delayed
symptoms of gastric cancer. Early stage gastric cancer is
asymptomatic: it takes an estimated 44 mo to progress
to an advanced stage[5]. Commonly patients present with
vague epigastric pain, unintentional weight loss, anemia
from occult blood loss, or dysphagia if the tumour is
proximal. Gastric cancers that do not penetrate into the
muscularis propria are asymptomatic in up to 80% of
cases; occasionally, patients experience epigastric pain or
“dyspepsia”. Dyspeptic symptoms occur in up to 40%
of the population, so its value as a predictor of gastric
cancer is limited. Furthermore, amongst those who have
dyspepsia, previous studies have found that only 1%-2%
of them will develop gastric cancer[6-8]. With such high
morbidity and mortality, early diagnosis is key. This review will highlight current surveillance methods and
summarize how metabolomics may have important applications in future cancer surveillance and diagnosis.

tric cancer patients between screened and non-screened
groups. Therefore endoscopy has significant limitations
as a screening technique, but currently it is still the best
test available.
Since the 1990s, serum pepsinogen has been incorporated into gastric screening programs. Pepsinogen Ⅰ and
Ⅱ are proenzymes of pepsin, which originate in gastric
mucosa. These markers reflect morphological and functional status of the gastric mucosa and can act as a marker for chronic atrophic gastritis (CAG). CAG is regarded
as a precursor of gastric cancer, especially the intestinal
type[10]. In Japan, a serum pepsinogen (PG) test based on
serum PG Ⅰ level and PG Ⅰ/Ⅱ ratio have been used
for screening. As mucosal atrophy increases, the level of
PG Ⅰ and thus the PG Ⅰ/Ⅱ ratio decreases[11]. Recent
studies show that PG testing is useful at detecting early
gastric cancers, especially in combination with barium
X-ray. If either one or both of the two screening methods are positive, patients are referred for upper endoscopy. Cutoff values for serum PG tests are ≤ 50 ug/L
and PG Ⅰ/Ⅱ ratio ≤ 3.0. These values detected gastric
cancer in 0.28% of cases compared to 0.1% with barium
X-ray. Early stage gastric cancer accounted for 100% of
cancers detected by PG, 83% of cancers detected by barium X-ray, and 81% of cancers detected by both PG and
X-ray. Eighty-nine percent of cancers detected by PG
were intramucosal, compared to only 50% detected by
barium X-ray. In this study, pepsinogen testing seemed to
be useful in detecting small cancers arising from atrophic
gastric mucosa.

CURRENT SURVEILLANCE METHODS
There are currently several methods of detecting gastric
cancer, but no uniform screening guidelines. In Japan,
where there is a high incidence of gastric cancer, screening has been introduced for everyone forty years of age
and over. Since 1962, Japanese have employed bariummeal photofluorography as a screening test. The initial
exam consists of a series of 8 X-rays. If this is abnormal,
a detailed exam with 11 X-rays is undertaken. Endoscopy
is then used to analyzed suspicious lesions identified on
barium exam[5]. Case control studies suggest a 40%-60%
decrease in gastric cancer mortality with photofluorography screening. The sensitivity of photofluorography is
60%-80% and specificity is 80%-90%. Studies indicate
that survival rates of the screened group are 74%-80%
compared to 46%-56% in the non-screened group[9]. Currently gastro fluorography is a Grade B recommendation.
Endoscopy is another tool used in gastric cancer surveillance. Its sensitivity ranges from 77%-84%[9]. It can
identify superficial flat and non-ulcerative lesions that
barium studies can miss[5]. In a Japanese study, detection
of gastric cancer by endoscopy was 2.7 to 4.6 fold higher
than with barium swallow. Endoscopy is versatile, as it allows clinicians to biopsy tissue, and perform endoscopic
ultrasound to determine depth of invasion (tumour or T
stage), should there be a lesion in the stomach. Despite
these abilities, endoscopy has limitations in that it depends heavily on skills of the endoscopist and on availability of gastroscopy. Also it can be difficult to visualize
early stage gastric cancers; the sensitivity is estimated to
be 50%-60%. No studies have compared survival of gas-
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METABOLOMICS IN CANCER
Metabolomics is a relatively new area of study and the latest addition to the “omics” family of genomics, transcriptomics, and proteomics. The central dogma of molecular
biology describes flow of biological information in a
system from DNA to RNA to protein to metabolites. Different “omics” interventions play a part at different stages
of this dogma to glimpse the inner workings of cell,
tissue and organism. The metabolome of an organism
consists of the entire collection of low molecular weight
(< 1500 Daltons) metabolites[12]. Metabolites are required
for maintenance, growth and normal functioning of a
cell. Mapping the metabolomic profile provides a global
picture of the organism at a specific point in time under
a specific set of conditions. For any given disease state, a
small genomic change can be amplified many times at the
metabolite level and quantitatively measured. Metabolites
in biological samples such as tissues, urine, saliva and
blood plasma can be measured, and this allows researchers
to identify specific metabolic pathways. Previous studies
have demonstrated that metabolic activities of cancer cells
are markedly different from that of healthy cells. Studying
the metabolomic profile may help distinguish certain cancer biomarkers, and provide keys to early diagnosis.
Biofluids such as urine and blood are optimal samples
to study, as they can be obtained through minimally invasive means. Profiles of these biofluids can be linked back
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to their genetic origins to provide a view of disease pathways. As metabolites are “downstream” entitities compared to genes, they reflect cellular conditions at the time
of sampling and can be considered “endpoint markers”
for disease. There are currently several technologies for
analyzing the metabolome: nuclear magnetic resonance
spectroscopy (NMR), mass spectrometry (MS), liquid and
gas chromatography.
NMR utilizes a magnetic field. Spins of the atoms
inside the tissue sample or fluid align themselves with
respect to the magnetic fields. A radiofrequency pulse
from the NMR machine elevates spins to a higher energy
orientation. When the radiofrequency is turned off, spins
undergo relaxation and release energy, returning to their
original lower energy configurations. During this process, an NMR signal is emitted that can be detected by a
computer system. A series of peaks are generated. Their
positions are characteristic of certain known molecules.
The NMR spectra of most metabolites have been identified and any new spectra can be identified in reference
to available data. Liquid and gas chromatography are
two separation techniques that rely on partitioning liquid
or gas from a sample solution. Separation depends on
the physical properties of the substance such as boiling
point and solubility. As these chemicals are eluted off the
column, they can be detected and quantified. Mass spectrometry is an analytical technique that identifies compounds based on their mass to charge ratio.
Each of the different analytical techniques has its
benefits and drawbacks. A major advantage of NMR
is its non-invasiveness and non-reliance on metabolite
separation. Samples are not eluted off so they can be recovered for further analysis by chromatography or spectrometry. Sample preparation for NMR is simple, and
lends itself well to metabolite profiling of intact biofluids
like culture medium or semi-solid samples like cells or
tissue. However, a major disadvantage of NMR is its low
sensitivity compared to chromatographic techniques[13]. A
cross-platform comparison of metabolomic methods by
Büscher et al[14]. demonstrated that the three platforms of
gas chromatography, liquid chromatography, and capillary
electrophoresis were roughly equivalent in terms of sensitivity, and all superior to NMR.
Metabolomics has been studied in other cancers[12,15]
including breast[16], prostate[17], lung[17] colorectal[18], pancreatic[19] esophageal[20], ovarian[21], bladder[22] and renal
cell carcinoma[23] but to date, very little has been studied
in the area of gastric cancer. This review summarizes current available literature on gastric cancer metabolomics.
As it is a relatively new field, there are only a few studies.
Our findings are presented below.

between studies. This review organizes metabolites from
each study into four main classes of biomolecules: carbohydrates, amino acids, lipids, and nucleic acids. Table 1
summarizes metabolites from each study by biomolecular
class.

CARBOHYDRATE METABOLISM
Hu et al[24] implanted human gastric cancer cells into 24
immune deficiency mice. They were randomly divided
into a metastasis group, non-metastasis group and a normal group. Urine of these mice was collected and gas
chromatography/mass spectrometry was employed to
identify a metabolomic profile. Two diagnostic models
for gastric cancer and metastasis were constructed by
principal component analysis (PCA). PCA is a statistical
technique that compresses multivariate data into fewer
dimensions such that an overview of data is visualized
in two or three planes (principal components). Data with
the largest variation are summarized, scored and plotted as points on a graph. Points clustering together have
more similar properties. PCA enables pattern recognition
and classification of data into distinct groups. Ten metabolites were different between normal and cancer groups.
Seven metabolites were different between metastasis and
non-metastasis groups. On the PCA scores plot, the normal group and cancer group were scattered into different
regions. Similarly the PCA plot showed differential scatter between non-metastasis and metastasis groups. Levels
of tricarboxylic acid (TCA) intermediates such as butanedioic acid, malic acid, and citric acid were elevated in gastric cancer mice, as were lactic acid levels. This could be
attributed to the “Warburg effect” in that glucose is often
converted into lactic acid in cancer cells[25].
Hirayama et al[26] investigated metabolites in tumour
tissue and compared this with adjacent normal tissue on
twelve resected gastric cancer specimens. They quantified
95 metabolites involved in glycolysis, pentose phosphate
pathway, TCA and urea cycles. Metabolites in normal
stomach tissue and tumour tissue were not well separated
on PCA plot, making two types of tissues less distinguishable. With regards to glycolysis and the TCA cycle,
Hirayama found that glucose concentrations were much
lower in tumour than in normal tissues. Also pyruvate
was decreased, while lactate concentration was increased
in tumour tissues indicating a higher reliance of cancer
cells on anaerobic breakdown of pyruvate under hypoxic
cell conditions. This lab group identified elevated levels
of TCA intermediates specifically that of succinate, fumarate, and malate in malignant tissue. These findings
correlated to ones from Hu et al[24].
Song et al[27] studied gastric cancer resections and
compared the metabolomic profiles of the cancerous tissue matched to normal tissue at least 8 cm away on the
specimen. This group noticed an increase in metabolites
of aerobic glycolytic pathways namely alpha ketoglutarate
and fumaric acid. Across all studies, lactate was the most
consistently elevated carbohydrate pathway biomarker

NORMAL VERSUS MALIGNANT
METABOLOMIC SIGNATURES
A few studies in the literature have compared metabolomic profiles of gastric cancer patients with healthy
controls. The type of biofluid or tissue they use varies
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Table 1 Marker metabolites between gastric cancer and healthy controls
Animal vs human
analytical platform

Ref.

Statistically significant metabolites identified (P < 0.05)
(up or down indicate levels in cancer group)

Sample type
groups

Hu et al[24],
2011

Animal (mice)
Gas chromatography,
Mass Spectrometry

Urine
Metastasis group (n = 8)
Non-metastasis group (n = 8)
Normal group (n = 8)

Hirayama et
al[26], 2009

Human
Capillary electrophoresis
Mass spectrometry

Resected stomach specimens
(n = 12)
GC tissue
Adjacent normal tissue

Song et al[27],
2011

Human
Gas chromatography,
Mass spectrometry

Resected stomach specimens
(n = 30)
GC tissue
Adjacent normal tissue

Cai et al[28],
2010

Human
Gas chromatography,
Mass spectrometry

Resected stomach specimens
(n = 65)
GC tissue
Adjacent normal tissue
Human
Plasma and tissue
Gas chromatography, mass Pre-op GC (n = 17)
spectrometry
Post-op GC (n = 15)
CSG (n = 20)

Aa et al[29],
2012

Wu et al[31],
2010

Human
Gas chromatography,
Mass spectrometry

Resected stomach specimens
(n = 18)
GC tissue
Adjacent normal tissue

Song et al[32],
2012

Human
Gas chromatography,
Mass spectrometry

Serum
GC (n = 30)
Healthy (n = 30)

Ikeda et al[36],
2012

Human
Gas chromatography,
Mass spectrometry

Serum
GC (n = 11)
Healthy (n = 12)

Kim et al[38],
2010

Animal (mice)
1
H-NMR

Miyagi et al[41],
2011

Human
Liquid chromato-graphy,
mass spectrometry
electrospray ionization

Urine
GC (n = 10)
Healthy (n = 10)
Serum
GC (n = 199)
Healthy (n = 985)

Carbohydrates:
Anaerobic respiration: lactate up
TCA cycle: citric acid up, malic acid up
Nucleic acids: uric acid up
Lipids: hexadecanoic acid up
Others: butanoic acid, propanoic acid, glycerol, pyrimidine, glycerol all up
Carbohydrates:
Anaerobic respiration: lactate up
Glycolysis: glucose down
TCA cycle: citric acid down, malic acid/fumarate up
Amino acids: 19 elevated, except glutamine (no change)
Nucleic acids: GMP up
Carbohydrates:
TCA cycle: fumarate up, alpha-ketoglutarate up
Lipids: up: xylonic acid, octadecanoic acid
Down: 9-hexadecanoic acid, cis-vaccenic acid, arachidonic acid,
9-octadecenamide, squalene
Others: up: valeric acid, benzenepropanoic acid, 1-phenanthrene-carboxylic
acid down: 3-hydroxybutanoic acid
Carbohydrates:
Anaerobic respiration: lactate up
Glycolysis: up: fructose, glyceraldehyde, pyruvate
TCA cycle: up isocitric acid, fumarate down
Tissue samples show larger variations between GC and CSG than plasma
samples (up/down show change for tissue CG compared to tissue CSG)
Carbohydrates:
Anaerobic respiration: lactate up
Glycolysis: glucose down, fructose-6-phosphate down
TCA cycle: citrate up, malate up, fumarate up
Other: maltose down, ribose down, glyceric acid-2,3-diphosphate down
Amino acids: cysteine up
Lipids: up: docosahexanoic acid, heptanoic acid, 9-Z-hexadecenoic acid,
beta-hydroxybutyrate
down: cholesterol
Nucleic acids: uracil up, uridine down
Others: up: 2-aminoadipate, monomethylphosphate
down: inositol, ribitol, beta-D-methylglucopyranoside
Carbohydrates: up: galactofuranoside
down: L-altrose, L-mannofuranose, D-ribofuranose
Amino acids: up: L-valine, L-isoleucine, serine, L-glutamine
Down: phosphoserine
Others: up: heptanedioic acid, propanoic acid,
phenanthrenol, butanetriol, acetamide,
butenoic acid, oxazolethione, naphthalene
down: myo-inositol
Carbohydrates: down: fumarate, 2-O-mesyl arabinose
Amino acids: up: valine, sarcosine
Down: glutamine, hexanedioic acid
Lipids: down: 9, 12-octadecadienoic acid, 9-octadecenoic acid, trans-13octadecenoic acid, nonhexacontanoic acid
Cholesterol: up cholesta-3,5-diene, cholesterol, pentafluoropropionate,
cholesterol, cholest-5- en-3-ol
Carbohydrates:
Glycolysis: down: pyruvate
Others: up: 3-hydroxypropionic acid
Down: 3-hydroxyisobutyric acid, octanoic acid, phosphoric acid
Carbohydrates: TCA cycle: Citrate up, 2-oxoglutarate up
Others: up: 3-indoxylsulfate
Down: taurine, trimethylamine, oxaloacetate, TMAO, hippurate
Amino acids only:
up: serine, glutamine, ornithine, proline
down: asparagine, valine, methionine, tyrosine, histidine, tryptophan,
phenylalanine, leucine

CSG: Chronic superficial gastritis; GC: Gastric cancer; GMP; Guanosine monophosphate; 1H-NMR: Proton nuclear magnetic resonance spectroscopy; TCA:
Tricarboxylic acid cycle; TMAO: Trimethylamine-N-oxide.
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(four of four[24,26,28,29] studies) between the cancer and
control groups. Likewise glucose was the most consistently depleted (two of two[26,29] studies). Malate was the
most consistently elevated TCA cycle biomarker (three
of three [24,26,29] studies). Other carbohydrate pathway
products showed inconsistencies.

normal mucosa to chronic superficial gastritis (CSG), to
CAG, to intestinal metaplasia (IM) to dysplasia (DYS)
and then to intestinal-type GC[34]. Yu et al[33] employed gas
chromatography and time-of-flight mass spectrometry to
determine metabolite levels in plasma of 80 patients with
the spectrum of disease described previously by Correa. They found that the metabolic phenotype of CSG
is significantly different from GC, while that of IM is
similar to GC. Knowing metabolites of each stage of the
progression to GC, may be used as markers to indicate a
risk for malignancy. Yu et al[33] also found that when they
mapped metabolites identified in GC, it was not much
different from postoperative GC specimens within a 4-6
wk window. Perhaps this is because it takes longer for
metabolic derangements to resolve. Key metabolic differences between different histological stages are summarized on Table 2.
Yu also found significant differences in serum levels
of proteins between GC and CSG patients. Levels of
three amino acids- glutamate, cysteine, and glycine were
upregulated. These amino acids are building blocks for
glutathione synthesis, which is an important anti-oxidant.
2-hydroxybutyrate, which is postulated to be a by-product
in glutathione synthesis was also elevated, as were asparagine and ornithine. Most other amino acids did not show
an increase in this study, unlike previous studies on gastric
cancer tissue[26]. This shows that metabolomic profiling
in blood may be different than in tissue. Lipid synthesis
was similar between CSG and GC, except 11-eicosanoic
acid and azelaic acid, which were elevated in malignant
samples. Postoperative GC patients had decreased levels
of urate, the end product of purine catabolism. This suggests that growth and DNA proliferation is slowed once
tumour is resected.
It is also interesting to note how metabolomic profile
changes with increasing TNM stages. Song et al[27] did not
notice any significant variation in metabolites as patients
progressed through T stage. They postulated that either
metabolic perturbations may not be directly associated
with pathological stages, or that the platform of gas chromatography and mass spectrometry is not sufficiently
sensitive to identify metabolite changes.
On the other hand, Wu et al[31] identified that as cancers became more invasive (T3/T4 stage), there was a
simultaneous increase in amino acids L-cysteine, hypoxanthine, L-tyrosine, as well as a decrease in levels of
phenanthrenol and butanoic acid. Chen et al[35] found that
proline was the most upregulated amino acid from nonmetastatic to metastatic specimens (2.45 fold increase),
while glutamine was the most downregulated amino acid
(1.71 fold).
Apart from amino acids, other biomolecules show
changes between stages. Ikeda et al[36] studied the sera
of eleven GC patients and found that 3-hydropropionic
acid and pyruvic acid, the terminal product of glycolysis,
marked the greatest separation between healthy and cancer patients. In Stage Ⅰ GC, there was a 1.5 fold increase
in levels of 3-hydropropionic acid and 0.7 fold decrease

AMINO ACID METABOLISM
Amino acids can be an alternative energy source, and can
be generated through anaplerotic reactions, a process
whereby intermediates in a metabolic pathway are replenished from biomolecules outside of the pathway. Glutamine is a prime example of an anaplerotic reaction. It is
converted to glutamate and then into alpha-ketoglutarate,
a TCA cycle intermediate[30].
Wu et al[31] investigated gastric cancer mucosa in conjunction with adjacent normal mucosa. Amino acids such
as serine, phosphoserine, L-cysteine, L-tyrosine, glutamine, isoleucine and valine were elevated in gastric cancer
specimens. These amino acids can be produced by diverting glycolytic intermediates down alternate biochemical
pathways. Song et al[32] found that valine exhibited the
greatest fold change in GC patients compared to controls. Overall, glutamine and valine were the most commonly recognized amino acids.

FATTY ACID METABOLISM
Cancerous cells are known to have dysregulation of fatty
acid beta-oxidation and cell membrane synthesis. Hu
et al[24] who studied human gastric cancer in mice models identified elevated levels of hexadecanoic acid and
glycerol in cancerous compared to normal tissues. They
interpreted this as upregulation of adipocyte lipolysis and
elevated circulation levels of adipocyte hormone sensitive
lipase. Song et al[27] found that squalene (an intermediate
in cholesterol synthesis) was the most extensively depleted metabolite in gastric cancer specimens. Overall, there
is great heterogeneity of lipids across studies.

NUCLEIC ACID METABOLISM
The literature on nucleic acid metabolites is conflicting.
Several studies reports that uric acid, the final metabolic
product of purines is upregulated[24,33]. Other purines
such as hypoxanthine[31] and guanosine[26] are generally
elevated. This is in contrast to Aa et al[29] which showed
decreases in uridine, an RNA building block.

METABOLOMIC PROFILE AND STAGE
While it is interesting to see differences in metabolomic
profile between normal and cancerous tissue, it is also
useful to examine how the profile evolves along a gradient as it goes through the benign to dysplastic to cancerous sequence. In the 1980s, Correa[34] proposed a model
of human intestinal-type gastric carcinogenesis from
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Table 2 Marker metabolites between stages of gastric cancer
Animal vs human
platform utilized

Ref.
Hu et al[24], 2011

Animal (mice)
Gas chromatography,
mass spectrometry

Song et al[27], 2011 Humans
Gas chromatography,
mass spectrometry
Wu et al[31], 2010

Human
Gas chromatography,
mass spectrometry

Yu et al[33], 2011

Human
Gas chromatography,
mass spectrometry

Chen et al[35], 2010 Animal (mice)
Gas chromatography,
mass spectrometry

Ikeda et al[36], 2012 Human
Gas chromatography,
mass spectrometry

Statistically significant metabolites identified (P < 0.05)

Sample type
groups
Urine
Metastasis group (n = 8)
Non-metastasis group (n = 8)
Normal group (n = 8)
Resected stomach specimens
(n = 30)
Gastric Cancer tissue, Adjacent
normal tissue
Resected stomach specimens
(n = 18)
Gastric Cancer tissue
-T1/T2 stage (n = 5)
-T3/T4 stage (n = 13)
Plasma (n = 80)
CSG (n = 19)
CAG (n = 13)
IM (n = 10)
DYS (n = 22)
Pre-op GC (n = 9 pre-op)
- 4-6 wk post-op (n = 13)
GC metastasis group (n = 8)
GC non-metastasis group
(n = 8)

Serum
GC (n = 11) Stages Ⅰ-Ⅳ

Up/down for metastasis group compared to non-metastasis:
Amino acids: alanine, L-proline, L-threonine all down
Others: butanoic acid down, glycerol down, butanedioic acid up, myoinositol up
Did not find metabolite differences between TNM stages

Up/down for T3/T4 metabolites compared to T1/T2
Amino acids: L-cysteine, L-tyrosine both up
Nucleic acids: hypoxanthine up
Others: butanoic acid, phenanthrenol both down
Up/down for pre-op GC compared to CSG:
Carbohydrates: threonate down
Amino acids: up: ornithine, pyroglutamate, glutamate, asparagine
Lipids: 11-eicosenoic acid up
Nucleic acids: urate up
Other: up: 1-monohexadecanoyl-glycerol, gamma-tocopherol, 2hydroxybutyrate, azelaic acid
Up/down for metastasis group compared to non-metastasis:
Carbohydrates:
Anaerobic respiration: lactate up
Glycolysis: glucose down
TCA cycle: malic acid up, succinate down
Amino acids: up: alanine, glycine, valine, proline, serine, leucine,
dimethylglycine, aspartic acid, phosphoserine, glutamate, lysine, arginine
down: isoleucine, methionine, threonine, glutamine
Nucleic acids: hypoxanthine down, pyrimidine up
Others: up: propanedioic acid, pyrrolidine, inositol, docosanoic acid,
octadecanoic acid
down: propanamide, butanedioic acid
3-hydroxypropionic acid up, pyruvic acid down (statistically significant
only in Stage Ⅰ GC)

CAG: Chronic atrophic gastritis; CSG: Chronic superficial gastritis; DYS: Dysplasia; GC: Gastric cancer; IM: Intestinal metaplasia; T1/T2/T3/T4: Tumour
stage 1/2/3/4; TCA: Tricarboxylic acid cycle; TNM: Tumour node metastasis classification.

in pyruvic acid compared to healthy controls. Both values
were only statistically significant in Stage Ⅰ cancers. This
may have some future utility in diagnosing GC early, but
more studies validating similar findings will be necessary.
Key metabolic differences between different stages are
highlighted in Table 2.

lomics approach to investigate gastric cardia cancer. They
found that there was a dysregulation of pyruvic acid efflux in development of cardia cancer. A transition from
glycolysis to the Kreb's cycle was associated with cancer
inhibition. Several biomarkers related to glucose metabolism were elevated in cardia cancer samples compared to
non-cancerous cardia tissue. Five enzymes from glycolysis
were upregulated while five enzymes involved in Kreb’s
cycle and oxidative phosphorylation were downregulated
in malignant samples. Several intermediates in glucose
metabolism were identified in higher concentrations in
gastric cancer samples including fructose, glyceraldehyde,
pyruvic acid and lactate. A higher level of pyruvic acid
was transformed into lactic acid, rather than acetyl CoA
following Krebs cycle. These results suggest that glycolysis followed by anaerobic respiration were the major biochemical pathways to metabolize glucose in cardia cells,
whereas Krebs cycle and oxidative phosphorylation were
impaired. This is consistent with previous studies validating the Warburg effect.
A 2013 systematic review by Abbassi-Ghadi et al[37]

METABOLOMIC PROFILE AND PROXIMAL
GASTRIC CANCER
Over the last twenty to thirty years, there has been an
increase in the numbers of proximal stomach tumours.
As of 2011, gastroesophageal (GE) tumours affect 1.5
million people per year worldwide and contribute to 15%
of cancer related deaths. The 5-year survival rate for localized tumours is 34%, while for all stages combined it is
only 17%[37]. Given the poor prognosis of these proximal
tumours, some recent metabolomic studies look at the
unique profile of cardia and GE tumours in the hope of
shedding light on early diagnostic possibilities.
Cai et al[28] used a combined proteomics and metabo-
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summarized metabolomic findings on gastroesophageal
cancer. Twenty studies (11 tissue, 8 serum, 1 urine and 1
gastric content) were included. They classified metabolites into cellular respiration, proteins, lipids and nucleic
acids. The most commonly recognized metabolites of the
tricyclic acid cycle were lactate and fumarate. Valine, glutamine, and glutamate are the most commonly identified
amino acid biomarkers. Most metabolites have shown
contradictory results in terms of abundance between cancer and control groups, although there is a general trend
of upregulation of amino acids. Amongst all tissues, glutamine is the most consistent biomarker of GE cancer as
it is upregulated in serum, urine and tumour tissues.
Sulphur containing compounds, from either incomplete metabolism of methionine in the transamination
pathway or by bacterial metabolism, were also upregulated in cancer patients. In terms of lipid metabolites,
myo-inositol, and cell membrane constituents choline,
and phosphocholine were elevated. Of the endogenous
ketones acetone and beta-hydroxybutyrate, have been described as potential biomarkers of GE cancer. Nucleotide
metabolites in esophageal cancer studies report increased
levels of pyrimidines via gas chromatography-mass spectrometry and increased adenine and uridine with high
resolution-magic angle spinning-NMR (HR-MAS-NMR).

glycolysis is an inefficient way to produce energy in the
form of adenosine triphosphate (ATP), and the reason as
to why cancer cells predominantly utilize this method is
still under study. Most studies have identified metabolites
in glucose utilization and some kind of connection to the
Warburg effect.
Despite this, there are still elevated levels of certain
TCA cycle intermediates, including malate (elevated in
three of three studies[24,26,29]), citrate (elevated in three[24,29,38]
of four[26] studies), and fumarate (elevated in three[26,27,29]
of five[28,32] studies). While this may seem contradictory
to the Warburg effect and cancer cell’s preference for
anaerobic reactions, these TCA cycle intermediates may
be funneled in from anaplerotic reactions rather than
elevated TCA cycle activity. Glutamine is one example
of such. It is an essential nitrogen donor for several key
metabolic enzymes and for the de novo synthesis of
nucleic acids[39]. Glutamine is converted to alpha-ketoglutarate, which is a TCA intermediate; continuation of
this cycle generates additional energy to produce building blocks for cells.
Amino acid metabolism demonstrated variations as
well, but glutamine and valine were most commonly elevated across studies. Like glutamine, valine is essential as
an anaplerotic substrate. Valine is a branched chain amino
acid that can be oxidized into succinyl Co-A, another
TCA cycle intermediate[40]. Other TCA intermediates include fumarate, citrate, and alpha-ketoglutarate, which are
points in the cycle where amino acids can feed in.
Lipid metabolites have been inconsistent, although
squalene, an intermediate in cholesterol synthesis, was
downregulated. Cholesterol is an essential component
of cell membranes. Squalene depletion may be a sign of
excess demand for cell membrane synthesis. Although
cancer cells are known to replicate quickly, it is interesting that nucleic acid metabolites do not show a consistent
upregulation. Hirayama et al[26] inferred that cancer cells
have a growth advantage over their normal counterparts,
by utilizing alternative pathways such as anaerobic glycolysis, glutaminolysis, autophagic production of amino
acids instead of securing more ATP and other building
blocks for DNA synthesis.
For any given study, numerous metabolites were different between stages, but across studies, there were few
consistencies. Similar to changes that occurred between
normal to cancerous groups, a transition from non-metastatic to metastatic showed persistent elevations in lactate,
malate and glutamate with a decrease in glucose[33,35]. This
may indicate that the Warburg effect and anaplerotic reactions are still major contributors to the sustenance of
metastatic cell lines.
The articles in this review have several limitations
that may account for inconsistencies in metabolites. As
previously mentioned, there are differences in analytical
platform and different sensitivities for detection of such
metabolites across different studies. Metabolomics is a
relatively new field, and as such, the techniques are not
yet standardized. Also several studies had a small sample

DISCUSSION
This review demonstrates that there are significant inconsistencies in the relative abundance of metabolites
between not only gastric cancer and controls, but also
amongst various stages of cancer. Metabolites upregulated in one study may be downregulated in another. This
may be attributable to analytical technique (GC/MS/
NMR), sample choice (blood/urine/tissue), or type of
subject (animal/human).
Of the four types of biomolecules, carbohydrates are
most consistent in terms of type and quantity of metabolites. Glucose was consistently downregulated. This may
be due to upregulation of glycolysis, high consumption
by cancer cells and diminished delivery from structurally
and functionally defective blood vessels. Lactate was consistently elevated across all studies. This observation is in
keeping with the Warburg effect.
In 1924, Otto Warburg observed that most cancer
cells produce energy by a high rate of glycolysis followed
by lactic acid fermentation in the cytosol. This occurs
even in the presence of sufficient oxygen to support
mitochondrial oxidative phosphorylation via the TCA
cycle. Scientists have called this phenomenon “anaerobic
glycolysis”. Healthy cells, in contrast, exhibit a lower rate
of glycolysis followed by aerobic oxidation of pyruvate
in mitochondria[25]. Metabolic differences observed by
Warburg adapts cancer cells to the relatively hypoxic environment inside solid tumours. He originally postulated
that there was a mitochondrial defect impairing aerobic
oxidation; however, subsequent studies have shown that
most cancer cells have normal mitochondria. Anaerobic
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size (n ≤ 30 per group). This increases the possibility of
chance findings and diminishes power of the study. The
examination of mice vs human metabolites could be another source of error. Although human gastric cell lines
were implanted into mice, human physiology is still considerably more complex; this may account for differences
between human and animals studies.
Some studies matched for age and gender between
groups (Song et al[32]) but others (Ikeda et al[36]) just used
twelve human volunteers. This introduces selection bias.
The small sample size and lack of age and gender matching between cancer and normal groups could confound
the metabolomic profile. Depending on the type of tissue or biofluid sampled, there may also be differences. Aa
et al[29] noted dissimilarities in relative quantities between
tissue and serum in their study between GC and CSG
patients. For example, TCA intermediates, lactate, amino
acids and free fatty acids were more abundant in tissues
than in the patient matched sera. This suggests that metabolism is most intensive at the tissue level and becomes
somewhat diluted in biofluids.
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Problems faced by evidence-based medicine in evaluating
lymphadenectomy for gastric cancer
Giuseppe Verlato, Simone Giacopuzzi, Maria Bencivenga, Paolo Morgagni, Giovanni De Manzoni
we analyzed indications about the optimal extension of
lymphadenectomy in gastric cancer according to current
scientific literature (2008-2012) and surgical guidelines.
We searched PubMed for papers using the key words
“lymphadenectomy or D1 or D2” AND “gastric cancer”
from 2008 to 2012. Moreover, we reviewed national
guidelines for gastric cancer management. The support
to D2 lymphadenectomy increased progressively from
2008 to 2012: since 2010 papers supporting D2 have
achieved a higher overall impact factor than the other
papers. Till 2011, D2 was the procedure of choice according to experts’ opinion, while three meta-analyses
found no survival advantage after D2 with respect to
D1. In 2012-2013, however, two meta-analyses reported that D2 improves prognosis with respect to D1.
D2 lymphadenectomy was proposed as the standard of
care for advanced gastric cancer by Japanese National
Guidelines since 1981 and was adopted as the standard
procedure by the Italian Research Group for Gastric
Cancer since the Nineties. D2 is now indicated as the
standard of surgical treatment with curative intent by
the German, British and ESMO-ESSO-ESTRO guidelines.
At variance American NCCN guidelines recommend a
+
D1 or a modified D2 lymph node dissection. In conclusion, D2 lymphadenectomy, originally developed by
Eastern surgeons, is now becoming the procedure of
choice also in the West. In gastric cancer surgery EBM
is lagging behind national guidelines, rather than preceding and orienting them. To eliminate this lag, EBM
should value to a larger extent Eastern Asian literature
and should evaluate not only the quality of the study
design but also the quality of surgical procedures.
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Abstract
Gastric cancer surgical management differs between
Eastern Asia and Western countries. Extended lymphadenectomy (D2) is the standard of care in Japan and
South Korea since decades, while the majority of United
States patients receive at most a limited lymphadenectomy (D1). United States and Northern Europe are considered the scientific leaders in medicine and evidencebased procedures are the cornerstone of their clinical
practice. However, surgeons in Eastern Asia are more
experienced, as there are more new cases of gastric
cancer in Japan (107898 in 2012) than in the entire
European Union (81592), or in South Korea (31269)
than in the entire United States (21155). For quite a
long time evidence-based medicine (EBM) did not solve
the question whether D2 improves long-term prognosis with respect to D1. Indeed, eastern surgeons were
reluctant to perform D1 even in the frame of a clinical
trial, as their patients had a very good prognosis after
D2. Evidence-based surgical indications provided by
Western trials were questioned, as surgical procedures
could not be properly standardized. In the present study
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Dutch[9] and a British[10] trials, showing that D2 provided
no 5-year survival advantage with respect to D1. Of note,
the Cochrane review acknowledged that “these results
may be confounded by surgical learning curves and poor
surgeon compliance”[8].
However it was acknowledged that D2 lymphadenectomy was necessary to harvest at least 15 lymph nodes,
i.e., to adequately stage tumours[11,12]. To circumvent this
problem, nodal invasion was evaluated not only by N status but also by N ratio[13,14].

decades. Till recently Western surgeons supported limited lymphadenectomy in agreement with a Cochrane
review and several meta-analyses, while Japanese
surgeons preferred the extended procedure. Nowadays
extended lymphadenectomy is considered the procedure of choice by most national guidelines. In gastric
cancer surgery evidence-based medicine (EBM) is lagging behind national guidelines, rather than preceding
and orienting them. To eliminate this lag, EBM should
value to a larger extent Eastern Asian literature and
should evaluate not only the quality of the study design
but also the quality of surgical procedures.

While eastern countries have the largest surgical
experience
On the other hand, surgeons in Eastern Asia are more
experienced, as there are more new cases of gastric cancer in Japan (107898 in 2012) than in the 28 countries of
the European Union (81592), or in South Korea (31269)
than in the entire United States (21155)[15] (Figure 1).
Indeed Eastern surgeons achieve better short-term
results than their Western counterparts (Table 1)[16]. Of
note, the two trials on which the Cochrane review was
based[17,18] had been carried out by surgeons without previous training in extended lymphadenectomy, doing less
than 5 five interventions per year. The limited surgical
experience yielded a very high post-operative mortality
after extended lymphadenectomy (9.7% in the Dutch
trial and 13.5% in the British trial), a high percentage of
splenectomies (37% and 65%, respectively) and pancreatectomies (30% and 56%) and a low number of retrieved
nodes (median of 17 nodes in the British trial)[19]. By
comparison, at the same time, mortality after D2 dissection was less than 2% in the nationwide Japanese registry[20]; likewise in a Japanese trial mortality after D2 was
less than 1% and the median number of retrieved nodes
was 54[21]. Of note, in the Dutch trial D2 was associated
with an increased long-term survival with respect to D1
when excluding post-operative mortality (P = 0.02)[22].
In the meantime another randomized trial, performed
in Taiwan[23], showed a mild but significant survival advantage after D2 with respect to D1; 5-year survival was 59.5%
and 53.6%, respectively (P = 0.041); interestingly, none of
the patients recruited died in the post-operative period[24].
Of note, a clinical trial comparing D1 and D2 could not be
devised in Japan at that time, as the two procedures were
not in equipoise according to Japanese surgeons. The Japan Clinical Oncology Group instead performed a trial to
compare D2 and D3 lymphadenectomies[5].
In the Eastern-Western debate on gastric cancer, the
Eastern position is considerably strengthened by the impressive long-term survival of Eastern patients: overall
5-year survival achieved values of 68%-74% in Japanese
gastric cancer patients[2,25] whereas in Europe during the
1990s survival was three-fold lower (24%)[26].

Original sources: Verlato G, Giacopuzzi S, Bencivenga M, Morgagni P, De Manzoni G. Problems faced by evidence-based medicine in evaluating lymphadenectomy for gastric cancer. World J
Gastroenterol 2014; 20(36): 12883-12891 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v20/i36/12883.htm DOI:
http://dx.doi.org/10.3748/wjg.v20.i36.12883

HISTORICAL PERSPECTIVE
Eastern-Western discrepancies in gastric cancer
surgery
Gastric cancer surgery differs between Eastern Asia and
the United States. Extended lymphadenectomy (D2) has
been the standard of care for advanced gastric cancer in
Japan and South Korea since decades[1-3], while the majority of patients in the United States receive at most a limited lymphadenectomy (D1) followed by post-operative
chemoradiation[4]. This difference is even more striking,
if one considers that Japanese surgeons had extended
lymphadenectomy to para-aortic nodes (D3 procedure),
until a randomized controlled trial showed no survival advantage with respect to D2 procedure[5]. On the contrary,
in the United States less than a D1 lymphadenectomy has
been performed in a substantial proportion, or even in the
majority of patients such as in the Intergroup 0116 trial[6].
Western countries are the leaders in medical research
United States and Northern European countries are considered the scientific leaders in medicine: indeed the most
important medical journals are published in the United
States [New Engl J Med, impact factor (IF) in 2012 =
51.658; Science, IF = 31.027] or in England (Lancet, IF =
39.060; Nature, IF = 38.597).
Evidence-based procedures are the cornerstone of
clinical practice in Western countries. Anyway, due to the
difficulty in standardizing surgical procedures, evidencebased surgical indications may not be unquestionable.
The extent of lymphadenectomy in surgical management
of gastric cancer proves this point.
Indeed the Western surgical approach to advanced
gastric cancer was supported by a Cochrane review published in 2003[7] and 2005[8], reporting that ‘‘randomised
studies show no evidence of overall survival benefit’’
after D2 dissection, ‘‘but possible benefit in T3 tumors.”
These conclusions were mainly based on the results of a

WCGO|www.wjgnet.com

Italian Research Group for Gastric Cancer between the
East and the West
Of note, the GIRCG (Gruppo Italiano per la Ricerca sul
Cancro Gastrico-Italian Research Group for Gastric Cancer) gave an important contribution to the debate on the
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Japan: 107898

EU-28: 81592

South Korea: 31269

United States: 21155

Figure 1 New cases of gastric cancer in 2012 in the West and in the East, according to GLOBOCAN 2012[15].

methodology has spread to several countries[31], so that
the leading countries in a particular medical field are often
those with the highest incidence, such as Japan and South
Korea for gastric cancer. Indeed “it is extremely difficult
to ask Japanese surgeons, in whose series postoperative
mortality is only 1%-2%, to believe in randomized clinical
trials where postoperative mortality peaks to 10%-14%, irrespectively of methodological quality of those studies[16].
In 2009 Verlato et al[16] pointed out that “in this third
millennium, papers dealing with surgery for gastric cancer
cannot be evaluated only according to the quality of the
study design, such as the Jadad score, but also the quality
of surgical procedures must be taken into account”. To
overcome this problem Verlato et al[16] proposed indexes
of surgical quality (number of retrieved nodes, percentage
of splenectomy and splenopancreasectomy, postoperative
morbidity, and in-hospital mortality). Indeed, the learning
curve, standardization of the procedures, poor surgical
performances are among the main difficulties related to
RCTs in the surgical field. Also randomization can be
hampered by ethical issues, emergency setting, or need of
palliative care, while patients’ and surgeons’ equipoise can
be more difficult to achieve than in the medical field[32].

Table 1 Short-term results of gastric cancer surgery with D2
lymphadenectomy in Eastern Asia vs Europe, in clinical trials
vs observational studies[16]
Post-operative Post-operative
mortality
morbidity
Eastern Asia
Trials
Observational
Europe
Trials
Observational
IRGGC
(VR, SI, PD)

Median
Adequate
nodes
staging
retrieved (≥ 15 nodes)

0%-0.8%
< 2%

17%-21%
-

54
-

100%
-

5%-14%
2%-5%
3.6%

43%-46%
21%-35%
33.6%

17
25-26
29
(IQ 21-38)

86%-95%
93.8%

IRGGC: Italian Research Group for Gastric Cancer.

extension of lymphadenectomy for gastric cancer.
First of all the GIRCG showed that D2 dissection is
feasible on western patients with acceptable mortality and
morbidity (2% and 17% respectively) rates and provides
32% probability of 5-year survival, even for patients with
involvement of regional lymph nodes[27].
In 2005 De Manzoni and Verlato[28] criticized the
Cochrane review on gastric cancer surgery[8] (later withdrawn[29]) for not taking into account the Japanese literature. Indeed in the past the British and American physicians gave a fundamental contribution to understanding
even diseases which were rare in their countries: for instance, beta thalassemia was named Cooley’s anemia after
the American physician who first described the disease
in immigrant Italian children with characteristic anemia
and bone deformities[30]. However, nowadays scientific
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COMPARISON OF NATIONAL
GUIDELINES AND CURRENT SCIENTIFIC
RESEARCH
Extension of lymphadenectomy recommended by
national guidelines
D2 was adopted as the standard of surgical treatment
with curative intent by the Japanese[1,2,25,33], German[34,35]
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90
80
Total impact factor

70

without impact factor was in favour of D1 lymphadenectomy, while 8 supported D2[75-82] and 2 underlined the
need for more studies[83-84].
As shown in Figure 2 and in Table 2[40-74], the support
to D2 lymphadenectomy increased progressively during
the study period: since 2010 papers supporting D2 have
achieved a higher overall IF than the other papers.
Initially D2 was indicated as the procedure of choice
mainly by review articles and papers conveying expert
opinion, while three meta-analyses [53,55,56], published
between 2008 and 2011, reported that extended lymphadenectomy does not offer benefit over limited lymphadenectomy. However, in 2012 D2 was indicated as the
procedure of choice in advanced gastric cancer also by a
meta-analysis[73]. “Earlier trials show that D2 dissections
have higher operative mortality, while recent trials have
similar rates. A trend of improved survival exists among
D2 patients who did not undergo resection of the spleen
or pancreas, as well as for patients with T3/T4 cancers”[73].
Also the authors of the Dutch trial, after considering
the 15-year follow-up results, concluded that: “Considering that a safer, spleen-preserving D2 resection is currently available in high-volume centres, and our findings of
better recurrence and gastric-cancer-related survival rates,
D2 resection now seems likely to be the recommended
surgical approach for patients with resectable (curable)
gastric cancer, despite the earlier follow-up results”[65].
The authors of another clinical trial performed in
Italy[47] reported that patients undergoing D1 or D2 experienced similar post-operative morbidity (12% and 17.9%
respectively) and mortality (3% and 2.2%) and concluded
that “D2 dissection, in an appropriate setting, can therefore be considered a safe option for the radical management of gastric cancer in Western patients”.
In the era of tailored treatment, other Authors suggested to move “away from the D2 versus D1 debate”
and to choose the extension of lymphadenectomy according to “the stage of the cancer and the age and fitness
of the patient”[85]. Similarly, an expert panel, using the
RAND/UCLA appropriateness methodology, concluded
that “a D2 lymphadenectomy is preferred for curativeintent resection in advanced, nonmetastatic GC; and in
patients with early GC or substantial comorbidities, a D1
lymphadenectomy is more appropriate”[86].

D2 favoured
More studies needed
D2 not favoured

60
50
40
30
20
10
0

2008-2009

2010-2012

Figure 2 Overall Impact Factor of articles, classified as a function of D1/
D2 preferences (D1 favoured, more studies needed, D2 favoured) and time
(2008/09 vs 2010/12).

and British[36] national guidelines, by the European Society for Medical Oncology (ESMO) guidelines[37], by the
joint ESMO - European Society of Surgical Oncology
(ESSO) - European Society of Radiotherapy and Oncology (ESTRO) guidelines[38]. The ESMO-ESSO-ESTRO
guidelines ranked the level of evidence as the highest
(I) and the grade of recommendation as B (strong or
moderate evidence for efficacy but with a limited clinical
benefit)[38]. Of note, D2 is recommended by the Japanese
guidelines since 1981[1] and by German guidelines since
at least 2005[34], and D2 was adopted as the preferred
lymphadenectomy within the Italian Research Group
for Gastric Cancer (GIRCG) since 1992[16,27]. At variance
American NCCN guidelines recommend a D1+ or a
modified D2 lymph node dissection, the latter performed
by experienced surgeons in high-volume centers[39].
Optimal extension of lymphadenectomy according to
current scientific literature (2008-2012)
We searched PubMed for papers using the key words
“lymphadenectomy or D1 or D2” AND “gastric cancer”,
published in English language between 2008 and 2012.
The year 2013 was not included in the systematic review,
as the articles published in this year were still being introduced in medical databases which are updated with some
delay. The search was limited to full-length articles in
English language. In addition, bibliographies were manually inspected, to identify the relevant publications for
possible inclusion.
Potentially relevant studies (n = 1174) were identified and screened for retrieval. Letters and commentaries
were excluded; when duplicate articles on the same series
were found, only the most recent was considered. A total
of 45 full-length articles, comparing short and/or longterm effectiveness of either lymphadenectomies, were
considered, 5 supporting D1, 25 supporting D2, and 15
underlying the need for further studies. Of these, 35 articles had been published on journals indexes by the Journal Citation Reports, 13 pointing out the need for further
studies[40-52], 5 favouring D1[53-57], 17 supporting D2[58-74]
(Table 2). Interestingly no article published on journals
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CONCLUSION
Towards an international agreement?
EBM, which till recently has not reported any advantage
of extended D2 lymphadenectomy with respect to the
limited D1 procedure[7,8,53,55,56], is now supporting D2. A
clinical trial performed in the East highlighted a significant
5-year survival advantage after D2 with respect to D1[23].
A clinical trial performed on Western patients showed that
D2 can be performed without excess post-operative morbidity or mortality[47]. The most recent meta-analyses[73,87]
concluded that “D2 lymphadenectomy with spleen and
pancreas preservation offers the most survival benefit”[87]
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Table 2 Summary of the systematic review of studies, comparing limited (D1) and extended (D2) lymphadenectomy and published in
2008-2012 on journals indexed by Journal Citation Reports. Articles were weighted according to 5-year impact factor (2008-2012)
Authors
Further studies
Catalano et al[40]
Coburn[41]
D’souza et al[42]
Songun et al[43]
Yoon et al[44]
Coburn[45]
de Bree et al[46]
Degiuli et al[47]
Tanizawa et al[48]
Maduekwe et al[49]
Doglietto et al[50]
Hundahl[51]
Vallbohmer et al[52]
Overall
D2 not favoured
Lustosa et al[53]
Van Cutsem et al[54]
Yang et al[55]
Memon et al[56]
Wong et al[57]
Overall
D2 favoured
Ozmen et al[58]
Díaz de Liaño et al[59]
Griniatsos et al[60]
Kodera et al[61]
Roy et al[62]
Sasako et al[63]
Shi et al[64]
Songun et al[65]
Tentes et al[66]
Hussain[67]
Meyer et al[68]
Ott et al[69]
Saka et al[70]
Lee et al[71]
Sasako[72]
Seevaratnam et al[73]
Viudez-Berral et al[74]
Overall

Country

Journal

Year

Study design

5-yr IF

Further studies needed
Italy
Canada
India
The Netherlands
United States
Canada
Greece
Italy
Japan
United States
Italy
United States
Germany

Crit Rev Oncol Hematol
J Surg Oncol
J Cancer Res Ther
Expert Rev Anticanc
Oncologist
J Surg Oncol
J Surg Oncol
Brit J Surg
Gastric Cancer
J Gastrointest Surg
Ann Ital Chir
Surg Oncol Clin N Am
Curr Prob Surg

2009
2009
2009
2009
2009
2010
2010
2010
2010
2011
2012
2012
2012

Expert opinion
Review
Review
Expert opinion
Expert opinion
Expert opinion
Review
Clinical trial
Review
Review
Expert opinion
Review
Expert opinion

4.562
2.710
0.7611
2.055
5.245
2.710
2.710
4.956
3.615
2.766
0.286
1.162
2.267
35.805

D2 not favoured over D1
Brazil
EORTC2
China
Australia
United States

Acta Cir Bras
Eur J Cancer
Am J Surg
Ann Surg
Curr Treat Option On

2008
2008
2009
2011
2011

Meta-analysis
Expert opinion
Meta-analysis
Meta-analysis
Expert opinion

0.695
5.257
2.727
8.264
2.4221
19.365

D2 favoured over D1
Turkey
Spain
Greece
Japan
India
Japan
China
The Netherlands
Greece
United Kingdom
Germany
Germany
Japan
Korea
Japan
Canada
Spain

J Surg Oncol
Clin Transl Oncol
World J Gastroenterol
Acta Chir Belg
Indian J Surg
Jpn J Clin Oncol
J Surg Oncol
Lancet Oncol
J BUON
Curr Opin Gastroen
Dtsch Arztebl Int
Langenbecks Arch Surg
Jpn J Clin Oncol
Yonsei Med J
Surg Oncol Clin N Am
Gastric Cancer
Rev Esp Enferm Dig

2008
2009
2009
2009
2009
2010
2010
2010
2010
2011
2011
2011
2011
2012
2012
2012
2012

Review
Observational
Observational
Review
Review
Expert opinion
Review
Clinical trial
Observational
Expert opinion
Expert opinion
Review
Review
Review
Expert opinion
Meta-analysis
Expert opinion

2.710
1.316
2.594
0.499
0.0921
2.063
2.710
21.856
0.653
3.739
2.988
1.970
2.063
1.214
1.162
3.615
1.208
52.452

1

2012 impact factor was used, as the 5-year impact factor was not available; 2EORTC: European Organisation for Research and Treatment of Cancer.

for patients with advanced gastric cancer.
The latest American guidelines[39] now include not
only D1+ but also “a modified D2 lymph node dissection” among recommended procedures for patients
with resectable locoregional cancer, as long as the latter
is “performed by experienced surgeons in high-volume
centers”.
Two American authors[88] recently underlined that
Eastern and Western surgeons are converging to consider
D2 lymphadenectomy as the standard procedure, as the
former have given up with super-extended procedures,
while the latter “have increasingly accepted the importance of performing more than a D1 node dissection”.

guidelines, rather than preceding and orienting them. To
eliminate this lag, EBM should value to a larger extent
Eastern Asian literature[28] and should take into account
not only the quality of the study design but also the quality of surgical procedures[16].
In Western countries, where the incidence of gastric
cancer is getting low, centralization of gastric cancer surgery in specialized high-volume institution would also be
necessary.
As pointed out by Strong and Yoon[88] one significant obstacle to implementing D2 lymphadenectomy in
the West is the low volume of gastrectomies in Western
centres. Indeed in the United States 80% of Medicare
patients undergo gastrectomy in centers performing less
than 20 procedures per year[89]. This situation reflects not
only the low incidence of gastric cancer in the United
States but also the surgeon’s habit to consider gastric sur-

Problems of EBM in gastric cancer surgery and possible
solutions
In gastric cancer surgery EBM is lagging behind national
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gery as part of general surgery[88].
However, several Northern European countries managed to achieve great improvements in gastric cancer
surgery at national level. In the Netherlands survival of
gastric cancer patients significantly improved after the implementation of the Dutch D1-D2 Gastric Cancer Trial,
which involved substantial standardization and training[90].
In Denmark 30-d hospital mortality has decreased from
8.2% to 2.4% after centralization of gastric cancer surgery and implementation of national clinical guidelines
while the proportion of patients with at least 15 lymph
nodes removed has increased from 19% to 76%[91]. Centralization of gastric cancer surgery and/or audits for
gastric cancer are currently implemented in the United
Kingdom, Sweden, Finland, and the Netherlands[92,93].
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Core tip: Multimodality therapy targeting occult micrometastatic disease is now accepted as the standard of
care in the curative treatment of gastric cancer. Debate
remains as to the best therapeutic regime and there is
significant regional variation in the treatments which
are routinely used. This review explores the evolution of
multimodality treatments and perspectives for future developments including personalization of therapy.

Abstract
After much controversy, multimodality therapy is now
accepted worldwide as the gold standard for treatment
of resectable bulky localized gastric cancer. There is
significant regional variation in the style of multimodality treatment with adjuvant chemoradiation the North
American standard, neoadjuvant chemotherapy preferred in Europe and Australasia, whilst adjuvant chemotherapy is preferred in Asia. With further standardization of surgery and D1+/D2 resections increasingly
accepted world wide, and in particular in the West, as
the surgical standard of care for potentially curable disease, it is timely to reassess the multimodality regimes
being used. The challenge in the use of multimodality
therapy is how current outcomes can be standardized
and improved further. Recent studies indicate that mere
intensification of the regime in time, dosage or addition
of further agents does not improve localized gastric
cancer outcomes. More novel strategies including early
commencement of adjuvant therapies, intra-peritoneal
chemotherapy or assessing neoadjuvant response with
positron emission tomography scanning may give improvements in outcomes. The introduction of targeted
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INTRODUCTION
Curative treatments for gastrIc cancer remain a challenge
with 988000 new cases and 730000 deaths each year,
making it the second most common cause of cancer
related death and the fourth most common malignancy
worldwide, after lung, breast and colorectal malignancy[1].
While its total incidence is declining, particularly with the
identification of Helicobacter pylori as a major risk factor,
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Table 1 Influential phase Ⅲ trials for multimodality treatment of gastric cancer
Study name/region

Treatment arms

Total
patients

Patients
with lower
oesophageal
tumours

Patients
undergoing
D2 surgery

Hazard ratio
for OS

95%CI

P value

Intergroup-0116[10]
North America

Surgery alone vs adjuvant
chemoradiation

556

20%

10%

1.35

1.09-1.66

0.005

458

0%

100%

Not recorded

MAGIC[17]
Europe

Surgery plus adjuvant
chemotherapy vs surgery plus
adjuvant chemoradiation
Surgery alone vs neoadjuvant
chemotherapy plus surgery

503

26%

38%

0.75

0.60-0.93

0.009

FNLCC[18]
Europe

Surgery alone vs neoadjuvant
chemotherapy plus surgery

224

75%

0.69

0.50-0.95

0.02

ACTS-GC[23]
Asia

Surgery alone vs adjuvant S-1
plus surgery

1059

0%

Not recorded
but D2
recommended
100%

0.68

0.52-0.87

0.003

CLASSIC[24]
Asia

Surgery alone vs postoperative
capecitabine and oxaliplatin
plus surgery
D1 surgery vs D2 surgery

1035

0%

100%

0.72

0.52-1.00

711

0%

46%

Favours surgery
plus adjuvant
chemotherapy
0.0493
Favours surgery
plus adjuvant
chemotherapy
0.34
Favours D2 resection

D1 surgery vs D2 surgery

400

0%

50%

1.10

0.87-0.39

0.43

Surgery plus enhanced
adjuvant chemoradiation vs
Intergroup-0166 outcomes
Surgery plus adjuvant
chemotherapy vs surgery plus
enhanced chemotherapy
Inoperable patients
chemotherapy vs
chemotherapy plus
trastuzumab

546

Not
recorded

0%

1.03

0.80-1034

1106

Not
recorded

75%

1.00

0.83-1.20

584

18%

N/A

0.74

0.60-0.91

ARTIST[14]
Asia

DGTC[33]
Europe
MRC[27]
Europe
CALB8010[15]

ITACA-S[40]
Europe
ToGA[45]
Asia

0.09

Outcome summary

Favours surgery
plus adjuvant
chemoradiation
No advantage

Favours surgery
plus neoadjuvant
chemotherapy
Favours surgery plus
neoadjuvant

No significant
difference D1 vs D2
0.80
No advantage to
enhanced adjuvant
chemoradiation
0.97
No advantage to
enhanced adjuvant
chemotherapy
0.0046
Favours
chemotherapy plus
trastuzumab

the outlook is grim, particularly when it has progressed
to an inoperable stage, when studies of its natural history place median survival to be 5 mo with supportive
care and 7-12 mo with palliative chemotherapy with or
without radiotherapy[2]. Geographical variation exists with
over 70% of cases occurring in developing countries,
particularly eastern asia[1]. In Western advanced economies, the tumour is often at an advanced stage by time of
diagnosis whereas in Japan and South Korea, screening
programs have resulted in diagnosis most commonly at
an early stage[3].
In patients with advanced localized gastric cancer, surgical excision offers the only potential cure and remains
the mainstay of therapy but unfortunately recurrence
is relatively common, even with complete (R0) resection[4]. Globally, consensus now exists that multimodality
therapies improve outcomes in patients with stage Ⅱ[5]
Ⅳ tumours where a R0 resection can be achieved . This
review, explores recent developments in gastric cancer
treatments as well as potential enhancement of adjuvant
and neoadjuvant regimes.

vanced gastric cancer develop loco-regional or distant
metastatic disease [4]. This is presumably from occult
metastatic disease present at the time of diagnosis. The
aim of the radical surgery is to remove all site specific
macroscopic and microscopic tumour, but this has no effect on occult disease. The aim of multimodality therapy
is to eliminate this micro-metastatic disease. Over many
decades, adjuvant therapies have been proposed to improve survival outcomes. These studies have frequently
been constrained by modest sample size and inconsistent
study designs and have often produced conflicting results.
Nonetheless, meta-analyses of adjuvant chemotherapy
trials have consistently in described small but significant
improvements in survival[6,7]. At present, no regimen is
universally accepted as the standard for multimodality
therapy and variations in strategies exist geographically
as to whether perioperative chemotherapy (neoadjuvant),
postoperative (adjuvant) chemoradiation, or adjuvant
chemotherapy are employed as demonstrated in the
influential studies outlined in Table 1 which are further
described in the relevant sections of this article

CURRENT ADJUVANT TREATMENTS

Adjuvant chemoradiation
High loco-regional recurrence rates led to evaluation
of adjuvant radiotherapy and chemoradiation. Studies

Despite radical R0, resections, most patients with ad-
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Neoadjuvant chemotherapy
Neoadjuvant chemotherapy is standard of care across
Europe and the United Kingdom for patients with resectable gastric cancer. This regime was given impetus by the
Medical Research Council Adjuvant Gastric Infusional
Chemotherapy (MAGIC) trial[17] in the United Kingdom.
In the MAGIC study, 503 patients with resectable adenocarcinoma of stomach, oesophagogastric junction, or
lower oesophagus were randomized to a neoadjuvant chemotherapy arm consisting of three cycles of epirubicin,
cisplatin, and 5-FU given both pre and post operatively,
or to a surgery alone arm. In the neoadjuvant chemotherapy group, there was a significantly improved overall (HR
= 0.7, 95%CI: 0.60-0.93, P = 0.009) and progression-free
survival (HR = 0.66, 95%CI: 0.53-0.81, P < 0.001) with
similar surgical morbidity and mortality in both armsI. As
with the Intergroup 116 study, the postoperative component of therapy remained problematic as demonstrated
by only 65% of patients starting the adjuvant component of treatment and only 50% of these being able to
complete this treatment. The study was criticized for the
variable preoperative staging methods used in the assessment, the addition of lower oesophageal cancer patients,
some missing data collection, the D2 lymphadenectomy
rate of 38% and the very high R2 resection rates in both
arms, but overall, this paper provided a paradigm shift in
standard of care in treatment of advanced gastric cancer
in the West.
This neoadjuvant strategy was reinforced by the
French FNCLCC multicenter phase Ⅲ study[18] where
224 patients with adenocarcinoma of the stomach, oesophagogastric junction, and lower oesophagus undergoing surgery with curative intent, were randomized into
arms of either surgery alone or neoadjuvant chemotherapy and surgery, following a similar regime to MAGIC.
Analysis showed the neoadjuvant chemotherapy group
had improved overall (HR = 0.69, 95%CI: 0.50-0.95, P
= 0.02) and disease-free survival (HR = 0.65, 95%CI:
0.48-0.89, P = 0.003).

showed no survival benefit from adjuvant radiotherapy
alone, but suggested improved loco-regional control[8,9].
Adjuvant chemoradiation was however adopted as the
standard for adjuvant therapy following resection with
curative intent in North America following publication of
the Intergroup-0116 study[10]. In this study, 556 patients
with localized gastric or oesophagogastric cancer (stage Ⅰ
B-Ⅳ) undergoing resection with curative intent, were
randomized into 2 groups: surgery plus postoperative
chemoradiation or surgery alone. Adjuvant therapy consisted of five days of bolus 5-fluorouracil (FU) and leucovorin (LV), followed by 5 wk of concurrent radiation
(4500 cGy) followed by two 5 d cycles of 5-FU and LV
2 mo apart. With a 5 year median follow-up, the chemoradiation plus surgery group had significantly prolonged
overall [median 36 mo vs 27 mo, hazard ratio (HR), 1.35,
95%CI: 1.09-1.66, P = 0.005] and relapse-free survival
(median 30 mo vs 19 mo, HR = 1.52, 95%CI: 1.23-1.86,
P < 0.001). There was, however, a low compliance rate
within the chemoradiation arm with planned therapy
completed in 64% of patients, with adverse events responsible for treatment withdrawal in 17% and patient
decision in another 8%. There was also criticism of the
quality of surgery and extent of lymphadenectomy which
was performed as 54% of all patients had a D0 resection
and only 10% had a D2 resection. Many centres argued
this to be oncologically inadequate and that the study
merely illustrated that local control could be achieved
after suboptimal surgery, accounting for the survival
improvement in the trimodality study arm[11,12]. However, analysis after 10 year median follow-up, confirmed
increased survival in the chemoradiation plus surgery
group for both overall (HR = 1.32, 95%CI: 1.10-1.60, P
= 0.0046), and disease-free survival (HR = 1.51, 95%CI:
1.25-1.83, P < 0.001)[13].
The ARTIST trial[14] was a South Korean prospectively randomized phase Ⅲ study where 458 patients were
randomized to adjuvant chemotherapy (cisplatinum and
capacitabine) (XP) or to adjuvant chemoradiation (cisplatinum, capacitabine and chemoradiation) (XP/XRT/
XP) following D2 gastrectomy. There was no difference
in 3 year survival between the two groups (78% vs 74%,
P = 0.0862) though a benefit was seen in patients with
tumour positive nodes (77% vs 72%, P = 0.03). Although
this study differed from the Intergroup-0116 by having
a control arm which underwent chemotherapy rather
than observation it did not demonstrate any benefit from
the addition of radiotherapy for patients undergoing D2
gastrectomy. The large proportion of patients (60%) with
early stage (stage ⅠB and Ⅱ) may have influenced the
outcome. Nonetheless the results supported the belief
that radiation merely gave a loco-regional effect to compensate for suboptimal surgery.
Alternate strategies of combination chemotherapy,
such as adding epirubicin, cisplatinum and 5FU pre and
post surgery with adjuvant chemoradiation remain under
evaluation (CALGB 80101 and CRITICS trials)[15,16] but
to date such studies have failed to show a benefit.

WCGO|www.wjgnet.com

Adjuvant chemotherapy
In “Western” centres, it has been traditionally felt that adjuvant chemotherapy did not confer any survival benefit
in the setting of operable gastric cancer[19]. Two randomized Western studies showed only a small benefit[20,21] and
however a meta analysis of 17 randomised studies containing 3838 patients using adjuvant 5-FU based chemotherapy compared to surgery alone showed a 6% absolute
improvement in survival (53% vs 49.6%, P < 0.001)[7].
In Asia, multiple studies have been conducted with
oral fluoropyrimidine-based regimens, resulting in this
being adopted as the adjuvant therapy standard of care.
The two most influential studies have been the Adjuvant
Chemotherapy Trial of TS-1 for Gastric Cancer (ACTSGC)[22] and the CLASSIC trial[23]. The Japanese ACTS-GC
study, randomised 1059 patients with stage Ⅱ-Ⅲ gastric
cancer undergoing D2 gastrectomy, to surgery alone or
to surgery plus 12 mo treatment with adjuvant oral S-1

726

February 8, 2015|First Edition|

Merrett ND. Multimodality therapy gastric cancer

(fluoropyrimidine). S1 contains a 5-FU prodrug, tegafur,
and gimeracil, which inhibits dihydropyrimidine dehydrogenase, as well as oteracil which inhibits phosphorylation
of 5-FU in the gut. Following interim analysis, the study
was terminated early. With a median follow-up of 3 years,
there was a 10% improvement in overall survival in the
S1 group (80.1% vs 70.1%, HR = 0.68, 95%CI: 0.52-0.87,
P = 0.003) and relapse-free survival (HR = 0.62, 95%CI:
0.50-0.77, P < 0.001) compared to the surgey alone
group. Follow-up at 5 years confirmed this improved
overall survival of 72.6% vs 61.4% (HR = 0.67; 95%CI:
0.54-0.83) and relapse free survival (HR = 0.65, 95%CI:
0.54-0.79)[24].
The CLASSIC study assessed combination adjuvant
therapy using capecitabine and oxaliplatin in stage Ⅱ-Ⅲ
B gastric cancer. An asian multicentre randomized trial,
1035 patients were randomized to two arms following
D2 gastrectomy: either eight cycles of adjuvant chemotherapy or to observation. This study was also terminated
after interim analysis showed a significantly improved
3yr disease-free survival in the chemotherapy arm when
compared to surgery alone (74% vs 60%, HR = 0.56,
95%CI: 0.44-0.72, P < 0.0001). For overall survival, there
was also a non significant trend to improved survival for
patients receiving adjuvant therapies (HR = 0.74, 95%CI:
0.53-1.00, P = 0.0775) though this data was not mature.

11 is only 10% and for station 10 is less than 1% in distal
tumours though it can increase to up to 25% for tumours
in the upper third or on greater curve of stomach[27].
Asian studies have suggested potential survival advantages with pancreatic preservation[28]. As a result, pancreas
preserving lymphadenectomy of stations 11p and 11d is
now recommended in a D2 gastrectomy[29]. Splenectomy
is now avoided for distal and body tumours, though the
situation remains somewhat less clear for upper third
and greater curve tumours where the results of the
JCOG0110 of splenectomy v non splenectomy in proximal tumours is keenly anticipated with its 5 years survival
analysis due in 2014[30]. Studies in Western centres have
demonstrated that pancreas and spleen preserving D2
surgery can be performed with acceptable morbidity and
mortality[31]. In addition, the 15-year follow-up of the
DGCT trial demonstrated that patients undergoing D2
surgery had a lower rate of disease related death to those
undergoing D1 surgery[32]. This indicates that D2 surgery
excluding routine pancreatectomy and splenectomy may
be performed with acceptable outcomes in Western patients
In two of the most influential Western trials, the
Intergroup-011[10] and MAGIC[17] trials, D2 lymphadenectomy was performed in 10% and 38% of patients,
respectively. As previously noted, it can be argued that
the surgical treatment in these studies was suboptimal
compared to Asian studies, perhaps explaining why additional local control measures such as radiotherapy (in
Intergroup-0116) and neoadjuvent chemotherapy (in
MAGIC) may have improved survival outcomes. This
argument is supported by a European retrospective study
which showed a survival benefit in patients undergoing
D1 resection with adjuvant chemoradiation when compared to surgery alone, which was not seen in those patients who underwent D2 resection and adjuvant chemoradiation[33]. In addition, the survival outcomes of stagematched patients in Western trials where D2 surgery
was not performed, remains inferior to those in South
Korean and Japanese trials, even where radiotherapy or
neoadjuvant chemotherapy was given[10,17,22,23]. Stage migration associated with the more extensive lymphadenectomy may account for some of this discrepancy, however
in retrospective studies on western cohorts where D2
gastrectomy alone was performed, stage by stage survival
outcomes were similar to those in South Korea and Japan[34,35]. This suggests that the Western neoadjuvant and
radiation regimes may merely provide a degree of compensation for more limited surgical treatments.
Heterogenicity of the patients included in studies
may also account for some of the differences seen between the European and Asian studies. The Asian studies
have generally only included patients with gastric cancer,
however Western studies, most notably the MAGIC
study[17], included patients with lower oesophageal adenocarcinoma. This increased heterogenicity was intended
to improve recruitment given the decreasing incidence
of gastric adenocarcinoma but increasing incidence of

Rationale for geographical variation in multimodality
therapies
This data indicates that benefit may be obtained by adjuvant targeting of micro-metastatic disease even after
optimal surgery, but it is rarely practiced outside of Eastern Asia due to a perceived lack of benefit in Western
patients. Similarly neoadjuvant therapy is rarely used in
Asia. This geographical discrepancy regarding the types
of multimodality therapy may be explained by differing regional attitudes to surgical technique. The extent
of lymphadenectomy in curative surgical resection has
been debated for many years. In Asia, extended (D2)
lymph node dissection is the established standard of care.
Western surgeons however, have traditionally been less
convinced of the benefit of D2 resection over a more
limited (D0 or D1) lymphadenectomy.
Two European randomized trials, the Dutch Gastric
Cancer Trial (DGCT)[25] and the United Kingdom Medical Research Council (MRC) trial[26], compared the outcomes of D2 and D1 surgery without any adjuvant treatment. These trials, showed no improvement in the 5 year
survival of patients undergoing a D2 resection compared
to D1, but D2 resection had a significantly increased
postoperative morbidity and mortality when compared
to D1 resection. These higher morbidity rates arose from
the splenectomy and/or pancreatectomy, which was
included as part of the D2 surgery mandated in these trials. However, the necessity of including a distal pancreatectomy and/or splenectomy has been questioned. The
lymph nodes removed in this resection are stations 10
and 11. However the yield of involved nodes for station
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the role of neoadjuvant regimes when a D2 lymphadenectomy has been performed. Studies are also exploring
the role of radiotherapy in neoadjuvant regimes. Phase
Ⅲ trials currently underway include: (1) PRODIGY
(preoperative docetaxel, oxaliplatin, and S-1 followed
by postoperative S-1 vs postoperative S-1, for patients
with D2 resection; NCT01515748): This study aims to
assess neoadjuvant chemotherapy in combination with
D2 resection; (2) TOPGEAR: This is an international
randomized phase Ⅲ trial of preoperative chemoradiation vs preoperative chemotherapy for resectable gastric
cancer (ACTRN12609000035224); and (3) CRITICS
(NCT00407186): This assesses the addition of adjuvant
radiotherapy to a neoadjuvant chemotherapy protocol.
Timing and routes of administration of therapies also
offers an area of potential exploration. The AMC 0101
study[40] evaluated intra-operative intraperitoneal cisplatin
chemotherapy as well as early commencement of systemic chemotherapy on day 1 postoperatively, when compared to a control arm of mitomycin-C and 3 mo of oral
fluoropyrimidine. All 521 patients had a D2 resection for
a serosa-invading gastric cancer (T4). The intraperitoneal
and early chemotherapy group had improved recurrencefree (HR = 0.70, 95%CI: 0.54-0.90, P = 0.006) and
overall survival (HR = 0.71, 95%CI: 0.53-0.95, P = 0.02)
compared to the control arm. Long term follow-up out
to a median of 6.6 years has confirmed this benefit[41].
This suggests that intraperitoneal and early post operative commencement of chemotherapy may increase the
effectiveness of our current adjuvant regimes particularly
in the more advanced T stage tumours.

lower oesophageal adenocarcinoma seen in the West. In
comparison, the incidence of lower oesophageal adenocarcinoma in Asia is low[36]. There are, significant clinicopathological differences between oesophageal cancer,
with its lack of serosa and abundant lymphatic drainage
in comparison to gastric adenocarcinoma, as oesophageal
cancer is more likely to invade surrounding tissue and
regional lymph nodes early, resulting in patients presenting at a more advanced pathological stage, with poorer
survival. Multimodality therapy has been extensively
investigated for other oesophageal tumours in the past
with positive outcome[37]. Understanding these clinicopathological differences between oesophageal and gastric
adenocarcinomas, it can be foreseen that the inclusion of
lower oesophageal tumours in these studies is somewhat
problematic.

FUTURE STRATEGIES FOR IMPROVED
MANAGEMENT
Developments of multimodality therapies have improved
results, but overall outcomes for gastric cancer remain
poor and there is a need to improve treatment strategies.
With the debate over surgery now more or less resolved
in favour of radical lymphadenectomy, future studies
need to concentrate on the neoadjuvant and adjuvant regimes using either conventional or more novel therapeutic agents.
Intensification of adjuvant regimes has been proposed, but to date there is little evidence to support this
approach. The AMC 0201 study[38] increased oral S1 treatment duration to 12 mo whilst also adding cisplatin to the
combination of mitomycin-C and 3 mo of oral S1. This
study showed no benefit with the more intense regime, in
either recurrence-free (HR = 1.07, 95%CI: 0.85-1.35, P
= 0.59) or overall survival (HR = 1.10, 95%CI: 0.84-1.44,
P = 0.48). The Cancer and Leukemia Group B 80101
study trial[15] intensified the Intergroup-0116 chemoradiation regime, by adding epirubicin and cisplatin to the
5-FU and LV. In the enrolled 546 patients, who underwent D0 or D1 lymphadenectomy, the more intensive
regime did not show an improved overall (HR = 1.03,
95%CI: 0.80-1.34, P = 0.80) or disease-free survival (HR
= 1.00, 95%CI: 0.79-1.27, P = 0.99) when compared
to the Intergroup-0166 regime. The ITACA-S trial, included 1106 patients undergoing curative resection with
radical lymphadenectomy (D1 25%, D2/3 75%), with
1 group receiving enhanced chemotherapy (four cycles
of 5-FU, LV and irinotecan, followed by three cycles of
docetaxel and cisplatin) and a control group who received
nine cycles of 5-FU and LV. There was no difference in
disease-free (HR = 0.98, 95%CI: 0.83-1.16, P = 0.83) or
overall survival (HR = 1.0, 95%CI: 0.83-1.20) between
the group[39]. These trials suggest that intensification of
adjuvant chemotherapy or chemoradiation regimes is not
effective.
The role of different styles of combination therapies
is currently under assessment to attempt to understand
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BIOLOGICAL TARGETING
Traditionally, personalization and discussion of multimodality therapy has been based purely on the physical staging of the patients’ cancer, combined with the patients
general condition and co morbidities. In the past 10 years
however, there has been an increased understanding
of the complexity and variation of tumours seen at the
molecular level, and intracellular pathways are now being
assessed as potential targets to allow selective modulation
as part of a cancer control strategy. Angiogenesis pathways have been identified in several cancer types, and in
gastric cancer, increased expression of vascular endothelial growth factor-A (VEGF-A) is associated with tumour
aggression and poor prognosis. The AVAGAST trial[42],
assessed a humanized monoclonal antibody against
VEGF-A, bevacizumab, combined with standard chemotherapy in patients with locally advanced and metastatic
gastric cancer. Both median progression-free survival (6.7
mo vs 5.3 mo, HR = 0.80, 95%CI: 0.68-0.93, P = 0.0037)
and overall response rate (46.0% vs 37.4%, P = 0.0315)
were significantly improved in the bevacizumab group
but overall survival was not improved.
In the setting of operable cancer, it is hoped that targeting this pathway in addition to standard neoadjuvant
regimes may facilitate a greater R0 resection rate and lead
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to a longer duration of disease free and overall survival.
The MRC-ST03 trial[43] is currently recruiting to assess
the effect of adding bevacizumab to neoadjuvant therapy
[perioperative epirubicin, cisplatinum and capecitabine,
with or without bevacizumab] and aims to randomise 950
patients.
The epidermal growth factor receptor family has
been proposed as a key driver of tumour genesis with the
human epidermal growth factor receptor (HER-2) being the subject of intense investigation. The trastuzumab
for gastric cancer (ToGA) trial[44] of 584 patients with
locally advanced or metastatic gastric cancer and an over
expression of HER-2 by immunohistochemistry or fluorescence in situ hybridization testing, found that combination therapy with cisplatinum, 5FU and trastuzumab (a
monoclonal antibody against HER-2) gave a significantly
improved progression free and median overall survival
(11.1 mo vs 13.8 mo, P = 0.0046, HR = 0.74, 95%CI:
0.60-0.91) over chemotherapy alone. However in the
small subgroups of patients with locally advanced disease
(20 patients) or who had undergone previous gastrectomy (133 patients), no survival benefit was seen between
the two regimes.
The utility of the ToGA study finding remains under
investigation remembering that a minority of gastric
cancer patients exhibit HER-2 overexpression (range:
6%-33%). Similarly the majority of studies looking at
HER-2 therapies have focused on patients with unresectable or metastatic disease. Newer HER family targeting agents such as pertuzumab, afatinib and lapatinib are
being developed as primary treatment agents or in the
case of resistance to trastuzumub. Additionally interest
is now being shown in the use of these agents in the
adjuvant or neoadjuvant settings for HER-2 positive tumours[45].
However, there remains controversy as to whether
HER-2 overexpression or amplification is an indicator
of poor prognosis. It may be argued that in the ToGA
trial, the overall survival of 11.1 mo in the chemotherapy
alone cohort was greater than expected, indicating that
that HER 2 overexpression in itself conferred a better prognosis. Several studies have associated HER-2
amplification with a poorer prognosis, but this has not
been consistent and associated with the non standardized methods used to determine HER-2 positivity, it can
be argued that the prognostic impact in resectable gastric cancer is weak[45]. A systematic review by Jorgensen
found that in 32 of 40 papers covering 12749 patients,
HER-2 amplification was associated with poorer survival
outcomes and worse clinicopathological features[46]. It is
also interesting that apart from a single study of fewer
than 100 patients[47] none have found a survival benefit
associated with HER-2 overexpression although it must
be remembered that publication bias in itself may slant
the results of systematic reviews, as studies not demonstrating any association are less likely to be published[45].
Overall the data on HER-2 is not as consistent as
that which is seen in breast cancer, but nonetheless there
appears to be a trend towards over-expression as being
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a negative prognostic factor. It has therefore been proposed that HER-2 overexpression is a molecular abnormality linked to the development of gastric cancer[46].
Other potential therapeutic targets are also being
assessed. These include c-met and FGFR2 which have
been identified as potential cellular oncogenic drivers. As
with the HER-2, these agents will be tested initially in
the metastatic or inoperable setting and if value is demonstrated, then their use in the adjuvant or neoadjuvant
setting should be assessed[12].
Allied with the selectivity of these targeted agents and
traditional chemotherapy, must come assessment of response in real time. The use of imaging modalities such as
positron emission tomography or CT response may be used
to assess early response and failure of response may permit
change to other modalities or salvage therapy or surgery[48].

CONCLUSION
There is now general consensus that multi modality therapy encompassing both radical surgery and adjuvant or
neoadjuvant regimes to target occult micrometastatic disease, offers the best possibility of cure in gastric cancer.
There remains however significant regional variation as
to the preferred regime. There is general agreement now
that radical gastrectomy and lymphadenectomy is the
surgical procedure of choice, but the optimal additional
treatment is unclear. Traditional radiological and clinicopathological staging methods are now being supplemented by molecular markers. The selectivity seen by these
markers holds the promise of a personalized approach to
gastric cancer therapy in the future.
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Core tip: The survival benefits of postoperative chemoradiotherapy (CRT) in gastric cancer with D0/1dissection have been established in Western countries.
However, in Eastern areas, where D2-dissection is the
standard surgical procedure, most surgeons are skeptical about the benefit of CRT in D2-dissected patients,
and CRT has not been examined in this setting in clinical trials. Here we aimed to provide a review of recent
research and to suggest future directions regarding
adjuvant CRT after D2-dissection.

Abstract
Studies from the Far East have demonstrated that
D2-dissection is superior to D0/1-dissection. The effect of postoperative chemoradiotherapy (CRT) after
D2-dissection has not been accepted due to the lack
of D2-dissection in Western countries, as well as the
potential harmful effect of radiotherapy. In the current
NCCN guideline, adjuvant chemotherapy alone is recommended in D2-dissected patients. However, three
recent prospective randomized controlled trials in South
Korea and China (ARTIST, NCC and Multicenter IMRT
Trials) demonstrated that adjuvant CRT can be safely
administered to D2-dissected patients with notable
benefits. To identify the role of radiotherapy (RT) in the
D2-dissected postoperative setting, clinical research
attempts should include (1) identification of high-risk
patients for loco-regional recurrence who might benefit
from CRT; (2) modification of RT target volume based
on the findings that failure patterns should be different after D1- and D2-dissection; and (3) integration
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INTRODUCTION
During the past two decades, a multimodal treatment
combining chemotherapy and chemoradiotherapy (CRT)
has been investigated worldwide to prevent recurrence
and improve survival in gastric cancer patients who underwent curative surgical resection[1]. Due to the lack of
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SWOG-INT 0116 trial
Observation
R

D0/1/2

5-FU + LV

RT 45 Gy

ARTIST trial
Cisplatin
Xeloda
D2

R
Cisplatin

RT 45 Gy

Xeloda

Figure 1 Treatment and randomization schemes of the SWOG/INT-0116 and ARTIST trials. 5-FU: 5-fluorouracil.

robust evidence as to which of the currently available
approaches is better, there has been marked discrepancy
in adjuvant treatment nationwide and worldwide. In the
West, peri-operative intensive chemotherapy (MAGIC
trial) and postoperative CRT (SWOG/INT-0116 trial)
are recommended for resectable gastric cancer[2,3]. In
the East, on the other hand, adjuvant chemotherapy after D2-dissection is considered the standard treatment
(ACTS-GC and CLASSIC trials). Studies from the Far
East have demonstrated that D2-dissection is superior
to D0/1-dissection. The effect of postoperative CRT
after D2-dissection has not been accepted due to the
lack of D2-dissection in Western countries, as well as the
potential harmful effect of radiotherapy[4,5]. However,
three recent prospective randomized controlled trials in
South Korea and China have demonstrated that adjuvant
CRT can be safely administered to D2-dissected patients
with notable benefits[6-8]. Currently, some important clinical questions still remain unanswered: (1) Does adjuvant
CRT in D2-dissected patients provide similar benefit to
that shown in the SWOG/INT-0116 trial (mostly D0/1dissected patients)? (2) What is the incidence of locoregional recurrences, which sometimes mimic metastatic
peritoneal seeding or distant lymph nodes, after D2-dissection? (3) If CRT is considered as adjuvant treatment
for D2-dissection fields, is it necessary to modify the traditional radiation field, which was developed for D0/1dissected fields? (4) Is radiation therapy still potentially
harmful even with modern radiotherapy (RT) techniques
and modified RT fields in gastric cancer? and (5) Is there
a subset of patients with specific characteristics who
would benefit from adjuvant CRT after D2-dissection?
This review discusses the current status of adjuvant CRT
for gastric cancer patients undergoing D2-dissection,
with updated data to provide a guide to the priorities on
which investigators should focus on in future studies.

WCGO|www.wjgnet.com

RATIONALE FOR ADJUVANT
RADIOTHERAPY IN GASTRIC CANCER
High rates of local and regional recurrence have been
shown in patients with gastric cancer treated with surgical
resection. The reported rate of loco-regional recurrence
ranges from 19%-45%, and reported loco-regional recurrence from re-operation or autopsy data is up to 90%[9-13].
Gunderson et al[14] suggested potential radiation portals
based on the patterns of loco-regional failures in the reoperation group, leading investigators to verify the role
of radiotherapy in preventing such recurrence[14-17].
The SWOG/INT-0116 trial, directly compared
postoperative CRT with observation alone, and clearly
showed the survival benefit of postoperative CRT in resected gastric cancer[3]. Even though the eligibility criteria
included stage ⅠB through IVM0 (AJCC 1988), most
of the enrolled patients were at high risk for recurrence
(T3/4, 69% and N+, 85%). CRT consisted of 45 Gy of
radiation with concurrent bolus 5-fluorouracil/leucovorin
(FL) (Figure 1). RT-related gastrointestinal toxicity may
have been severe, in that only 64% of patients completed
the planned treatment. Nonetheless, three-year relapsefree survival and overall survival (OS) were significantly
improved by adjuvant CRT in a median follow-up of
five years, which led to its adoption as standard treatment in the United States. Since the publication of the
SWOG/INT-0116 trial results, adjuvant CRT was found
to be used more commonly in United States based on
the SEER database analysis (33% in 1998-2001 vs 45% in
2002-2007, P < 0.001)[18]. The updated data after 10-y of
follow up in SWOG/INT-0116, demonstrated a persistent benefit of adjuvant CRT[19]. The rate of loco-regional
failure, but not distant relapse, was significantly decreased
in the group treated with adjuvant CRT, suggesting that
the improved OS by adjuvant CRT was mainly due to
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the prevention of subclinical loco-regional diseases. The
long-term toxicity, including secondary malignancies, appeared acceptable.

ADJUVANT CRT IN D2-DISSECTED
GASTRIC CANCER
Only a few small prospective studies and several retrospective studies have explored the role of adjuvant CRT
in D2-dissected gastric cancer[26-30]. Dikken et al[26], using
a Dutch cohort, compared 91 patients who received adjuvant CRT in two phase Ⅰ/Ⅱ studies with 694 patients
from the DCGC D1/D2 trial. In this study, the addition of CRT seemed to be beneficial in preventing local
recurrence after D1-dissection, but not after D2-dissection. However, in the updated analysis of the SWOG/
INT-0116 study with a 10-year follow-up, there was no
evidence of lack of survival benefit in patients who had
undergone the D2 level of resection. A retrospective
study by Kim et al[27] in South Korea showed improved
survival and lower regional recurrence by adding CRT,
albeit in patients who underwent D2-dissection. The
five-year survival rates were consistently longer in the
adjuvant CRT group (n = 554) at stages Ⅱ, Ⅲ, and Ⅳ
compared with those in the comparison group (n = 446).
However, these data are based on unplanned subgroup
analysis or nonrandomized observation studies with suitable controls (level Ⅲ).

EXTENT OF LYMPH NODE DISSECTION
Could these findings lead to the adoption of adjuvant
CRT for gastric cancer patients in Eastern countries? As
only a minority of patients [54 (10%) of 552] in SWOG/
INT-0116 underwent D2-dissection, an extremely conservative approach has been followed in Eastern areas,
such as South Korea and Japan where D2-dissection has
long been the standard[20]. Over the past few decades,
whether the extent of lymph node dissection (D1 vs D2)
favorably impacts survival outcome has been a controversial issue. Two prospective randomized controlled trials
in the West addressed this controversial issue: thereafter,
it took a long time to provide robust evidence that D2dissection improves survival over D1-dissection when
performed by well-trained surgeons with acceptable rates
of postoperative mortality[21,22].
MRC trial
The Medical Research Council (MRC) in the United
Kingdom randomized 400 patients to D1 resection or
D2 resection[21]. The rates of postoperative morbidity and
mortality were significantly higher in the D2 group (46%
vs 28% and 13% vs 7%, respectively), which was due to
splenectomy and distal pancreaticosplenectomy. In an update with a median follow-up time of 6.5 years, five-year
survival rate following D2-dissection was not better than
that following D1-dissection (33% vs 35%)[23].

RECENT TRIALS OF ADJUVANT CRT
AFTER D2-DISSECTION
There has been no evidence directly comparing adjuvant
chemotherapy, which is a standard treatment in Eastern
countries for D2-dissected gastric cancer[28]. In 2012, the
findings of three prospective randomized controlled trials
were published, however, the results were inconclusive[6-8].

Dutch trial
Another large prospective randomized controlled trial was
conducted by the Dutch Gastric Cancer Group (DCGC)
in the Netherlands, which randomized 711 patients to
D1 or D2 dissection[22]. The Dutch trial by Bonenkamp et
al[22] had a unique characteristic regarding quality control
of surgical management compared to the MRC trial in
that the participating surgeons were instructed by Japanese surgeons during the first four months. The results
were similar to those in the MRC trial in that postoperative morbidity and mortality rates were higher; however
five-year survival rate was not higher in the D2 group.
The incidence of postoperative complications and death
were 43% and 10% in the D2 group, and 25% and 4% in
the D1 group. Even though an updated report with more
than 10 years follow-up found that D2-dissection did
not generate long-term survival benefits, the latest report
after a follow-up of 15 years showed lower loco-regional
recurrence and gastric cancer-related death in the D2group[24,25]. Collectively, regardless of whether the patients
were treated in the East or not, D2-dissection is now
recommended for resectable gastric cancer patients if it
is performed by well-trained surgeons in high-volume
centers.

WCGO|www.wjgnet.com

ARTIST trial, South Korea
The Adjuvant Chemoradiation Therapy in Stomach Cancer (ARTIST) trial, led by the same authors as the aforementioned observational study by Kim et al[7], was the first
and largest prospective study to address the role of CRT
as adjuvant treatment in D2-dissected gastric cancer[6].
This study randomly assigned 458 patients undergoing
complete resection with D2-dissection to six cycles of adjuvant capecitabine with cisplatin (XP, n = 228) or 45 Gy
of CRT with concurrent capecitabine following two cycles
of XP and two additional cycles of XP (n = 230) (Figure
1). Over a median follow-up of 53 mo, no statistically
significant difference in three-year disease-free survival
(DFS) between the two groups (XP: 74% vs CRT: 78%,
P = 0.0862) was found. However, this trial should not be
interpreted as a negative result for adjuvant CRT in D2dissection. Since the implementation of the nationwide
cancer screening program in South Korea (GI endoscopic
examination in individuals aged over 40 years every two
years), a significant proportion of enrolled patients were
stage I/Ⅱ disease; therefore, the planned events were
not reached at the time of final analysis. The unplanned
subset analysis revealed that the combined modality sig-
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Table 1 Major patient characteristics and results of phase Ⅲ trials of postoperative radiotherapy for gastric cancer
Ref.
SWOG/INT-0116[3]

n

Enrolled
period

Median F/u (m)

pT3-4

pN

Ⅲ-Ⅳ

D2

556

91-98

60

70%

85%

NR

10%

+

OS

DFS/RFS

3-yr: 50% vs 41% 3-yr: 48% vs 31% Similar benefit in

10-yr follow-up
data
3-yr: 78% vs 74% DFS benefit in N+

(P = 0.005)

ARTIST[6]
NCC, South Korea[7]

458

04-08

53

NR

86%

41%

100%

90

02-06

87

63%

98%

100%

100%

(P < 0.001)

NR

(P = 0.0862)
5-yr: 65% vs 55% 5-yr: 61% vs 50%
(P > 0.05)

IMRT, China[8]

351

03-08

43

NR

86%

71%

Remarks

(P > 0.05)

LRRFS benefit
(DFS benefit in
stage Ⅲ)

Majority 5-yr: 48% vs 42% 5-yr: 45% vs 36%
(P = 0.122)

(P = 0.029)

F/u: Follow-up; PS: Performance status; NR: Not reported; OS: Overall survival; DFS/RFS: Disease-free survival/relapse-free survival; LRRFS: Locoregional failure-free survival.

Table 2 Treatment parameters and toxicities in phase III studies of postoperative radiotherapy for gastric cancer
Ref.
SWOG/INT-0116[3]
ARTIST[6]

Group

Concurrent
chemo

RT planning

RT dose
(Gy)

RT target

Severe toxicity

Completed planned
treatment

CRT

5FU + LV

2D

45

2D or 3D

45

Tumor bed, LN
(Nos. 1-16)
LN (Nos. 7-9 and
12-16)

G3+, 41%, G4+ 32%
(GI, 33%)
Similar toxicity profile
between the two groups
(mostly well tolerated)
G3+ Hema; 20% vs 25%, G3+
GI; 17% vs 11%
Similar toxicity profile
between the two groups
(mostly well tolerated)

64%
(17 due to toxic effect)
82% (5 due to toxic
effect, but 1 during CRT)

CT-CRT-CT Capecitabine

NCC, South Korea[7]

CRT

5FU + LV

2D or 3D

45

IMRT, China[8]

CRT

5FU + LV

IMRT

45

Tumor bed, LN
(Nos. 1-16)
Tumor bed, LN
(Nos. 1-16)

87% (2 due to toxic
effect)
91% (4 due to toxic
effect)

RT: Radiotherapy; CRT: Chemo-radiotherapy; 5FU + LV: Fluorouracil and leucovorin; LN: Lymph node; GI: Gastrointestinal; Hema: Hematologic; IMRT:
Intensity modulated radiotherapy.

nificantly improved the three-year DFS in node positive
patients, supporting the hypothesis of this trial.

motherapy consisted of the FL regimen in both groups.
With a median follow-up of 43 mo, adjuvant CRT was
associated with a significant reduction in the risk of recurrence (5-year DFS, 45% vs 36%), and with no significant
survival advantage (5-year OS, 48% vs 42%). Not surprisingly, no difference in the rate of distant metastasis was
noted between the two groups (24% vs 27%, P = 0.595),
and loco-regional recurrences were less frequent in the
adjuvant CRT group (15% vs 24%, P = 0.042).

NCC trial, South Korea
The National Cancer Center (NCC) in South Korea conducted a single-institution phase Ⅲ trial in stage Ⅲ-Ⅳ
gastric cancer patients who underwent R0 gastrectomy
and D2-dissection[7]. A total of 90 patients were randomly assigned to the chemotherapy arm (FL, n = 44) or the
CRT arm (INT-0116 scheme, n = 46). Unfortunately, this
underpowered study was terminated early due to poor
accrual (possibly why the ARTIST trial included 60%
stage Ⅰ/Ⅱ patients). Although five-year DFS, which was
the primary endpoint of this trial, was not significantly
improved in the combined modality group which included RT, the five-year loco-regional recurrence-free survival
(LRRFS, secondary endpoint) was significantly improved
in the median follow-up of 87 mo.

DISCUSSION OF RECENT TRIALS
The results of three recent randomized controlled trials from South Korea and China comparing adjuvant
chemotherapy and CRT, which included a total of
895 patients in the meta-analysis, showed no apparent
survival benefit with the addition of RT (HR = 0.79,
95%CI: 0.61-1.03) during the 4-7 year follow-up period, but found significantly improved LRRFS (HR =
0.53, 95%CI: 0.32-0.87) and DFS (HR = 0.72, 95%CI:
0.59-0.89) in the CRT group (Table 1)[31]. When interpreting the findings of these trials, several important points
should be considered. Firstly, although in the SWOG/
INT-0116 trial, 41% of CRT patients experienced severe
treatment-related toxicity, resulting in only 64% com-

Multicenter IMRT trial, China
In contrast to these two trials, a significant benefit in DFS,
but not in OS, was shown in a Chinese multicenter randomized trial, in which patients with D2-dissection were
randomly assigned to chemotherapy alone or intensitymodulated RT plus concurrent chemotherapy[8]. The che-
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pleted planned treatments, in 3 recent randomized trials,
no increase in treatment-related toxicity was observed in
the CRT group compared with the chemotherapy alone
group; consequently, most patients (ARTIST 75%, NCC
87%, and China 91%) completed treatment as planned
(Table 2). One plausible explanation for this is the application of modern RT techniques (IMRT or CT-based
3D-CRT) in recent trials rather than 2D-conventional
RT in the SWOG/INT-0116 trial carried out in the 1990’
s and/or the modification of RT target volume in the
ARTIST trial, which could reduce the irradiating bowel
volume. Secondly, the patient population varied between
the studies. The proportion of stage Ⅲ/Ⅳ disease, which
could involve a high risk of loco-regional relapse, was
41% in the ARTIST trial, 71% in the Chinese trial, and
100% in the NCC trial. The positive results for DFS in
the Chinese trial and subset (N+) analysis of the ARTIST
trial indicated that the use of adjuvant CRT for the entire
population undergoing D2-dissection may be overtreatment, and, therefore, identification of the high-risk subgroup which would benefit most from CRT should be
carried out.

19%-33%[12,25,27]. The largest retrospective study from
South Korea analyzed the failure patterns of 2328 patients who underwent D2-dissection, and reported 19%
of loco-regional recurrence as a single pattern and 33%
as a combined pattern[12]. Another retrospective study
from Korea reported 22% of loco-regional failure in 446
patients who did not receive adjuvant RT[27]. In the Dutch
D1/D2 trial from DCGC, a similar rate of loco-regional
recurrence was noted in 331 patients in the D2 group
(local 12% and regional 13%)[25]. It should be noted that
these studies included entire patient populations from
stage Ⅰ to stage Ⅳ (M0) disease. One possible explanation for under-reporting of loco-regional recurrence
included lack of attention due to distant spread and difficulty in determining loco-regional failure using current
imaging modalities. The intra-abdominal location of
regional lymph nodes (LNs) could make recurrence less
likely to be detected as the first failure pattern compared
with other organs.
In the present authors’ opinion, the identification of
a high-risk subgroup for loco-regional recurrence among
D2-dissected patients is essential and of higher priority
than assessing the efficacy of regular application of adjuvant CRT in all D2-dissected gastric cancer patients. The
subgroup analysis in the ACTS-GC trial from Japan may
provide a clue to identifying patients who are most likely
to benefit from adjuvant CRT[33]. The pivotal Japanese
ACTS-GC study demonstrated the survival advantage
of postoperative S-1 chemotherapy over observation[4].
Subgroup analysis of 5-year OS in this study showed that
insufficient survival benefit of S-1 was observed in N3a
(HR = 0.779, 95%CI: 0.534-1.138) and N3b stages (HR
= 0.927, 95%CI: 0.477-1.799), in contrast to clear efficacy
in N0-N2 stages, which may indicate room for improvement in the application of RT in these patients at high
risk for loco-regional recurrence. In Korea, the report
by Chang et al[34] revealed an interesting finding that N3
patients are at substantial risk of regional recurrence as
well as peritoneal seeding and distant spread despite D2
dissection and adjuvant chemotherapy. The report also
demonstrated that the most frequent locations of regional recurrence were in the nodal stations outside the D2dissection field (12p-16), which are classified as distant
metastasis (M1 node) according to the 7th edition of the
AJCC classification system, but as regional node according to the Japanese Classification of Gastric Carcinoma
(JCGC) criteria (Table 3)[35].

LOCOREGIONAL RECURRENCE AFTER
D2-DISSECTION: IMPLICATIONS FOR
POSTOPERATIVE RT

RT TARGET VOLUME COULD BE
MODIFIED IN D2-DISSECTED GASTRIC
CANCER

In Eastern countries including South Korea and Japan,
D2-dissection with low morbidity and mortality is believed to contribute to rare loco-regional recurrence and
a high OS rate[32]. However, actual reported rates of local/regional recurrence after D2-dissection range from

The RT target volume has varied in the studies of adjuvant RT[36]. In the SWOG/INT-0116 trial, the field of
radiation included the tumor bed and 2 cm beyond the
proximal and distal margins of resection, and regional
nodes (perigastric, celiac, local para-aortic, splenic, hepa-

Table 3 Description of lymph node station
LN station
1
2
3
4
5
6
7
8
9
10
11
12
12a
12b
12p
13
14
15
16
16a
16b

Node location
LN at right paracardium
LN at left paracardium
LN along the lesser curvature
LN along the greater curvature
LN at suprapylorum
LN at infrapylorum
LN along the left gastric artery
LN along the common hepatic artery
LN around the celiac artery
LN at the splenic hilum
LN along the proximal splenic artery
LN in the hepatoduodenal ligament
LN along the hepatic artery
LN along the bile duct
LN behind the portal vein
LN on the posterior surface of the pancreatic head
LN along the superior mesenteric vessels
LN along the middle colic vessels
LN around the abdominal aorta
LN from the upper margin of the celiac trunk to the lower
margin of the left renal vein
LN from the upper margin of the left renal vein to the
aortic bifurcation

LN: Lymph node.
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dissection could potentially allow more effective RT strategies. A subsequent report by Yoon et al[38] demonstrated
RT target volume delineation based on CT-guided vascular structure using the data from 91 patients who had LN
recurrence from their previous study.
12

8

9

16a
11

7

CURRENT TRIALS

10

Well-designed prospective randomized studies with adequate statistical power are needed to clearly define the
role of adjuvant CRT in D2-dissected gastric cancer.
The ChemoRadiotherapy after Induction chemoTherapy
In Cancer of the Stomach (CRITICS) trial is currently
randomizing patients undergoing preoperative ECF
followed by D1+ dissection (Nos. 1-9 and 11) to postoperative ECF alone or 45 Gy of CRT with concurrent
capecitabine plus cisplatin, and comparing the efficacy of
the MAGIC trial regimen which showed the survival benefit of a perioperative approach combined with intensive
chemotherapy (ECF; epirubicin, capecitabine, and cisplatin) with those of the SWOG/INT-0116 trial[39]. The
ARTIST Ⅱ trial plans to accrue LN positive patients using a 2-by-2 factorial design of chemotherapy agents (S-1
vs capecitabine plus oxaliplatin) and treatment modality
(chemotherapy alone vs CRT).

14

13
16b

Figure 2 Schematic diagram of lymph node station. LN: Lymph node; 7:
LN along the left gastric artery; 8: LN along the common hepatic artery; 9: LN
around the celiac artery; 10: LN at the splenic hilum; 11: LN along the proximal
splenic artery; 12: LN in the hepatoduodenal ligament; 13: LN on the posterior
surface of the pancreatic head; 14: LN along the superior mesenteric vessels;
16a: LN from the upper margin of the celiac trunk to the lower margin of the
left renal vein; 16b: LN from the upper margin of the left renal vein to the aortic
bifurcation.

CONCLUSION
Current treatment guidelines of adjuvant CRT for D2dissected gastric cancer are based on low-level evidence
due to a paucity of prospective studies and a near total
absence of phase Ⅲ multicenter randomized trials. Recent prospective randomized trials from South Korea
and China demonstrated that the addition of RT to
chemotherapy could prevent loco-regional recurrence
and, furthermore, improve DFS in selected patients even
after D2-dissection. Considerable rates of loco-regional
recurrence have been reported after D2-dissection and
the most prevalent locations of recurrence are found in
the nodal basin outside the D2-dissection field. Whether
modification of RT target volume and/or new RT techniques can reduce GI toxicity without compromising
the oncologic outcomes is a clinically relevant question.
Identification of high-risk patients for loco-regional
recurrence is crucial. Because D2-dissection has been
recently recommended as the standard surgical method
worldwide, data on the influence of clinical results is now
available from both Eastern and Western studies. Future
statistically robust prospective studies are strongly warranted to further investigate the role of CRT in the field
of D2-dissection.

toduodenal, and pancreaticoduodenal LNs) [3,14]. This
field was defined based on patterns of failure after D0/1
dissection in a Western population, which might be the
representative failure pattern of suboptimal surgical resection. On the other hand, in the ARTIST trial, the RT
target volume did not include LNs in the splenic hilum
(No. 10), LNs along the proximal splenic artery (No. 11),
perigastric LNs (Nos. 1-6) and tumor bed, based on their
previous study analyzing patterns of failure after D2dissection (Figure 2)[6,37].
Coupled with a retrospective central review by one
GI radiologist, Chang et al[34] investigated patterns of LN
recurrence after D2 dissection for 382 patients with stage
Ⅲ (N3) disease. The most prevalent regional recurrence
was LNs around the abdominal aorta from the upper
margin of the celiac trunk to the lower margin of the
aortic bifurcation (Nos. 16a and 16b), followed by hepatoduodenal LNs (No. 12), LNs along superior mesenteric
vessels (No. 14), retropancreatic LNs (No. 13), and celiac
LNs (No. 9). These results provide consistent evidence
that RT target volume in D2-dissected patients can exclude perigastric LNs (Nos. 1-6), and splenic LNs (Nos.
10-11). Since the development of severe gastrointestinal
complications is mostly attributed to the extent of the
RT target volume in gastric cancer, understanding the
specific location of loco-regional recurrence after D2-
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Core tip: Endoscopic treatment of early gastric cancer
(EGC) has been evolved along with the expansion of ESD
indication and toward the question of how to achieve accurate risk assessment of lymph node metastasis (LNM).
To achieve curative endoscopic treatment, not only accurate endoscopic diagnosis but precise selection of the
patient of EGC without LNM should be preceded. Recently, endomicroscopy has been introduced to provide
precise microscopic visualization of histology. Moreover,
sentinel node navigation surgery combined ESD and hybrid natural orifice transluminal endoscopic surgery have
been reported as a new minimally invasive treatment
option for the EGC patients with high risk of LNM.
Original sources: Kim MY, Cho JH, Cho JY. Ever-changing
endoscopic treatment for early gastric cancer: Yesterday-todaytomorrow. World J Gastroenterol 2014; 20(37): 13273-13283
Available from: URL: http://www.wjgnet.com/1007-9327/full/v20/
i37/13273.htm DOI: http://dx.doi.org/10.3748/wjg.v20.i37.13273

Abstract
Endoscopic resection has been an optimal treatment
for selected patients with early gastric cancer (EGC)
based on advances in endoscopic instruments and
techniques. As endoscopic submucosal dissection (ESD)
has been widely used for treatment of EGC along with
expanding ESD indication, concerns have been asked
to achieve curative resection for EGC while guaranteeing precise prediction of lymph node metastasis (LNM).
Recently, new techniques including ESD or endoscopic
full-thickness resection combined with sentinel node
navigation enable minimal tumor resection and a laparoscopic lymphadenectomy in cases of EGC with high
risk of LNM. This review covers the development and
challenges of endoscopic treatment for EGC. Moreover,
a new microscopic imaging and endoscopic techniques
for precise endoscopic diagnosis and minimally invasive
treatment of EGC are introduced.

INTRODUCTION
Endoscopic resection for early gastric cancer (EGC) is
widely accepted as one of the standard treatments together with surgical treatment[1]. In the 2000s, advances in
endoscopic instruments were achieved and various new
endoscopic techniques were developed. Still, the major
obstacle to endoscopic resection for EGC has been its
limitations of predicting lymph node metastasis (LNM).
Therefore, approaches to the next level of endoscopic
treatment have been evolved in three ways. First, how
we can achieve curative endoscopic resection for EGC
while guaranteeing precise prediction of LNM. Second,
how we can expand a definitive indication for complete
resection to secure depth of invasion and lateral margin.
Last, how we can manage the patients with high risk of
LNM for EGC using new endoscopic techniques. In this

© 2015 Baishideng Publishing Group Inc. All rights reserved.

Key words: Endoscopic resection; Early gastric cancer;
Confocal laser endomicroscopy; Sentinel node navigation;
Hybrid natural orifice transluminal endoscopic surgery
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review, we will keep track of the progress of endoscopic
resection in two time periods and suggest the prospect of
the therapeutic strategy for EGC in the future.

bloc resection for EGCs that would otherwise require
piecemeal or surgical resection[10,14,15]. Owing to the development of ESD technique, indications of endoscopic
resection for EGC were expanded, based on the analysis
of 5265 surgical specimens of EGC patients who underwent gastrectomy with D2 level lymph node dissection[16].
The recent expanded criteria are differentiated type
cancers without evidence of lymphovascular invasion, including: (1) mucosal cancer without ulceration, irrespective of tumor size; (2) mucosal cancer with ulceration,
less than 3 cm in diameter; and (3) minimal (500 μm
from the muscularis mucosa) submucosal invasive cancer
less than 3 cm in size. After ESD, the patients with EGC
of expanded indication may be followed closely without
surgery because they have very small risks for LNM[16-18].
However, it should be mentioned that the data provided
from these observations were surgical specimens sliced at
5 mm and not 2 mm as required for ESD specimens.
Asian studies have reported that ESD has achieved a
high rate of en bloc resection (89.7%-96.7%) and complete resection (84%-94.7%) (Table 1)[8,10,11,17,19-25]. Recent
meta-analyses to compare the efficacy and safety of ESD
and EMR for EGC showed that ESD had advantages in
en bloc resection rate, histologically complete resection
rate and local recurrence rate even for small lesions[26-28].
When the lesions were classiﬁed by size, the 5-year
recurrence-free rate was signiﬁcantly lower in the EMR
group compared with the ESD group especially for the
lesions larger than 10 mm. The 5-year overall survival
rates and recurrence-free rates of ESD have been reported to 93.6%-100% and 98.7%-100%. For complications, delayed bleeding occurs more during ESD, with an
incidence rate of up to 7%-15.6%. Perforation is higher
during ESD (3.6%-4.5% vs 1.0%-1.2%), which was endoscopically managed in most cases. To demonstrate the
efficacy and safety of ESD especially for EGCs in expanded indication, well-controlled, prospective randomized trials with a large population and long-term followup periods are needed.
As ESD procedure has become widespread in western
countries, several small reports have shown a high success
rate of en bloc resection (79%-100%) and complete resection (64.3%-100%) (Table 1)[29-36]. For complications, the
rate of perforation and bleeding has been reported ranging from 0% to 8% and 0% to 8%. The long-term followup data are needed to evaluate the therapeutic outcome.

EXPANDING INDICATION OF
ENDOSCOPIC RESECTION: 2000-2010
Endoscopic mucosal resection in the early period
In Japan, endoscopic mucosal resection (EMR) technique
called the “strip biopsy” for EGC was first described in
1984, which is to lift the lesion with a grasper and to remove the lesion using a double-channel endoscope after
submucosal injection of saline under the lesion. In 1988,
new EMR technique, which cuts the lateral margin using
needle knife (EMR-P), was introduced[2]. It helped the
precise en bloc resection by resecting with a snare after
peripheral cutting of the lesion. EMR was known to be
a minimally invasive and safe technique and became an
axis of treatment for EGC[3]. However, this technique
requires skillful endoscopists and has a higher perforation
risk. Then, EMR with a cap-fitted endoscope (EMR-C)
for early esophageal cancer was developed in 1992 and
used to treat relatively small EGC[4]. Another technique
is EMR with ligation (EMR-L), which was started as a
standard endoscopic variceal ligation[5]. These techniques
helped to resect the lesion more safely and quickly. It
also reduced the risks of perforation and bleeding during the procedure. Absolute indication of EMR for EGC
was published by Japanese Gastric Cancer Association in
1998[6,7]: (1) elevated cancers less than 2 cm in diameter,
and (2) small (< 1 cm) depressed cancers without ulceration. These lesions must also be differentiated cancers
confined to the mucosa, and have no lymphovascular
invasion. As long as the lesion was completely removed,
EMR showed good long term outcome compared to
surgery. The 5-year overall survival rates and recurrence
rates did not differ significantly between the EMR and
surgery groups (93.6% vs 94.2% and 1.2% vs 1.1%)[8].
Although the risk of metachronous gastric cancer was
significantly higher in the EMR group than in the surgery
group (5.8% vs 1.1%), most metachronous gastric cancers
were successfully retreated by EMR or surgery. A major
limitation of EMR was incomplete resection for lesions
larger than 2 cm in diameter due to the size limitations
of accessories such as snares, caps and ligating devices.
Piecemeal resection also caused a high risk of local recurrence (2.3%-36.5%)[9-12]. So, the size limitations for en
bloc resection of EGC kept demanding improvement in
techniques.

Challenges to ESD
To guarantee the curative endoscopic resection or stratify
the risk of LNM for EGC, several key points should
be checked for the pathologic diagnosis of ESD specimen[37]. Complete resection should be confirmed by the
precise lateral and vertical margin status. The distance
from the lateral margin of the tumor to the margin of
the specimen should be described. In case of positive
lateral margin, the number of sections and the extent
showing positive tumor cells should be documented.
If ESD specimen shows a positive vertical margin, the

ESD era
In the late 1990s, ESD was developed for complete
removal of EGC regardless of its size and location by
dissecting the submucosal layer via the use of throughthe scope endoscopic knives[13]. ESD is superior to EMR
because it enables en-bloc resection and precise pathologic staging for large EGCs. Now, it has become one of
the standard treatments and is being used to achieve en
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2009
Italy
2009
Portugal
2010
Germany
2012
Germany
2013
Italy
2013
Brazil

91/83
(EGC 66)
30/30
(EGC 21)
42/42
(EGC 10)
62/61
(EGC 55)

19/19

48/45

1370/1244

215/215

202/177

276/231

589/551

346/243

534/1000
(dysplasia 466)
198/198

196/185

1020/896

714/655

country

2006
Japan
2006
Japan
2006
Japan
2009
Korea
2009
Korea
2009
Korea
2009
Japan
2009
Japan
2009
Japan
2011
Korea
2011
Korea

No.

(lesion/patients)

Published year

122

276

589

243

198

534

196

195

303

ESD

1

62

42

30

85

19

Absolute Ix
355
182
Expanded Ix
497
336
36
12

215

80

103

825

411

EMR

Method

En bloc

Complete

100.0

95.5
92.0

96.8
72.0

82.2

100.0

90.0

88.2

79.0

65.9

94.3

96.7

94.9

95.9

89.7

95.3

93.0

83.1

66.3

ESD

72.4

53.8

77.7

42.1

56.0

EMR

90.0

97.8
56.0

94.4

71.2

37.5

75.7

87.7

23.6

61.1

EMR

77.4

92.8

64.3

68.6

89.0

91.1
92.0

83.0

92.6

91.7

94.7

88.9

87.9

84.0

83.1

73.6

ESD

resection (%) resection (%)

Follow-up

11.3 (1-30)

19 (9-53)

22

27 (1-71)

10

31 (12-71)

32 (22-48)

81 (56-94)

54 (12-89)

36 (2-39)

30 (6-89)

29 (4-44)

30 (9-49)

NA

EMR 83.2 ± 34.6
ESD 19.4 ± 9.2
22.8 (12-46)

38 (6-60)

(mo/range)

1.6
8.0

1.4

3.9

7.6

0.1

0

3.5

EMR

0

7.1

4

5

2.1
8

0.8

5.1

1.8

5.3

7.4

15.6

22.6

0

ESD

1.6
0.0

0.3

1.9

4.8

1.2

1.2

1.6

EMR

4.8

0.0

6.0

0.0

2.4
8.0

1.2

4.0

4.5

4.5

2.9

1.2

6.1

8.7

3.6

ESD

Perforation

Complications
Bleeding

1.6

1.5

0.0

5.0

10.7

6.6

0.0

0.0

NA

2.5

0.9

0.0

0.0

5.1

NA

0.0

3.1

7.5

Local

0.8

0.5

13.7

6.1

3.5

NA

NA

NA

NA

NA

NA

NA

NA

NA

6

NA

NA

NA

NA

NA

4.0

2.2

Metachronous

(%)

Recurrence rate

5-yr overall

NA

NA

NA

NA

NA

96.8
NA

95.8-95.3

93.6

100.0

96.2

97.1

NA

NA

NA

NA

NA

99.21

survival rate (%)

NA

NA

NA

90.12

NA

98.52
NA

98.8-99.02

98.7

100

1003

1003

NA

94.92

NA

NA

NA

94.42

free rate (%)

5-yr recurrence-

3-year overall survival rate; 23-year recurrence free rate; 35-year disease specific survival. EGC: Early gastric cancer; EMR: Endoscopic mucosal resection; ESD: Endoscopic submucosal dissection; NA: Not applicable; Ix:
Indication.
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positive tumor site and the distance from the lower edge
of muscularis mucosae to the positive margin should be
demonstrated. In addition, depth of invasion, histologic
type, lymphovascular invasion of the tumor should be
evaluated. If the undifferentiated type is mixed within the
differentiated type cancer, the proportion of undifferentiated type should be evaluated to predict the risk of vascular invasion and LNM. In case of submucosal invasive
cancer, the extent of submucosal invasion and histologic
type should be described to determine additional surgery.
It is important to identify the muscularis mucosae by using the immunohistochemistry of desmin, because the
risk of LNM is higher when the tumor depth is 500 μm
or more from the lower edge of muscularis mucosae (≥
sm2) than sm1. For careful microscopic examination of
vascular invasion, Victoria blue staining is helpful, and
immunohistochemistry of D2-40 is useful for evaluation
of lymphatic invasion.

high-risks of recurrence and non-curative resections
based on the presence of other criteria including submucosal invasion, lymphovascular invasion, or undifferentiated adenocarcinoma. One report evaluated the efficacy
of diagnostic and therapeutic laparoscopic lymph node
dissection after ESD in EGC patients with high-risks
of LNM including undifferentiated adenocarcinoma,
submucosal cancer, immunohistochemically-positive cytoplasmic staining for vascular endothelial growth factor,
lymphovascular invasion, a high lymphatic microvessel
density, or high microvessel density[45]. All of the dissected lymph nodes were free of cancer cells in all 9 patients.
During 16 mo of follow-up, no patients had an evidence
of tumor recurrence. In a retrospective study with a small
number of patients, the area for lymph node according to
the location of the tumor and/or the lymphatic drainage
of the stomach was visualized with standard laparoscopy
or infrared-ray electronic laparoscopy after submucosal
injection of indocyanine green (ICG) around post-ESD
scars[46]. The study showed that 2 out of 20 (10%) patients had lymph node metastases confirmed after lymph
node dissection without gastrectomy, and none had local
or distant recurrence at a median follow-up of 61 mo.
However, this approach cannot be generalized in clinical
practice yet.

Non-curative resection or high-risk of recurrence
Noncurative resection is defined as the presence of positive lateral or vertical resection margins, submucosal and
lymphovascular invasion, or undifferentiated histology,
which means high-risks of recurrence or LNM. Conceptually, the patients with incomplete resection after ESD
can be managed with laparoscopic gastrectomy with
lymph node dissection. However, when only a small portion of positive lateral margins or unclear lateral margins
are found on the post-ESD specimen, this may suggest
a lower risk of LNM in the cases having no other factor of noncurative resection[38,39]. The rate of residual
cancer in the positive lateral margin group (25.0%) was
reported to be significantly lower than that in the positive
vertical margin group (33.3%) or in the positive lateral
and vertical margin group (66.7%) among the patients
who underwent curative gastrectomy due to non-curative
endoscopic resection for EGC[40]. The patients having
mucosal cancer with lateral cut-end-positive status with
no LNM can be recommended to have close follow-up
or endoscopic treatment[41]. Another report demonstrated
that neither residual cancer nor LNM was found in the
patients with less than 500 μm submucosal invasion
without margin involvement in endoscopically resected
specimens among 43 patients who were operated on due
to residual mucosal cancer, a mucosal cancer larger than 3
cm, or a submucosal cancer regardless of size or margin
involvement[42]. Lymphatic involvement and tumor size
have been reported to be independent risk factors for
LNM in EGC with submucosal invasion[43,44]. Based on
the results of the studies, endoscopic resection may be
feasible for highly selective submucosal cancers with no
lymphovascular invasion. Gastrectomy with lymph node
dissection is recommended to patients with positive vertical margins, submucosal involvement having high risk
features or lymphovascular invasion.
Recent issues are on whether laparoscopic lymph
node dissection without gastrectomy can be performed
if the resection margins are negative in the patients with

WCGO|www.wjgnet.com

Undifferentiated adenocarcinoma
Traditionally, poorly differentiated adenocarcinomas were
candidates for surgery. However, in a retrospective study,
1362 patients with EGC of signet ring cell histology who
underwent gastrectomy showed the similar rate of LNM
compared with the patients with differentiated EGC[47].
A recent report showed that LNM was significantly associated with female sex, tumor size, depth of tumor
invasion and lymphatic involvement in poorly differentiated EGC[48]. Although endoscopic management for the
patients with undifferentiated adenocarcinoma is still
controversial, small studies have reported successful ESD
for lesions smaller than 20 mm without lymphovascular
invasion[49-51]. Another study showed that poorly differentiated EGC confined to the mucosa or with minimal submucosal infiltration (≤ 500 μm) could be considered for
curative EMR due to the low risk of LNM[52]. Moreover,
a study showed that EGC with signet ring cell histology
can be treated by EMR, if it is smaller than 25 mm, limited to the sm2 layer, and does not involve the lymphaticvascular structure[53]. However, larger lesions showing
submucosal invasion and ulceration lower the possibility
of curative resection with ESD. A recent report showed
that ESD for undifferentiated EGC can achieve curative resection with an excellent 5-year mortality rate[54].
En bloc and R0 resection were achieved in 99.0% and
90.7%. Curative resection was achieved in 63.9%. Among
the patients who had additional surgery, the rate of local residual tumor and LNM was 4.8% and 9.5%. None
had local recurrence or lymph node or distant metastasis
in the patients with curative resection during a median
follow-up of 76.4 mo. Until now, it is not clear that ESD
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A

Figure 1 Features of confocal endomicroscopy. A: Normal
gastric epithelium, round pattern of normal crypts is observed; B:
Dysplasia, dark epithelium with irregular and varying thickness is observed; C: Differentiated adenocarcinoma, disorganized epithelium
with dark and irregular glands is observed; D: Undifferentiated adenocarcinoma, dark and irregular cells with no identifiable glandular
structures are observed.

B

20 mm
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20 mm

D

20 mm

20 mm

is just as effective in cases of undifferentiated type EGC
because the rate of curative resection is lower for undifferentiated cancer than differentiated cancer, ranging
45%-89%, in spite of high en bloc resection rate.

(intravenous fluorescein, 2.5 mL, 10%) are used to enhance the optical contrast[55-57]. There are 2 types of CLE,
endoscopy-based CLE (eCLE)[58], which is integrated
into an endoscope, and through-the-scope probe-based
CLE (pCLE)[59] that can be inserted through the working
channel of endoscopes. Compared with eCLE, pCLE
shows somewhat lower resolution, but faster image acquisition. It also provides microscopic video sequences
and can be used into the bile duct or through ultrasonography-guided needles. For accurate interpretation of
microscopic images, adequate training in the endoscopic
technique and knowledge about histopathology of EGC
is required. In 2004, the first study on CLE was reported
in patients who performed screening colonoscopy[55]. In
the stomach, several studies have been reported CLE imaging for Helicobacter pylori infection and gastritis[60,61],
intestinal metaplasia[62] and hyperplastic and adenomatous
polyps[63]. From the Miami classification[64], the key features used to distinguish non-neoplastic tissue, dysplasia,
and adenocarcinoma are as follows: (1) normal or nonneoplastic mucosa, round regular crypts, cobblestone
appearance of normal glands; (2) dysplasia, irregular
crypt lumen, dark irregular thickened epithelium; and (3)
gastric adenocarcinoma, completely disorganized epithelium, ﬂuorescein leakage, dark irregular epithelium.
Differentiated and undifferentiated adenocarcinoma can
be distinguished based on the presence of discriminable
glandular structures[58] (Figure 1). In the studies to evaluate efficacy in pre-ESD pathologic diagnosis or postESD surveillance for high-grade neoplasia and superficial
gastric cancer, CLE showed high accuracy (91.7%-99%)
and decreased biopsies. Moreover, CLE would have directed 10% of the patients to surgery instead of ESD by
correctly showing undifferentiated carcinoma[58]. CLE is

ADVANCES IN DIAGNOSTIC AND
THERAPEUTIC ENDOSCOPY: 2010-NOW
To expand ESD criteria, instrumental and technical advances in diagnostic and therapeutic endoscopy have
been challenged. Early detection of gastric cancer or
precancerous lesion as well as precise staging is integral
to curative endoscopic resection. Over the past decades,
several advances in diagnostic endoscopy including magnifying endoscopy, narrow-band imaging, and virtual
chromoendoscopy have allowed improvement in tissue
characterization by detailed imaging of the mucosal pit
pattern and microvascular structures. However, these
techniques could not provide microscopic visualization
of histology. Microscopic imaging is aimed not only to
predict histology, but to visualize actual microscopic
mucosal architectures in real time, high resolution and
high magnification. Moreover, it is useful in microscopically guided target biopsy for EGC because it can avoid
sampling errors caused by conventional biopsies in ill-defined, large mucosal cancers. Lastly, it helps to determine
the margin of EGC before ESD.
Confocal laser endomicroscopy
Confocal laser endomicroscopy (CLE) is a system using laser light (currently blue laser light of 488 nm) for
excitation and capture of laser-induced fluorescence
from the defined lesion. Usually, exogenous fluorophores
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a promising technology for identifying EGC and has potential to decrease the rate of discrepancy pre- and postESD histopathology. The limitation of CLE is that the
endoscopists who perform the in vivo CLE diagnosis are
unavoidably biased by the endoscopic appearance of the
lesion, which may have affected the in vivo CLE diagnosis. The efficacy of CLE should be conﬁrmed in a larger
population including more non-neoplastic and dysplastic
lesions.

and biopsy without limitation of tumor location. Radioactive colloids and blue dyes are injected the day before
surgery and just before the procedure into four quadrants
of the submucosal layer around the primary tumor using
an endoscopic puncture needle. Studies are investigating
sentinel lymph node navigation using endoscopic injection of radiocolloid dye or ICG[65,67], or CT lymphography[68,69] using nanoscale iodized oil emulsion to increase
the accuracy of detecting LNM[70]. A recent meta-analysis
showed that the sentinel node detection rate, sensitivity, negative predictive value, and accuracy were 93.7%,
76.9%, 90.3%, and 90.2%, respectively[71]. When considering laparoscopic procedure, sentinel node identification
rate, sensitivity, false negative rate, and accuracy were
89.3%, 68.6%, 31.4%, and 92.6%, respectively. Combined ESD and sentinel node navigation surgery might
be a feasible, minimally invasive procedure that allows en
bloc tumor resection to be achieved while assessing the
pathological status of the regional lymph nodes (Figure 2).
A case series reported that combined ESD and sentinel
node navigation was conducted for 13 patients with clinical T1 N0 (≤ 3 cm) EGC, and was completed in 12 patients[72]. One patient was converted to gastrectomy after
sentinel node navigation surgery. En bloc resection was
achieved in all other cases.

Beyond ESD
As mentioned above, a major limitation of ESD for
curative treatment of EGC is inaccuracy in lymph node
status. Ultimately, ESD is a curative treatment modality
only if EGCs do not have regional LNM. N staging for
EGC is mostly performed by CT or EUS, but diagnostic
yields were not so satisfactory. EUS has a limitation not
only to evaluate of regional LNM but to predict depth of
invasion. It takes a lot out of the patients and endoscopists to decide and follow up after ESD. Finally, it is most
important to decide what could be a minimally invasive
treatment for EGC patients with a potential to escape
the expanded ESD indication. Some patients who underwent surgical operation are diagnosed as mucosal cancer
without LNM on the final pathology. In contrast, it is not
unusual that some patients are required to have additional
surgery or to give careful consideration of additional surgery after ESD. Because of these important problems, a
paradigm shift has been emerged.

Hybrid natural orifice transluminal endoscopic surgery
The risk of LNM in EGC exceeding the indication has
known to 5.7%-20%[9]. In other words, at least 80% of
patients might potentially save their stomach with curative endoscopic treatment if depth of invasion of the
tumor is within the submucosa and microscopic vertical
margin is secured after ESD.
Natural orifice transluminal endoscopic surgery
(NOTES) may be applied as a modified treatment for
EGC. NOTES means that abdominal operations are
performed with an endoscope passed through a natural
orifice (e.g., mouth, urethra, anus) and then through an
internal incision in the stomach, vagina or colon[73]. This
procedure allows flexible endoscope to reach organs outside the lumen of the bowel. NOTES is minimally invasive compared to open surgery is exposed to fewer risks.
Hybrid NOTES enables minimal tumor resection using
the ESD technique, and laparoscopic lymphadenectomy
can be performed simultaneously in cases of EGC with
high risk for LNM. Hybrid NOTES for EGC means endoscopic full-thickness gastric resection (EFTGR) with
laparoscopic regional lymph node dissection. It consists
of endoscopic full-thickness gastric resection and laparoscopic lymphadenectomy after sentinel node navigation.
EFTGR consists of five major procedures: (1) marking
around the lesion safety margin confirmed by margin
biopsies; (2) a circumferential incision as deep as the submucosal layer around the lesion; (3) circumferential endoscopic full-thickness resection around the lesion through
the submucosal incision line under the laparoscopic guidance; (4) laparoscopic full-thickness resection around the
remaining lesion through the EFTGR incision line inside

ESD with sentinel node navigation
Sentinel lymph node is the hypothetical first lymph node
or group of nodes draining a cancer and is considered
the first site of micrometastasis along the route of lymphatic drainage. Sentinel node navigation is defined as
a novel, minimally invasive surgery based on sentinel
node mapping and the sentinel node-targeted diagnosis
of nodal metastasis. The concept of sentinel node has
evolved from the surgical staging of both breast cancer
and melanoma. It avoided unnecessary prophylactic radical lymphadenectomy such as axillary lymph node dissection in breast cancer patients with negative sentinel node
for cancer metastasis. Although the clinical application
of sentinel node mapping for EGC has been controversial for years, sentinel node mapping, using a dual-tracer
method that utilizes radioactive colloids and blue dyes, is
currently considered the most reliable method for the stable detection of sentinel nodes in patients with EGC[65,66].
An accumulation of radioactive colloids facilitates the
identification of sentinel nodes even in resected specimens, and the blue dye is effective for intraoperative visualization of lymphatic flow, even during laparoscopic surgery. Usually, technetium-99m tin colloid, technetium-99
m sulfur colloid, and technetium-99m antimony sulfur
colloid are used as radioactive tracers. Isosulfan blue, patent blue, and indocyanine green (ICG) are currently the
preferred dye tracers. The patients with clinical T1N0 (<
4 cm) gastric cancer can undergo sentinel node mapping
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Figure 2 Endoscopic submucosal dissection with sentinel node navigation. A: Marking for endoscopic submucosal dissection is performed around the tumor; B:
Indocyanine green is injected into the submucosal layer around the tumor for sentinel node navigation; C: Sentinel node harvest is performed by laparoscopic pick-up
biopsy; D: Endoscopic submucosal dissection is performed.
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D
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Figure 3 Full-thickness gastric resection. A: An elevated lesion is noted at the lesser curvature of upper body; B: The lesion becomes distinct by chromoendoscopy using acetic acid and indigocarmin; C: For sentinel node navigation, indocyanine green is injected into the submucosal layer after marking around the tumor; D:
Endoscopic full-thickness resection is performed after sentinel node harvest and regional lymph node dissection; E: Final resection is performed with laparoscopy; F:
Gastric closure is achieved with laparoscopy.

the peritoneal cavity; and (5) laparoscopic closure of the
resection margin[74] (Figure 3). The lymph node dissec-
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nodes are dissected after sentinel lymph node navigation.
The first prospective, pilot study for 14 patients with
EGC was published in Korea[75]. The case series concluded that hybrid NOTES could be a bridge between
endoscopic resection and laparoscopic surgery and may
prevent extensive gastrectomy with lymphadenectomy
in patients with EGC. EFTGR has a limited indication
because of the potential for tumor dissemination into the
abdominal space during the procedure and vagus nerve
injury. Until now, several studies have been published,
and techniques are being developed to accomplish nonexposed endoscopic wall-inversion surgery[76-78]. This new
method may be an alternative to surgery in patients with
submucosal cancer with or without ulceration, or mucosal cancer technically difficult to resect with ESD[74,76,78].

6
7

8

9
10

Upcoming challenges in the new era
The key to improving therapeutic outcomes for EGC is
early detection and accurate diagnosis. In spite of many
advantages, endomicroscopy including CLE is still limited
to some tertiary centers throughout the world. The biggest restraint in using CLE is that most health-care systems do not offer a billing code for this kind of advanced
and optimized endoscopy. Clinical use of CLE before
ESD will provide more accurate diagnosis of EGC compared with biopsies. Moreover, advance in endoscopic instruments, techniques and training is essential to improve
outcomes of patients with EGC. Recently, novel laser
system for ESD was introduced. ESD was completed using only the thulium laser, instead of endoscopy knives,
without significant complications in all 10 patients[79].
In the near future, the concept of endoscopic surgery
including ESD with sentinel node navigation and hybrid
NOTES is expected to become one of the treatment
options for the selective EGC patients with high risk of
LNM.
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Core tip: The standard of care for the management of
localized gastric cancer continues to vary depending on
where in the world this treatment takes place. In metastatic gastric cancer the outcomes remain poor. The
first line treatment consists of trastuzumab in addition
to chemotherapy in Her2 positive disease or fluoropyrimidine and platinum (with or without docetaxel or
epirubicin) in Her2 negative disease. What is now clear
is that second line chemotherapy, with either irinotecan, docetaxel or ramucirumab does improve overall
survival.

Abstract
Gastric cancer represents a serious health problem
on a global scale. It is the second leading cause of
cancer-related death worldwide. Novel therapeutic
targets are desperately needed because the meager
improvement in the cure rate of about 10% realized by
adjunctive treatments to surgery is unacceptable as >
50% patients with localized gastric cancer succumb to
their disease. Either postoperative chemoradiotherapy
(United States), pre-and post-operative chemotherapy
(Europe), and adjuvant chemotherapy after a D2 resection (Asia) can all be regarded as standards of care in
the localized gastric cancer management. In metastatic
disease the addition of trastuzumab to chemotherapy is
standard of care in Her2 positive disease. In the HER2
negative population, the treatments remain limited.
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Gastric cancer represents a serious health problem on
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ach[16,17]. Although gastric cancer does not occur in most
patients infected with H. pylori, the increased risk in patients who are infected has raised the issue of whether H.
pylori eradication might decrease the risk of gastric cancer.
Although the role of H. pylori in gastric cancer pathogenesis is well defined, no definitive evidence shows that
mass eradication could reduce the incidence of gastric
cancer[18]. A large Chinese study of 1630 patients showed
no benefit in the prevention of gastric cancer with the
eradication of H. pylori[19]. However, in a subgroup of
patients with no precancerous lesions on presentation,
no patient developed gastric cancer during a follow-up of
7.5 years after H. pylori eradication treatment compared
with those who received placebo (0 vs 6; P = 0.02)[19].
In contrast, in another large study short-term treatment
with amoxicillin and omeprazole statistically significantly
reduced gastric cancer incidence by 39% during the period extending 14.7 years after H. pylori treatment[20]. A
meta-analysis suggested that eradication could reduce
the risk of gastric cancer, however this meta-analysis was
criticized for methodological issues[21]. At the present
time the treatment of this infection should be confined
to patients with peptic ulcer disease, MALT, and post endoscopic resection for esophogogastric cancer and a role
of broad prevention strategy has yet to be defined.

a global scale. It is the second leading cause of cancerrelated death worldwide[1]. Eastern Asia, Eastern Europe,
and South America are major endemic areas with a high
incidence of gastric cancer. In the United States, gastric
cancer is relatively uncommon, with 21600 new cases and
10990 cancer deaths occurring in 2013[2]. Between 2002
and 2008 the 5-year relative survival rate was only 27%
according to the SEER database[3]. More than 90% of the
tumors are adenocarcinomas, the focus of this review.
It is important to note, that despite these worrying
statistics, the incidence of gastric cancer globally has been
decreasing since World War Ⅱ[4]. The factors that have
led to this decline include improved living standards[4-7],
and early detection strategies that have reduced death
rates in countries such as Japan[8].
The only curative option in the treatment of gastric
cancer is surgery and for metastatic disease patients, conventional chemotherapy has shown only a modest benefit
in metastatic disease with an average survival of approximately ten months.
This Review will primarily focus on the medical treatments for localized and metastatic stage gastric cancer
and the challenges we face with the development and use
of targeted molecular therapies.

RISK FACTORS FOR GASTRIC CANCER

TREATMENT OF LOCALIZED DISEASE

Factors associated with an increased risk of gastric cancer include nutrition, such as high salt and nitrate intake,
a diet low in vitamins A and C, the consumption of large
amounts of smoked or cured foods, lack of refrigerated
foods and poor quality drinking water[9]. Occupational
exposure to rubber and coal also increase the risk. Other
risk factors which have been implicated include: cigarette
smoking, Helicobacter pylori (H. pylori) infection, EbsteinBarr virus, radiation exposure, and prior gastric surgery
for benign ulcer disease [10]. More recently, a number
of authors have demonstrated that polymorphisms in
inflammatory genes can be associated with gastric cancer risk[11-13]. Genetic risk factors include type A blood
group, pernicious anemia, family history of gastric
cancer, hereditary non-polyposis colon cancer, and LiFraumeni syndrome[10]. In a limited number of patients
(1%-3%), its diagnosis is associated with inherited syndromes. E-cadherin mutations occur in approximately
25% of families with an autosomal-dominant hereditary
form of diffuse gastric cancer[14]. Genetic counseling
is recommended, and prophylactic gastrectomy should
be considered in young, asymptomatic individuals with
germline truncating CDH1 (E-cadherin 1) mutations
with a family history of highly penetrant hereditary diffuse gastric cancer[15].

Localized gastric cancer can be classified as clinical T1
disease or higher with or without involved regional
lymph nodes. A minimum of 15 examined lymph nodes
is recommended for adequate staging. Clinical staging
has improved with the availability of diagnostic modalities such as endoscopic ultrasound, computed tomography (CT), combined PET-CT, magnetic resonance
imaging, and laparoscopic staging (For details on staging
please refer to[22]).
The adjunctive therapy used for the treatment of
localized gastric cancer in addition to surgery depends
on geographic location in the world. In North America
and Europe, results from the INT-0116[23] (the adjuvant
chemoradiation approach) and Medical Research Council Adjuvant Infusional Chemotherapy (MAGIC) (the
neoadjuvant and adjuvant chemotherapy approach) trials
have established the standard of care[24]. In Asia, on the
other hand adjuvant chemotherapy following a D2 resection is considered the gold standard[25,26].
Perioperative chemotherapy
This approach is based on the assumption that neoadjuvant systemic therapy, can lead to tumor downstaging, leading to an improved R0 resection rate. This is
particularly significant in Western patients in whom the
tumors are usually bulky at diagnosis[27]. The question of
the benefit of neo-adjuvant chemotherapy was addressed
as a part of the MAGIC trial, which has established Level
1 evidence for this approach (Table 1)[24].
The MAGIC trial enrolled 503 patients with gastric,

PREVENTION
Results from a number of studies have demonstrated
an increased likelihood of H. pylori infection in patients
with gastric cancer, particularly cancer of the distal stom-
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Table 1 Major phase Ⅲ trials for gastric cancer in the localized setting
Ref.

n

Macdonald et al[23]
Cunningham et al[24]
Fuchs et al[62]

556
503
546

Lee et al[31]
Sakuramoto et al[25]

458
1059

Bang et al[26]
Ychou et al[28]
Tsuburaya et al[63]

1035
224
1495

ARTIST II[64]
Okines et al[65]
Leong et al[33]

1000
1100
752

Treatment arms

HR for overall survival or
death (P value)

Survival comparison

Surgery and chemoradiotherapy1 vs surgery
ECF, surgery, ECF vs surgery
5-FU, chemoradiotherapy, 5‑FU vs ECF,
chemoradiotherapy, ECF
Surgery and XP vs surgery, XP, XRT, XP
Surgery vs surgery and S‑1

1.35 (0.005)
0.75 (0.009)
1.03 (0.800)

Overall survival: 36 mo vs 27 mo
5-yr overall survival: 36.3% vs 23%
Overall survival: 37 mo vs 38 mo

XELOX and surgery vs surgery
Perioperative chemotherapy vs surgery
Surgery and UFT vs surgery and S‑1 vs surgery,
paclitaxel and UFT vs surgery, paclitaxel and S‑1
Surgery and S1Ox vs surgery, S1Ox, XRT and S1Ox
ECX and bevacizumab vs ECX
Preoperative chemotherapy vs preoperative
chemoradiotherapy

HR for DFS 0.6865 (0.0471)
3-yr DFS: 74.2% vs 78.2%
0.68 (0.003) 5 yr data in
3-yr overall survival: 70.1% vs 80.1%
3-yr RFS: 72.2% vs 59.6%
JCO 0.669
0.56 (< 0.0001)
3-yr DFS: 74% vs 59%
0.69 (0.02)
5-yr overall survival: 38% vs 24%
NR
NR
NR
NR
NR

NR
NR
NR

1

Forty-five Gy radiotherapy plus 5-FU. Ongoing trial; Hazard ratio reduced to 0.8 on follow-up analysis. 5-FU: 5-Fluorouracil; ASC: Active symptom control; BSC: Best supportive care; CapeOx: Capecitabine and oxaliplatin; CF: Cisplatin and 5-FU; CX: Cisplatin and capecitabine; DFS: Diseas-free survival;
ECF: Epirubicin, cisplatin and 5-FU; ECX: Epirubicin, cisplatin and capecitabine; EOC: Epirubicin, oxaliplatin and capecitabine; HR: Hazard ratio; mEOC–
P: EOC plus panitumumab; PFS: Progression-free survival; RFS: Relapse-free survival; UFT: Tegafur and uracil; XELOX: Capecitabine and oxaliplatin; XP:
Capecitabine and cisplatin; S1Ox: S1 and oxaliplatin; XRT: Chemoradiation.

gastroesophageal junction, and esophageal carcinoma[24].
These patients were randomized to receive three cycles
of perioperative chemotherapy, consisting of epirubicin, cisplatin and 5-fluorouracil (5-FU) (ECF) followed
by surgery, followed by three more cycles of ECF or
to surgery followed by observation. In this trial, postoperative chemotherapy proved hard to deliver with only
34% of patients receiving this treatment and only 68%
of patients underwent a curative resection. Despite this,
both progression free survival (PFS) and overall survival
(OS) were improved in the group receiving ECF (HR for
PFS hazard ratio for progression, 0.66; 95%CI: 0.53-0.81;
P < 0.001, and HR for OS = 0.75; 95%CI: 0.60-0.93; P
= 0.009). Five-year survival rates were 36.3% (95%CI:
29.5%-43.0%) among patients in the perioperative-chemotherapy group and 23.0% (95%CI: 16.6%-29.4%) among
those in the surgery group[24]. Taken together this suggests
that that majority of the benefit may in fact come from
the preoperative portion of the chemotherapy.
A second, French study supports the results of the
MAGIC trial. This is the FNCLCC and FFCD multicenter phase Ⅲ trial that was terminated prematurely for
poor accrual and is therefore not adequately powered[28].
Overall, 224 patients with resectable adenocarcinoma of
the lower esophagus, gastroesophageal junction (GEJ),
or stomach (only 25%) were randomly assigned to either
perioperative chemotherapy (with Cisplatin and 5-FU)
and surgery followed by three to four cycles of cisplatin
and 5-FU or surgery alone. Only approximately 50% of
patients received any post-operative chemotherapy. Despite these issues the chemotherapy and surgery group
had a significantly higher OS (HR for death = 0.69;
95%CI: 0.50-0.95; P = 0.02) and DFS (HR for recurrence
or death = 0.65; 95%CI: 0.48-0.89; P = 0.003). Five-year
survival rates were 38% (95%CI: 29%-47%) in the che-
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motherapy and surgery group compared to 24% (95%CI:
17%-33%) in the surgery group. These results are quite
similar to those of the MAGIC trial and bring into question the usefulness of the addition of epirubicin to cisplatin and 5-FU.
In contrast, a study by the European Organization
for Research and Treatment of Cancer (EORTC) did not
demonstrate a benefit from the addition of perioperative chemotherapy[29]. This trial showed a significantly
increased R0 resection rate but failed to demonstrate a
survival benefit for the addition of chemotherapy, however it was not sufficiently powered to demonstrate a
difference given its premature termination due to poor
accrual. An ongoing Japanese Clinical Oncology Group
(JCOG0501) trial is attempting to answer the question of
whether perioperative chemotherapy with cisplatin and
S-1 adds anything to their standard of care which is surgery followed by adjuvant S-1 chemotherapy. The results
of this trial are awaited; however, they are unlikely to be
generalizable to the North American population because
of different tumor biology.

POSTOPERATIVE
CHEMORADIOTHERAPY
The appeal of adjuvant chemoradiation therapy comes
from Level 1 evidence of its benefit from the Intergroup
0116 trial that showed a significant improvement in OS in
the group of patients treated with adjuvant chemoradiotherapy (Table 1)[23,30]. In this trial 559 patients with stage
ⅠB to Ⅳ disease were randomized to chemoradiation
following surgery or surgery alone. The chemoradiation
group received chemotherapy consisting of 5-FU and
leucovorin starting on day 1 and was followed by chemo-
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radiotherapy beginning 28 d after the start of the initial
cycle of chemotherapy. Chemoradiotherapy consisted
of 4500 cGy of radiation at 180 cGy per day, five days
per week for five weeks, with fluorouracil (400 mg/m2
per day) and leucovorin (20 mg/m2 per day) on the first
four and the last three days of radiotherapy. One month
after the completion of radiotherapy, two five-day cycles
of fluorouracil (425 mg/m2 per day) plus leucovorin (20
mg/m2 per day) were given one month apart. The threeyear survival rates were 50% in the chemoradiation group
and 41% in the surgery-only group. The hazard ratio for
death in the surgery-only group, as compared with the
chemoradiation group, was 1.35 (95%CI: 1.09-1.66; P =
0.005). The hazard ratio for relapse in the surgery-only
group, as compared with the chemoradiation group, was
1.52 (95%CI: 1.23-1.86; P < 0.001)[23]. Recently updated
results of this study continue to demonstrate a benefit
both in terms of OS and recurrence free survival (RFS)[30].
The major issue of this study was that the majority of patients did not receive an adequate lymph node dissection.
Although a D1 resection was mandated per protocol,
more than 50% of patients underwent a D0 resection,
and only 10% of patients underwent a D2 resection. It is
therefore questioned whether the survival difference occurred because of inadequate surgery rather than a true
benefit of chemoradiation.
The Adjuvant Chemoradiation Therapy in Stomach
Cancer (ARTIST) trial[31] compared adjuvant chemoradiotherapy with adjuvant chemotherapy after an R0 resection with D2 dissection in 458 patients. However, the
3-year DFS rate, as the primary end point was not statistically different between the two groups. In the subgroup
analysis, patients with node-positive cancer in the adjuvant chemoradiotherapy group had a significantly better
3-year DFS rate than those in the adjuvant chemotherapy
group. This result suggests that the adjuvant chemoradiotherapy might have been beneficial compared with adjuvant chemotherapy among the node-positive populations,
a theory currently being tested in the ARTIST Ⅱ Trial.
This trial differs from The Macdonald trial in that all patients received a D2 resection and the chemotherapy administered to all patients consisted of S1 and oxaliplatin
(and not 5-FU). This brings into question the usefulness
of chemoradiation after a D2 resection.
Finally the results of two trials, the TOPGEAR trial
and the CRITICS trial, exploring the role of chemoradiotherapy are still awaited[32,33].

hazard ratio for death in the S-1 group, as compared
with the surgery-only group, was 0.68 (95%CI: 0.52-0.87;
P = 0.003). This analysis was updated after five years
of follow-up and demonstrated consistent results [34].
The OS rate at 5 years was 71.7% in the S-1 group and
61.1% in the surgery-only group (HR = 0.669; 95%CI:
0.540-0.828). The RFS rate at 5 years was 65.4% in the S-1
group and 53.1% in the surgery-alone group (HR = 0.653;
95%CI: 0.537-0.793).
A second Asian study, the Capecitabine and Oxaliplatin Adjuvant Study in Stomach Cancer (CLASSIC
trial) randomized 1035 patients who had undergone D2
gastrectomy to capecitabine plus oxaliplatin for 6 mo
or observation[26]. The study demonstrated a benefit of
capecitabine and oxaliplatin treated patients for the primary end point of disease-free survival (at 3 years; HR =
0.56, 95%CI: 0.44-0.72; P < 0.0001) at the pre-specified
interim analysis. After this analysis, the trial was stopped
after a recommendation by the data monitoring committee. The mature OS data are awaited, however 3-year
OS was 83% (95%CI: 79-87) in the chemotherapy group
and 78% (74-83) in the surgery only group (HR = 0.72,
95%CI: 0.52-1.00; P = 0.0493). It is likely that an OS
benefit will be found with longer follow-up.
A meta-analysis based on single patient-data from
3,838 patients and 17 randomized controlled trials
showed a 7% improvement in OS (HR = 0.82; 95%CI:
0.76-0.90; P < 0.001) for fluorouracil-based postoperative chemotherapy when compared with surgery alone[35].
This meta-analysis was criticized because it combined
studies from different time periods with differing eligibility criteria and therapeutic approaches, making it difficult
to make a firm conclusion.
Based on the previously mentioned trials and metaanalysis, postoperative chemoradiotherapy (United
States), pre-and post-operative chemotherapy (Europe),
and adjuvant chemotherapy after a D2 resection (Asia)
can all be regarded as standards of care in the localized
gastric cancer management.

TREATMENT OF METASTATIC DISEASE
The medical treatment of metastatic gastric cancer is primarily palliative and confers a modest effect on OS. Multiple agents are active in the treatment of gastric cancer,
including fluoropyrimidines (5-FU, capecitabine, and S1),
anthracyclines, platinum agents, taxanes, irinotecan, and
some targeted therapies such as trastuzumab for HER-2
overexpressing gastric cancers). Combination regimens
are associated with higher response rates, and according
to one meta-analysis, are also associated with increased
survival when compared with single-agent chemotherapies[36]. By and large the trials addressing the value of
targeted therapies, for example epidermal growth factor
receptor (EGFR) and vascular endothelial growth factor (VEGF) were done in un-selected (not bio-marker
enriched) populations and have not-surprisingly yielded

Adjuvant chemotherapy
The benefits of adjuvant chemotherapy after a D2 resection were initially demonstrated in Japan and the chemotherapy used was S1 (an oral fluoropyrimidine)[25]. The
Adjuvant Chemotherapy Trial of S‑1 for Gastric Cancer
(ACTS-GC) trial randomized 1059 patients to 1 year
of S‑1 or observation. The primary analysis of followup data showed that the 3-year OS rate was 80.1% in
the S-1 group and 70.1% in the surgery-only group. The
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Table 2 Major phase Ⅲ trials for gastric cancer in the advanced setting
n

Trial

Treatment arms

HR for overall survival (P value)

Advanced gastric cancer - first-line
Bang et al[39]
584 CX, CF and trastuzumab vs CX and CF1
Ohtsu et al[42]
774
Cisplatin and 5‑FU vs cisplatin, 5‑FU
and bevacizumab
Lordick et al[44]
904
CX vs CX and cetuximab
Waddell et al[45]
553
EOC vs mEOC–P
Van Cutsem et al[37]
445
DCF vs CF
Koizumi et al[40]
Ajani et al[66]
Hecht et al[67]

0.74 (0.0046)
0.87 (0.1002)
1.004 (0.9547)
1.37 (0.013)
TTP 1.47 (< 0.001)
OS 1.29 (0.02)
0.77 (0.04)
0.92 (0.20)
0.91 (0.35)

S‑1 and cisplatin vs S‑1
Cisplatin and S‑1 vs cisplatin and 5‑FU
CapeOx and lapatinib vs CapeOx and
placebo
Advanced gastric cancer - second-line
Ohtsu et al[51]
656
BSC and placebo vs BSC and
everolimus
Fuchs et al[47]
355
BSC and ramucirumab vs BSC
Bang et al[52]
261
Lapatinib and paclitaxel vs paclitaxel
Kang et al[50]
202
BSC vs docetaxel or irinotecan
Thuss-Patience et al[48]
40
Irinotecan and BSC vs BSC
Cook et al[49]
168
Docetaxel and ASC vs ASC
305
1053
545

Survival comparison
Overall survival: 13.8 mo vs 11.1 mo
Overall survival: 10.1 mo vs 12.1 mo
PFS: 5.3 mo vs 6.7 mo
Overall survival: 10.7 mo vs 9.4 mo
Overall survival: 11.3 mo vs 8.8 mo
Time to progression: 5.6 mo vs 3.7 mo,
9.2 mo vs 8.6 mo
Overall survival: 13.0 mo vs 11.0 mo
Overall survival: 8.6 mo vs 7.9 mo
Overall survival: 12.2 mo vs 10.5 mo

0.90 (0.1244)

Overall survival: 4.3 mo vs 5.4 mo

0.776 (0.047)
0.84 (0.2088)
0.657 (0.007)
0.48 (0.012)
0.67 (0.01)

Overall survival: 5.2 mo vs 3.8 mo
Overall survival: 11.0 mo vs 8.9 mo
Overall survival: 3.8 mo vs 5.3 mo
Overall survival: 4.0 mo vs 2.4 mo
Overall survival: 5.2 mo vs 3.6 mo

1

Hazard ratio reduced to 0.8 on follow-up analysis. 5-FU: 5-Fluorouracil; ASC: Active symptom control; BSC: Best supportive care; CapeOx: Capecitabine
and oxaliplatin; CF: Cisplatin and 5-FU; CX: Cisplatin and capecitabine; DFS: Diseas-free survival; ECF: Epirubicin, cisplatin and 5-FU; ECX: Epirubicin,
cisplatin and capecitabine; EOC: Epirubicin, oxaliplatin and capecitabine; HR: Hazard ratio; mEOC–P: EOC plus panitumumab; PFS: Progression-free survival; RFS: Relapse-free survival; UFT: Tegafur and uracil; XELOX: Capecitabine and oxaliplatin; XP: Capecitabine and cisplatin; XRT: XP and radiotherapy.

disappointing results.

Progression-free survival and response rates did not differ significantly among the regimens[38].
The third randomized phase Ⅲ trial enrolled 305
patients in Japan, to either S-1 alone or S1 and cisplatin.
Median OS was significantly longer in patients assigned
to S-1 plus cisplatin (13 mo) than in those assigned to S-1
alone [11 mo (HR for death = 0.77; 95%CI: 0.61-0.98; P
= 0.04)]. Progression-free survival was significantly longer in patients assigned to S-1 plus cisplatin than in those
assigned to S-1 alone (median progression- free survival
6 mo vs 4 mo; P < 0.0001)[40]. This trial provided evidence
for the superiority of the addition of cisplatin when
compared to a fluoropyrimidine alone, and established
the use of a fluoropyrimidine in addition to a platinum as
a reasonable treatment option.
Trastuzumab was the first targeted agent with
documented clinical activity in the advanced gastric and
gastroesophageal setting cancer setting. This treatment
is useful in the HER2 enriched population, however
approximately 20% of gastric cancers and 30% of gastroesopageal cancers overexpress HER2 so that a relatively small proportion of patients benefits from the treatment. The trastuzumab in Gastric Cancer (ToGA) trial
randomized 584 patients whose tumors overexpressed
HER2 by immunohistochemistry (IHC) or fluorescence
in situ hybridization (FISH) to receive a fluoropyrimidine
(5-FU or capecitabine) plus cisplatin with or without
trastuzumab. The chemotherapy was administered every
3 wk for six cycles and trastuzumab was administered every 3 wk until disease progression[39]. They found that the
addition of trastuzumab to chemotherapy increased OS
from 11.1 mo to 13.8 mo (HR = 0.74, 95%CI: 0.60-0.91;

First line therapy
Only a minor amount of level 1 evidence exists for the
treatment of gastric cancer in the first line setting. In fact,
only docetaxel[37], cisplatin/oxaliplatin[38], and trastuzumab[39] use is supported by high level evidence (Table 2).
A phase Ⅲ trial involving 445 patients with metastatic
cancer randomized patients to receive, cisplatin and 5-FU
or Cisplatin, 5-FU and docetaxel. They found that the
addition of docetaxel was superior in terms of response
rate (37% vs 25%; P = 0.01), time-to-tumor progression
(5.6 mo vs 3.7 mo; P < 0.001), and OS (9.2 mo vs 8.6 mo;
P = 0.02)[37]. One could question the clinical significance
of a less than one month absolute improvement in OS
particularly in the context of significant toxicities, most
notably, a high rate of febrile neutropenia (30%). Importantly, this regimen should not be used in patients who
have a reduced performance status.
Another randomized phase Ⅲ trial including 1002
patients, tried to improve on the regimen of ECF, by
substituting oral capecitabine (X) for infusional 5-FU,
and by using the non-nephrotoxic oxaliplatin (O), rather
than cisplatin. The combination of epirubicin/oxaliplatin/capecitabine (EOX) was found to be less toxic and
at least as effective as ECF. The median survival times
for ECF (control), ECX, EOF, and EOX arms were 9.9
mo, 9.9 mo, 9.3 mo, and 11.2 mo, respectively. The one
year survival rates were 37.7%, 40.8%, 40.4% and 46.8%,
respectively. In the secondary analysis, OS was longer
with EOX than with ECF, with a hazard ratio for death
of 0.80 in the EOX group (95%CI: 0.66-0.97; P = 0.02).
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P = 0.0046). The secondary endpoints of PFS (6.7 mo vs
5.5 mo; P = 0.0002) and response rate (47.3% vs 34.5%;
P = 0.0017) were also improved. On extended followup the HR of OS for the addition of trastuzumab has
decreased to 0.80[41], indicating that although real the
response to trastuzumab may be short lived. The difference in median OS was reduced from 2.7 mo to merely
1.4 mo, representing an approximate 50% decrease in
the effect of trastuzumab, which suggests that only a few
patients benefit. Based on this trial the combination of
trastuzumab to chemotherapy has become the standard
of care in patients whose tumors overexpress HER2.
In contrast to the encouraging results with trastuzumab in HER2 overexpressing cancers, bevacizumab failed
to demonstrate an OS benefit when it was added to a
combination of cisplatin and fluoropyrimidine in patients
with advanced gastric and gastroesophageal junction adenocarcinoma[42]. A total of 774 patients were randomized
and the median OS was 12.1 mo with bevacizumab plus
fluoropyrimidine-cisplatin and 10.1 mo with placebo plus
fluoropyrimidine-cisplatin (HR = 0.87; 95%CI: 0.73-1.03;
P = 0.1002). Both median progression-free survival (6.7
mo vs 5.3 mo; HR = 0.80; 95%CI: 0.68-0.93; P = 0.0037)
and overall response rate (46.0% vs 37.4%; P = 0.0315)
were significantly improved with bevacizumab vs placebo[42]. In a pre-planned subgroup analysis, they were able
to show that a benefit in terms of OS existed for “PanAmerican” patients but not for European and Asian patients. This might point to differences in tumor biology,
but is also dependent on other factors. A subsequent
retrospective biomarker analysis of the AVAGAST trial
showed that patients with high baseline plasma VEGF-A
levels and with low baseline expression of neuropilin-1
seemed to have an improved OS. For both biomarkers, subgroup analyses demonstrated significance only
in patients from non-Asian regions[43]. It is important to
note that neither of these biomarkers has been validated.
Unlike the ToGA trial the AVAGAST trial did not use an
enriched patient population, underscoring the importance
of appropriate patient population selection in randomized controlled trials and the use of predictive biomarkers
to direct care.
Equally disappointing results were also reported from
two EGFR targeting trials (EXPAND and REAL-3)[44,45].
The EXPAND trial randomized 904 patients to receive
capecitabine and cisplatin, with or without cetuximab.
This study did not achieve its primary endpoint, with the
median PFS for 455 patients allocated capecitabine-cisplatin plus cetuximab being 4.4 mo compared to 5.6 mo
for 449 patients who were allocated to receive capecitabine-cisplatin alone (HR = 1.09, 95%CI: 0.92-1.29; P =
0.32)[44]. The REAL-3 study was terminated prematurely
because a statistically significantly lower OS was noted
in patients treated with modified epirubicin/oxaliplatin/
capecitabine (EOC) and panitumumab. The final analysis
of this study, which randomized patients with advanced
esophogogastric adenocarcinoma, was published in Lancet Oncology[45]. Median OS of patients allocated EOC
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was 11.3 mo (95%CI: 9.6-13.0) compared with 8.8 mo
(7.7-9.8) in 278 patients allocated to modified EOC and
panitumumab (HR = 1.37, 95%CI: 1.07-1.76; P = 0.013).
There was a non-significant trend to worse outcome in
patients treated with panitumumab, again highlighting the
importance of patient selection in randomized controlled
trials. A biomarker analysis of the REAL-3 trial did not
identify any biomarkers whose presence predicted resistance to modified EOC and panitumumab, however only
a few biomarkers were evaluated in this study[46].
In summary, the standard of care in the first line
setting remains a combination of fluoropyrimidine and
platinum containing chemotherapy, with the addition
of trastuzumab in the HER-2 enriched population. The
results of targeted therapy trials have by enlarge been
disappointing, but none of these trials looked at an appropriately enriched population.
Second line therapy
The validity of the use of second line chemotherapy, and
its benefit in gastric cancer has long been questioned,
however three recently published trials all demonstrated
an OS prolongation, albeit very modest, when three
agents were compared to best supportive care (BSC)
(Table 2)[47-49]. A small German phase Ⅲ study (AIO
trial) compared the efficacy of irinotecan plus BSC to
BSC alone in patients with advanced gastric and gastroesophageal junction adenocarcinoma[48]. Only 40 patients
were randomized and the study was closed early due to
poor accrual. The hazard ratio for death is 0.48 with a
95% confidence interval of 0.25-0.92 favoring the active
treatment with irinotecan (P = 0.023). The median survival is 4.0 mo (95%CI: 3.6-7.5) in the irinotecan arm and
2.4 mo (95%CI: 1.7-4.9) in the BSC-arm[48]. There were
no documented responses to irinotecan in this trial. The
second trial, COUGAR-02, randomized 186 patients to
docetaxel plus BSC vs BSC alone. Docetaxel significantly
improved OS over BSC alone [median 5.2 mo (95%CI:
4.1-5.9 mo) for docetaxel; 3.6 mo (95%CI: 3.3-4.4 mo)
for BSC, HR = 0.67 (95%CI: 0.49-0.92); P = 0.01][49].
The recently published REGARD trial, randomized 355
patients to receive ramucirumab or placebo[47]. This study
demonstrated a marginal improvement in median OS,
5.2 mo in patients in the ramucirumab group and 3.8
mo in those in the placebo group (HR = 0.776, 95%CI:
0.603-0.998; P = 0.047). Interestingly, the average patient
on study treated with ramucirumab received treatments
for two weeks longer than the average patient on placebo.
Another study which demonstrated an OS of patients
treated with chemotherapy (either docetaxel or irinotecan) vs best supportive care was published by Kang et al[50]
Median OS was 5.3 mo among 133 patients in the chemotherapy arm and 3.8 mo among 69 patients in the best
supportive care arm (HR = 0.657; 95%CI: 0.485-0.891;
one-sided P = 0.007). There was no median OS difference between docetaxel and irinotecan (5.2 mo vs 6.5 mo;
P = 0.116).
Two other large studies in the second and third

756

February 8, 2015|First Edition|

Elimova E et al . Medical management of gastric cancer

line setting were recently published with disappointing
results[51,52]. The GRANITE-1 study randomized 656
patients to everolimus plus BSC vs placebo plus BSC.
Unfortunately this study did not achieve its primary end
point of OS [5.4 mo with everolimus and 4.3 mo with
placebo (HR = 0.90; 95%CI: 0.75-1.08; P = 0.124)][51].
Notably, the estimated percentage of patients remaining progression free at 6 mo was higher with everolimus
(12.0% vs 4.3%), as were the disease control rate (43.3%
vs 22.0%) and the tumor shrinkage rate (37.8% vs 12.3%).
These results suggest everolimus has activity in this heavily pretreated population. Identification of specific biomarkers for various patient subpopulations with advanced
gastric cancer may help define those patients who would
receive the most benefit from everolimus treatment[51]. Finally lapatinib, has been investigated in a large 420 patient
study (TYTAN Trial), which randomized HER2 positive
patients to lapatinib plus paclitaxel vs paclitaxel alone.
Median OS was 11.0 mo for L + P and 8.9 mo for P
alone in the intent-to-treat (ITT) population (HR = 0.84;
P = 0.2088). In a pre-planned subgroup analysis, median
OS in HER2 immunohistochemistry (IHC) 3+ subgroup
was 14.0 mo for the combination therapy and 7.6 mo for
paclitaxel alone (HR = 0.59; P = 0.0176)[52]. Interestingly,
it has recently been demonstrated that although the study
mandated IHC HER 2 positivity, 35% of Patients in TYTAN had tumors classified as IHC0/1[52].
Two studies highlight the importance of identification
and targeting of driver mutations, and their usefulness in
the creation of appropriate biomarkers to direct care[53,54].
In a small study with crizotinib, two out of four patients
with more than five MET copy number gains had a longer drug response duration than those with fewer gains[53].
Furthermore, in a phase Ⅱ study of rilotumumab (AMG
102), a fully human monoclonal antibody, the investigators were able to demonstrate that patients whose tumors
had a high total c-MET expression had longer OS[54].

of targeted therapy trials have by enlarge been disappointing, but none of these trials looked at an appropriately enriched population.
In the second line setting three agents have now been
shown to improve OS over BSC[47-49]. The benefits in
terms of OS are modest at best, with an average absolute
improvement of one to two months. Ramucirumab provided a modest benefit over placebo in the REGARD[47]
trial, however, the combination of ramucirumab plus
paclitaxel provided greater and more meaningful benefit
compared to paclitaxel in the RAINBOW[55] trial. We recommend combination of ramucirumab and paclitaxel in
the second line setting over other options when possible.
Overall, the results with targeted therapy in the metastatic setting have generally been disappointing, this is
likely because they used unselected and un-enriched (by
bio-markers) patient populations. Sequencing strategies
will hopefully help us find new potentially useful targets,
which must be present in a larger proportion of patients.
All patients with localized gastric cancer should undergo multidisciplinary evaluation by medical oncologists,
radiation oncologists, radiologists and surgeons. To go
one step further because localized gastric cancer is a complex disease and we are dealing with a potentially curable
situation, high-volume physicians in centers which have
the necessary infrastructure should only treat patients.
Only patients with stage T1aN0 disease should be evaluated for endoscopic therapy. Patients with clinical stage
greater than T1bN0 should be offered adjunctive therapy
(either pre- or post-operative) to increase the chances
of cure. Suitable patients with metastatic disease can be
offered both first and second line therapy with a known
survival advantage.

FUTURE DIRECTIONS
Several studies of single nucleotide polymorphisms
(SNPs) and genome-wide association studies (GWAS)
have revealed some plausible genes implicated in gastric
cancer and the targeting of driver mutations/genetic alterations and this is likely the future of cancer treatment.
These types of studies although interesting, have their
limitations.
Rare germline mutations (< 0.001% of the general
population) in CDH1 have been implicated in familial
cases of gastric cancer[15,56]. Intuitively, SNPs can facilitate
gastric cancer such that one adverse allele contributes
weakly, but multiple adverse alleles can considerably increase the risk[57]. However, these studies have had limited
yield and none can be used clinically because SNP studies
require customized approaches (with a priori assumptions that alterations in certain functional SNPs would
increase susceptibility to gastric cancer). In spite of the
correlations between certain SNPs and gastric cancer,
prospective validation requiring large, population-based
studies have been lacking as they are labor-intensive and
resource-intensive.
GWAS have been used to scan the whole genome to

CONCLUSION
In summary, the treatment for gastric cancer remains
quite complex with varying standards of care across the
world. However outcomes in the western world remain
poor, even in localized disease and better treatments are
clearly needed.
Either postoperative chemoradiotherapy (United
States), pre-and post-operative chemotherapy (Europe),
and adjuvant chemotherapy after a D2 resection (Asia)
can all be regarded as standards of care in the localized
gastric cancer management.
In the metastatic gastric cancer setting the benefit of
the addition of trastuzumab to standard chemotherapy,
in HER2 positive patients has clearly been established as
the standard of care[39]. In the HER2 negative population,
the treatments remain limited. In the first line setting, the
standard of care is a combination of fluoropyrimidine
and platinum containing chemotherapy, with or without
epirubicin (which is of questionable benefit). The results
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identify SNPs that are implicated in the disease[58]. Such
studies have identified genes not previously known to be
involved in gastric cancer-for example, PLCE1 (encoding
pancreas-enriched phospholipase C) has an oncogenic
role in skin and intestinal cancers[59], but is now thought
to have a role in gastric cancer. A Chinese research group
documented that SNPs in PSCA (encoding prostate stemcell antigen) was associated with diffuse gastric cancer[60,61].
The large volume of genomic information in the
field of cancer medicine remains unutilized. Because
cancer is a complex and heterogeneous disease the gap
between genomic evidence and personalized medicine
is wide. The primary problem we face is an incomplete
database of genomic information important in cancer
biology and a rudimentary understanding of how those
genomic alterations translate into biologic consequences.
We are unable to experimentally validate functionally
relevant driver mutations and differentiate these from
non-relevant bystanders because of the assay limitations,
but also because genes act in specific contexts (i.e., differing microenvironments and developmental states can
influence the expression of a genetic factor of interest).
Because of the sheer complexity of cancer it is likely that
hundreds of distinct molecular entities contribute to the
maintenance of cancer in the context of hundreds of
other genetic and epigenetic events.
For the future it is important to galvanize the research
community towards the single goal of understanding the
functionality of genes and driver mutations in particular. To date our efforts have been largely uncoordinated
and random, however we believe that this effort will be
helped by the transdisciplinary team science approaches
with multiple scientists interacting and working towards
the same goal.
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Proteomic and metabolic prediction of response to therapy
in gastric cancer
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disease. However, these new therapeutic strategies do
not uniformly benefit all patients. Predicting whether patients will respond to specific therapies would be of particular value and would allow for stratifying patients for
personalized treatment strategies. Metabolic imaging by
positron emission tomography was the first technique
with the potential to predict the response of esophagogastric cancer to neoadjuvant therapy. Exploring and
validating tissue-based biomarkers are ongoing processes. In this review, we discuss the status of several targeted therapies for gastric cancer, as well as proteomic
and metabolic methods for investigating biomarkers for
therapy response prediction in gastric cancer.
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Core tip: The prognosis of patients diagnosed with
gastric cancer is still poor. Cytotoxic treatment and
targeted therapies have improved the prognosis of patients. However, patients do not benefit equally from
these treatment options. The ability to predict whether
patients will respond to specific therapies would be of
particular value and would allow for stratifying patients
for personalized treatment strategies. In this review,
we discuss the status of targeted therapies for gastric
cancer, as well as proteomic and metabolic methods for
investigating biomarkers for therapy response prediction in gastric cancer.

Abstract
Several new treatment options for gastric cancer have
been introduced but the prognosis of patients diagnosed with gastric cancer is still poor. Disease prognosis
could be improved for high-risk individuals by implementing earlier screenings. Because many patients are
asymptomatic during the early stages of gastric cancer,
the diagnosis is often delayed and patients present with
unresectable locally advanced or metastatic disease.
Cytotoxic treatment has been shown to prolong survival
in general, but not all patients are responders. The application of targeted therapies and multimodal treatment has improved prognosis for those with advanced
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metabolic imaging during early assessment of patientspecific treatment strategies.
Gastric cancer is an active topic of clinical and basic
research due to the high morbidity and mortality. A full
understanding of molecular parameters that determine
prognosis and how to predict and control therapeutic
responses is lacking. Identification of specific biomarkers will elucidate the molecular, proteomic, and metabolic
treatment responses and drug resistance mechanisms.
This review discusses proteomic approaches for biomarker detection and metabolic imaging for early prediction of gastric cancer response to systemic and targeted
therapies.

INTRODUCTION
Gastric cancer morbidity ranks number four and mortality ranks number two with respect to worldwide cancer
disease incidence and death[1]. Disease outcome depends
on the tumor stage at the time of diagnosis; if not diagnosed early, prognosis is generally poor. Because most of
the patients are asymptomatic during the early stages of
gastric cancer, the diagnosis is often delayed and patients
present with an unresectable locally advanced or metastatic disease. Current treatment protocols for gastric
cancer are based primarily on results of clinical studies,
and to a lesser degree on specific histological features.
Treatment options for gastric cancer patients include
surgery, chemotherapy and radiation therapy. The current prognosis for individuals with gastric cancer is grim,
with fewer than 25% of patients surviving at 5 years after
diagnosis[1,2]. Improved preoperative care and surgical
techniques have produced clear benefits. However, real
progress will only be achieved through the development
of new treatment options that have reduced cell toxicity
compared with that of standard therapeutic regimens.
Recent studies are exploring approaches based on molecularly targeted therapeutics. This strategy personalizes the
treatment therapy based on individual biomarkers, which
can be used to select treatments that most effectively remediate cancers with specific biomarkers. Further work is
needed to characterize early tumor responses to different
neoadjuvant therapies.
Inter-individual variability of drug response or resistance but also individual tumor heterogeneity presents a
challenge when treating gastric cancer. The identification
of predictive tumor markers at the time of diagnosis that
enable managers to develop more effective therapeutic
strategies would be invaluable for patient treatment.
Therefore, current research is focusing on indentifying
novel, cancer- and patient-specific imaging and tissueand blood-based biomarkers. Recent progress in gene
sequencing and molecular diagnostics enables the identification of potentially useful biomarkers; however, many
of these are controversial. Some studies are in apparent
disagreement. Currently, the status of human epidermal
growth factor receptor-2 (HER2) is used to select trastuzumab chemotherapy. However, no other biomarkers
have been approved by medical consensus and governing
agencies.
The quantification of molecular alterations correlating with heterogeneous gastric tumors at different stages
of disease progression is technically challenging, and prevents the development of reliable biomarkers. Another
obstacle is tumor heterogeneity, which is particularly evident in gastric cancer. New proteomic technologies are
developing rapidly. Proteomic approaches promote largescale sample screening and facilitate identification of
proteins associated with disease and treatment. Metabolic
changes associated with invasive cancers could be useful
for predicting treatment responses; these changes could
be tracked with specific metabolic tracers and molecular
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THERAPEUTIC STRATEGIES
Due to recent large scale randomized studies, a globally
accepted standard medical treatment of gastric cancer
can be defined[3]. Recent studies have demonstrated that
preoperative and perioperative chemotherapy improves
the clinical outcome for patients with gastric cancer[4-6].
Patients with potentially resectable tumors are treated
with surgery and perioperative chemotherapy or postoperative chemoradiation[7]. In the metastatic disease setting, patients are treated with combination chemotherapy
because exposure to cytotoxins prolongs survival and
improves control of symptoms[8]. Recently, an international author team evaluated commonly used therapeutic
strategies for gastric cancer[3]. Their analysis indicated
that a combination of cisplatin and 5-fluorouracil was
the preferred strategy. However, oxaliplatin efficacy was
equivalent to that of cisplatin[3], and oral fluoropyrimidines such as S-1 and capecitabine could be substituted
for 5-fluorouracil [3]. Combination chemotherapy was
preferred for the majority of patients due to the balanced benefit-to-risk ratio[3]. For fit patients with high
tumor burden and possible secondary resectability, triplet chemotherapy had greater efficiency and produced
higher treatment response rates[3]. Docetaxel resulted in
significantly higher side effects[3]. For elderly and infirm
patients, monotherapy and dose modifications were considered as beneficial[3]. In general, approximately 50% of
patients respond to chemotherapy containing cisplatin,
fluorouracil and anthracyclines or taxanes, but median
survival is less than 12 mo with these combinations[9].
The optimal approach for a given patient remains unclear
and controversial. However, one consistent finding is
that patients who exhibit a histopathological response to
neoadjuvant therapy are more likely to receive a survival
benefit. Cytotoxic therapy provides positive response
rates ranging from 20%-60%[10]. There are a few studies
that evaluate clinical or histopathological markers that
predict response and prognosis for neoadjuvant-treated
gastric cancer, and none of the potential markers have
been validated in prospective studies[10-15]. Identifying
predictive, pretherapeutic markers for treatment response
would facilitate customization of individual care strategies. Due to this patient specific situation, there is a need
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Table 1 Potential biomarkers for therapy response prediction in gastric cancer
Ref.
Huang et al[25], 2013
Sekikawa et al[26], 2013
Okada et al[27], 2013
Sugita et al[28], 2010
Mitani et al[29], 2007

Biomarker

Sample

Patients

Chemotherapy

AMBP
REG Iα
FOXM1
BNIP3
DAPK
REG4

Serum
Tissue
Tissue
Tissue

17 GC patients
70 GC patients
81 GC patients
80 GC patients

paclitaxel, capecitabine
S-1, Cisplatin
docetaxel, 5-FU, cisplatin/5-FU, cisplatin
5-FU, irinotecan/docetaxel/cisplatin

Serum

36 GC patients

5-FU, cisplatin

AMBP: Alpha-1 microglobulin/bikunin precursor; REG Iα: Regenerating gene Iα; FoxM1: Forkhead box M1 transcription factor; BNIP3: Bcl-2/adenovirus
E1B 19 kDa-interacting protein 3; DAPK: Death associated protein kinase; REG IV: Regenerating gene IV; GC: Gastric cancer; 5-FU: 5-fluorouracil.

to use clinical, genomic, transcriptomic, proteomic, and
other information sources to plot the optimal course for
an individual patient in terms of disease risk assessment,
prevention, treatment, or palliation. This is the concept
of personalized medicine. Therapeutic approaches for
gastric cancer will become increasingly customized in future clinical practice.
Research efforts for gastric cancer have focused on
improving prognosis and decreasing chemotherapeutic
toxicity. The addition of molecularly targeted agents to
treatment protocols may achieve both of these goals. The
human HER family is one of the main targets in human
cancer therapies[16,17]. The HER family contains four related members, HER1 (ErbB1 or EGFR), HER2 (ErbB2),
HER3 (ErbB3), and HER4 (ErbB4). HER2 is an important biomarker in gastric tumors and can be specifically targeted via a monoclonal antibody for trastuzumab
therapy[18]. For patients with advanced gastric cancer or
cancer of the gastro-esophageal junction, survival is improved with trastuzumab therapy combined with chemotherapy compared with that of chemotherapy alone[19].
Trastuzumab combined with capecitabine or 5-fluorouracil and cisplatin has been approved for treating patients
with HER2-positive metastatic adenocarcinoma of the
stomach or gastro-esophageal junction by the European
Union, United States, and Japan.
Lapatinib, a tyrosine kinase inhibitor against both
epidermal growth factor receptor (EGFR) and HER2,
has had modest single activity[20]. Additionally, a statistically significant improvement in overall survival (primary
endpoint) with the addition of lapatinib to capecitabine
plus oxaliplatin (CapeOx) as the first-line treatment of
advanced or metastatic gastric or gastro-esophageal adenocarcinoma could not be demonstrated (Logic trial)[21].
With regard to toxicity, lapatinib in combination with
CapeOx showed an increased rate of grade 3 diarrhea
and a higher rate of skin toxicity. In contrast to the success obtained with trastuzumab in advanced gastric cancer, monoclonal antibodies that target EGFR have failed
to improve outcome in biologically unselected gastric
cancer patients[22,23]. It remains to be elucidated from
tumor tissue analyses if a small proportion of gastric
cancer patients may benefit from anti-EGFR targeted
therapy, e.g., in the case of EGFR gene amplification[24].
The negative results obtained with cetuximab (EXPAND
study) and panitumumab (REAL3 study) emphasize
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the need to have a biologically meaningful target before
studying targeted agents in larger populations. But the
development of trastuzumab in HER2-overexpressing
gastric cancer raises hope that further progress may be
achieved.
Developing new targeted and multimodal therapies
for gastrointestinal cancer has improved patient prognosis. However, additional treatment choices add greater
complexity to the therapeutic strategy, and selecting the
correct regimen has become more challenging for clinical
managers. Therefore, the identification of new therapeutic response biomarkers is crucial.

POTENTIAL BIOMARKERS
The selection of anticancer regimens based on individual
patient biomarkers constitutes personalized cancer treatment. There is a strong need to identify parameters that
can be used as reporters of tumor responsiveness during
the early phases of neoadjuvant therapies. Current therapeutic management is based primarily on clinical data
and histological features. Several new treatment options
have been introduced recently, but variations in individual
responses and drug resistance present challenges. Many
promising markers for disease prognosis or therapeutic
response have been identified, but the diagnostic value
of many biomarkers is controversial. The only molecular
marker currently in clinical use to tailor patient therapy is
the HER2 status for treatment with trastuzumab. Identifying new cancer-specific biomarkers for predicting patient
responses to different therapies is currently a focus of
translational research. Table 1 presents studies that have
identified potential biomarkers that could be used for
predicting therapy response in gastric cancer patients[25-33].
These “discovery” studies provide some perspectives for
establishment of further biomarkers. In this regard, in a
recently published study it was demonstrated that high
levels of serum AMBP (Alpha-1 Microglobulin/Bikunin
Precursor) could predict the poor response of gastric cancer patients treated with paclitaxel-capecitabine chemotherapy[25]. Also recently published was a study identifying
REG Iα (Regenerating Gene Iα) expression in tissue
biopsies of gastric cancer patients for predicting response
to chemotherapy with S1 plus cisplatin[26]. Another potential biomarker, FoxM1 (Forkhead Box M1 Transcription Factor), was suggested as biomarker for resistance to
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chemotherapy with docetaxel in addition to 5-fluorouracil
derivate plus cisplatin when overexpressed gastric cancer
tissue[27]. The methylation of the apoptosis-related genes,
BNIP3 (Bcl-2/Adenovirus E1B 19 kDa-interacting Protein 3) and DAPK (Death Associated Protein Kinase) was
examined in tumor samples from patients treated with
fluoropyrimidine-based chemotherapy for metastatic or
recurrent gastric cancer and was found to indicate lower
response to the chemotherapy[28]. High levels of REG
Ⅳ (regenerating gene family, member 4) in the serum of
gastric cancer patients were identified to predict resistance
to 5-fluorouracil-based chemotherapy[29].
These new biomarkers have not yet progressed from
basic research into clinical practice. A greater understanding of these biomarkers could reveal novel insights into
the molecular changes underlying cancer progression,
metabolic responses to treatments, and mechanisms leading to chemotherapy resistance. Metabolic and proteomic
changes are features of invasive cancers, and may provide
valuable information for assessing prognosis and response to treatment for patients with gastric cancer. Proteomics evaluates protein expression, post-translational
modifications, and complex expression patterns in tissues, cells, and biological fluids[34,35].

are discovering important data that can be used to predict therapy responses, particularly studies using specialized protein separation techniques, matrix-assisted laser
desorption-ionization (MALDI), and time-of-flight mass
spectrometry (TOF-MS)[46,47]. Mass spectrometry-based
proteomics is generally performed on fresh/frozen tissues. Mass spectrometry of FFPE tissues requires proteolytic digestion of the samples to generate peptides that
can be analyzed by liquid chromatography−mass spectrometry (LC-MS). Applications of LC-MS for analysis
of FFPE samples have recently been reviewed by Steiner
et al[48]. These identified protein profiles can be used for
analysis of useful biomarkers for gastric cancer. A recently published workflow for analysis of FFPE samples of
colon adenomas demonstrated that it is possible to analyze the proteome from microdissected tissue samples[49].
Recent progress in mass spectrometry techniques may
lead to quantitative, reproducible, and highly multiplex
proteomics analyses of FFPE samples in the future.

MASS SPECTROMETRY
Mass spectrometry detects and identifies the chemical
composition of samples on the basis of their mass-tocharge ratio (m/z) after ionization, and can be used to
determine protein molecular weight, structure, and posttranslational modifications. In TOF-MS, ionic flight times
are measured over a fixed distance and correlated with
specific m/z values. The measured output counts the
total number of ions at each m/z value. MALDI-TOF
analysis is highly sensitive and accurate, even for proteins
with molecular weights less than 200 kDa[50]. Coupling
mass spectrometry with protein separation methods
enables characterization of amino acid sequences and
post-translational modification. Mass spectrometry is a
powerful tool for proteomics analysis, and has been used
to identify biomarkers in cancer proteomes for early
diagnosis, to assess disease prognosis, and to predict
therapeutic responses[51-53]. Several biomarker studies have
been conducted using serum samples. The main obstacle
for proteomic analysis of serum is the large variability
in protein concentrations that can render identification
of the low-abundance proteins of interest extremely
challenging. Serum screening may identify non-specific
markers associated with systemic responses or secondary
processes unrelated to cancer. These can include effects
from diet, smoking, alcohol consumption, or other factors that complicate analysis. These serum-related issues
are not encountered when performing mass spectrometry
analysis of tissue samples.
A novel method has recently been developed for
cancer-specific biomarker screening of patient tissue
specimens. The MALDI imaging mass spectrometry
technology facilitates the application of MALDI mass
spectrometry to the analysis of tissue sections (Figure
1)[50,54-59]. In MALDI imaging mass spectrometry, the
molecular content identified by mass spectrometry is
specifically localized within tissue sections and biopsies.

PROTEOMICS ANALYSIS FOR
PREDICTING THERAPEUTIC RESPONSES
Changes in protein profiles reflect changes in cellular
metabolism and cellular responses to extracellular conditions. Proteins are key effector molecules that influence
pathological conditions. The development of proteomics
technologies enables screening of different samples
such as fluids and clinical tissues, including fresh/frozen
and formalin-fixed paraffin embedded (FFPE) materials. Fresh/frozen tissue is more suitable for proteomics
analysis than chemically cross-linked material. However,
archival FFPE clinical samples represent a rich source
for proteomics investigations, and these are often linked
with extensive follow-up patient information that report
disease outcomes. Independent studies demonstrate
that frozen samples are equivalent to chemically fixed
samples after rehydration and heat-induced reversal of
fixation[36-38]. Obvious advantages of FFPE samples are
convenience of handling, storage, and archival follow-up
information that often covers decades. Therefore, FFPE
material has been used for cancer research by many
groups[38-44].
Proteomics studies can provide information about
general protein expression patterns, expression of individual proteins, post-translational protein modification,
and protein-protein interactions. Proteins can be analyzed by electrophoresis, chromatography, visualization,
and mass spectrometry. The development of advanced
protein separation systems such as high-resolution chromatography and high-sensitivity mass spectrometry have
facilitated development of proteomics technologies[45].
Proteomics studies using mass spectrometry techniques
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Frozen tissue

Tissue section

Mass spectra

Matrix application

hv
MALDI TOF MS

Figure 1 Principle of matrix-assisted laser desorption-ionization imaging mass spectrometry. A section is cut from frozen tissue and prepared for mass spectrometry by coating with matrix solution. Energy for desorption and ionization is supplied by a pulsed laser beam. For each point in the user-defined measurement
grid, a mass spectrum is generated by MALDI-TOF MS[79]. Copyright © 2009, Rights Managed by Nature Publishing Group. MALDI: Matrix-assisted laser desorptionionization; TOF: Time-of-flight; MS: Mass spectrometry.

Peptides, proteins, posttranslational modifications, therapeutic agents and their metabolites, lipids, cell metabolites, molecular tracers, contrast agents, and toxins can be
identified and localized[58]. This technique correlates in situ
molecular patterns with m/z distributions. Tissue sections
are scanned and a mass spectrum is acquired for selected
regions, which are then subjected to histomorphological
analysis and visualization (Figure 1). MALDI imaging
has been implemented in several studies to identify differential protein expression profiles for human glioblastoma cancer, non-small-cell lung tumors, and ovarian
cancer[54,60,61]. One of the first MALDI Imaging studies
in gastric cancer demonstrated that MALDI imaging
in combination with hierarchical clustering of the m/z
values allows the comprehensive analysis of the in situ
cancer proteome[62]. This cluster analysis allowed for the
classification of complex human tissues and facilitated
specific and cancer-related in situ biomarker analysis and
identification. Also, in the case of gastric cancer, MALDI
Imaging could be obtained as a diagnostic tool to identify early-stage tumor. By histology-directed profiling of
63 gastric cancer and 43 healthy endoscopic biopsies,
profiles for separating tumor from healthy tissue, and
for distinguishing stage Ia from more advanced stages
were identified[63]. The results from this study could be of
clinical relevance, because stage Ia lesions are potential
candidates for endoscopic treatment. For patients with
more advanced-stage disease, clinically relevant information is related to improving risk stratification. A recent
study analyzed 63 intestinal primary gastric cancer tissues
using MALDI imaging[64] and identified 7 tumor-specific
proteins that independently correlated with poor survival.

WCGO|www.wjgnet.com

A previously unknown protein, CRIP1, was identified
and confirmed to be an independent prognostic factor
for gastric cancer. A proof-of-principle MALDI imaging
study demonstrated that the HER2 status of gastric cancer could be predicted accurately by specific protein patterns (Figure 2)[65]. A recently published MALDI Imaging
study demonstrated that the clinical response to neoadjuvant chemotherapy with cisplatin and 5-FU in adenocarcinomas of the gastro-esophageal junction could be
correlated to preexisting defects in mitochondria of the
patients’ tumor cells[66]. Additionally in this study several
mitochondrial proteins were identified which previously
have not been recognized in the context of neoadjuvant
chemotherapy treatment. In general, because of its practical simplicity and ability to gain reliable information,
even from endoscopic biopsy sections, MALDI Imaging
might have the potential to complement histopathological evaluation for assisting diagnostic, risk assessment, or
response prediction to therapy.

METABOLIC ANALYSIS IN THERAPY
RESPONSE PREDICTION
Molecular imaging of tumor metabolism using specific
tracers could guide decisions about treatment strategies
for cancer patients. Since the discovery regarding glucose
metabolism in cancerous tumors by Warburg, there is
consensus that malignant cell metabolism is crucial for
pathogenesis and progression of cancer[67]. Changes in
glucose metabolism are determined using fluorodeoxyglucose (FDG)-positron emission tomography (PET)
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Figure 2 Matrix-assisted laser desorption-ionization imaging mass spectrometric profiles of breast and gastric cancer tissues. Human epidermal growth
factor receptor-2 (HER2)-status can be identified on a proteomic level across different cancer types suggesting that HER2 overexpression may constitute a unique
molecular event independent of the tumor site[65]. Reprinted with permission from [65]. Copyright © 2010 American Chemical Society.

and positron emission tomography-computed tomography (PET-CT) imaging. These changes can be used for
tumor diagnosis. Measurement of tumor FDG uptake
using PET can facilitate the assessment of tumor cell
metabolic activity in vivo. 18F-FDG-PET can be used to
measure the response to therapy, tumor metabolism, and
patient prognosis. PET imaging can determine the tumor
response to treatment during the course of chemotherapy, radiotherapy, or chemoradiotherapy. Changes in 18FFDG uptake compared with that in pretherapeutic scans
can be correlated with histopathological changes and/or
survival. During the early course of treatment, tumor
metabolic activity is significantly reduced in patients that
positively respond to treatment compared with those that
do not (Figure 3)[68,69].
Early assessment of treatment response for gastric
cancer using FDG-PET is challenging because many
primary tumors are not FDG avid[70-74]. If the tumor is
FDG avid, prediction of response and prognosis using
FDG-PET is feasible for gastric cancer[75]. Ott et al[75] established a standard for assessing if a treatment resulted
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in positive patient responses and improved patient prognoses; after two weeks of chemotherapy, approximately
35% of patients should have reduced FDG uptake compared with that of the pre-treatment FDG uptake. This
standard was corroborated by a subsequent study with
a larger patient cohort, in which approximately 33% of
patients had insufficient FDG to monitor using FDGPET[76]. Survival data identified three independent prognostic groups, including metabolic responders, metabolic
non-responders, and non FDG-avid patients. Herrmann
et al[77] investigated whether a marker of tumor cell proliferation, 18F-fluorothymidine (FLT), could be used to detect locally advanced gastric cancer. Absolute uptake values for 18F-FLT were lower than those for 18F-FDG, but
18
F-FLT-PET exhibited higher sensitivity. Therefore, 18FFLT-PET may be a useful diagnostic tool for quantifying
tumor cell proliferation. A recently published prospective
study by Ott et al[78] reported that non-FDG-avid gastric
tumors can be visualized with the proliferation marker
FLT. This can expand the potential of molecular imaging
for assessing responses to neoadjuvant therapy.
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sary to identify new, cancer-specific, and patient-specific
biomarkers that could be used to establish personalized
treatment strategies and clinical management of patients
with gastric cancer.
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Figure 3 Positron emission tomography with the glucose analog fluorine-18 fluorodeoxyglucose studies in patients with clinically responding
and nonresponding tumors [75]. A: In the responding tumor, fluorodeoxyglucose (FDG) uptake decreases to background level 14 d after initiation of
chemotherapy; B: In contrast, FDG uptake is almost unchanged for the nonresponding tumor. Copyright © 2003 American Society of Clinical Oncology.

6

CONCLUSION
Gastric cancer is a biological heterogeneous disease;
therefore, no single medical treatment is the best option
for all types of gastric cancer. Even for the treatment
with classical cytotoxic therapies, different sensitivities to
specific agents probably exist in different gastric cancer
subtypes. Current treatment protocols for gastric cancer
are based primarily on clinical data and histological features. Therefore, new targeted agents are needed beside
the already established anti-HER2 directed treatment
with trastuzumab. Several potential biomarkers have been
identified that can predict treatment responses, and can
be used to customize therapeutic approaches with respect
to specific tumor parameters.
With a better proteomic and metabolic characterization of gastric cancer, new and improved treatment options may become available in future. To identify patients
that could benefit most from novel treatments, it is important to assess early patient responses. Molecular and
proteomics analyses have identified a number of proteins
that might be useful for predicting therapeutic responses.
Most of these biomarkers require further validation in
larger studies. Molecular imaging could facilitate early
assessment of patient responses to treatments. MALDI
imaging is a novel approach to identify new biomarkers. The combination of different approaches is neces-
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Core tip: MicroRNAs (miRNAs) are a relatively new class
of gene expression regulators, being involved in cancer initiation and progression. There is evidence that
miRNAs impact on resistance towards various chemotherapeutics and are accessible and detectable in different tissue types, including blood samples, with great
stability. Taken together, miRNAs seem to have great
potential as new biomarkers for diagnostic and therapeutic approaches. This current review aims to provide
an overview about the potential clinical applicability of
miRNAs as biomarkers for chemoresistance in gastric
cancer (GC), focusing on prediction and modulation of
sensitivity and resistance towards chemotherapeutic
drugs in GC.

Abstract
Gastric cancer (GC) is the fourth most common cancer
worldwide and ranks second in global cancer mortality statistics. Perioperative chemotherapy plays an
important role in the management and treatment of
advanced stage disease. However, response to chemotherapy varies widely, with some patients presenting no
or only minor response to treatment. Hence, chemotherapy resistance is a major clinical problem that impacts on outcome. Unfortunately, to date there are no
reliable biomarkers available that predict response to
chemotherapy before the start of the treatment, or that
allow modification of chemotherapy resistance. MicroRNAs (miRNAs) could provide an answer to this problem.
miRNAs are involved in the initiation and progression
of a variety of cancer types, and there is evidence that
miRNAs impact on resistance towards chemotherapeutic drugs as well. This current review aims to provide
an overview about the potential clinical applicability of
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statistics[1]. The prognosis of GC is poor with an overall
5-year survival rate of less than 35%[2,3], mostly caused by
locally advanced disease at the date of initial diagnosis,
reduced response to neoadjuvant or adjuvant therapy or
tumor recurrence after surgical resection. Surgery is the
preferred primary treatment option for the early stage
of GC. Unfortunately, over 60% of the patients present
advanced stage disease at the time point of diagnosis. In
these cases, perioperative chemotherapy is widely applied
based on the data of the MAGIC[4] and the ACCORD
trials[5], including for example platinum- and fluoropyrimidine-based regimen or three-drug protocols with additional application of taxanes or anthracyclines[4,6,7]. These
therapies are recommended nowadays even for patients
with uT2 tumors[8,9]. However, response of the individual
patient to this perioperative treatment varies widely, and
some tumors are resistant to chemotherapeutic treatment
completely. Hence, one main obstacle in the success of
perioperative chemotherapy is the development of multidrug resistance (MDR) in GC[10]. Based on the current literature, there are four major mechanisms that contribute
to drug resistance in cancer cells: (1) decreased uptake of
water soluble drugs[10]; (2) changes in intracellular pathways that affect the potential of cytotoxic drugs to kill
cells, including alterations in the cell cycle, DNA repair,
apoptosis pathways, metabolism/elimination of drugs, or
others[10-12]; (3) increased energy-dependent efflux of hydrophobic drugs mediated via overexpression of a family
of energy-dependent transporters (known as ATP-binding cassette transporters) such as P-glycoprotein 1 (P-gp,
ABCB1) or breast cancer resistance protein (ABCG2)
amongst others[10]; and (4) intracellular detoxifiers such as
antioxidants (e.g., glutathione)[13,14]. Unfortunately, from
a clinical point of view, there are so far no reliable biomarkers available that allow a prediction of response to
chemotherapy in the individual patient before the start
of treatment[15]. This leads to the problem that a number
of patients undergo futile treatment with potential severe
side-effects but without any benefit. If response to chemotherapy can be predicted before treatment, therapy
could be better tailored via identification of patients that
in fact profit from chemotherapy.
In this context, microRNAs (miRNAs) could provide
a new approach for better clinical decision making. miRNAs are a relatively novel class of regulatory molecules
that control translation and stability of messenger RNA
(mRNAs) on a post-transcriptional level via interaction
with the 3’-untranslated region (UTRs) of target mRNAs,
that finally leads to destabilization and/or inhibition of
their translation[16]. So far, over 2500 human miRNAs
have been identified according to the latest release (June
2013) of miRBase database[17], and each single miRNA
can potentially target up to hundreds of mRNAs[18].
miRNAs are involved in the regulation of almost all
physiological processes such as cell development, differentiation, proliferation and apoptosis[19,20]. But more
importantly, miRNAs have been found to impact on
pathogenesis of a variety of human cancers. In this con-
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text, miRNAs can be roughly categorized into miRNAs
that promote tumor development and growth (so-called
oncomiRs), and miRNAs that inhibit tumor progression
(so-called tumor-suppressor-miRs)[21,22]. Regarding GC,
several (in vitro and in vivo) studies demonstrated according to the findings in other cancer types that tumors or
GC cell lines present aberrant miRNA expression pattern
compared to controls (normal gastric cell lines or samples
from healthy patients)[23-31]. In conclusion, this data highly
suggests that miRNAs may have an enormous potential
as diagnostic[32], prognostic[33-35], or even therapeutic biomarkers[36,37].
This current review article now aims to summarize
the evidence available so far about the impact of miRNAs on MDR in GC. We aim to specifically highlight
from a clinical point of view, that miRNAs might help to
predict tumor response to conventional chemotherapy,
thereby providing a new approach as diagnostic biomarkers in GC. Moreover, we intend to show that miRNAs
might further provide an enormous potential as therapeutic tools in the battle against GC by modulating and/
or reversing MDR.

GENERAL CONSIDERATIONS ABOUT
MIRNAs AS BIOMARKERS FOR
CHEMORESISTANCE IN GC
MiRNAs: Perfect candidates for biomarkers in clinical
settings?
The National Institutes of Health Biomarkers Definition
Working Group defined a biomarker as “a characteristic
that is objectively measured and evaluated as an indicator
of normal biological processes, pathogenic processes, or
pharmacologic responses to a therapeutic intervention”[38].
This definition of “a characteristic that is objectively
measured and evaluated” implicates that molecular biomarkers which might be useful for prediction of the success of chemotherapy in cancer patients should (1) be
easily detectable and assessable in clinical patient samples;
and (2) be stably expressed and refractory to degradation in these samples in order to allow proper analysis on
clinical samples. Only if these characteristics are present,
miRNAs can further be assessed regarding their potential
as biomarkers for response prediction.
And in fact, regarding the aspect of easily accessible
clinical samples, there is a large body of evidence that
shows that miRNAs are indeed detectable in a number
of different sample types. For example, miRNAs can
be found and analyzed in fresh frozen samples such as
tumor biopsies or resection specimens, or in paraffin-embedded tissues[39]. Even more interesting from a clinical
point of view, miRNAs can be detected as so-called “circulating miRNAs” in a broad variety of human body fluids including urine[23], saliva[39], amniotic fluid[39] and pleura
fluid[40] in healthy volunteers and cancer patients[25,40-43].
These circulating miRNAs are considered believed to
originate either from immunocytes[44], as byproducts of
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dead/dying cells[44-46], or to be secreted actively from tumor cells via microvesicles such as exosomes[44-47].
Regarding the stability of miRNA expression in clinical samples, Lu et al[48] reported that miRNAs are quite
stable in different tissue samples (paraffin-embedded
sections, rapid frozen samples) and present unique expression levels in different tissue types (salvia, blood,
urine). Moreover, circulating miRNAs have been shown
to be highly stable in the peripheral circulation caused
for example by binding to RNA-binding proteins[18,49-51]
or by their excretion in microvesicles[51-54]. In addition,
Fang et al[41] reported that miRNAs present tissue-specific
expression patterns with a reproducible and consistent
expression. Finally, studies demonstrated that circulating
miRNAs are fairly resistant to different pH solutions or
repeated freeze-thawing cycles, and they are stable for 24
h at room temperature[55,56].
Taken together, miRNA expression patterns can
successfully be assessed and analyzed in a variety of different samples, including biopsy or resection specimen,
or blood samples, what supports the hypothesis that
miRNAs could be used as clinically relevant diagnostic or
therapeutic molecular biomarkers.

in various tissues, and their involvement in chemotherapy
resistance in general highly supports the hypothesis that
miRNAs might be perfect candidates for biomarkers for
chemoresistance in GC in clinical settings.
Limitations about the clinical use of miRNAs as
biomarkers
As miRNA research is so far still mostly limited to in vitro
experiments, its clinical applicability at this stage is somewhat limited, and there are a number of hurdles that
need to be overcome before these molecules can be used
in standard clinical settings.
With regards to sample acquisition and miRNA extraction for examples from blood samples, it has been
demonstrated that several aspects and factors impact on
results of miRNA analyses. These include the appropriate selection of samples (e.g., plasma or serum), collection
tubes (EDTA, citrate, heparin), extraction methods (phenol/chloroform, silica: distinct differences in required
fluid volume, yield, procedural contaminants etc.), quality
and quantity control, fasting or blood draw timing, all
potentially. In addition, there are a number of different
miRNA profiling methods including qRT-PCR, microarrays, sequence specific hybridization in solution followed
by miRNA molecule counting based on reporter probes,
and direct sequencing available, all of which with more
or less relevant advantages and disadvantages regarding
sensitivity and specificity, absolute quantification/accuracy and flexibility and throughput[67]. In general, it can be
postulated, that there is a lack of standardized of experimental techniques at this stage, and this impacts clearly
on the possibility to compare data of different studies.
With regards to miRNAs as therapeutic tools, in vivo
data on animal experiments are limited, and there are to
our best knowledge so far only two clinical studies on a
potential use of miRNAs as therapeutic tools in human
beings available or on its way. Both studies do not refer
to GC patients. In a phase 2a clinical trial, Janssen et al[68]
evaluated the safety and efficacy of Miravirsen® (a locked
nucleic acid-modified DNA phosphorothioate antisense
oligonucleotide that sequesters mature miR-122 in a highly stable heteroduplex, thereby inhibiting its function) in
36 patients with chronic HCV genotype 1 infection. The
authors could demonstrate prolonged dose-dependent
reductions in HCV RNA levels without evidence of viral resistance and without dose-limiting adverse events
and no escape mutations in the miR-122 binding sites
of the HCV genome[68]. It is worth to mention that in
two phase Ⅰ safety studies in humans with Miravirsen®
showed that Miravirsen® was well tolerated with no doselimiting toxicities[69,70].
The second clinical trial (phase Ⅰ trial), which is currently recruiting healthy patients as a control group, uses
MRX34 (a liposome-formulated mimic of the tumor suppressor miR-34) in patients with inoperable primary liver
cancer or metastatic cancer with liver involvement[71]. In
this trail, the safety, pharmacokinetics and pharmacodynamics MRX34 is being evaluated in healthy patients[72].

MiRNAs: Do these molecules impact on MDR in general?
Another aspect of using miRNAs as potential biomarkers for chemoresistance in GC includes their possible impact on MDR in general. Only if there are data available
which support that miRNAs modulate drug resistance in
general, these molecules might be useful for evaluation
of response prediction in GC patients.
And in fact, miRNAs have been proposed to play
an important role in the development of MDR in cancer progression[55-58]. Despite the fact that this field of
research is still in its infancy, it has been demonstrated
that miRNAs are highly related to cancer progression
(including growth apoptosis, invasion and metastasis)
and are responsible for cancer-related inflammation,
anticancer drug resistance and regulation of cancer
stem cells[59]. Most interestingly, a number of miRNAs
(such as members of the let-7 family, miR-16, miR-21
or miR-451 amongst others) have been confirmed to
impact on more than one anticancer drug and/or to play
a role in chemotherapy resistance in more than just one
tumor type[57,60-62]. In addition, several anti-cancer-drugs
target the same cancer-related genes that are targeted and
regulated by miRNAs, implicating a link between chemotherapy induced cancer cell death and a modulation
of chemotherapy resistance via miRNAs[63-65]. However,
it has to be noted in this respect that the regulation of
known cancer-related genes by miRNAs is much more
frequently reported simply because these genes are well
studied, and not all miRNAs show similar sensitivity
phenotypes in different cancer types. Finally, a number
of transcripts from drug resistance-related genes may be
targeted by more than one miRNA[66].
Taken together, the evidence available so far on
miRNA analysis in different sample types, their stability
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to anticancer treatment, increasing thereby for example
drug resistance. This means that for therapeutic biomarkers, there is a need for further knowledge about the exact
mechanisms by which the respective miRNAs finally
affect cancer cell behavior. The objective in the establishment of a therapeutic biomarker is to provide a more
individualized therapy approach for every tumor type in
the future[73-75].

Table 1 MicroRNAs as potential diagnostic biomarkers for
chemoresistance in gastric cancer
miRNAs
miR-15b
miR-16
miR-19a/b
miR-21
miR-106a
miR-181b
miR-497
miR-200b/c
miR-508-5p

Regulation Drug resistance cell lines
Down ↓
Down ↓
Up ↑
Up ↑
Up ↑
Down ↓
Down ↓
Down ↓
Down ↓

Target

Vincristine
PTEN
Vincristine
PTEN
Doxorubicin, vincristine
PTEN
Cisplatin
PTEN
Cisplatin
PTEN
Cisplatin, vincristine
BCL-2
Cisplatin, vincristine
BCL-2
Cisplatin, vincristine BCL-2, XIAP
Vincristine, doxorubicin
ABCB1,
ZNRD1

Ref.
[62]
[62]
[77]
[78]
[79]
[82]
[83]
[83]
[81]

MiRNAs as promising biomarkers for chemoresistance
in GC with diagnostic potential
The potential to predict response to chemotherapy treatment is a promising clinical application of miRNAs.
Successful prediction of treatment response would allow
a more tailored, individual therapy planning, as patients
who do not respond to this treatment modality would
not have to undergo futile treatment with potential severe
side-effects. However, response prediction of chemoresistance implies that miRNAs exhibit significant and
reproducible differences in expression between patients
that respond well to chemotherapy compared to patients
that show no or minimal response to this treatment
option. With other words, miRNA expression pattern
should differ between chemotherapy resistant GC tumors
and sensitive tumors.
And in fact, some first authors reported results from
in vitro experiments that showed differing expression pattern of several miRNAs in chemotherapy resistant GC
cell lines when compared to sensitive controls (Table 1),
with some miRNAs being upregulated in resistant cancer cells, and others being downregulated. For example,
Wang et al[77] demonstrated an upregulation of miR-19a/b
in a vincristine resistant GC cell line (SCG7901/VCR)
and a doxorubicin resistant GC cell line (SGC7901/
ADR). In addition, Yang et al[78] reported that miR-21 was
upregulated in cisplatin resistant GC cells (SCG7901/
DDP) vs controls. Furthermore, miR-106a was shown
to be upregulated in a cisplatin resistant GC cell line
(SCG7901/DDP)[79]. Finally, miR-195 and miR-378 were
found to be upregulated in 5-azazytidine resistant GC cell
lines (MGC803, SGC7901 and AGS)[80].
Xia et al[62] on the other hand showed that miR-15b
and miR-16 both were downregulated in a vincristine resistant GC cell line (SGC7901), and Shang et al[81] showed
that miR-508-5p was downregulated in two GC cell lines
resistant towards doxorubicin (SGC7901/ADR) and vincristine (SGC7901/VCR). Furthermore, Zhu et al[82] demonstrated in vincristine resistant GC cell lines miR-181b,
miR-200b/c and miR-497 to be downregulated compared
to controls[83].
Finally, Wu et al[84] analyzed miRNA expression patterns in hydroxycamptothecin (HCPT)-resistant and
HCPT-sensitive GC cell lines. miR-224 and miR-3383p were only expressed in HCPT-resistant cells, and
miR-141, miR-200a, miR-200b, miR-372, and miR-373
were only expressed in HCPT-sensitive cells[84].
Even more interesting from a clinical point of view,
there is some first evidence that alterations in miRNA

The table presents an overview about miRNAs that present different expression pattern between chemotherapy resistant gastric cancer cell lines
and controls, including downstream targets and affected chemotherapeutic agents. PTEN: Phosphatase and Tensin homolog; BCL-2: B-cell lymphoma 2; XIAP: X-linked inhibitor of apoptosis protein; ABCB1: ATP-binding
cassette sub-family B member 1; ZNRD1: DNA-directed RNA polymerase
I subunit RPA12; miRNA: MicroRNA.

Taken together, there are many hurdles that need to
be overcome before miRNAs can be safely applied as
clinical biomarkers or therapeutic tools. Standardization
of technical approaches, confirmation of in vitro results
in animal experiments and finally safety assessment and
treatment trials in humans have to show whether these
molecules find their way into the daily clinic. However,
first results are promising indeed.

MIRNAs AND MDR IN GC
There are numbers of potential applications for miRNAs
as clinically relevant biomarkers. In the context of this
review, we focus on two distinct aspects: miRNAs as
diagnostic biomarkers, and miRNAs as therapeutic biomarkers.
MiRNAs as diagnostic biomarkers have to meet various requirements, some of which have been discussed in
detail in the section above. However, the main requirement of a diagnostic biomarker in cancer is to distinguish
between different “subgroups” of patients. For example,
patients with cancer should reliably be distinguishable
from patients with precancerous conditions or from noncancer controls[73-76]. In this context, a “simple comparison” of miRNA expression pattern between different
“subgroups” of patients is needed in order to allocate patients into the respective “subgroups”, and at this stage,
there is no need for further information about the exact
impact of the respective miRNAs on tumor growth, metastasis, etc.
In contrast to this “simple analytic” approach, the use
of miRNAs as therapeutic biomarkers mandates different
key features: these miRNAs might not be differentially
expressed between different subgroups of patients (such
as responders and non-responders to chemotherapy).
However, manipulation of the levels of these miRNAs
should lead to changes in the cellular response of tumors
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Table 2 MicroRNAs as potential therapeutic biomarkers for chemoresistance in gastric cancer
miRNAs
miR-21
miR-27a
miR-106a
miR-195
miR-378
miR-449a
miR-508-5p

Regulation

Drug resistance

Target in GC

Drug treatment

Ref.

Up ↑
Down ↓
Up ↑
Up ↑
Up ↑
Up ↑
Up ↑

Up ↑
Down ↓
Up ↑
Up ↑
Up ↑
Down ↓
Down ↓

PTEN
Cyclin-D1, p21
PTEN
CDK6, VEGF
CDK6, VEGF
BCL-2, CCDN1
ABCB1, ZNRD1

Cisplatin
Vincristine, 5-fluouracil, cisplatin, doxorubicin
Cisplatin
5-azacytidine
5-azacytidine
Cisplatin
Vincristine, doxorubicin

[78]
[87]
[79]
[80]
[80]
[88]
[81]

The table presents an overview about miRNAs that impact on chemotherapy resistance in gastric cancer cell lines, including downstream targets and affected chemotherapeutic agents. PTEN: Phosphatase and Tensin homolog; CDK6: Cylin-dependent kinase 6; VEGF: Vascular endothelial growth factor; BCL-2:
B-cell lymphoma 2; CCDN1: Cyclin-D1 gene; ABCB1: ATP-binding cassette sub-family B member 1; ZNRD1: DNA-directed RNA polymerase I subunit
RPA12; MiRNA: MicroRNA.

expression pattern might be able to discriminate between
responders and non-responders in clinical patient samples
(in vivo). Kim et al[85] for example presented data based on
biopsy samples from 90 GC patients which were collected prior to chemotherapy. The authors identified a signature of several miRNAs (namely miR-363, miR-518f,
miR-519e, miR-520a, and miR-520d) that was correlated
to resistance to cisplatin and 5-fluorouracil therapy[85].
With regards to blood based circulating miRNAs, the
current literature draws a promising picture: Zhu et al[86]
showed in a recent review including 22 studies with a
sample size ranging from 37 to 164, that a total of 35 circulating miRNAs were differentially expressed between
GC patients and healthy controls. Most interestingly, 6
of these miRNAs (miR-21[78], -27a[87], -106a[79], -195[80],
-200c[83] and -378[80]) were shown to be deregulated in
chemotherapy resistant GC cell lines as demonstrated in
the in vitro experiments in the paragraph above, and to be
potentially involved in MDR.

sistance in normal gastric cells. Upregulation of miR-449
or miR-508-5p was demonstrated to positively impact on
sensitivity towards cisplatin (miR-449) respectively vincristine or doxorubicin (miR-508-5p)[81,88]. Interestingly, in
accordance with these findings about the modulation of
sensitivity towards chemotherapeutic drugs via miRNAs,
Bandres et al[89] reported that upregulation of miR-451
led to an increased sensitivity of cancer cells towards radiotherapy by down-regulating the macrophage migration
inhibitory factor (MIF).
Only one research group reported on the effect of
miRNA downregulation on chemotherapy resistance:
Zhao et al[87] found that increased doxorubicin sensitivity
in GC cells is connected with downregulation of miR-27a.
The authors of the aforementioned studies performed additional experiments in order to elucidate the
underlying mechanisms by which the respective miRNAs
finally impacted on sensitivity and resistance towards the
different chemotherapeutic drugs. Table 2 and Figure 1
present an overview about the results of these investigations, and highlight the downstream targets and pathways
that mediate the effects of manipulated miRNA expression in GC cells and their response to anticancer treatment.

MiRNAs as promising biomarkers for chemoresistance
in GC with therapeutic potential
The application of miRNAs as modifiers of chemotherapy sensitivity is an even more interesting approach for
a potential clinical use of these molecules, especially as
additive treatment with conventional chemotherapeutics.
This implicates that artificial manipulation of miRNA
levels lead to increased sensitivity or reduced resistance
towards various chemotherapeutic drugs. And again,
there is growing evidence that modulation of miRNA
expression in fact affects resistance of various tumors to
chemotherapeutic treatment. However, as this field of
research is still very young, results on GC are limited and
refer so far only to in vitro experiments. In vivo studies on
human patients with GC are not available yet.
Similarly to the data presented in the section about
miRNAs with diagnostic potential, some miRNAs impact
on sensitivity towards chemotherapy if their levels were
artificially upregulated, others if their levels were downregulated. For example, upregulation of miR-21 or miR106a was demonstrated to increase cisplatin resistance of
GC cells[78], and Deng et al[80] showed that upregulation of
miR-195 or miR-378 led to an enhanced 5-azacytidine re-
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CONCLUSION
MiRNAs are an astonishing new class of regulators of
global gene expression, and they affect tumor initiation and progression in a large number of malignancies.
Moreover, these molecules were shown to impact on
sensitivity towards various chemotherapeutic agents in a
variety of cancers. Based on the fact that miRNAs play
an important role in the development and regulation of
MDR, and in addition are accessible and detectable in
different tissue types including blood samples with great
stability, these molecules seems to have great potential as
new biomarkers for diagnostic and therapeutic approaches. In the context of this current review, we presented
an overview about the data available so far on this new
aspect of miRNAs as biomarkers for chemoresistance
in GC. Despite the fact that data on this topic is still
somewhat limited, the first reports on miRNAs as po-
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miR-181b ↓
miR-497 ↓
miR-200b/c ↓
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CASP9
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PKB/Akt
mTOR
PIB3

Jak-STAT
signaling pathway

mTOR signaling
pathway

Evading apoptosis

Sustained
angiogenesis

VEGF
miR-195 ↑
miR-378 ↑

?

PTEN
miR-15 ↓
miR-16 ↓
miR-19a/b ↑
miR-21 ↑
miR-106a ↑

STAT3
STAT1
Multidurg resistance

Jak1

Bcl-XL

Bcl2

DNA damage

CyclinD1

Proliferation

miR-449a ↑
Effect of growth

MAPK/ERK signaling
pathway

Raf

MEK

?

p53

miR-27a ↓

?

Ras

ERK

CylinD1
CDK4/6

p21

E2F
Rb

c-Jun
c-Fos
c-Myc
Ets1

?

miR-195 ↑
miR-378 ↑

CylinD1
CDK4/6

p53 signaling
pathway

Figure 1 MicroRNAs and their influence on multidrug resistance in gastric cancer. The figure presents an overview about the targets and pathways that mediate
the effects of miRNA manipulation on multidrug resistance in gastric cancer (Data modified from DIANA miRPathv2.0[90]). The arrows indicate the up- or down-regulation of miRNA patterns in gastric cancer cells in vitro. The dashed boxes indicate nucleus related targets. Interrogation marks represent to date unknown intermediate
steps. STAT: Signal transducers and activators of transcription; mTOR: Mammalian target of rapamycin; PKB: Protein kinase B.

tential clinical biomarkers that predict sensitivity towards
chemotherapeutic drug are very promising. We found a
number of studies that demonstrated various miRNAs to
be indeed associated with chemoresistance by presenting
different expression patterns between resistant and sensitive tumors, both in vitro and in vivo. Furthermore, several
research groups could provide first evidence that manipulation of the expression of certain miRNAs lead to
changes in the sensitivity and resistance of GC towards
chemotherapeutics in vitro. Taken together, this data draw
a very promising picture of miRNAs as potential new
biomarkers for chemoresistance in GC with diagnostic
and therapeutic potential. This would help to tailor cancer therapy more individually, and to specifically select
patients for chemotherapy that would profit from this
treatment option. Further research on this highly interesting and clinically most relevant aspect of a potential use
of miRNAs is highly warranted.
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order to avoid dangerous intra- and postoperative complications. Hence, the surgeon is the most important
non-TMN prognostic factor in gastric cancer. Subtotal
gastrectomy is the treatment of choice for middle and
distal-third gastric cancer as it provides similar survival
rates and better functional outcome compared to total gastrectomy, especially in early-stage disease with
favorable prognosis. Nonetheless, the resection range
for middle-third gastric cancer cases and the extent
of LN dissection at early stages remains controversial.
Due to the necessity of a more extended procedure at
advanced stages and the trend for more conservative
treatments in early gastric cancer, the indication for
conventional subtotal gastrectomy depends on multiple
variables. This review aims to clarify and define the
actual landmarks of this procedure and the role it plays
compared to the whole range of new and old treatment
methods.
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Abstract
Although a steady decline in the incidence and mortality rates of gastric carcinoma has been observed in the
last century worldwide, the absolute number of new
cases/year is increasing because of the aging of the
population. So far, surgical resection with curative intent
has been the only treatment providing hope for cure;
therefore, gastric cancer surgery has become a specialized field in digestive surgery. Gastrectomy with lymph
node (LN) dissection for cancer patients remains a challenging procedure which requires skilled, well-trained
surgeons who are very familiar with the fast-evolving
oncological principles of gastric cancer surgery. As a
matter of fact, the extent of gastric resection and LN
dissection depends on the size of the disease and gastric cancer surgery has become a patient and “diseasetailored” surgery, ranging from endoscopic resection
to laparoscopic assisted gastrectomy and conventional
extended multivisceral resections. LN metastases are
the most important prognostic factor in patients that
undergo curative resection. LN dissection remains the
most challenging part of the operation due to the location of LN stations around major retroperitoneal vessels
and adjacent organs, which are not routinely included
in the resected specimen and need to be preserved in
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Core tip: Gastric cancer surgical resection with curative
intent is the only treatment providing hope for cure.
Gastrectomy with lymph node dissection remains a
challenging procedure, which should abide by well-defined oncological principles. Subtotal gastrectomy is the
treatment of choice for middle and distal-third gastric
cancer; however, due to the necessity of a more extended procedure at advanced stages and the trend for
more conservative treatments in early gastric cancer,
the indication for conventional subtotal gastrectomy
depends on multiple variables. This review aims to define the actual landmarks of this procedure and the role
it plays compared to the whole range of new and old
treatment methods.
Original sources: Santoro R, Ettorre GM, Santoro E. Subtotal
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cant decrease in mortality[13]. In a large evaluation of
10000 patients treated between 1962 and 1989 at Kyushu
University of Fukuokoa, Japan, most carcinomas were
found in the distal two thirds of the stomach and a large
proportion of patients underwent subtotal distal gastrectomy[14]. Total gastrectomy was performed for widespread
disease, proximal location, multifocal disease, or due to
extensive dissection of the lymph nodes (LNs). According to the Registry of the Japanese Research Society for
Gastric Cancer, the incidence of stage-Ⅰ gastric cancer
in 1991 was 55.5%, while subtotal gastrectomy accounted
for 69.3%[15] of all surgeries. The same registry showed a
cumulative 5-year survival rate of 68.2%. In a multi-institutional randomized controlled trial carried out on behalf
of the Japan Clinical Oncology Group comparing D2
and extended para-aortic lymphadenectomy in advanced
gastric cancer, the incidence of subtotal gastrectomy was
61.1%[16]. In Western countries, gastric cancer prognosis
has been improving over the last 40 years; however, it
remains quite poor[17]. In Europe, 5-year survival varies
depending on the country, ranging from less than 10%
to nearly 25%[18]. In the past, gastric cancer located in the
distal third of the stomach was treated by total or subtotal gastrectomy, depending on the surgeon’s experience.
The “en principe” total gastrectomy was proposed in the
1970s to secure better loco-regional tumor control compared to subtotal gastrectomy[19,20]. However, the procedure did not gain worldwide acceptance and several surveys carried out at that time showed that the incidence of
subtotal gastrectomy varied between 20% and 70%[21-26].
Moreover, several non-randomized series published in
the 1980s did not show any survival-related benefit of
total gastrectomy compared to subtotal gastrectomy[27-31].
Lastly, two randomized trials published in 1989 and 1999,
respectively, comparing the survival rates for total and
subtotal gastrectomy for gastric cancer located in the distal third reported similar survival rates for the two procedures[32,33]. Since then, subtotal gastrectomy has been considered the treatment of choice in distal and middle-third
gastric cancer, provided that the resection margins fall in
healthy tissue, also in Western countries. The extent of a
gastric resection is not technically challenging for general
surgeons and the extent of the LN dissection required
in the treatment of gastric cancer with curative intent is
the most challenging part of any operation. In the 1980s
and 1990s, the role of LN dissection was also assessed
worldwide. The topographic pattern of LN metastases
was largely described and the range of the D1, D2, D3
and D4 LN dissections was validated in Japan[34,35]. A
standardized LN dissection was developed and it was
routinely used nationwide with therapeutic benefits and
good long-term survival. In Western countries, extended
LN dissection was not popular due to higher morbidity
and mortality rates and no survival benefits[36-39]. Finally,
the long-term results of two European studies showed
significant improvement in survival rates due to D2 LN
dissection in patients with stage-Ⅱ disease; moreover, the
study clearly identified the patients who may benefit from

gastrectomy for gastric cancer. World J Gastroenterol 2014;
20(38): 13667-13680 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i38/13667.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i38.13667

INTRODUCTION
Although a steady decline in the incidence and mortality
rates of gastric carcinoma has been observed in the last
century worldwide, the absolute number of new cases/
year is increasing due to the aging of the population[1]. In
1990, gastric cancer was the second commonest type of
cancer in the world, with 800000 new cases and 650000
deaths per year. In 1997, the number of new cases rose
to more than 1 million[2,3]. Incidence is higher in East Asia
and Eastern Europe, with a smaller number of cases being recorded in North America and Northern Europe[4].
The aforesaid decline mainly concerns the Lauren’s intestinal (or well differentiated) type, which is more frequently reported in regions where gastric cancer is endemic;
it typically arises in the middle and distal third of the
stomach, on a background of metaplasia affecting older
male patients. On the other hand, the Lauren’s diffuse
(or poorly differentiated) type is more common in low
risk areas. It has a steady incidence and tends to affect
younger individuals, mainly females. Moreover, it often
shows hereditary characteristics[5,6]. Gastric cancer is still a
poor prognosis and high mortality disease, second only to
lung cancer, especially in countries with lower incidence[7].
After Billroth’s first successful pylorectomy in 1881 and
Schlatter’s first total gastrectomy in 1897 for gastric cancer, surgical resection is still the only treatment presently
giving hope for cure[8,9]. In 1929, MacGuire noted that all
the possibilities of partial resection of the stomach and
anastomosis with the duodenum and jejunum had been
developed[10]. He reported excellent results in terms of
postoperative morbidity and mortality rates after subtotal
gastrectomy in 16 patients. However, a carcinoma of the
pylorus with obstruction was described in one patient
only, with the others suffering from gastric and duodenal
peptic ulcer. MacGuire’s report shows that surgeons have
been familiar with partial gastrectomy for peptic disease
for a very long time; however, the surgical approach to
gastric cancer was standardized in Japan in the 1960s[11].
The first edition of the General Rules for Gastric Cancer
Study was published by the Japanese Research Society
for Gastric Cancer (JRSGC) in 1963 and the first English
edition was based on the 12th Japanese edition and was
published in 1995[12]. In Japan, the incidence is 20-fold
the incidence in United States and, while the incidence of
proximal tumors is increasing in the West, distal tumors
continue to predominate in the land of the rising sun.
Such important epidemiological differences entail different diagnostic and therapeutic strategies and prognosis. In
Japan, a mass screening program has been in place since
the 1960s and early detection of the disease combined
with improved operative techniques has led to a signifi-
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D2 LN dissection, also in Western countries[40,41]. In those
years, the benefits of more extended D3 and D4 LN dissections had not been clearly demonstrated compared
to D2 lymphadenectomy and they also showed higher
incidence of complications[42,43]. Based on the aforementioned results, the Japanese Gastric Cancer Association
updated the classification of gastric cancer and the guidelines for surgical treatment according to clinical stage in
1998 and in 2011, respectively[44,45]. This review aims to
point out the role of subtotal gastrectomy in the treatment of gastric cancer, focusing on the extent of gastric
resection, the extent of lymphadenectomy, the type of
reconstruction in the era of minimal invasive approach
and endoscopic resection.

resection line should provide a safe 3-6 cm resection margin in a case of Lauren’s intestinal or diffuse gastric cancer, respectively[33]. However, according to the Japanese
Gastric Cancer Association guidelines, a proximal margin
of at least 3 cm is recommended for T2 or deeper tumors
with an expansive growth pattern (Types 1 and 2) and
5 cm is recommended for those with infiltrative growth
pattern (Types 3 and 4)[45]. Total gastrectomy may be required in those cases with poorly differentiated histological type located in the angularis portion of the stomach,
who are likely to show a submucosal invasion along the
lesser curvature towards the cardia with a high risk of microscopic invasion of the transection line[51], or in patients
with multicentric disease. Total gastrectomy may also be
required in patients suffering from distally located gastric
cancer with multiple LN metastases and advanced stages
in order to allow an extended D2 or D3 LN dissection.
In such cases, an aggressive surgical approach, including
multivisceral resections, is the only hope for cure. Total
gastrectomy has also been advocated as a prophylactic
treatment in the event of E-cadherin gene mutation in association with familial gastric cancer[52,53].

ONCOLOGICAL PRINCIPLES OF
SUBTOTAL GASTRECTOMY: THE
RATIONALE
Subtotal gastrectomy vs total gastrectomy
Curative resection is the only chance for cure in patients
with resectable gastric cancer. It aims to ensure complete
removal of the tumor by providing adequate longitudinal
and circumferential resection margins. Subtotal gastrectomy is the gold standard treatment for early-stage gastric
cancer located in the distal third of the stomach. The results of two randomized studies carried out in European
countries have shown that subtotal gastrectomy for distalthird gastric cancer entails similar long-term survival
results as total gastrectomy, with lower morbidity and
mortality rates and better postoperative quality of life[32,33].
There are several advantages in performing more conservative surgery. Subtotal gastrectomy entails lower shortterm morbidity and mortality rates and shorter hospital
stay, as well as higher calorie intake and better nutritional
status with improved quality of life in the long run. A
very large multicentric prospective study on more than
4000 patients carried out in Italy in the 1980s did not find
any significant difference in terms of long-term survival
between the two procedures[46]. However, many years later, surgeons have not reached consensus yet; as a matter
of fact, the supporters of the “en principe” total gastrectomy advocate that it allows better local tumor control
of the disease. The extent of gastric resection is not a
prognostic factor, whereas the adequate LN clearance of
the LN stations beyond the perigastric ones is the most
important surgical prognostic factor in both early and
advanced gastric cancer[35,47-50]. In patients with distal-third
gastric cancer, total gastrectomy without an adequate
lymphadenectomy would be an oncological surgical mistake as it is an overtreatment from the gastric resection
standpoint and, at the same time, an undertreatment from
the LN dissection standpoint. There is no advantage in
extending the resection to the whole stomach; however,
the extent of gastric resection depends on the site and
size of the primary tumor. According to a prospective
randomized study carried out in the 1980s in Italy, the
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General LN dissection rules
Lymphatic spread is the most relevant prognostic factor in patients with gastric cancer resected for cure. LN
status and ratio are the most important prognostic factors[35,47-49,54,55]. The importance of adequate lymphadenectomy as part of a potentially curative resection has
been recognized in Western countries as well[39,41,56-58]. For
absolutely curative resection, lymphatic dissection must
be a level higher than the highest echelon of metastatic
LNs, in addition to tumor free margin. Appropriate LN
dissection is also important for accurate staging. The
number of retrieved LNs has been validated as a method
of evaluating the adequacy of LN dissection but data collection from each LN station needs considerable effort
from both surgeons and pathologists. The number of LN
metastases has been validated as a better prognostic indicator compared to the location of the LN metastases[48,49]
and the staging system was updated in the 2010 UICC/
TNM 7th edition[59]. According to the new system, pN1 is
defined as LN metastases in 1 to 2 LNs, pN2 is defined
as LN metastases in 3 to 6 LNs, N3a in patients with 7
to 15 metastatic LN, and N3b in patients with more than
16 LNs metastases. The classifications of the LN stations
and LN dissections were also updated at the same time.
LN stations classification
In the past, 16 different LN stations were identified surrounding the stomach[12]. The perigastric nodes were
defined as N1 nodes (station 1 to 6). N2 nodes corresponded to the nodes around the main vessels originating
from the celiac trunk (station 9), the left gastric, common
hepatic, splenic artery and splenic hilum and arteries (stations 7, 8, 11 and 10, respectively). Nodes at the hepatoduodenal ligament (station 12), the retropancreatic region
(station 13) and the root of the mesentery (station 14)
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were defined as N3, whereas those along the middle colic
vein (station 15) and para-aortic nodes (station 16) were
classified as N4. This topographic classification remains
very popular among surgeons and still represents a milestone knowledge that helps surgeons perform LN dissection correctly. However, nowadays it has poor clinical significance. As a matter of fact, according to the Japanese
classification of gastric carcinoma, LN stations 1-12 and
14v are now defined as “regional” gastric LNs, whereas
metastasis to any other nodes is classified as “M1”.

was suggested to be adequate. Instead, the incidence of
LN metastases in submucosal EGC (pT1b) was as high
as 23%. In particular, metastases to the second level (LN
stations 7-11) and third level (LN stations 12-16) were
detected in 5% of the patients. The authors concluded
that, in patients with distal third submucosal cancer, D1
+ β LN dissection entailed a risk of leaving metastatic
nodes in 3% of cases and therefore D2 LN dissection
was recommended. In other studies, the incidence of
micro-metastases in N0 pT1 and pT2 was shown to be
as high as 17%-23% and such micro-metastases were
correlated with the prognosis[64,65]. In a case of EGC, the
intraoperative histopathological evaluation of clinically
suspected metastatic nodes or the sentinel node technique might be deemed suitable in a tailored LN dissection (D1 + β) strategy and might avoid extended D2 LN
dissection in selected N0 or N1 patients who would not
tolerate complications[66,67]. In this perspective, the minivasive approach has become the gold standard procedure
for the treatment of EGC in Japan. In Western countries,
the incidence of gastric cancer is low, no screening program has been approved and most gastric cancer patients
are diagnosed with advanced stage gastric cancer. For
advanced gastric cancer (pT2-4), extended LN dissection is mandatory because the rate of second level (LN
stations 7-11) node metastases ranges between 10% and
20%. Several reports showed that extended LN dissection can be performed with low morbidity and mortality
rates[16,68,69]. Pancreatosplenectomy, thought to be necessary in the past, remains a source of postoperative complications and is not essential for adequate clearance of
nodal stations along the splenic vessels in D2 LN dissection. Accurate dissection along the splenic vessels and the
hepatic pedicle is the most challenging part of any gastric
surgery for cancer because it requires hepatobiliary and
pancreatic surgery technical skills and training. General
surgeons without such training are more likely to perform inadequate gastric cancer surgery, especially in the
event of advanced gastric cancer when an aggressive surgical procedure is the only chance for cure[70]. The higher
survival rates after D2 LN dissection compared to D1
surgery as reported by Japanese series have not been confirmed by European randomized trials[36,37]. Some skeptics
believe that extending LN dissection beyond perigastric
stations entails more diagnostic than therapeutic benefit.
However, patients with second-level node invasion who
undergo D1 gastrectomy are likely to show early local
recurrence because of inadequate LN dissection. Furthermore, such patients are understaged at the time of
primary surgical treatment which makes comparison with
studies that use a more accurate staging inaccurate[71].
However, in other major nonrandomized studies, D2
lymphadenectomy was an independent prognostic factor
and improved long-term survival in patients with stage[39,56]
. Lastly, the very comprehensive results of
Ⅱ tumors
the Dutch trial comparing D1 vs D2 lymphadenectomy
showed that extended LN dissection is associated with
lower loco-regional and gastric cancer-related death rates

Definition of LN dissections
LN dissection was initially classified as D1 to D4, depending on the extent and removal of each LN station
according to the primary tumor location. In distal subtotal gastrectomy, D1 included removal of only LN stations
1, 3, 4, 5, 6 and 7 surrounding the stomach, whereas D2
included D1 LN dissection and station 8a, 12a, 9 and 11.
D3 and D4 LN dissections occur when the other LN
stations are removed. This system has been revised and
now reflects the number of retrieved LNs rather than
their location. Hence, it is as follows: D0 when less than
15 nodes are reported, D1 when 15 to 25 nodes are removed, and D2 when more than 25 nodes are reported
in the pathological findings[12,40,49,60]. As a matter of fact,
the number of LNs itself cannot give any information
about the extent of LN dissection. The original N1-3 and
D1-3 definitions are far more complicated: LN groups
are defined as compartments 1-3 and depend on the location of the primary tumor, according to which each LN
station is given a group number (1, 2, 3, or M)[44].
Oncological principles of LN dissection in distal subtotal
gastrectomy
The rate and number of metastatic LNs increases with
the depth of tumor invasion through the gastric wall
layers and shows a clear relationship with survival[35,61-63].
This rate is low in early gastric cancer (EGC) and the
Japanese Gastric Cancer Association recommends a D2
LN dissection in most gastric cancer. However, less extensive LN dissection was approved in patients with T1
cancer and clinical node-negative disease. The incidence
of LN metastases in lower-third gastric cancer at each
LN station according to the depth of tumor invasion was
well described in a recent detailed report from the Seoul
National University Hospital[62]. In this large series, curative resection for gastric cancer located in the distal third
of the stomach was carried out with subtotal gastrectomy
in 95.2% of the patients, 38.1% of whom suffered from
advanced gastric cancer. The mean number of LNs was
37.6 and LN dissection was D2 or more extended in
57.1% of the surgeries. However, extended LN dissection
was not performed in EGC, which accounted for 61%
of the cases. In the aforementioned study, a D1 + α (D1
+ station 7 and 8a) or D1 + β (D1 + stations 7, 8a and
9) LN dissection was performed in 43% of the patients.
The incidence of LN metastases in mucosal EGC (pT1a)
was very low, namely 1.1%, and a D1 + β LN dissection
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than D1 surgery[40]. This study confirmed that significant
long-term survival benefits were observed in stage-Ⅱ patients (pT2N1 or pT3N0), as had previously been shown
by the German Gastric Study Group. The Dutch trial
showed higher survival rates in D2 group N2 patients
than D1 group patients and as N2 disease is difficult to
identify preoperatively, the authors concluded that extended LN dissection might be beneficial when morbidity
and mortality rates are very low. As a result, inadequate
LN dissection accounts for more than half of the surgical failures due to loco-regional recurrence, especially in
those patients with second-level node metastases. A well
designed Italian nonrandomized prospective multicentric
study on patients with advanced gastric cancer invading
the serosa (pT3) located in the gastric antrum showed
that subtotal gastrectomy with D2 LN dissection without
splenectomy can be performed with low morbidity and
mortality rates and survival was even better than that of
patients treated with total gastrectomy[72]. In the abovementioned study, the choice of the surgical procedure
(total or subtotal gastrectomy) was based on the surgeon’
s preference. Subtotal gastrectomy was preferentially performed in older patients and when the surgeon believed
the disease to be less aggressive, as demonstrated by the
higher number of metastatic LN in the TG group. However, the type of surgery had no influence on the number
of dissected nodes. The study also confirmed that extended LN dissection can be performed in patients with
advanced gastric cancer located in the distal third of the
stomach, suitable for subtotal gastrectomy. Total gastrectomy may become necessary when the lymphatic spread
is beyond N2 LN stations. In the series reported by the
Seoul National University Hospital, the incidence of total
gastrectomy in 400 patients with advanced lower-third
gastric cancer was 6%[62]. In clinical practice, D2 standard LN dissection becomes mandatory in the majority
of patients and less extensive lymphadenectomy can be
performed in 10 to 20% of cases. Hence, surgeons need
to have technical skills and clinical experience in order
to treat most gastric cancer patients when surgery is the
main treatment option. Results of trials on gastric cancer
multidisciplinary management suggested that D2 surgery alone results in much better survival rates than less
extensive surgery plus adjuvant chemotherapy and radiotherapy, as shown by the INT0116 trial. The Intergroup
randomized trial confirmed that local recurrence of cancer is reduced by 50% after D2 resection[73,74].
With this tailored surgical approach, the Maruyama
Index (MI) of unresected disease (as the quantitative
measure of sum of the probabilities of metastases to
regional LN station 1-12 that were not removed and left
behind after primary surgical treatment) may remain low
(< 5) within the limits of curative R0 resection, decreasing the risk of loco-regional recurrence and improving
survival[75-78]. The Dutch D1 vs D2 trial was reanalyzed
using the MI as a prognostic tool and the MI < 5 proved
to be a strong predictor of survival by both univariate
and multivariate analysis. D2 LN dissection should entail
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low MI in most patients, particularly in stage Ⅱ and Ⅲ
gastric cancers[79]. Surgical experience and training are essential to perform high quality gastric cancer surgery and
advanced gastric cancer patients are more likely to have a
low MI curative surgery in high volume institutions rather
than in low volume hospitals. Subtotal gastrectomy is the
first option in the treatment of middle and lower-third
gastric cancer, regardless of the extent of LN dissection
required to achieve curative R0 resection with low MI.

ONCOLOGICAL PRINCIPLES OF
SUBTOTAL GASTRECTOMY: HOW TO
PERFORM IT
Extent of gastric resection and the resection margin
Nowadays, this procedure accounts for 23%-70% of all
cancer gastrectomies performed in specialized centers
in European and Far Eastern countries[15,23-25,43,55]. Subtotal gastrectomy can also be performed in patients with
gastric cancer arising in the middle part of the stomach
as the length of proximal resection margin is currently
the single most important factor in deciding the final
gastric resection extent[33,72]. Although total gastrectomy
was recommended in the past as the standard surgery for
middle-third gastric cancer, it has been shown that subtotal gastrectomy can be carried out in middle-third gastric
cancer patients when a 3-6 cm tumor proximal free margin can be achieved, according to the Lauren histological
type[33]. In early gastric cancer, subtotal gastrectomy is the
gold standard treatment, whereas in case of advanced
gastric cancer, the intraoperative frozen section histopathological evaluation of the transection line is useful to
detect positive margins and proceed to total gastrectomy.
Other more recent studies supported this stomach spearing strategy in the treatment of gastric cancer located in
the middle third. Subtotal gastrectomy was performed in
39.3% of the 402 patients with middle-third advanced
gastric cancer at the Korea University College in Seoul,
compared to 83.3% of the 172 patients with lowerthird cancer[80]. In this study, as expected, the patients
who underwent total gastrectomy had more advanced T
stage; however, there was no difference in stage-stratified
survival rate based on the extent of curative gastric resection. Multivariate analysis revealed that the type of gastric
resection and the length of the proximal resection margin, using cut-off value from 1-5 cm in intervals of 1 cm,
had no impact on 5-year survival. Similar results were reported in another study from the same region[81]. In order
to prevent local recurrence of cancer, a > 6.5 cm gross
margin was recommended in the past[82]. More recently,
> 3 cm a margin in the final pathology for advanced gastric cancer has been considered adequate. However, according to the Japanese Classification of Gastric Cancer
Carcinoma (2nd English edition), high chances of cure are
achieved when the resection margin is > 1 cm. The resection line infiltration is an unfavorable prognostic factor
at any stage of the disease and patients in good general

785

February 8, 2015|First Edition|

Santoro R et al . Subtotal gastrectomy for gastric cancer

by dividing the “descending branch” at the root[84]. The
blood supply provided by this artery to the gastric remnant allows safely performing two-third subtotal gastrectomy, thus making it possible to proceed to reconstruction by tension-free Billroth Ⅰ anastomosis after dividing
the short gastric vessels.

condition for whom radical surgery is possible should be
considered for reoperation[51]. Since long-term oncological outcome does not seem to be affected by the type of
gastric resection or by the length of the proximal resection margin, patients with middle-third advanced gastric
cancer can be safely treated with subtotal gastrectomy
with curative intent. Such patients will benefit in terms
of postoperative morbidity and mortality rates, as well as
quality of life.

ROLE OF CONVENTIONAL SURGERY IN
EARLY-STAGE GASTRIC CANCER VS
MINIMALLY INVASIVE TECHNIQUES

“Two thirds” of “four fifths” subtotal gastrectomy and
the destiny of the left gastric artery
The extent of gastric resection is usually defined as “two
thirds” or “four fifths” of the stomach. From an oncological standpoint, this is not relevant provided that the
proximal margin of the resection falls in healthy tissue
and adequate LN dissection is performed; however, the
size of the remnant stomach is important for the reconstruction phase following partial gastrectomy. If the
gastric stump is too short, reconstruction is preferably
done by using Billroth Ⅱ or Roux-en-Y methods. The
Billroth Ⅰ method can be performed when the size of
the remaining stomach allows obtaining a tension-free
gastroduodenal anastomosis. In addition, the length of
the gastric remnant may cause concern about the vascularization of the distal end of the gastric stump. The extensive resection and LN dissection disrupting the arterial
branches surrounding the stomach, including LN station
#1, that provide the blood supply to the gastric stump
may contribute to postoperative necrosis of the distal
part of the gastric stump and unfavorable outcome. After
standard D2 subtotal gastrectomy for advanced gastric
cancer, the blood supply of the gastric stump is maintained up to the level of resection by the esophagocardiotuberal branches and the short gastric arteries. However,
the gastric stump might show poor vascularization in
the resection area if the stump is too long, thus entailing
possible risk of late ischemia not detected during surgery
and postoperative fistula at the gastroduodenal or gastrojejunal anastomosis. Hence, when the left gastric artery is
divided at the root from the celiac trunk and radical lymphatic clearance is performed, the short gastric vessels
should be preserved and a “four fifth” subtotal gastrectomy performed; the type of reconstruction will depend on
the surgeon’s choice and the remaining stomach length.
In a case of EGC without gross LN metastases, D1 +
β or D2 LN dissection can be performed with preservation of the left gastric artery and its “ascending branch”,
especially if the tumor is distally located on the greater
curvature[83]. In this setting, adequate LN dissection can
be performed by skeletonizing the hepatic artery, the celiac trunk and then the left gastric artery, as in transplant
surgery, by removing the adipose tissue containing the
lymphatics along these arteries. Similarly, extended LN
dissection can be carried out along the splenic artery by
preserving the pancreatic tail and spleen. Only the stem
of the left gastric artery and the “ascending branch” can
be preserved as the feeding artery for the gastric remnant
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Subtotal gastrectomy vs endoscopic resection
Although gastrectomy with LN dissection is still the gold
standard treatment for early gastric cancer, endoscopic
surgical techniques such as endoscopic mucosal resection
(EMR) and endoscopic submucosal dissection (ESD)
have been proposed in selected patients as alternative
treatments to maintain good quality of life[85-87]. Typically,
EMR of large lesions require piecemeal resection. ESD is
an alternative technique which enables en bloc resection.
With this technique, LN dissection is not performed and
regional LNs remain untreated. Therefore, patient selection is mandatory and this conservative technique can
only be proposed for patients with low risk of LN metastases. According to the Japanese gastric cancer treatment
guidelines of the Japanese Gastric Cancer Association
(2010, ver.3), EMR or ESD are indicated as the standard
treatment for differentiated-type adenocarcinoma without
ulcerative findings whose depth of invasion is clinically
diagnosed as T1a and with ≤ 2 cm diameter. This group
of tumors show very low incidence of LN metastases. In
a large study on 5265 patients who underwent gastrectomy with LN dissection for EGC, the incidence of LN
invasion was observed in only 2.7% of mucosal cancers
and 18.6% of EGC invading the submucosa[83]. None
of the 1230 well differentiated intramucosal cancers
with less than 30 mm diameter were associated with LN
metastases. Other risk factors for LN metastases were
lymphatic-vascular involvement, undifferentiated histological type and tumor diameter larger than 30 mm. The
endoscopic resection of tumors with the aforementioned
features is under investigation and those tumors are considered as an expanded indication. In 1091 submucosal
invasive tumors, the incidence of LN metastases was
20.3%[85]. As for intramucosal cancer, the presence of LN
metastases had a significant correlation with tumor size
larger than 30 mm, undifferentiated histological type and
lymphatic-vascular involvement. The incidence of LN
metastases in patients negative for these three risk factors
was 5.6%; the authors suggested that in this subset of
patients, LN dissection may not be necessary and EMR
or ESD should be performed. However, these criteria are
based on the full histological examination of the resected
specimen. Therefore, it is of paramount importance that
the EMR or ESD is technically well performed and the
specimen fully examined. Resection is deemed curative
when the tumor size is ≤ 2 cm and en-bloc resection
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with negative margins is performed for pT1a histologically differentiated-type without lymphovascular infiltration.
When EMR or ESD is deemed non curative, additional
surgical treatment should be recommended. Gastrectomy
is also required when EMR or ESD are not feasible and
since most tumors are located in the middle and distal
thirds of the stomach, subtotal gastrectomy with LN dissection remains the treatment of choice.

with curative intent. The application of LAG for AGC
remains controversial due to the technical difficulty of
performing a complete D2 lymphadenectomy. Extended
LN dissection was shown to be technically feasible with
a high number of retrieved nodes in both laparoscopic
and robotic approaches[95,96]. However, the preoperative
diagnosis of AGS with obvious node metastases is not an
indication for the minimally invasive approach. In several
series, preoperative understaging of EGC conceals the
presence of AGC in 4.6%-7.6% of cases. The retrospective analysis of the KLASS group regarding 239 patients
who were diagnosed with AGC on final pathological
examination showed that the long-term survival outcome
rates were comparable to those previously reported for
open gastrectomy[92]. In this study, a D2 LN dissection
was performed in 68.2% of the procedures; however,
only 23% of the patients were diagnosed with stage Ⅲ
or Ⅳ disease. A recent meta-analysis of LADG showed
that the short-term outcome of LADG for EGC is better than that of the open procedure[97]. However, LADG
performed significantly less well compared to open distal
gastrectomy in terms of operative time and also showed
a smaller number of harvested LNs. The long-term outcome should be proven by further results of ongoing
randomized clinical trials.

Laparoscopic-assisted distal gastrectomy vs open
procedure
Laparoscopic surgery for gastric cancer has gained popularity since its first application in 1991[88]. With the improvement of laparoscopic instruments and techniques,
minimally invasive surgery has recorded increasing
clinical application to treat early-stage gastric cancer[89].
In Asian countries such as Japan and South Korea,
laparoscopic-assisted distal gastrectomy (LADG) has become a standard therapy for early gastric cancer (EGC)
located in the distal and middle thirds[90,91]. Furthermore,
the development of this technique also entailed wide acceptance for other types of gastrectomies. The results
of a retrospective multicenter study carried out in South
Korea by the Korean Laparoscopic Gastrointestinal Surgery Study (KLASS) group showed that laparoscopicassisted gastrectomy (LAG) provided satisfactory longterm oncological outcomes, similar to those of open
surgery[92]. In the above-mentioned study, indication for
LAG was gastric cancer patients with preoperative stage
Ia (cT1N0M0) diagnosis, except those who were suitable
for endoscopic resection. However, as experience accumulated, indications were expanded to preoperative diagnosis of more advanced early-stage disease (cT1N1M0,
cT2N0M0 and cT2N1M0). The incidence of recurrence
was 1.6% (19/1186) in EGC and 13.4% (31/231) in advanced gastric cancer (AGC)[93]. The study suggests that
LAG is a good alternative to open gastrectomy in patients
with relatively early-stage gastric cancer. LAG has several significant advantages, including less intraoperative
blood loss, less postoperative pain, earlier postoperative
recovery and shorter hospital stay. However, adequate
lymphadenectomy is the most important prognostic factor in gastric cancer and the reliability of a laparoscopic
approach depends on performing D2 dissection correctly,
as in open surgery, following the criteria of the Japanese
Gastric Cancer Association guidelines. It is estimated that
a laparoscopic approach is employed in about 20% of
gastric cancer surgeries in Japan; nevertheless, according
to the Japanese Gastric Cancer Guidelines (2010, ver.3),
this minimally invasive technique should be considered an
investigational treatment. At present, although the longterm results of the phase Ⅲ KLASS trial are yet to be
published, LAG is considered to be accepted for EGC[94].
In intramucosal cancer not suitable for endoscopic resection or after non-curative endoscopic resection, surgical
treatment is recommended and the laparoscopic approach
seems to be a good alternative to conventional open surgery as a D1 + β LN dissection can be safely performed
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LADG technical aspects
From a technical standpoint, several techniques have
been described to perform minimally invasive distal gastrectomy, including laparoscopic-assisted and robotic-assisted techniques with extracorporeal anastomosis, which
are the most frequently described ones, and the entirely
intracorporeal technique. In the laparoscopic and roboticassisted techniques, minilaparotomy is performed after
mobilization of the stomach and division of the gastric
vessels at the root together with LN dissection. The
mobilized stomach is pulled out through the minilaparotomy site and resected. Billroth Ⅰ or Ⅱ or Roux-en-Y
anastomosis can be performed extracorporeally by using
stapling devices or hand-sewing techniques, depending
on the surgeon’s choice[98-100]. In addition, LN dissection
of the nodes behind the hepatic artery or portal vein
that are not easily harvested by laparoscopy can be safely
removed through this minilaparotomy before reconstruction. In entirely intracorporeal subtotal gastrectomy, sideto-side gastrojejunal anastomosis is usually performed
using laparoscopic linear cutter staples through two access openings of the jejunal limb and the posterior wall
of the gastric stump. Then, the openings are closed with
running suture or extracorporeal slipknots, depending
on surgeon’s preference[95]. Then, the resected stomach is
extracted using a polyethylene endobag through the enlarged umbilical incision or, preferably, from a suprapubic
incision. Since most of the tumors treated by LADG are
EGC and the tumor border is often unclear, preoperative
endoscopic marking of the proximal margin of the tumor is recommended in order to obtain a proximal resection margin of at least 2 cm in pT1 tumors.
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patient selection and they are not related to the type of
reconstruction; rather they are due to the surgical choice
to perform partial gastrectomy instead of total gastrectomy. On the other hand, true primary CGS occurs later,
more than 5 years postoperatively, and can result from
the same pathogenetic pathway that leads to CGS after
resection for benign disease where the role of reflux and
type of reconstruction remain controversial. The incidence of true primary CGS is less than 1% in the longterm[15,111,112]. In Far Eastern countries, surgeons adopted
a radical approach to LN dissection but not to the extent
of gastric resection and SG accounts for two thirds of
all cancer gastrectomies, with early carcinoma affecting
60% of all patients[15,113]. In Japan, CGS was observed
after both Billroth Ⅰ and Billroth Ⅱ procedures, but also
after a Roux-en-Y procedure[110,111,114,115], and the type of
reconstruction after SG has never been recognized as a
prognostic factor. In our previous study, the incidence
of CGS after Billroth Ⅰ SG was 0.7% in the very longterm[112]. Therefore, the impact of the type of reconstruction on CGS development remains most theoretical than
practical. The theoretical 1% long-term risk of CGS does
not justify “en principe” TG, even in young patients with
long-term life expectancy, unless they have a history of
familial gastric cancer. In our previous study, SG in young
patients with favorable pathological staging was confirmed to improve long-term survival and have favorable
functional outcome[116]. However, lifelong endoscopic
monitoring is recommended after initial gastrectomy
for all patients, especially those operated on at an early
stage because early diagnosis of CGS entails hope for
cure[111,115,117].

RECONSTRUCTION AFTER DISTAL
SUBTOTAL GASTRECTOMY AND LONGTERM OUTCOME
The extent of gastric resection does not influence survival when patients are matched for stage groups and the
type of reconstruction after SG for gastric cancer has
never been associated with any prognostic value[15,24,40].
After subtotal gastrectomy, the following reconstruction
methods are usually employed: Billroth Ⅰ gastroduode
nostomy, Billroth Ⅱ gastrojejunostomy with or without
Braun anastomosis, Roux-en-Y gastrojejunostomy, uncut
Roux-en-Y gastrojejunostomy and jejunal interposition.
Distal subtotal gastrectomy entails risks of symptomatic
gastroesophageal reflux disease (GERD) and cancer of
the gastric stump (CGS); however, in the past, the impact of partial gastrectomy for benign peptic disease on
survival was found to be so weak that prophylactic endoscopic monitoring was unrewarded until 15 to 20 years
postoperatively[101]. In Far Eastern countries where the
incidence of gastric cancer is high and subtotal gastrectomy is the most frequently performed procedure, all types
of reconstructions are routinely performed depending
on surgeon and/or institution choice and the Japanese
Gastric Cancer Treatment Guidelines 2010 (ver.3) do not
recommend any type of reconstruction after distal gastrectomy. Each type has advantages and disadvantages.
A choice should be based on personal experience and
surgical results, as well as the functional outcome and
postoperative quality of life. The most important factor
influencing postoperative quality of life is symptomatic
bile reflux esophagitis and various reconstruction methods have been introduced in order to reduce bile reflux
and prevent symptoms; however, this complication occurs in 5% of patients, regardless of the type of reconstruction[102]. Billroth Ⅰ and Billroth Ⅱ reconstructions
are the preferred method of anastomosis across Japan,
whereas reconstruction using Roux-en-Y anastomosis
is more common in Europe and North America, with
a view to preventing GERD, reducing the risk of CGS,
and improving the functional outcome[99,103-106]. However,
there is no convincing evidence proving that one method
is better than the other from both carcinogenetic and
functional standpoints[100,107-109].

Functional outcome
Postoperative quality of life is an important goal when
treating gastric cancer surgically. After partial gastrectomy, some patients report disorders such as reflux esophagitis and alkaline gastritis, as well as dumping syndrome,
delayed gastric emptying and malabsorption, which are
defined as functional dyspepsia. Duodenogastric reflux
is recognized to be a major cause of clinical symptoms
after resection. 5% incidence of functional failure (Visick
grade of Ⅲ or Ⅳ)[118] has been reported after all different
types of reconstructions but symptoms are not always
correlated with reflux disease[102,104,113,119]. Our previous
study on the functional outcome after Billroth Ⅰ SG
showed that functional failure is not only related to reflux
disease, but also to functional dyspepsia that is a multifactorial disorder[112]. Bile reflux into the gastric remnant
following Billroth Ⅰ and Ⅱ reconstruction has been reported to be a frequent event. The endoscopic evidence
of bile reflux or chronic superficial gastritis is not directly
correlated with symptoms and the latter may be similar
to those shown by healthy subjects. The conclusions of
several studies comparing the functional outcome of the
different reconstructive procedures remains controversial[101,103-109]. Roux-Y reconstruction seems to be effective in reducing bile reflux into the stomach, compared

Risk of cancer of the gastric stump
The interval between subtotal gastrectomy for gastric
cancer and detection of CGS is significantly shorter
compared to previous gastrectomy for benign ulcer disease, with the first one being 5-10 years from primary
operation, while the latter is more than 15-20 years[110,111].
CGS within 5 years from gastrectomy was shown to occur only in patients who had primary surgery for gastric
cancer, even at an early stage; however, such early recurrence probably results from incorrect initial diagnosis
of multicentric disease or from non-curative initial
gastrectomy. Unfortunately, such types of recurrences
may occur despite accurate pre- and intraoperatively
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to Billroth Ⅰ and Ⅱ procedure[100,103,106], and conversion
to this procedure has been reported in patients with
symptomatic uncontrolled reflux disease. However,
other studies showed limited benefits from Roux-Y over
Billroth Ⅰ or Ⅱ anastomosis because of frequent complications, including Roux-Y stasis syndrome or gallstones
formation, and they failed to demonstrate that there is
any significant difference in the long-term postoperative
functional outcome[104,105,107-109,120]. A large study on the
endoscopic evaluation of the remnant stomach failed to
find significant long-term difference in terms of bile reflux for the three types of reconstructions and confirmed
that only reflux esophagitis is the real gold standard for
symptomatic reflux disease[102]; endoscopy showed that
only a minority of the patients (less than 5%) reported
signs of reflux esophagitis, independent of the type of
partial gastrectomy, thus confirming that other functional disorders, such as the decrease in lower esophageal
sphincter pressure, the presence of a hiatus hernia, or
the accommodation of the remnant stomach to a meal,
can lead to post-gastrectomy functional dyspepsia. In our
previous study on the very long-term functional outcome
of Billroth Ⅰ SG followed up to 18 years, we found encouraging results in terms of the absence of meal-related
discomfort and normal number of meals per day and we
were surprised to record that the majority of our patients
had completely recovered from surgery and could hardly
see any difference compared to their preoperative conditions[112]. Postoperative endoscopy showed no evidence
of mucosal changes in 85% of patients, including those
who had been operated on more than 10 years before.
Similar results have been reported for the other type of
reconstructions[100,106,109].

total gastrectomy in terms of quality of life, including
nutritional status, functional dyspepsia and long-term
survival. Moreover, it has placed special focus on gastric
stump recurrence. In the last decade, new studies have
been conducted comparing open conventional distal gastrectomy with the laparoscopic approach or endoscopic
resection in the case of EGC, and other studies compared
conventional postoperative care with the fast-track program[94,121-123]. However, the main focus of such studies
was on the clinical outcome and long-term results and,
although these novel approaches are still considered as
investigational according to the Japanese Gastric Cancer
Treatment Guidelines 2010 (ver.3), their clinical applications are gaining more and more popularity among specialized surgeons. Little is known about the cost-effectiveness of subtotal gastrectomy for gastric cancer. The costeffectiveness of the procedures is yet to be calculated and
no specific information can be provided as multiple and
different variables contribute to the cost analysis of such
an intriguing surgical procedure and its variants, including
the social organization and the health system of each individual country. In particular, the phase Ⅲ controlled randomized multicenter KLASS 01 trial carried out in South
Korea on 1415 patients included cost-effectiveness among
its secondary endpoints[124]. However, the trial is currently
ongoing and the cost analysis is still being conducted.
The cost-effectiveness analysis focused mainly on
primary and secondary preventive strategies and on postoperative adjuvant chemotherapies for resectable gastric
cancer. Helicobacter pylori (H. pylori) infection is estimated
to carry a significant lifetime risk of developing peptic
ulcer and gastric cancer. Screening the population for
the presence of H. pylori infection and treating H. pyloripositive subjects may reduce mortality and morbidity in
the future decades[125]. The serology screening and 13Curea breath test for H. pylori were shown to achieve more
health benefit at a lower cost compared to no screening
in the Chinese population. The serology screening was
found to be cost-effective[126]. A well designed study on
a limited and controlled population in Taiwan showed
that a once-only chemoprevention program should be
initiated earlier in life and suggested that primary prevention dominates on secondary prevention strategy
for high risk groups[127]. H. pylori eradication at an early
stage can effectively ameliorate the infiltration of acute
inflammatory cells and protect the gastric mucosa from
irreversible damage. Early-stage gastric cancer detection
in the secondary prevention strategy is a critical issue to
improve prognosis. Endoscopic screening of the population for gastric cancer is generally deemed not to be cost
effective, except in Japan where prevalence is very high.
However, stomach screening in moderate to high-risk
population subgroups was shown to be cost-effective[128].
Patients that are diagnosed with gastric cancer at an early
stage are more likely to undergo partial gastrectomy than
total gastrectomy, thus making moderate-high risk population screening results cost-effective, even from a surgi-

FOLLOW-UP
Pre- and intraoperative accurate patient selection remains
mandatory and this procedure can be considered a valid
option in patients with favorable pathological staging.
After resection, no specific diagnostic method has been
identified to detect recurrence. Recurrence is usually
diagnosed through a combination of exams, including
ultrasound, computed tomography, positron emission
tomography and tumor marker evaluation. Computed
tomography seems to be essential in the follow-up of
patients. Consensus has not been reached as to the optimal frequency; it is usually performed every 3 to 12 mo,
depending on the stage of the disease and time elapsed
since surgery. Furthermore, after subtotal gastrectomy,
lifelong endoscopic monitoring is recommended to detect possible mucosal changes at an early stage.

COST-EFFECTIVENESS
The clinical research that has been carried out in the
last thirty years was promoted with a view to define the
clinical benefits of subtotal gastrectomy compared to
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cal standpoint.

17

CONCLUSION

18

This article on subtotal gastrectomy for gastric cancer
aimed to clarify the actual landmarks of this procedure
and the role it plays compared to the whole range of new
and old treatment methods. Since the clinical application
of the study is very helpful for patient evaluation and decision making, we recommend that the readers apply this
knowledge into routine clinical practice.
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ing programs should target the general population in
eastern countries, at high prevalence of GC and the
high-risk subjects in western countries, at low prevalence of GC. As far as concern surveillance, currently,
we are lacking of standardized international recommendations and many features have to be defined regarding the optimal diagnostic approach, the patients at
higher risk, the best timing and the cost-effectiveness.
Anyway, patients with corpus atrophic gastritis, extensive incomplete IM and dysplasia should enter a
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Abstract

Core tip: Because of expansion and aging of the world
population, gastric cancer incidence is still increasing.
The primary objective of World Health Organization is
to arrange screening and surveillance programs for cancer prevention. However, although we know the main
etiological agent and the natural history, a gastric cancer elimination project, combining appropriate screening and surveillance programs, has yet to be defined
because of the lack of standardized recommendations.
This review addresses the most relevant literature focusing on this topic and tries to design the hypothetical
screening and surveillance programs.

Although the prevalence of gastric cancer (GC) progressively decreased during the last decades, due to improved dietary habit, introduction of food refrigeration
and recovered socio-economic level, it still accounts
for 10% of the total cancer-related deaths. The best
strategy to reduce the mortality for GC is to schedule
appropriate screening and surveillance programs, that
rises many relevant concerns taking into account its
worldwide variability, natural history, diagnostic tools,
therapeutic strategies, and cost-effectiveness. Intestinal-type, the most frequent GC histotype, develops
through a multistep process triggered by Helicobacter
pylori (H. pylori ) and progressing from gastritis to atrophy, intestinal metaplasia (IM), and dysplasia. However,
the majority of patients infected with H. pylori and carrying premalignant lesions do not develop GC. Therefore, it remains unclear who should be screened, when
the screening should be started and how the screening
should be performed. It seems reasonable that screen-
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States and $11.47 billion in Japan[6,7], with total cost of
illness of the stomach cancer of approximately $45000
per patient during the first year, and up to $130000 per
patient if the diagnosis was performed at 20-30 years of
age[6].
Gastric cancer may be classified, according to topography, in cardia and non-cardia, and, according to histology,
in intestinal and diffuse type[8,9]. Each GC type is characterized by a different natural history and pathogenesis[10].
In this review we will focus on non-cardia, intestinal
type GC, due to its frequency and natural history.
During the last few years, it has become apparent
that the most important single factor responsible for the
development of both intestinal and diffuse type GC is H.
pylori infection. H. pylori is a curved, motile, gram-negative
organism that represents one of the most common infections, affecting more than 50% of the world population,
with prevalence rates ranging from 30% in industrialized areas to 90% in developing countries and Eastern
Asia[11]. It is acquired during childhood and colonizes the
gastric epithelial cells where, in absence of appropriate
treatment, it may persist along life and induce a chronic
inflammatory response leading to the development of atrophy, intestinal metaplasia (IM), dysplasia and ultimately
cancer.
Epidemiological investigations (retrospective, casecontrol and prospective studies) and several metaanalyses have demonstrated that current or previous H.
pylori infection is associated with an increased risk of
GC in respect to uninfected people (OR = 2.97; 95%CI:
2.34-3.77)[12]. However, the risk depend on H. pylori strain
and duration of infection. H. pylori, indeed, is characterized by several putative virulence factors, i.e., vacA, iceA,
babA, dupA, oipA and cagA, with the cag pathogenicity
island, that are variously associated with the risk of gastric diseases[13]. Pooled data have shown that cagA positive
strains of H. pylori are associated with a higher risk of
GC (OR = 2.01; 95%CI: 1.21-3.32) in respect to cagA
negative strains[14]. A more recent meta-analysis including
44 studies (13 case-control and 31 cross-sectional studies), with a total of 17374 patients, showed that GC risk
was higher in individuals infected with cagA positive H.
pylori strains (OR = 2.09; 95%CI: 1.48-2.94) and in those
infected with vacA s1 (OR = 5.32; 95%CI 2.76-10.26),
vacA m1 (OR = 2.50; 95%CI: 1.67-3.75), vacA s1m1 (OR
= 4.36; 95%CI: 2.08-9.10) H. pylori strains[15].
CagA protein is phosphorylated on the tyrosine residue within the phosphorylation motifs in the carboxiterminal variable region. These motifs are defined as EPIYA
(Glu-Pro-Ile-Tyr-Ala) A, B, C and D according to different flanking aminoacids. The magnitude of risk for GC
increased with increasing number of EPIYA C motifs:
strains with one EPIYA C motif conferred an OR of 17
(95%CI: 5.4-55), and strains with two or more EPIYA C
motifs conferred an OR of 51 (95%CI: 13-198)[16].
Age at the time of H. pylori infection may be another
determinant of the disease outcome. Epidemiological
studies have revealed a high incidence of adulthood GC

INTRODUCTION
Gastric cancer (GC) is one of the most frequent and lethal
cancer worldwide. The current 5-year survival rate of individuals diagnosed with GC is about 24%, reflecting the reality that most cases are already in an advanced stage when
diagnosed[1]. The late diagnosis of the disease and the
intrinsic resistance to radio- and chemo-therapy may account for the worst prognosis of this malignancy. At present, the best strategy to reduce the mortality for GC is to
schedule appropriate screening and surveillance programs.
This issue is further supported by the fact that, firstly, it is
possible to recognize the major causative agent of GC, i.e.,
Helicobacter pylori (H. pylori) and secondly, the well known
gastric carcinogenesis process lasts few decades.
However, the submission of a screening or surveillance program for GC rises many relevant concerns taking into account that GC shows a worldwide variability
and the majority of patients with H. pylori infection and
premalignant lesions will not develop GC.

SCREENING
Screening is a public health service that has the potential to save lives or improve quality of life through early
diagnosis of serious conditions. Screening is the process
of checking people who have no symptoms or signs of
an unsuspected disease which can be treated more successfully than if the disease had been left until it showed
itself.
The United Kingdom National Screening Committee in 2003 wrote the criteria that should be met before
screening for a disease can be planned[2]. They concern
the condition, the diagnostic test, the treatment, and finally the program.
Condition
“The condition should be an important health problem,
the epidemiology and the natural history should be well
understood and the risk factors and the disease markers
should be detectable”. Gastric cancer continues to be
the 4th most frequently diagnosed cancer worldwide. In
2008, 989000 new cases, accounting for 8% of the total
new cancer cases and 730000 deaths, accounting for 10%
of the total cancer deaths were reported[3]. However,
there is a 10-fold variation in incidence between the various countries and, sometimes, also in the same country.
Low incidence rates are found in South Asia, North and
East Africa, North America, Australia, and New Zealand.
High-incidence areas for non-cardia GC include East
Asia, Eastern Europe, and Central and South America[4].
In Japan, GC remains the most common type of cancer among both men and women with age-standardized
incidence rates of 69.2 per 100000 in men and 28.6 per
100000 in women[5].
Due to the high incidence, the economic burden of
GC remains very high, significantly affecting social and
economic resources. Indeed, in 2010 the national cost
of GC care was estimated to be $2.26 billion in United
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in areas with a high prevalence of H. pylori infection in
childhood[17,18]. The younger Japanese H. pylori-infected
generation had an increased risk for GC (OR = 13.3;
95%CI: 5.3-35.6)[19]. Diet is another important etiological
factor implicated in gastric carcinogenesis. High intake of
salted, pickled or smoked foods, as well as dried fish and
meat and refined carbohydrates, significantly increased
the risk of developing GC, while, fibers, fresh vegetables
and fruit were found to be inversely associated with GC
risk. A large prospective study on diet and cancer including 521457 individuals aged 35-70 years from 10 European countries (EPIC-European Prospective Investigation
into Cancer and Nutrition study), followed for 6.6 average years, reported a significant increase of non-cardia
GC risk associated with intake of total meat (100g/d
increase HR = 3.52; 95%CI: 1.96-6.34)[20]. A recent metaanalysis, including eight epidemiological studies, with a
total of 53,729 subjects, reported an increased risk of GC
associated with a “western/unhealthy” diet-rich in starchy
foods, meat and fats in respect to a “prudent/healthy”
diet rich in fruits and vegetables, (OR = 1.51, 95%CI:
1.21-1.89)[21]. In addition, dietary salt intake was directly
associated with the risk of GC in a prospective population study (268718 participants, 1474 events, followup 6-15 years), with progressively increasing risk across
consumption levels (high vs low consumption RR = 1.68,
95%CI: 1.17-2.41, P = 0.005, and moderately high vs low
consumption RR = 1.41; 95%CI: 1.03-1.93, P = 0.032)[22].
Opposite, the consumption of fruit and vegetables is a
protective factor for GC. A recent EPIC analysis involving 477312 subjects with 683 incident GC cases, found
an inverse association between total intake of vegetable
and fruit and GC risk (HR = 0.77; 95%CI: 0.57-1.04; P
for trend 0.02)[23]. However, although calibration revealed
somewhat stronger inverse associations, there was no association between total or specific vegetables intake and
GC risk. The inverse association between fresh fruit and
risk of GC seems to be restricted to smokers and the
Northern European countries[23]. According to the recent
report from International Agency for Research on Cancer (IARC), GC is considered a tobacco-related cancer[24].
Ferrari et al[25] studying risk factors for GC by populational databases analysis found that the consumption of
tobacco was associated with the highest incidences of
GC, with an average of 30.03% of the population being
consumers of any tobacco product, compared with an
average of 14.47% among countries with incidences of
cancer below the 25th percentile.
The variability of H. pylori infection and dietary habit
may explain, at least in part, the geographical distribution
of GC and the differences observed in the same country.
Genetic susceptibility also plays a role in the pathogenesis of GC. The risk of GC is increased in siblings or
offsprings of patients with GC of at least 1-5-times[26].
Interestingly, subjects with both a positive family history
and infection with cag A-positive H. pylori strains had a
16-fold increased risk of GC[27]. On the other hand, genetic alteration of the hosts is related to the severity of
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the H. pylori-related inﬂammation. Therefore, polymorphisms involved in the inﬂammatory response to this infection may affect susceptibility to GC. Two recent metanalyses involving a very large number of patients found
that IL-1B -511C/T polymorphism, as well as TP53
rs1042522 polymorphism might contribute to GC susceptibility[28,29]. Opposite IL-10 -819C/T polymorphism
may be a protective factor for GC in Asians[30].
Diagnostic test
“The ideal screening test should be simple, safe, validated
and acceptable to the population”. Around 1960, GC
screening using photofluorography was started in Miyagi
prefecture in Japan. In 2001, this approach has been
adopted nationwide for GC screening, even if, no randomized controlled trial has been published. Photofluorography looks for suspicious lesions such as decreased
calibrum of lumen, stenosis, deformity, rigidity, presence
of a niche or a filling defect in the gastric wall, changes in
gastric folds and presence of polypoid lesions. Most of
the case-control studies suggested a 40%-60% decrease
in GC mortality with photofluorography screening[31-33].
A meta-analysis of three case-control studies, including
4369 subjects, showed a mortality reduction from GC
(male OR = 0.47; 95%CI: 0.29-0.52; female OR = 0.50;
95%CI: 0.34-0.72)[34]. Based on cancer registry data, the
sensitivity of photofluorography ranged from 60% to
80%, whereas the specificity ranged from 80% to 90%[35].
However, due to the lack of data from prospective series,
that defined death from GC as an endpoint, photofluorography got a low grade recommendation for population-based GC screening.
The discovery of H. pylori in 1982, classified after few
years (1994) as first class carcinogen by the IARC[36], has
changed the approach to GC screening providing the
possibility to adopt diagnostic test targeting the etiological agent. H. pylori is detected by serological test, 13C-urea
Breath test (13C-UBT) and H. pylori stool antigen (HpSA),
but only serology got sufficient evidence to be considered
as screening test, mainly in terms of health costs. Overall,
studies on H. pylori screening concluded that serology
was cost-effective, but they did not show a reduction of
GC risk in the general population[37]. On the other hand,
when screening occurred at age 20, treatment for H. pylori reduced the mean lifetime GC risk by 14.5% in men
and 26.6% in women, suggesting that H. pylori prevention efforts should target younger age groups[38]. In spite
of these positive results, currently, no clinical guidelines
worldwide recommend screening for H. pylori in young
asymptomatic individuals.
Mounting evidence suggests to perform GC screening by using the serum profile of gastric secretion as
marker of gastric atrophy. Loss of gastric chief cells
leads to lower pepsinogen (PG) I levels and a decreased
PGI/PGII ratio in the peripheral blood[39,40]. Thus, such
tests may be considered a non-invasive ‘‘serological biopsy’’, to detect gastric atrophy and may be a key tool
of screening programs. Di Mario et al[41] and Bodger et
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al[42] independently found that PGI levels were inversely
associated to atrophic body gastritis while PGII levels
positively correlated with the severity of H. pylori-related
gastric inflammation. Individuals with a strong-positive
serum PG test, based on the combination of the serum
pepsinogen Ⅰ level and PGI/PGII ratio, had at least a
4-time higher risk of GC for up to 14 years of follow-up
compared with those with a negative serum PG test[43].
The potential usefulness of serum PG tests has been
documented in many countries such as Japan, China,
Italy, Sweden, Finland, Portugal, Costa Rica, Mexico and
others[44]. In 2004, a pooled meta-analysis of Japanese
studies assessing approximately 300000 people, showed
that the sensitivity and specificity of serum PG testing
for GC screening were 77% and 73%, respectively[45].
Subsequently, cancer screening programs in Japan have
accepted the measurement of serum PG as a noninvasive
screening test of GC[46].
The combination of H. pylori serology and the measurement of PG concentrations might be good for predicting GC development. In a large Japanese series, more
than 9000 people were stratified according to H. pylori
antibody status (positive vs negative) and serum PG concentrations (normal vs atrophic)[47]. PG concentrations
indicative of atrophic gastritis increased the risk of developing GC in a 5-year follow-up of 6-8-times in respect to
normal PG concentrations. In addition, individuals with
both negative H. pylori serology and reduced PGI/PGII
ratio, had a higher risk than those with positive serology,
presumably due to loss of H. pylori in advanced gastric
atrophy. Similarly, men who were older than 60 years
and who had negative H. pylori serology had the highest
(1%-8%) annual GC incidence[47].
Gastrin-17 has been proposed for the identification
of patients with gastric atrophy[46]. Serum or plasma
gastrin-17 concentrations depend on intragastric acidity and on the number of G cells in the antrum. Fasting
gastrin-17 concentration is low in people with high acid
production or atrophic antrum gastritis. Therefore, the
use of serum gastrin-17 measurement alone cannot be
used as a single serum marker for GC. The combination
of serum PG concentrations and serum gastrin-17 can
diagnose atrophic gastritis that is limited to the antrum
(i.e., low gastrin-17 concentration) or corpus (i.e., high
gastrin-17 concentration)[48,49].
Gastropanel is a diagnostic tool based on the combined serological detection of PGI, PGII, gastrin-17 and
antibodies anti-H. pylori[50]. Even if gastropanel seems
to be a promising diagnostic tool to identify patients
at increased risk of GC, currently the lack of scientific
evidence and the cost-benefit concerns do not allow to
propose gastropanel as a reliable screening tool.
The last test potentially useful for GC screening is endoscopy. This invasive technique identifies superficial flat
and non-ulcerative lesions that conventional barium examination can miss. A study from Japan, showed a detection rate of GC by endoscopy 3-5 folds higher than radiographic studies[51]. Screening by endoscopy conducted
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in Linqu County, China on 4394 residents identified 85
GCs, of which 29 cases were early cancers[52]. The overall
sensitivity of endoscopy for GC screening ranges from
78% to 84%[35]. However, in spite of these promising
data, the technique depends heavily on the skills of the
endoscopist, the compliance of patients to endoscopy
is poor, the adverse events may occur and the costs are
high. Therefore, mass screening by endoscopy is likely
to be unfeasible. The introduction of various new endoscopic techniques such as chromoendoscopy, narrow
band imaging, confocal endomicroscopy, and autofluorescence, might increase the sensitivity and detection of
GC, but this issue still remains controversial.
Treatment
“The available treatments should be effective in modifying the natural history of the disease”. Due to the strong
causal relationship between H. pylori infection and GC,
the eradication of the infection would eliminate or reduce
the cancer risk. However, only a very small proportion
of infected subjects develop GC and massive eradication
therapy may lead to the selection of antibiotic-resistant
strains of H. pylori in the general population along with
the over consumption of medical resources and high
health costs. Therefore, the benefit of eradication of H.
pylori to prevent GC remains unsubstantiated.
The first trial aimed to investigate whether eradication of H. pylori would be applicable for GC prevention
was performed in 1991 by Correa et al[53] on individuals at
high risk for GC in Colombia. After six years of followup, GC incidence was similar in both treated and untreated groups, even if a significant increase in the rates
of regression of precancerous lesions was reported. A
meta-analysis by Fuccio et al[54] including six randomized
trials, showed that 27 out of 3388 patients in the H. pylori
antibiotic treated group developed GC compared to 56
out of 3307 in those subjects who did not undergo treatment in a follow-up period ranging from 4 to 10 years (RR
= 0.65; 95%CI: 0.43-0.98). A Chinese study by Wong et
al[55] in 2004, including 1630 H. pylori-infected subjects
randomized to receive eradication treatment or not, did
not show a significant difference in the development of
GC between the two groups in a follow-up period of 7.5
years. However, the difference became significant when
only subjects without precancerous lesions were considered. More recently Yanaoka et al[56] by following 473 successful eradicated subjects up to 10 years, confirmed that
H. pylori eradication did not halt the gastric carcinogenesis
process when chronic atrophic gastritis was detected at
the time of eradication. Finally, Wu et al[57] in a large cohort study including 80255 patients, found that, patients
receiving early H. pylori eradication had a risk to develop
GC similar to that of the general population. Overall
these large prospective interventional studies suggest that
eradication of H. pylori is useful if performed in younger
subjects without precancerous lesions at baseline.
The molecular alterations underlying gastric carcinogenesis are mainly driven by the up-regulation of cy-
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Hypothetical gastric cancer screening

Low-risk countries

High-risk countries

General
population

High-risk
subjects

General
population

No screening
required

< 20 yr H. pylori serology
> 40 yr endoscopy

< 20 yr H. pylori serology
> 40 yr Photofluorography

High-risk
subjects

< 20 yr PG test + H. pylori serology
> 40 yr endoscopy

Figure 1 “Hypothetical” screening program for gastric cancer according to geographic area and individual risk. H. pylori: Helicobacter pylori; PG: Pepsinogen.

clooxygenase (COX)-2[58], thus, the inhibition of COX-2
could be a potential target for GC prevention and treatment. In 2002, in a large cohort study (635,031 subjects
followed over 6 years), supported by the American Cancer Society, aspirin users (> 16 times/mo) were found to
have a decreased risk of GC compared with non-users
(OR = 0.53; 95%CI: 0.34-0.81)[59]. In 2012, a metanalysis
by Bosetti et al[60] including seven case-control and six
cohort studies, with a total of 4519 GC cases, reported
an overall risk reduction for GC for regular aspirin use
(RR = 0.67; 95%CI: 0.54-0.83, P < 0.001). The risk reduction was greater for longer aspirin use (RR = 0.80;
95%CI: 0.66-0.98, for < 5 years and RR = 0.62; 95%CI:
0.50-0.77, for ≥ 5 years). However, the lack of prospective randomized controlled trials on one side, and the
occurrence of adverse events (gastrointestinal and renal
toxicity) on the other side, currently, do not allow to recommend NSAIDs to reduce GC risk. Selective COX-2
inhibitors (celecoxib and rofecoxib), could have been
useful to overcome the gastrointestinal side effects of
NSAIDs. However, selective coxibs were approved for
use in 1999, but just in 2004 rofecoxib (Vioxx) was withdrawn from the marketplace due to a five-fold increase
in cardiovascular risk. Nevertheless, even in the short
window of exposure to these compounds, intake of selective coxibs produced significant reductions in the risk
of the major human cancers, the magnitude of which,
was slightly higher than that of aspirin[61].

individual risk. Based on the available data in high-risk
countries, male subjects younger than 20 years should
be screened for H. pylori infection by serology, while
individuals older than 40 years should be screened for
precancerous lesions by PG test plus H. pylori serology or
photofluorography. In low-risk countries, screening programs should be addressed to individuals at high risk of
GC, that is, those with a positive familial history (Figure 1).
Japan since 1960, and subsequently South Korea, Singapore and Taiwan have started national screening programs. In China, where GC remains the second most common cancer, no systematic screening program is started
until now. Currently, even in the majority of the countries
at high-risk of GC, except for Japan, defined guidelines
for GC screening are largely lacking. The incidence of
GC appears to have declined substantially in several Asian
countries during the past 3 decades, but whether this is the
effect of successful screening programs remains elusive[62].

SURVEILLANCE
The intestinal type GC develops through a multistep
process triggered by H. pylori and progressing from
superﬁcial gastritis to atrophic gastritis, IM, and dysplasia [63]. Atrophy, IM and dysplasia are considered
precancerous lesions and require accurate surveillance
programs. However, such lesions, may show a different
rate of progression: some lesions remain stable, other
may progress and other may show even regression[64,65].
In a large cohort study, the risk of progression to cancer
within 10 years was 0.8% for atrophic gastritis, 1.8% for
IM and 3.9% for low-grade dysplasia[66]. In another study
from western populations the annual incidence of GC
within 5 years after diagnosis, was 0.1%, 0.25%, 0.6%, 6%
for atrophic gastritis, IM, mild-to-moderate dysplasia, and
severe dysplasia, respectively[67]. The severity of premalignant gastric lesions at initial diagnosis (i.e., severe dysplasia, HR = 40.14; 95%CI: 32.2-50.1), together with old age
(i.e., 75-84 years, HR = 3.75; 95%CI: 2.8-5.1) and male
gender (HR = 1.50; 95%CI: 1.3-1.7) remain the main risk

Program
“The screening program should be cost-effective, that is
successful in reducing mortality and morbidity and, in the
same time, watchful in controlling health costs”. From
a scientific perspective, there is insufficient evidence to
conclude that benefits of GC screening are greater than
possible harms in the general population. It remains
still unclear who should be screened, when the screening should be started and how the screening should be
performed. It is suggested that the screening strategy for
GC should be based on incidence of the population and
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Which patients are at higher risk?
Only few patients with atrophy and IM develop GC. The
risk is closely related to the location, severity, and extension of precancerous lesions. There is a wide variability
concerning the prevalence and the pattern of chronic
atrophic gastritis worldwide. In countries at higher incidence of GC, chronic atrophic gastritis is prevalently diagnosed as pangastritis or corpus gastritis, while in western countries, at lower incidence of GC, it is diagnosed
more often in the antrum than in the corpus, and the
lesser curvature is more often affected than the greater
curvature[65].
Intestinal metaplasia is classified as complete (“smallintestinal” or type Ⅰ, showing goblet and absorptive cells
and decreased expression of gastric mucins), or incomplete (“enterocolic” or type ⅡA/ⅡB and“colonic” or
type ⅡB/Ⅲ, showing goblet and columnar non-absorptive cells, in which gastric mucins are coexpressed with
MUC2)[83,84]. Incomplete metaplasia is associated with
the risk of malignant progression[85]. In addition, the risk
of GC is least in patients with sporadic IM, is higher in
patients with more widespread IM in the antrum or along
the lesser curvature, and highest in patients with diffuse
IM[85].
The application of the operative links on gastritis assessment, addressing the grade and extension of atrophy
(OLGA) and IM (OLGIM), may be useful for identifying
subgroups of patients with different risks of progression
to GC[86,87]. Both, OLGA and OLGIM have been validated in prospective studies[89-91].
Another pattern of metaplasia, the “spasmolytic
polypeptide-expressing metaplasia” (SPEM), has been
described[92]. It is characterized by the expression of the
TFF2 spasmolytic polypeptide, that is associated with
oxyntic atrophy[93]. SPEM, which characteristically develops in the gastric body and fundus and appears to share
some characteristics with pseudopyloric metaplasia, has
a strong association with chronic infection with H. pylori
and with GC, and may represent another pathway to gastric neoplasia[94].
Gastric dysplasia is characterized by cellular atypias
reflective of abnormal differentiation and glandular architecture disorganization without evidence of tissue
invasion. The reported rates of dysplasia progression
vary greatly, ranging from 0% to 73% per year in different studies[67,95,96]. The difference between Japanese and
European/North American pathologists in categorizing
gastric dysplasia accounts for this discrepancy. In Japan,
non-invasive intramucosal neoplastic lesions with highgrade cellular and architectural atypias are termed “noninvasive intramucosal carcinoma”, whereas the same
lesions are diagnosed as high-grade dysplasia by most
pathologists in Western countries[97]. The World Health
Organization identified five diagnostic categories: (1)
negative for intraepithelial neoplasia/dysplasia; (2) indefinite for intraepithelial neoplasia/dysplasia; (3) low-

factors for GC development[67].
Currently, there are no international recommendations for the surveillance of preneoplastic lesions. Here,
we will try to address this issue focusing on: (1) Which
is the optimal diagnostic approach? (2) Which patients
are at higher risk? (3) Which is the best timing of surveillance? and (4) Is surveillance of preneoplastic lesions
cost-effective?
Which is the optimal diagnostic approach?
Conventional white light endoscopy cannot accurately
differentiate, diagnose and allow the surveillance of gastric preneoplastic lesions. Magnification, chromoendoscopy and narrow band imaging (NBI) improve the ability
to follow the progression of these lesions and the probability to detect early GC. Magnification chromoendoscopy using methylene blue, indigo carmine, acetic acid, or
hematoxylin, showed a high accuracy to diagnose these
lesions and in particular dysplasia[68-70]. The recent technology of NBI, based on the irradiation with two narrow
wave band of light, blue and green, easily absorbed by
the hemoglobin in the mucosa blood vessels, may also
be useful to diagnose gastric lesions[71-73]. However, the
length of the endoscopic procedure, the workload of endoscopy team, the reduced patient compliance, the limited expertise, the additional costs, and, for NBI, the lack
of agreement on the patterns associated with precancerous lesions, do not allow to recommend routine performance of these techniques. In spite of the undoubted
advantage of endoscopic techniques in identifying the
potential precancerous lesions, the diagnosis needs biopsy
sampling and histological evaluation.
The Updated Sydney System[74], including five biopsy
samples (2 antrum, 1 incisura, 2 corpus, with 1 from
the greater and 1 from the lesser curvature) is the most
widely accepted protocol for classification and grading of
gastritis, even if el-Zimaity and Graham concluded that it
underestimated the presence of IM and identified corpus
atrophy only when it was extensive[75]. A biopsy protocol
consisting of seven non-targeted biopsies (3 antrum, 1
incisura, 3 corpus, with 1 from the greater and 2 from the
lesser curvature) diagnosed IM in 97% of cases and all
cases of dysplasia or cancer[76].
Mounting evidence suggests the use of non invasive
tests for the surveillance of precancerous lesions[40,77-81]. A
low PGI level, a low PGI/II ratio, or both are good indicators of atrophic changes in the gastric mucosa. Many
studies from different countries, comparing the levels of
the serum PGs with histology, based on different cutoff
values, showed conflicting results[77-81]. A meta-analysis
by Dinis-Ribeiro et al[82] including 27 population studies (296553 patients) and 15 selected-population studies
(4385 patients) found that a combination of PGI < 50
ng/mL and a PGⅠ/PGⅡ ratio 3.0 provided the best results, with a sensitivity of 65%, a specificity of 74%-85%,
and a negative predictive value > 95%.
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Surveillance of gastric premalignant

Intestinal metaplasia

Atrophy

Dysplasia
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antrum

Extended
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Extensive/
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Low
grade

High
grade

High
grade

No
follow-up

Follow-up
every 3 yr

No
follow-up

Follow-up
every 3 yr

Follow-up
every 1 yr

Follow-up
every 6 mo

Staging
resection

Figure 2 Surveillance protocol of gastric precancerous lesions according to the guidelines of a recent International Consensus Project[99].

grade intraepithelial neoplasia/dysplasia; (4) high-grade
intraepithelial neoplasia/dysplasia; and (5) intramucosal
invasive neoplasia/intramucosal carcinoma[98].
In a cohort of patients with premalignant gastric lesions, approximately 25% of patients with high-grade
dysplasia received a diagnosis of GC within 1 year of
follow-up, while only 7% of patients with low-grade dysplasia progressed to invasive carcinoma[67].
In addition to histological findings other possible risk
factors for more severe lesions at surveillance endoscopy
were current or past H. pylori infection (P < 0.05), BMI >
25 kg/m2 (P < 0.05) sex, ethnicity, family history positive
for GC, alcohol consumption > 2 units/d and smoking
> 20 pack/year[65].

was cost-effective, with ICER values ranging from 18600
to 39800 depending on the endoscopic intervals, but all
below the 50000 threshold[102]. These conﬂicting results
might depend on many factors such as geographic area,
rate for progression of conditions, and different cost of
endoscopy.

CONCLUSION
Although there is a progressive decline of GC incidence
more cases occur because of expansion and aging of the
world population. Gastric cancer remains a major clinical challenge due to its frequency, poor prognosis and
limited treatment options. Therefore, one of the primary
objective of World Health Organization and researchers
is to arrange programs for GC screening and surveillance. This strategy should target general population in
those countries in which GC continues to be one of
the most frequent tumor disease. However, although we
know the main etiological agent and the natural history, a
GC elimination project, combining appropriate screening
and surveillance programs, has yet to be defined because
of the lack of standardized recommendations based on
a rigorous process of guideline development. At present,
screening and surveillance programs appear sufficiently
sensitive but further studies are needed to evaluate the
mortality reduction and cost-effectiveness.

Which is the best timing of surveillance?
A recent International Consensus Project[99] summarizing current evidence on the management of patients
with precancerous conditions and lesions proposed the
following recommendations (Figure 2): (1) patients with
mild-to-moderate atrophy and or IM only in antrum do
not need follow-up (evidence level 4, recommendation
grade D); (2) patients with extensive atrophy and/or
extensive IM should be offered endoscopic surveillance
(evidence level 2++, recommendation grade B) every 3
years (evidence level 4, recommendation grade D); (3)
patients with low-grade dysplasia should be followed up
every 12 mo while those with high-grade dysplasia should
be closely followed up every 6 mo (evidence level 2+,
recommendation grade C); and (4) patients with dysplasia
or cancer within an endoscopically visible lesion should
undergo staging and resection.
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of patients using prehabilitation has future potential.
Implementation of fast-track or enhanced recovery
after surgery programs is showing promising results,
although future studies have to determine what the
exact optimal strategy is. Introduction of laparoscopic
surgery has shown improvement of results as well as
optimization of lymph node dissection. Hyperthermic
intraperitoneal chemotherapy has not shown to be beneficial in peritoneal metastatic disease thus far. Advances in postoperative care include optimal timing of oral
diet, which has been shown to reduce hospital stay. In
general, hospital volume, i.e. , centralization, and clinical audits might further improve the outcome in gastric
cancer surgery. In conclusion, progress has been made
in improving the surgical treatment of gastric cancer.
However, gastric cancer treatment is high risk surgery
and many areas for future research remain.
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Abstract
Gastric cancer remains a significant health problem
worldwide and surgery is currently the only potentially
curative treatment option. Gastric cancer surgery is
generally considered to be high risk surgery and fiveyear survival rates are poor, therefore a continuous
strive to improve outcomes for these patients is warranted. Fortunately, in the last decades several potential advances have been introduced that intervene at
various stages of the treatment process. This review
provides an overview of methods implemented in pre-,
intra- and postoperative stage of gastric cancer surgery
to improve outcome. Better preoperative risk assessment using comorbidity index (e.g. , Charlson comorbidity index), assessment of nutritional status (e.g. ,
short nutritional assessment questionnaire, nutritional
risk screening - 2002) and frailty assessment (Groningen frailty indicator, Edmonton frail scale, Hopkins
frailty) was introduced. Also preoperative optimization
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Core tip: In gastric cancer surgery comorbidities, nutritional status and geriatric frailty should be assessed
to judge surgical risks in preoperative assessment. Improving postoperative recovery by laparoscopic surgery
has improved outcomes for these patients. Enhanced
recovery after surgery and fast-track programs should
aim to further improve recovery after surgery. Advances
have been made, however many areas for future research and improvement remain.
Original sources: Tegels JJW, De Maat MFG, Hulsewé KWE,
Hoofwijk AGM, Stoot JHMB. Improving the outcomes in gastric
cancer surgery. World J Gastroenterol 2014; 20(38): 13692-13704
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v20/i38/13692.htm DOI: http://dx.doi.org/10.3748/wjg.v20.
i38.13692
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ment due to the condition in which patients usually present at time of diagnosis. An example is the reported rate
of malnutrition as high as 85%[7]. The on average poor
physical state and advanced age as well as disease stage
contributes to poorer outcomes in Western countries as
compared to Eastern countries such as Japan and South
Korea where nationwide screening programs exist to diagnose gastric cancer at an early stage[8].
Preventing morbidity is becoming especially important since multidisciplinary treatment schedules are becoming standard in gastric cancer. Deterioration of general condition or delay because of required rehabilitation
time due to serious adverse events (e.g., abdominal sepsis
due to anastomotic leakage requiring long-term Intensive
Care Unit treatment) may disqualify a patients for his/her
treatment.

INTRODUCTION
Gastric cancer constitutes a major health problem worldwide and is one of the leading causes of cancer-related
deaths. In the United States gastric cancer compromises
only 2% (25500 cases) of all new cancer cases yearly. In
South Korea it is the leading form of cancer constituting 20.8% of malignant neoplasms. The number of
deaths due to gastric cancer has decreased from 774000
in 1990 to 755000 in 2010 worldwide. It remains however the second leading cause of cancer death after lung
cancer[1]. Prognosis of gastric cancer is relatively poor
with an overall five-year survival rate for gastric cancer in
the United States between 1999 and 2005 of 27%[2]. For
localized disease 5-year survival rate was 63%, but only
23% of all gastric cancer cases were diagnosed at this
stage[2]. In 2008 gastric cancer was responsible for a disability-adjusted life-year (DALY) rate of 241 per 100000
for males and 146 per 100000 in females worldwide,
which is 9.8% and 6.3% of total cancer related DALYrates respectively[3].
Surgery is the mainstay of treatment for gastric malignancy. In European and other Western countries gastric
cancer surgery is regarded to be high risk surgery and
there are major differences in outcome between countries[4]. Therefore, knowledge to improve the outcome
of gastric cancer treatment is of great importance. As
with all operations perioperative planning of this type of
surgery is crucial for the clinical outcome of treatment,
not only in terms of morbidity but also in functional recovery and hospital stay. Many efforts have been made to
improve outcome after surgery for these patients in pre-,
intra- and postoperative stage of treatment. Not only surgical efforts have been implemented, medical oncology
has also contributed a great deal with neoadjuvant and
adjuvant chemotherapeutic regimens for example. However, these advances are beyond the scope of this review.
This paper will provide a structured review of current
literature that deals with advances in surgical care for gastric cancer patients in the preoperative-, intra-operativeand postoperative stage. Literature will be discussed this
order. MEDLINE database was searched using appropriate search terms for each of the discussed themes. Most
relevant and recent literature was used to complete this
review. Search terms used for each paragraph are given in
Table 1. Lastly, advances in organization of surgical care
will be discussed.

Surgical risk assessment
Surgical risk assessment can be complex. Several risk
scores have been introduced. A globally used risk-score
is the American Society of Anesthesiologists (ASA)Physical status and was first introduced in 1941[9]. To the
best knowledge of the authors, ASA physical status as a
risk factor has not been extensively investigated in gastric
cancer surgery. ASA-physical status is only a component
of the overall risk assessment. Moreover, it might also
subject to interpretation by the assessor. Different ASA
classifications may be ascribed by different assessors depending on which factors are taken into account[9]. The
ASA classification as an instrument is also a non-specific.
Moreover, it is just a momentary status, without any clues
to improve its figure in the future. By definition each cancer patient is having systemic disease and only therefore
already ASA 2-classification. Practical applicability of this
classification remains a challenge not only in daily practice but also in clinical research. Therefore new classifications have been developed.
The Charlson comorbidity index (CCI) was established as a method for classifying comorbid conditions
that determine risks of mortality[10]. CCI was later identified and validated in a surgical setting for prediction of
mortality risk in patients undergoing complex gastrointestinal surgery[11]. It was shown in octo- and nonogenarians
who underwent radical gastrectomies that these elderly
patients had higher morbidity and mortality rates, and this
was associated with CCI ≥ 5[12]. Cancer specific survival
was comparable to younger patients[12]. In another crosssectional study the only independent factor predicting for
mortality was the presence of comorbidity not age[13]. In
contrast, a German study which included 139 gastric cancer patients did not find a significant correlation between
CCI and the occurrence of morbidity and mortality postoperatively[14]. In multivariate analysis age was found as an
independent factor for postoperative events.
Several patient factors associated with an impaired
outcome after gastric cancer surgery have been reported
over the years. In a series of 118 laparoscopic total gastrectomies, male gender was independently associated

ADVANCES IN PREOPERATIVE CARE
Surgical morbidity in gastric cancer surgery is reported
to be as high as 39%[5]. In addition, complications after
curative surgery for gastric cancer have a negative effect
on overall and disease specific survival[6]. Therefore much
effort should be made in preventing morbidity and mortality. Needles to say, the preferential moment to assess
the risk of morbidity and mortality is during preoperative
work-up. Gastric cancer patients in Western countries
constitute a group that is especially frail to surgical treat-
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Table 1 MEDLINE search terms used per section
Section
Introduction
Advances in preoperative care
Risk assessment
Nutritional status

MEDLINE search terms

Limits

"Cancer", "Mortality", "Global Burden of Disease", "Cancer statistics", "Gastric
cancer", "Disability adjusted life years"

Language: English
Time period: 2005-2014

"Risk assessment", "ASA classification", "peri operative risk", "Charlson Comorbidity
Index", "Gastric cancer", "obesity", "complications", "previous abdominal surgery"
"Malnutrition", "screening tool", "Surgery", "Gastric cancer"

Language: English
Time period: 2005-2014
Language: English
Time period: 2005-2014
Language: English
Time period: 2005-2014
Language: English
Time period: 2005-2014
Language: English
Time period: 2005-2014
Language: English
Time period: 2005-2014

Sarcopenia

"Gastric cancer", "Sarcopenia", "Surgery"

Frailty

"Fraily surgery", "Complications", "Gastric cancer"

Prehabilitation
Staging laparoscopy and was cytology
Advances in intra-operative care
Laparoscopic surgery (introduction)
Laparoscopic surgery

Lymph node dissection

Reconstruction technique
Intra-operative feeding jejunostomy
placement
Advances in postoperative care
Detection and treatment of
anastomotic leakage
ERAS and Fast-track programs

"Prehabilitation", "Cancer"
"Gastric cancer", "Staging laparoscopy", "peritoneal cytology", "Hyperthermic
Intreperitoneal Chemotherapy"
"Gastrectomy", "Gastric cancer", "Laparoscopy"

Language: English
Time period: 1990-2000
"Gastrectomy", "Gastric cancer", "Laparoscopy"
Language: English
Time period: 2005-2014
Article type: Review
"D2 resection", "Gastric cancer", "Nodal dissection", "Bursectomy"
Language: English
Time period: 1995-2014
Article type: Clinical Trial
"Distal gastrectomy", "Gastric cancer", "Reconstruction", "Billroth", "Reconstruction"
Language: English
Time period: 2005-2014
"Gastric cancer", "feeding jejunostomy", "morbidity"
Language: English
Time period: 2005-2014
"Gastrectomy", "anastomotic leak", "risk factors", "gastric cancer", "covered stent"

Advances in organization of care:
centralization and audits

"Gastric cancer", "ERAS", "Fast track", "Oral feeding", "Gastrectomy"
"Case load" or "hospital volume", "gastric cancer", "gastrectomy"

Language: English
Time period: 2005-2014
Language: English
Time period: 2005-2014
Language: English
Time period: 2005-2014

ASA: American Society of Anesthesiologist; ERAS: Enhanced recovery after surgery.

with postoperative morbidity[15]. Overweight patients [i.e.,
body mass index (BMI) > 25 kg/m2] are at an increased
risk of complications; this was shown in a large prospective series of 1853 patients[16]. This showed increased
complication rate (47.9% vs 35.8%, P < 0.001). Obese
patients especially had more anastomotic leakages (11.8%
vs 5.4%) and wound infections (8.9% vs 4.7%). Several
other studies have also shown the association between
higher BMI and increased postoperative morbidity[17-19].
Although no valid explanation for this finding is reported; it is suggested that in open and laparoscopic surgery,
obesity is associated with more technical difficulties[20].
A history of upper abdominal surgery is not a contraindication for laparoscopic gastrectomy. In a series of
22 cases with previous upper abdominal surgery (PUAS)
no differences were found for operative time, blood loss
or conversion to open surgery when compared to patients without a history PUAS[21]. In a larger series of 50
patients with a history of laparotomy similar results were
obtained for laparoscopic assisted gastrectomies[22]. Also,
when compared to open surgery in patients with PUAS
laparoscopic gastrectomy was performed with comparable postoperative outcome[21].
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The literature fairly uniformly states that age should
not be factored in clinical decision making, rather comorbid conditions and general condition are far more important factors predicting adverse outcomes. It remains challenging to adequately assess a patient’s general condition
and decide what factors exclude a patient from surgical
treatment. Therefore, we discuss some of the features
that are crucial to take into account during preoperative
work-up.
Nutritional status
Gastric cancer patients are at a high risk for malnutrition
and 30% to 38% of patients are reported to have > 10%
weight loss in past six months[23]. A misbalance between
energy expenditure and nutritional supplementation is the
fundamental physiologic derangement leading to cancerinduced weight loss. Tumor related causes of malnutrition include early satiety and obstruction, but also tumor
induced metabolic alterations[7]. Malnutrition is associated
with increased morbidity and mortality after gastric cancer surgery[7]. It is highly important to thoroughly screen
patients for malnutrition as interventions can be done to
preoperatively improve nutritional status and subsequently
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neo-adjuvant therapies potentially further compromising
the nutritional and metabolic status[31]. Questionnaires are
subjective methods to assess nutritional status and therefore methods to objectively measure a patient’s condition
might improve outcomes.

Table 2 Malnutrition universal screening tool and short
nutritional assessment questionnaire, screening tools for
detecting malnutrition
Points
MUST
Step 1 Body mass index
> 20
0
18.5-20
1
< 18.5
2
Step 2 Unintentional weight loss past 3-6 mo
< 5%
0
5%-10%
1
> 10%
2
Step 3 Acute disease effect
If patient is acutely ill and there has been or is likely
2
to be no nutritional intake for > 5 d
SNAQ
Did you lose weight unintentionally?
More than 6 kg in past 6 mo
3
More than 3 kg in past 3 mo
2
No
0
Did you experience a decreased appetite over the last month?
Yes
1
No
0
Did you use supplemental drinks or tube feeding over the last month?
Yes
1
No
0

Sarcopenia
Sarcopenia, or the decrease of muscle tissue, is a part
of the cachexia syndrome[7]. Presence of sarcopenia has
been shown to affect short-term postoperative outcome
with increased morbidity and mortality rates in patients
undergoing liver resection for colorectal liver metastases[32]. It also predicts adverse long-term outcome in liver
and pancreas surgery for malignancy[33,34]. The method for
measuring sarcopenia in these studies was to calculate the
total muscle or psoas muscle cross-sectional area using
a specialized software package (e.g., OsiriX5.5.2, opensource software) on computed tomography (CT) imaging
on a set level (e.g., at level of spinous process of lumbar
vertebra L3). This could also be a useful method in gastric cancer patients as they all have preoperative staging
CT-imaging of the abdomen. But as far as the authors are
aware no literature on this subject exists to date. Other
objective parameters such as lowered preoperative serum
albumin levels have been identified as risk factors for
postoperative complications after surgery for gastrointestinal carcinomas[35,36]. But the latter risk factors remain
under debate as some authors dispute the role of malnutrition and lowered serum albumin levels as risk factors
for impaired outcome after gastric cancer surgery[37].
For future research it is important to establish objective screening tools to detect malnutrition in surgical
patients and whether these results are related to perioperative outcomes. More importantly, studies need to be
done to establish whether correction of nutritional status
results in improved outcome.

Risk of malnutrition: MUST: 0 = Low risk, 1 = Medium risk, 2 or more =
High risk. SNAQ: 0-1 = Low risk, 2 = Medium risk, 3 or more = High risk.
MUST: Malnutrition universal screening tool; SNAQ: Short nutritional assessment questionnaire.

surgical outcome. Both malnourishment and weight loss
are associated with poor clinical outcome after surgery[24].
Questionnaires: An easy and non-invasive tool to
estimate the patient’s physical and/or mental condition preoperatively is the use of questionnaires. Several
questionnaires have been developed to identify patients
at risk for malnutrition. The Short Nutritional Assessment Questionnaire (SNAQ) and Malnutrition Universal
Screening Tool (MUST) scores are commonly used nutritional screening tools in surgical patients (Table 2)[25,26].
These questionnaires accurately screen for malnutrition
and are obligatory in some Western countries as a part of
governmental health care quality programs[27,28]. Although
it is easy to apply, evidence for the value of nutritional
screening tools to predict postoperative outcome in
gastric cancer surgery is scarce. It has been shown that
screening for nutritional risk in gastric cancer surgery patients using Nutritional Risk Screening 2002 (NRS 2002)
is helpful. Increased scores are associated with more
complications and increased length-of-stay[29]. A recently
published study in which SNAQ was used to evaluate
risks of adverse postoperative events after gastric cancer
surgery showed that SNAQ ≥ 1 was associated with
increased severe complications (i.e., Clavien-Dindo grade
≥ 3a, 35.7% vs 17.7%, P = 0.02) and in-hospital mortality (OR = 5.1, 95%CI: 1.01-23.8, P = 0.04)[30]. The detection of nutritional depletion is important, especially with
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Frailty
In Western countries gastric cancer is a disease of the
elderly, and therefore geriatric aspects have an important
role in these patients. Frailty is defined as a state of increased vulnerability towards stressors in older individuals, leading to increased risk of developing adverse health
outcomes. Geriatric frailty is considered by Fried et al[38]
to be a clinical syndrome in which three of following five
aspects are present. These are: unintentional weight loss
(10 lbs in the past year), self-reported exhaustion, weakness (grip strength), slow walking speed, and low physical activity. Methods for assessing frailty are numerous.
They range from a comprehensive geriatric assessment,
which often employs the use of multiple questionnaires
and short physical tests (e.g., 4-m walk test, grip strength
measurement), to using specific frailty questionnaires (e.g.,
Edmonton frail scale).
Frailty assessment is an emerging method to aid surgical risk assessment and it rapidly gaining evidence based
support[39,40]. It has been shown that scores on the Edmonton frail scale (EFS) > 7, i.e., increased frailty, were
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associated with increased complications after non-cardiac
surgery (OR = 5.02, 95%CI: 1.55-16.25)[39]. The association between frailty and adverse postoperative outcomes
has also been shown in patients undergoing cardiac
surgery[41] and patients undergoing various types of elective surgery[42]. Some use tools such as EFS or Hopkins
Frailty Score which includes various tests with regards
to cognition, ADL function and more (including laboratory tests such as serum albumin)[39,40]. Recently published
results from a large prospective study with patients who
underwent general, oncologic and urologic procedures
confirmed these findings in a larger patient population
(n = 189)[43]. They showed that “intermediately frail” or
“frail” as judged by the Hopkins Frailty score was an independent predictor for complications. Another example
of frailty assessment questionnaire is the Groningen
frailty indicator[44]. This questionnaire was used in a retrospective study to evaluate frailty assessment as a predictor
for adverse outcome after gastric cancer surgery. In this
recent study, incorporating 180 patients, increased GFI
was significantly associated with postoperative morbidity
and in-hospital mortality[30].

tor for early recurrence after curative intent surgery[53]. It
is even a negative prognostic factor in patients with overt
peritoneal metastases in patients with suspected serosal
invasion with median survival times of 14.0 and 10.0 mo
in patients without and with positive cytology respectively[54].
In patients with overt peritoneal metastases hyperthermic intraperitoneal chemotherapy (HIPEC) together
with cytoreductive surgery has been considered as additional treatment. A recent review concluded that HIPEC
was not beneficial for these patients[55]. Gastric cancer
patients with IFCC may be suitable candidates for new
treatment regimens such as neoadjuvant systemic and
intraperitoneal chemotherapy before radical surgery are
currently under investigation.

Prehabilitation
A novel strategy for improving outcomes after surgery is
by preoperatively correcting the reduced functional, nutritional, physical and neurophysiological state of patients:
prehabilitation[45]. This type of intervention might prove
to be especially beneficial in elderly patients because they
are often compromised in these respects. Most available
literature on prehabilitation concerns joint replacement
surgery. A pilot study has been published that evaluates
multimodality prehabilitation interventions in colorectal
surgical patients[46]. This study uses a trimodal approach
of preoperative exercise, nutritional intervention (dietary
behavior counseling and protein supplementation) and
anxiety reduction training (also aimed at increasing compliance of exercise and nutritional intervention). Multimodal approaches have yielded promising preliminary
results such as better walking capacity in weeks after surgery and higher physical activity levels after surgery compared to controls[46,47]. Because in Western society gastric
cancer is predominantly a disease of the elderly prehabilitation may provide a promising effort for improving
outcomes in these patients in the future[48].

Laparoscopic surgery
Introduced in Asia in the early nineties, a laparoscopic approach was first implemented for the treatment of early
gastric cancer (EGC)[56]. Early reports comparing open
and laparoscopic surgery for EGC showed several advantages of the laparoscopic approach over conventional
open surgery. These included, less intra-operative blood
loss, less postoperative pain and shorter length-of-stay.
Also serum markers indicating postoperative stress were
lower, i.e., lower C-reactive protein (CRP) level on day 7,
leukocyte count and interleukin-6 levels[57]. There were no
significant differences in operation time, number of harvested lymph nodes and postoperative complications[57,58].
A review and meta-analysis evaluating randomized controlled trials (RCT’s) and high quality non-randomized
controlled trials on laparoscopic vs open approach for
distal gastrectomy for cancer showed that major complications and mortality rates were similar between procedures and concluded that the laparoscopic approach is
safe[59]. However, the majority of patients had EGC and
therefore comparison to a Western population case-mix
is difficult. Results further showed additional benefits of
fewer overall and minor complications, shorter lengthof-stay (weighted mean difference, 3.6 d) and less blood
loss[59]. Also, longer operation time and lower number of
harvested lymph nodes was reported for laparoscopic
gastrectomy. Several other reviews and meta-analyses
have been published on this subject since (Table 3)[59-63].
The general conclusion of these studies is that laparoscopic approach offers improved recovery after surgery
at no compromise of morbidity and mortality.
Laparoscopic approach for performing a total gastrectomy for gastric cancer is technically more demanding and has therefore not gained as much widespread
acceptance as the laparoscopic distal gastrectomy. A

ADVANCES IN INTRA-OPERATIVE CARE
One of the most significant and fundamental developments in gastrointestinal surgery last decades has been
the introduction of the laparoscopic technique. Large
incisions are avoided and surgical trauma is minimized.

Staging laparoscopy and wash cytology
Preoperative staging laparoscopy improves detection of
peritoneal metastases not otherwise detected by preoperative ultrasonography or CT imaging[49]. It can therefore
prevent an unnecessary explorative laparotomy or change
management in up to 60% of cases[50,51]. An expert panel
concluded that a staging laparoscopy should be performed for reasons mentioned above, exceptions being
early gastric cancer or known metastatic disease[52].
Also, during staging laparoscopy peritoneal wash
cytology can be obtained to detect intraperitoneal free
cancer cells (IFCC). This has been shown to be a predic-
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4 RCT’s
6 RCT’s
6 RCT’s
5 RCT’s
6 RCT’s
19 NRCT’s

Trials included (n )

82/80
323/306
343/323
164/162
1658/1397

Laparoscopic/open
procedures (n )
EGC, GC
EGC
EGC, GC
EGC, GC
ECG, GC

TumOR =
characteristics
+83 (P < 0.001)
+87 (P < 0.001)
+82 (P < 0.001)
+82 (P < 0.001)
+48.3 (P < 0.001)

Operative time (min)
(WMD)
-104 (P = 0.02)
-108 (P = 0.001)
-118 (P < 0.001)
-122 (P < 0.001)
-118 (P < 0.001)

Blood loss (mL)
(WMD)
-4.3 (P < 0.001)
-4.9 (P < 0.001)
-4.8 (P < 0.001)
-4.8 (P < 0.001)
-3.9 (P < 0.001)

Harvested lymph
nodes (WMD)
-3.3 d (P = 0.14)
-2.0 d (P = 0.14)
NA
-2.5 d (P = 0.04)
-3.6 (P < 0.001)

Length-of-stay
(WMD)
OR = 0.66 (P = 0.14)
RR = 0.61 (P = 0.01)
OR = 0.46 (P = 0.003)
OR = 0.38 (P = 0.01)
OR = 0.59 (P < 0.001)

Complication rates
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OR = 0.94 (P = 0.94)
Risk difference 0.01 (P = 0.32)
OR = 0.17 (P = 0.86)
OR = 0.47 (P = 0.54)
OR = 0.64 (P = 0.39)

Mortality

811

Lymph node dissection
Differences in treatment outcome between Asian and Western countries remain striking. The debate continues whether this is due to more extensive approach of lymph node
dissection advocated by the Japanese Gastric Cancer Association. D2 lymphadenectomy has been shown increased survival in Chinese patients[70]. Initial results from randomized trials performed in the Netherlands and United Kingdom showed an increased morbidity and mortality rate in the D2 group and no survival benefit[71,72]. Fifteen-year
follow-up results of the Dutch trial showed that D2 resection was associated with lower regional recurrence (22% in D1 resection and 12% in D2 resection) and gastric-cancerrelated death[73]. They advocate a spleen preserving D2 procedure as a safer alternative. Later studies showed however that D2 resections can be performed safely in the West,
they had low overall morbidity and mortality rates (3.0% after D1 and 2.2% after D2 gastrectomy, P = 0.722)[74]. Additional value of D3 dissection (dissection of hepatoduodenal ligament, superior mesenteric vein and retro-pancreatic area) is disputed. A prospective trial in Taiwan showed a slight 5-year survival benefit for D3 resections 59.5% compared to 53.6% in D1 gastrectomy patients (P = 0.041)[70]. Para-aortic nodal dissection was shown to be performed safely in addition to D2 dissection but failed to show a 5-year
benefit[75,76].
Another strategy for attempting to improve oncological outcome of gastric cancer surgery was to perform a bursectomy in addition to resection and lymphadenectomy for
advanced stage gastric cancer. Several studies did not show a benefit of bursectomy[77,78]. But proponents of this technique argue that it may improve survival and should not be
discarded as a futile technique[79]. A phase Ⅲ trial is currently ongoing in Japan that will also evaluate the effectiveness of procedure (see: http://www.jcog.jp/en/trials/index.
html).

systematic review and meta-analysis by Chen et al[64] showed similar differences between laparoscopic assisted total gastrectomy and open total gastrectomy, i.e., longer operative time, shorter hospital stay, a decrease in medical complications and no difference in operative mortality. It included nine studies comprising 1221 patients (436 laparoscopic
procedures and 758 open procedures), but none of the studies were RCT’s. All but one study included both EGC and advanced stage disease patients. Nevertheless, the authors
concluded that laparoscopic approach for total gastrectomy can be performed safely and with improved outcome in experienced surgical centers[64].
As mentioned, most reported studies report on laparoscopic procedures for EGC. Laparoscopic approach for advanced stage disease has also been shown to be associated
with shorter length-of-stay and less blood loss with comparable morbidity and mortality rates[65-67]. Also similar oncological outcomes are reported for laparoscopic surgery in
advanced stage disease[68]. A systematic review and meta-analysis on distal gastrectomy for advanced gastric cancer concluded that further prospective controlled studies are
needed for a comprehensive comparison.
A critical issue with the laparoscopic approach is oncological adequacy. The evidence for this is still sparse although a few report similar oncological outcomes for laparoscopic procedures at five years[65,66,69].

RCT: Randomized controlled trial; NRCT: Non-randomized controlled trial; EGC: Early gastric cancer; GC: Gastric cancer (all stages); WMD: Weighted mean difference; NA: Not available.

Memon et al[62], 2008
Chen et al[60], 2009
Kodera et al[61], 2010
Ohtani et al[63], 2011
Viñuela et al[59], 2012

Ref.

Table 3 Summary of recently published meta-analysis examining laparoscopic distal gastrectomy vs open distal gastrectomy for gastric cancer
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Reconstruction technique
Roux-en-Y is the accepted standard technique for reconstructing bowel continuity after total gastrectomy.
Billroth Ⅰ and Ⅱ reconstruction after distal gastrectomy
have been the standard for a long time but are associated
with increased rates of reflux symptoms and esophagitis[80]. Roux-en-Y reconstruction as an alternative after
distal gastrectomy has been thoroughly investigated.
Studies have shown beneficial outcomes in terms of
less reflux symptoms and less gastric remnant gastritis[81,82]. These findings persist in long-term follow-up[83].
However, patients did not differ in terms of quality of
life[84]. Morbidity and mortality were similar between
Billroth Ⅰ and Roux-en-Y technique, but the latter was
associated with longer length-of-stay and discontinuance
of food intake[85].

scopic approaches for the management of anastomotic
leakage and different techniques can be applied[96]. The
authors concluded that defects smaller than 2 cm in size
could be successfully managed using endoscopy. Techniques include use of fibrosealant or Histoacryl and also
stent insertion. Multiple studies report use of removable
covered metal stents to treat anastomotic leaks with relatively good results[97,98]. Main advantage of this approach
is that it enables evaluation the anastomosis without
the need for invasive surgery. However, this technique
requires a well trained and well equipped endoscopy department.
Enhanced recovery after surgery and fast-track
programs
Enhanced recovery after surgery (ERAS) programs have
been developed and implemented with great success in
colorectal surgery[99]. All recommendations by ERAS
society for colonic surgery (see also: http://www.erassociety.org/index.php/eras-care-system/eras-protocol)
can potentially be implemented in gastric cancer patients,
i.e., early removal of urinary catheter, prevention of
postoperative ileus, postoperative analgesia, and early
mobilization and resumption of normal diet[100]. Important to note is that ERAS protocols not only include
recommendations on postoperative care, but also preoperative measures (e.g., counseling) and intra-operative
measures (e.g., avoidance of salt and water overload and
use of short acting anesthetic agents). In recent years efforts have been made to develop, implement and evaluate
the effect of similar programs in gastric cancer surgery.
Studies on the timing of oral intake after gastrectomy
for gastric cancer are sparse. Small studies that exist have
evaluated early oral feeding as safe and feasible[101]. This
study started liquid intake on days 1-2 and soft diet on
postoperative day 3. Similar studies showed significant
shorter hospital stay (e.g., 5.7 d vs 9.2 d) and earlier return
of bowel function[102-104]. Although the strategies for early
oral feeding were different, ranging from oral diet on day
one to liquid diet on day two followed by soft diet from
day three until discharge, their findings were that it is safe
and potentially leads to shorter hospital-stay.
A randomized comparison between fast-track surgery
and conventional care in gastric cancer patients (n = 45
and n = 47 respectively) showed less stress response in
the fast-track surgery group[105]. This was measured by
serum tumor necrosis factor-alfa, CRP and interleukin-6
levels. Also, fast-track patients had a shorter hospital stay
and higher quality of life with no increase in complications. Yamada et al[106] compared ERAS (n = 91) with conventional care (n = 100) after gastrectomy and found that
ERAS was associated with less postoperative pain and
analgesics use. There was no difference in complication
rates between ERAS and conventional care. They did not
find a significant difference in mean length-of-stay.
Implementation of a fast-track or ERAS program
was also investigated as an addition to laparoscopic procedures[107-109]. A consecutive series of 32 patients showed

Intra-operative feeding jejunostomy placement
Routine intra-operative placement of feeding jejunostomy can potentially decrease malnutrition and improve
tolerance of adjuvant chemotherapy[86]. A study with data
from a prospectively maintained database including 132
patients showed no advantage of jejunostomy placement
and increased complications associated with jejunostomy
placement[87]. In a series of 73 patients who received jejunostomy placement, it was shown that 21 patients had
jejunostomy specific complications (11 minor and 10
major)[88]. Therefore, routine jejunostomy placement is
not recommended and should be reserved for selected
patients.

ADVANCES IN POSTOPERATIVE CARE
Detection and treatment of anastomotic leakage
Anastomotic failure or leakage is an important complication of gastric surgery, potentially with detrimental
consequences. Risk factors for anastomotic leakage have
been identified in several studies. These include: older age
(> 65 years), longer operating time, intra-operative errors,
increased blood loss and comorbidities[89-91].
When leakage or associated intra-abdominal abscess
is suspected clinically by positive peritoneal signs, fever
and/or wound infection, further investigation using
computed tomography should be prompted. If detected
and leakage is minor it can be successfully managed with
percutaneous drainage[92,93]. Some authors advocate the
use of conservative management techniques for treating anastomotic leakage such as placement of a nasojejunal tube combined with percutaneous drainage of
abscess[94]. In this study this approach was associated with
lower mortality rates compared to operative intervention.
Therefore, reoperation is only required when conservative treatment is ineffective. When reoperation is carried
out the anastomosis can be evaluated and if it is in a poor
condition reconstruction can be carried out[95].
Endoscopic approach also offers a chance to assess
the anastomosis site and endoscopic treatment options
for leakage are available. Recent literature describes endo-
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that it was safe and had similar postoperative results[107].
In addition, a randomized clinical trial with 22 fast-track
and 22 conventional care patients showed a shorter
length of stay for fast-track patients (5 d vs 8 d, P < 0.001)
but no difference was noted for postoperative pain[108].
Chen Hu et al[109] found that the laparoscopic assisted procedure with the addition of a fast-track approach resulted
in shortest length-of-stay.

gastro-intestinal operations[114]. Data from the American
College of Surgeons National Surgical Quality Improvement Program showed that although complication incidences did not vary between hospitals, mortality rates,
largely contributed to death after major complications,
significantly varied, indicating that timely recognition and
treatment of complications deserves greater attention[115].
Future research should aim at identifying and improving
the fundamental aspects causing failure to rescue.

ADVANCES IN ORGANIZATION OF
CARE: CENTRALIZATION AND AUDITS

CONCLUSION
Surgical risk assessment is complex and difficult. In
preoperative assessment of gastric cancer patients age
should not be a criterion on which treatment decisions
are be made. Rather, presence of comorbidities, nutritional status and geriatric frailty should be assessed and
taken into account. Future studies should further determine the role geriatric frailty and nutritional status assessment has in the preoperative evaluation of gastric cancer
surgery patients, especially in Western counties, as these
patients are more often at an advanced age.
Improving postoperative recovery by using fast-track
and ERAS protocols has yielded improved results. The
timing of oral intake is still at debate, but early oral feeding (postoperative days 1-3) seems to be feasible and
safe. Further studies have to verify this and investigate
its effect on morbidity, length-of-stay and quality of life/
patient satisfaction. Also optimal fast-track/ERAS programs have to be developed to further improve outcome
and quality of care for these patients.
Introduction of laparoscopic surgery has improved
short-term postoperative outcome for gastric cancer patients. Oncological safety remains an area of debate, but
available literature suggest that oncological safety is not
compromised.
In conclusion, although advances have been made in
pre-, intra- and postoperative stage of gastric cancer surgery to improve the outcome of these patients, there still
remain many areas for improvement and future research.

In Western countries the incidence of gastric cancer is
relatively low. Annual hospital volume can therefore be
low in institutions in non-centralized regions. Centralization offers a chance to increase volumes in selected centers. Increased hospital volume leads to better treatment
results in gastric cancer surgery[110]. More recent studies
support this idea and show that increased volumes are
associated with lower short-term mortality and improved
survival[111,112]. Other literature suggests that hospital
volume is not a determinant for disease-free survival
or overall survival in gastric cancer surgery survivors
(i.e., perioperative mortality excluded)[113]. Although the
optimal number of procedures is not clearly defined in
literature, expert panel based recommendations state that
an annual volume of more than 15 for an institution and
more than 6 for the individual surgeon are held to be appropriate[52]. They also state that the necessity of these
volumes is undetermined.
In several countries clinical auditing has been initiated
in various fields of surgery. It is considered an important tool for quality assessment and the identification
of factors needing improvement. Furthermore, clinical
audits provide a unique dataset for research as well. For
gastric cancer surgery, a nationwide audit has been initiated in the Netherlands, the Dutch upper GI cancer audit
(DUCA) (http://duca.clinicalaudit.nl/). The DUCA has
become a performance index for gastric cancer surgeons
as it was also adopted as a quality indicator for the health
care inspectorate. It is expected that postoperative mortality and anastomotic leakage rates will decrease but few
reports have been published in the Netherlands so far.
From 2011 to 2012 30-d mortality decreased from 8.8%
to 6.7% (see: http://www.clinicalaudit.nl/jaarrapportage/
#dica_rapportages_duca). Whether these improvements
are directly related to the introduction of the audit has to
be determined. At least, it can be stated that the DUCA
has effectuated increased awareness of and insight in aspects of improvement.
Clinical audits have revealed several interesting findings with respect to postoperative complications. Hospitals with higher mortality rates had only slightly higher
incidences of postoperative complications. But in high
volume centers these patients with a serious complication had less chance dying than in high-mortality centers.
This phenomenon is addressed as failure to rescue and
was not only described for gastrectomy but also for other
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Mechanisms of regulation of PFKFB expression in pancreatic
and gastric cancer cells
Oleksandr H Minchenko, Katsuya Tsuchihara, Dmytro O Minchenko, Andreas Bikfalvi, Hiroyasu Esumi
responsiveness vary in the different cells studied:
the highest level of PFKFB-4 protein expression was
found in NUGC3 gastric cancer cell line and lowest in
Panc1 cells, with a stronger response to hypoxia in the
pancreatic cancer cell line. Overexpression of different PFKFB in pancreatic and gastric cancer cells under
hypoxic condition is correlated with enhanced expression of vascular endothelial growth factor (VEGF) and
Glut1 mRNA as well as with increased level of HIF1α protein. Increased expression of different PFKFB
genes was also demonstrated in gastric, lung, breast,
and colon cancers as compared to corresponding nonmalignant tissue counterparts from the same patients,
being more robust in the breast and lung tumors.
Moreover, induction of PFKFB-4 mRNA expression in
the breast and lung cancers is stronger than PFKFB-3
mRNA. The levels of both PFKFB-4 and PFKFB-3 proteins in non-malignant gastric and colon tissues were
more pronounced than in the non-malignant breast
and lung tissues. It is interesting to note that Panc1
and PSN-1 cells transfected with dominant/negative
PFKFB-3 (dnPFKFB-3) showed a lower level of endogenous PFKFB-3, PFKFB-4, and VEGF mRNA expressions as well as a decreased proliferation rate of these
cells. Moreover, a similar effect had dnPFKFB-4. In
conclusion, there is strong evidence that PFKFB-4 and
PFKFB-3 isoenzymes are induced under hypoxia in pancreatic and other cancer cell lines, are overexpressed in
gastric, colon, lung, and breast malignant tumors and
undergo changes in their metabolism that contribute to
the proliferation and survival of cancer cells. Thus, targeting these PFKFB may therefore present new therapeutic opportunities.
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Abstract
Enzymes 6-phosphofructo-2-kinase/fructose-2,6bisphosphatase-3 and -4 (PFKFB-3 and PFKFB-4) play
a significant role in the regulation of glycolysis in cancer cells as well as its proliferation and survival. The
expression of these mRNAs is increased in malignant
tumors and strongly induced in different cancer cell
lines by hypoxia inducible factor (HIF) through active
HIF binding sites in promoter region of PFKFB-4 and
PFKFB-3 genes. Moreover, the expression and hypoxia
responsibility of PFKFB-4 and PFKFB-3 was also shown
for pancreatic (Panc1, PSN-1, and MIA PaCa-2) as well
as gastric (MKN45 and NUGC3) cancer cells. At the
same time, their basal expression level and hypoxia
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caused by a combination of hypoxia inducible transcription factors, activation of oncogenic proteins and the loss
of tumor suppressor function. Over-expression of HIF1α or HIF-2α and MYC, activation of RAS and loss of
TP53 and/or other tumor suppressor functions each
have been found to stimulate glycolysis in part by activating a family of regulatory bifunctional 6-phosphofructo2-kinase/fructose-2,6-bisphosphatases (PFKFB) and
hexokinases[16-18].

Lung cancer
Core tip: Enzymes 6-phosphofructo-2-kinase/fructose2,6-bisphosphatase-3 and -4 (PFKFB-3 and PFKFB-4)
play a significant role in the regulation of glycolysis and
cancer growth by inducing cell proliferation and surviving. The expression of these PFKFB is increased in malignant tumors and strongly induced in various cancer
cell lines under hypoxia, including pancreatic and gastric cells. The high expression level of PFKFB-4 protein
was found in NUGC3 gastric adenocarcinoma cells and
much lower in pancreatic Panc1 cells, with the highest
response to hypoxia in the pancreatic cancer cells. Both
PFKFB-4 and PFKFB-3 are overexpressed in gastric, colon, lung, and breast cancers being more pronounced
for PFKFB-4. Blocking both PFKFB-4 and PFKFB-3 may
present new therapeutic opportunities.

PFKFB AS AN IMPORTANT FACTOR OF
TUMOR GROWTH
Enzyme PFKFB controls of glycolysis through maintaining the cellular levels of fructose-2,6-bisphosphate,
which is considered to be the major allosteric activator of
6-phosphofructo-1-kinase, a rate-limiting enzyme of glycolysis[19,20]. Thus, the PFKFB enzymes control glycolysis
through fructose-2,6-bisphosphate level[20-23]. There are 4
different genes encode variable isoforms of this enzyme.
Importantly, most cells and tissues express more than
one isoform[23-25]. PFKFB enzyme also plays an important
role in the Warburg effect and cancer growth[16,17,26-28].
Overexpression of PFKFB-3 as well as other variants
of PFKFB is observed in various human cancers [29-33].
Moreover, enhanced expression of PFKFB as well as
hexokinase 2 is an obligatory factor of activated tumor
cell glycolysis and increased its proliferation[18,24,32-35].
The expression of different PFKFBs (PFKFB-1,
PFKFB-2, PFKFB-3 and PFKFB-4) is induced by hypoxia in vivo in organ-specific manner[21]. At the same
time, in vitro experiments clearly demonstrated that
hypoxia affects the expression only two variants of
PFKFB (3 and 4) mRNA in different cell lines[26,29,31-33].
In promoter region of PFKFB-4 and PFKFB-3 genes was
identified HIF responsive element which bind transcription factor HIF and mediate hypoxic regulation, because
deletion or point mutation of this HIF responsive element eliminates the hypoxic regulation both PFKFB-4
and PFKFB-3 genes[25,31,36,37]. Moreover, the phosphorylation - dephosphorylation of PFKFB isoenzymes is
important for enhancing of glycolysis by hypoxia as well
as by fructose-2,6-bisphosphate in monocytes upon activation[17,38,39]. There is also data supporting an important
role for PFKFB-3 protein phosphorylation in the increased glycolysis, angiogenesis and tumor progression[40].
Thus, highly phosphorylated variant of PFKFB-3 was
found in cancer cells as well as in other cells, including
vascular endothelial cells[40].
Recently, a novel mechanism by which MK2, MAPK
(mitogen-activated protein kinase)-activated protein
kinase 2, a key component of the MAPK pathway, upregulates glycolysis in response to stress in cancer cells
was described[41]. By phosphorylating specific PFKFB3
residues, MK2 promotes both increased its gene transcription and allosteric activation.
It was also shown a significant increase of PFKFB-3
in the nuclei, which associates with enhanced cell prolif-

Original sources: Minchenko OH, Tsuchihara K, Minchenko
DO, Bikfalvi A, Esumi H. Mechanisms of regulation of PFKFB
expression in pancreatic and gastric cancer cells. World J Gastroenterol 2014; 20(38): 13705-13717 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v20/i38/13705.htm DOI:
http://dx.doi.org/10.3748/wjg.v20.i38.13705

INTRODUCTION
Pancreatic adenocarcinoma is an aggressive disease with
a high mortality rate. Despite intensive efforts, pancreatic
cancer remains a formidable challenge for oncologists[1].
Investigation of the molecular and genetic bases of
pancreatic as well as other cancers is very important for
understanding tumor formation and growth as well as for
development of anticancer strategies. Hypoxia has been
recognized as one of the fundamentally important features of solid tumors and plays a critical role in various
cellular and physiologic events, including cell proliferation, survival, angiogenesis, metabolism, as well as tumor
growth, invasion and metastasis[2-6]. Moreover, hypoxia
has the multifaceted role in the hallmarks of human cancers, including pancreatic cancer. Hypoxia-inducible factor 1 (HIF-1), represent key features in cell biochemistry,
physiology and molecular biology.
Tumors are usually exposed to a hypoxic microenvironment due to their irregular growth and insufficient
blood supply while pancreatic tumors have enhanced
vascular supply[3,7,8]. Moreover, there is heterogeneity and
genomic complexity between pancreatic tumors as well
as hierarchy of cancer cells with different properties, including a subpopulation of cancer stem cells that are inherently resistant to traditional therapies[8]. Activation of
genes that ameliorate or compensate for the oxygen deficit, especially of mRNAs involved in glycolysis and facilitate proliferation is important in adaptations to hypoxia[9-15]. A high rate of glycolytic flux, even in the presence
of oxygen, is a central metabolic hallmark of neoplastic
tumors. The high glucose metabolism of cancer cells is
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eration through cyclin-dependent protein kinase[34]. Moreover, PFKFB-3 isoenzyme is degraded by the E3 ubiquitin ligase APC/C-CDH1, which also degrades cell-cycle
proteins[42]. Thus, this ubiquitin ligase is linking glycolysis
to cell proliferation mainly through PFKFB-3 enzyme,
which promote glycolysis. It was shown that both aerobic
glycolysis and proliferation are prevented by overexpression of this ubiquitin ligase and enhanced by its silencing.
Furthermore, activation of glycolysis, as essential factor
of cell proliferation, in the presence of active ubiquitin
ligase APC/C-CDH1 does not change the rate of cell
proliferation[42]. Recently was also shown that PTEN
(phosphatase and tensin homolog) enhances interaction
between PFKFB3 and E3 ligase APC/C-CDH1, and
overexpression of CDH1 down-regulates the PFKFB3
protein level in wild-type, but not in PTEN-deficient
cells[43]. Moreover, PTEN knockout cells were found to
have high protein levels of PFKFB3 that has important
consequences for cell proliferation.
There is data that ubiquitin ligase SKP1-CUL1F(SCF)-beta-TrCP also participate in glycolysis regulation
during the cell cycle through PFKFB because this enzyme
or activation the glycolytic enzyme 6-phosphofructo-1kinase is needed for glycolysis up-regulation[44]. Besides
that, the induction of de novo lipid synthesis from glucose
in prostate adenocarcinoma cells by androgen requires
transcriptional up-regulation of PFKFB-2 and phosphorylation of PFKFB-2 generated by the PI3K/AKT signal
pathway to supply the source for lipogenesis[45]. The increased glycolytic flux through the enhanced expression
of PFKFB3 gene was also observed after interaction of
adenosine with macrophage TLR4 receptor agonists[46].
Thus, the enzymes of PFKFB family participate in the
regulation of glucose metabolism through glycolysis as
well as in the control of the cell cycle, apoptosis, tumor
growth, and invasiveness.
It is interesting to note that the transcriptional co-repressor myeloid translocation gene 16 (MTG16) is found
in multiple transcription factor-containing complexes as
a regulator of gene expression implicated in development and tumorigenesis. MTG16 can serve as a brake on
glycolysis, a stimulator of mitochondrial respiration and
an inhibitor of cell proliferation through suppression of
PFKFB-3, PFKFB-4 and pyruvate dehydrogenase kinase
isoenzyme 1 (PDK1)[47]. Furthermore, hypoxia-stimulated
production of PFKFB3, PFKFB4 and PDK1 was inhibited by MTG16 expression.
Several alternative splice variants for PFKFB-3 were
identified in normal and cancer cells which possibly are
important for malignant tumor growth[35,48-51]. All these
splice variants have similar N-terminus and catalytic both
6-phosphofructo-2-kinase and fructose-2,6-bisphosphatase domains, but differ in C-terminal regulatory region. It
is possible that a variable C-terminus provide not only for
differ regulatory properties and for a variable surviving
of PFKFB-3 splice variants. Moreover, the expression of
PFKFB-3 alternative splice variants in vivo differs in various organs and spectrum of these splice variants changes
in rat model of diabetes in organ-specific manner[51].
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Recent data[52-54] showed that PFKFB-4, which expression at mRNA and protein levels is strongly induced
in the lung and breast cancers, has also pleiotropic functions. This variant of PFKFB together with other members of PFKFB family participates in the regulation of
glycolysis and also promotes tumor growth and survival
of cancer cells[30,33,52-56]. It was shown that PFKFB4 is
required to balance glycolytic activity and antioxidant
production to maintain cellular redox balance in prostate
cancer cells[52]. Moreover, depletion of PFKFB4 inhibited
tumor growth in a xenograft model, indicating that it is
required under physiologic nutrient levels[52]. PFKFB4
mRNA expression was also found to be greater in metastatic prostate cancer compared with primary tumors[52].
Moreover, induction of apoptosis by sulforaphane in
human hepatic cancer cells mediated by hypoxia inducible factor-1-dependent pathway through inhibition of
PFKFB4[53]. Thus, PFKFB4, a glycolytic enzyme that
shunts glucose into the pentose phosphate pathway for
NADPH production, as a critical node for the survival of
cancer cells[52-54,56].
Aerobic glycolysis links the high rate of glucose fermentation to cancer[57]. It was found that the regulatory
glycolytic enzyme PFKFB4 is essential for prostate cancer cell survival by maintaining the balance between the
use of glucose for energy generation and the synthesis
of antioxidants. Cancer cells undergo several changes in
their metabolism that contributes to the proliferation and
survival of cancer cells. Blocking PFKFB4 induces reactive oxygen species and cancer cell death. Thus, targeting
PFKFB4 may therefore present new therapeutic opportunities.
It is interesting to note that non-malignant gastric and
colon tissues in contrast to lung and breast tissues have
higher level of PFKFB-4 protein; at the same time, no
significant differences in mRNA levels[30,32,33]. It is possible that there is some specific mechanism of PFKFB-4
protein stabilization as well as some additional functions
of this enzyme in non-malignant gastric and colon tissues. These aspects of PFKFB biochemistry warrants
further investigation.
Several alternative splice variants were identified for
human, mouse and rat PFKFB-4[58-60]. Alternative splice
variant with modified N-terminus was identified for
PFKFB-4 in melanoma DB-1 cells[58]. Its expression was
very high in these cells and is possibly related to melanoma growth. Other alternative splice variants of PFKFB-4
mRNA with modified C-terminus were founded in rat
tissues[59]. One of them with a modified C-terminal part
was observed only in the liver of rats treated by methyl
tertial butyl ether, ecologically dangerous chemical
compound[59]. It was not present in normal rat liver and
lungs. Second alternative splice variant with deletion in
fructose-2,6-bisphosphatase region is expressed in normal liver and lung tissues and its expression is affected
by methyl tertial butyl ether[59]. Results of this investigation demonstrate the sensitivity of PFKFB-4 alternative
splicing to the action of toxic chemical compounds, in
particular methyl tretbutyl ether. Several unique alterna-
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Figure 1 Effect of hypoxia (H) and hypoxia mimic dimethyloxalylglycine (I) on the expression of 6-phosphofructo-2-kinase/fructose-2,6-bisphosphatase-3
and -4 mRNA in human gastric cancer cell lines MKN45 and NUGC3 and pancreatic cancer cell line Panc1. Measured by ribonuclease protection assay, N:
Control (normoxic) cells[32]. PFKFB: 6-phosphofructo-2-kinase/fructose-2,6-bisphosphatase.

tive splice variants were identified in mouse brain and
other tissues[60]. One of them has two ORFs (for 6-phosphofructo-2-kinase and fructose-2,6-bisphosphatase) as a
result of insert after the 7th exon. Other alternative splice
variants have inserts in kinase domain or a deletion in
bisphosphatase domain[60]. Its functional significance is
not elucidated as of yet.
At the same time, the analysis of PFKFB-3 and
PFKFB-4 expression as well as its regulation by hypoxia
in pancreatic and gastric cancer cells, which significantly
differ from many other malignant cells, is needed for
further advance our knowledge on the mechanisms of
different tumors progression. Recently, it was shown that
excess glucose induces hypoxia-inducible factor-1α in
pancreatic cancer cells and stimulates glucose metabolism
possibly through PFKFB as well as the migration of
these cancer cells and that hypoxia strongly up-regulates
the expression of PFKFB-4 and PFKFB-3[32,61].

which suppress prolyl hydroxylase enzymes, significantly
enhanced the expression of PFKFB4 as well as PFKFB3
genes (P < 0.001; Figures 1 and 2). At the same time, the
expression of PFKFB-3 mRNA in Panc1 pancreatic cancer cell line (P < 0.01) growing under normal condition
was lower as compared to gastric cancer cell lines, but for
PFKFB-4-slightly higher[32]. Moreover, the basal level of
PFKFB-4 mRNA expression as well as its hypoxia responsiveness was more robust as compared to PFKFB-3
mRNA[32]. Thus, there is a difference in the basal level
of these two variants of PFKFB mRNA between gastric
and pancreatic cancer cells as well as in its sensitivity to
hypoxia and dimethyloxalylglycine.
At the same time, the protein level of PFKFB-4
isoenzyme in non-treated gastric adenocarcinoma cells
was much higher as compared to pancreatic cancer cells
(Figure 3). Moreover, the protein level of PFKFB-4 in
NUGC3 gastric cancer cells is significantly higher than
in MKN45 cells. Hypoxia and dimethyloxalylglycine
strongly enhances the expression of PFKFB-4 at protein
level in pancreatic and gastric cancer cell lines. This increase of PFKFB-4 protein expression varies in different
cancer cell lines possibly because these gastric and pancreatic cells have significantly different constitutive level
of PFKFB-4 protein. Moreover, no strong correlation is
present between mRNA and protein of PFKFB-4 in the
pancreatic and gastric malignant cells in normoxic as well
as in hypoxic condition[32]. This data agrees with results
of previous investigations[31].
It is interesting to note that the level of PFKFB-4
mRNA and protein differs in different mammary gland
adenocarcinoma cell lines both in normal condition and
after hypoxic exposure[31]. Thus, the level of PFKFB-4
mRNA is more pronounced in the T47D malignant cell
line as compared to MCF7 cells both in normal condition
and after hypoxia. At the same time, the protein level of
PFKFB-4 is much higher in the MCF7 cells vs T47D cell
line in normal condition as well as after hypoxic exposure. Other cell lines (SKBR3 and MDA-MB-468) have
similar level of PFKFB-4 mRNA expression both in normal condition and upon hypoxia. Unexpectedly, in MDAMB-468 mammary gland adenocarcinoma cells PFKFB4
protein was detected at negligible level at the same ex-

PFKFB-4 AND PFKFB-3 GENE
EXPRESSIONS IN PANCREATIC AND
GASTRIC CANCER CELL LINES AND
MOLECULAR MECHANISMS OF ITS
REGULATION
It was shown that different PFKFB genes are expressed
in human pancreatic and gastric cancer cells and are upregulated in hypoxic condition[32]. Hypoxia induces the
expression of these genes through transcription factor
HIF binding sites to hypoxia responsible element (HRE)
of PFKFB-4 and PFKFB-3 genes, because deletion or
point mutation in these HRE eliminates the hypoxic
regulation of PFKFB-4 and PFKFB-3 genes[25,31,36,37]. As
shown in Figure 1, the expression of PFKFB-4 mRNA is
detectable at very low level in both MKN45 and NUGC3
gastric cancer cell lines growing under normal condition.
The expression of PFKFB-3 mRNA in these cell lines
was significantly higher as compared to the PFKFB-4
mRNA[32].
Exposure of MKN45 and NUGC3 gastric adenocarcinoma cells to hypoxia or dimethyloxalylglycine,
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Figure 2 Quantification of ribonuclease protection assay of the effect of hypoxia (H) on the
expression level of 6-phosphofructo-2-kinase/
fructose-2,6-bisphosphatase-4 and -3 mRNAs in
human gastric (MKN45 and NUGC3) and pancreatic (Panc1) cancer cell lines. bP < 0.01 vs control
cells; dP < 0.01 vs control cells [32]. N: Normoxic
(control) cells. PFKFB: 6-phosphofructo-2-kinase/
fructose-2,6-bisphosphatase.
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Figure 3 Western blot analysis of 6-phosphofructo-2-kinase/fructose-2,6-bisphosphatase-4 protein in human gastric (MKN45 and NUGC3) and pancreatic
(Panc1) cancer cell lines: Effect of hypoxia (H) and dimethyloxalylglycine (I)[32]. PFKFB: 6-phosphofructo-2-kinase/fructose-2,6-bisphosphatase.

perimental conditions, which were used for SKBR3 and
other mammary gland adenocarcinoma cell lines[31]. In
contrast, the level of PFKFB-4 mRNA is correlated with
corresponding protein level both in SKBR3 and BT549
cell lines.
Really, the protein level of PFKFB-4, which in Panc1
pancreatic cancer cells is much lower as compared to gastric cancer cells and correlates with stronger induction of
both PFKFB-4 mRNA and protein expressions upon hypoxia. At the same time, the hypoxia-induced PFKFB-4
protein level in Panc1 cells is in fact lower when compared to the level of this protein in NUGC3 cells.
Moreover, the high PFKFB-4 protein level in NUGC3
gastric cancer cells is correlated with the lower induction
of PFKFB-4 mRNA and protein expressions upon hypoxia; on the other hand, the level of PFKFB-4 protein
in hypoxia-treated cells is very high as compared to the
levels of PFKFB-4 protein in both Panc1 and MKN45
control or hypoxia-treated cells[32]. This difference between mRNA and protein levels of PFKFB-4 which in
the different pancreatic and gastric cancer cells is possibly
related to the mechanisms controlling PFKFB4 protein
stability. However, the precise molecular mechanism for
these discrepancies is complex and possibly includes
PFKFB-4 enzyme posttranslational modification or its
stability in a cell-specific manner and warranties further
detailed investigation.
The induction of PFKFB-3 mRNA expression in
the NUGC3 gastric cancer cell line by hypoxia and dimethyloxalylglycine is more pronounced as compared
to PFKFB-4 mRNA expression. It is important to note
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that the expression PFKFB-3 mRNA in the Panc1 pancreatic cancer cells has the lowest hypoxia responsiveness as compared to both gastric cancer cell lines. We
have previously shown that the hypoxic induction of
PFKFB-3 mRNA expression in mammary gland cancer
cells is more robust in MCF7 and T47D breast cancer
cells (estrogen receptor-positive cell lines) as compared
to SKBR-3 and MDA-MB-468 cells (estrogen receptornegative cell lines)[31]. The dissimilar sensitivity of the
PFKFB-3 gene expression to induction by hypoxia was
also shown for other cell lines, like HeLa, Hep3B, RPE,
and fibroblasts, while induction of Glut1 mRNA by hypoxia was similar in all these cell lines[25].
It is interesting to note that the induction of
PFKFB-4 mRNA expression by hypoxia was simulated
by dimethyloxalylglycine in different pancreatic and
gastric as well as in many other cancer cell lines[25,27,31,32].
Dimethyloxalylglycine, a specific inhibitor of prolyl
hydroxylases, is an oxoglutarate analog, which protects
the HIF-1α protein from proteasomal degradation and
significantly increases its level[59]. Suppression of prolyl
hydroxylase enzymes can induce the level and functional
activity of HIF-1α under normoxia and mimics hypoxic
condition[62]. Induction of PFKFB-4 mRNA synthesis by
hypoxia is mediated by the hypoxia responsive element
located in the promoter region of this gene which is similar to the same elements, described in different hypoxia
responsive genes, including PFKFB-3 gene[25,36,63,64].
As shown in Figure 4A, hypoxia increases the expression level of PFKFB-3 and PFKFB-4 as well as VEGF
and Glut1 genes in both gastric and pancreatic cancer
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Figure 4 Expression of hypoxia inducible factor-1α protein (Western blotting; A) and hypoxia inducible factor-1α and hypoxia inducible factor-2α mRNA
(ribonuclease protection assay; B) in human gastric (MKN45 and NUGC3) and pancreatic (Panc1) cancer cell lines: effect of hypoxia (H) and dimethyloxalylglycine (I)[32]. HIF: Hypoxia inducible factor.
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Figure 5 Effect of hypoxia (H) and hypoxia mimic dimethyloxalylglycine
(I) on the expression level of 6-phosphofructo-2-kinase/fructose-2,6bisphosphatase-3, -4, and GLUT1 mRNAs (measured by qPCR) in human
pancreatic (PSN-1) cancer cells. n = 4; bP < 0.01 vs control cells. N: Normoxic
(control) cells; PFKFB: 6-phosphofructo-2-kinase/fructose-2,6-bisphosphatase.

Figure 6 Effect of hypoxia (H) and hypoxia mimic dimethyloxalylglycine (I)
on the expression level of 6-phosphofructo-2-kinase/fructose-2,6-bisphosphatase-3, -4, and GLUT1 mRNAs (measured by qPCR) in human pancreatic (MIA PaCa-2) cancer cells. n = 4, bP < 0.01 vs control cells. N: Normoxic
(control) cells; PFKFB: 6-phosphofructo-2-kinase/fructose-2,6-bisphosphatase.

cell lines and these changes are correlated with enhanced
level of HIF-1α protein[32]. This data argues with HIF1α-dependent mechanism of the induction of these
genes under hypoxia. At the same time, the constitutive
level of HIF-1α as well as HIF-2α mRNA expression
and their induction by hypoxia (Figure 4B) is dissimilar
in the MKN45 and NUGC3 gastric adenocarcinoma
cells[32]. Thus, the level of HIF-1α mRNA expression
is decreased in both gastric cancer cell lines treated by
hypoxia or dimethyloxalylglycine, but no significant
changes of HIF-2α mRNA expression were found in the
NUGC3 gastric cancer cell line under hypoxia. However,
the expression of HIF-2α mRNA in the MKN45 gastric
cancer cells was slightly induced by dimethyloxalylglycine
as well as hypoxia. A similar pattern of the expression of
HIF-1α and HIF-2α mRNAs in the A549 lung adenocarcinoma cell line and many other cancer cell lines treated
by hypoxia was shown[25,64-66].
It is important to note that there is an inverse correlation between induction of HIF-1α mRNA and protein
expressions upon hypoxic exposure. These observations
suggest that the increase in HIF-1α protein expression
was not reflected at the mRNA level. Moreover, the ex-

pression of HIF-1α mRNA is significantly decreased
both under hypoxia and dimethyloxalylglycine action. It
is possible that this discrepancy between HIF-1α mRNA
and protein levels, which was found in different gastric,
pancreatic and many other cancer cell lines, is related to
the divergence in mechanisms which control the stability
of HIF-1α mRNA and protein. Thus, the hypoxic induction of HIF-1α protein expression is a result of its stabilization, possibly mediated by specific prolyl hydroxylase
enzymes, oxygen- and iron-dependent, which utilize
oxoglutarate as a co-substrate[62,67,68]. At the same time,
the decreased expression of HIF-1α mRNA both under
hypoxia and dimethyloxalylglycine action is possibly mediated by suppression of transcription or by its increased
degradation[65].
The expression mRNA level of PFKFB variant 3 and
4 was also investigated in two other pancreatic cancer cell
lines: PSN-1 and MIA PaCa-2 (Figures 5 and 6). Hypoxia
strongly induces (P < 0.001) the expression of both
PFKFB4 and PFKFB3 genes in PSN-1 and MIA PaCa-2
cancer cells being more robust for PFKFB4 gene. Moreover, hypoxic induction of PFKFB4 and PFKFB3 gene
expressions in both these pancreatic cancer cell lines cor-
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genes GLUT1 and VEGF (P < 0.001). Moreover, the
expression of PFKFB-1 and PFKFB-2 mRNA is also
increased in gastric cancer tissue. It is interesting to note
that the expression level of different PFKFB mRNAs in
non-malignant stomach tissue was highest for PFKFB-2,
much less for PFKFB-3 and slight for PFKFB-4 and
PFKFB-1[32].
As shown in Figure 9, PFKFB-4 and PFKFB-3
mRNA are also overexpressed (P < 0.001) in lung, colon,
and breast cancers as compared to corresponding nonmalignant tissue counterparts from the same patients
being more pronounced for PFKFB-4 in lung and breast
tumors[30,33,69]. Up-regulation of PFKFB-2 mRNA is also
shown for lung cancers[30]. Moreover, the level of GLUT1
and VEGF mRNA expressions is also significantly increased (P < 0.001) in all these cancer tissues, especially
GLUT1 in lung and colon tumors (Figure 10)[30,33]. Western analysis of PFKFB-4 and PFKFB-3 proteins as well
as HIF-1α protein clearly demonstrated its up-regulation
in all analysed tumors with more pronounced changes
in PFKFB-4 protein in lung and breast cancers (Figure
11)[30,32,33]. Thus, overexpression of PFKFB-3, PFKFB-4
and PFKFB-2 is observed in various human cancers
through various mechanisms: by a combination of hypoxia inducible transcription factors (for PFKFB-4 and
PFKFB-3), activation of oncogenic proteins and the loss
of tumor suppressor function[29-33,37].
Recently, it was shown that amino acid activates AKTdependent PFKFB2 phosphorylation at Ser-483 and that
this activation was mediated by the PI3K and p38 signaling pathways[70]. Furthermore, AKT inactivation blocked
PFKFB2 phosphorylation and fructose-2,6-bisphosphate
production, thereby suggesting that the above signaling
pathways converge at AKT kinase. Moreover, MACC1
(MUC1, mucin 1, cell surface associated) may affect
tumor metabolism partly through expression and phosphorylation of PFKFB2[71].
At the same time, the protein level of both PFKFB-4
and PFKFB-3 is significantly different in non-malignant
lung, breast, colon, and gastric tissues being more pronounced for colon and gastric tissues. It is interesting
to note that the level of PFKFB-4 protein in all studied
cancers (lung, breast, colon, and gastric) was also higher
as compared to the PFKFB-3 isozyme (Figure 11). Thus,
the main protein isoform of PFKFB enzyme family
expressed in lung, breast, colon, and gastric malignant
tumors is PFKFB-4.
Moreover, there is data that hypoxia is needed for tumor progression and initiates the endoplasmic reticulum
stress for induction of neovascularization and apoptosis
inhibition[72-76]. It is known that some PFKFB enzymes
are components of the endoplasmic reticulum stress
and participate in proliferation processes[77]. Recently, it
was shown that PFKFB-3-driven glycolysis participates
in vessel sprouting process which strongly depends
upon endoplasmic reticulum stress[73,78,79]. Thus, endothelial cells relied on glycolysis rather than on oxidative
phosphorylation for ATP production and loss of the
glycolytic activator PFKFB3 in endothelial cells impaired

T

Figure 7 Representative polyacrylamide gel autoradiograph employed in
a typical ribonuclease protection assay of different 6-phosphofructo-2kinase/fructose-2,6-bisphosphatase genes (PFKFB-1, PFKFB-2, PFKFB-3,
and PFKFB-4), GLUT1, hypoxia inducible factor-1α, and different alternative splice variants of VEGF-A in gastric malignant tumors (T) and nonmalignant tissue counterparts (N) from same patients. The 18S rRNA
expressions were used as control of RNA quantity used for analysis[32]. HIF:
Hypoxia inducible factor; PFKFB: 6-phosphofructo-2-kinase/fructose-2,6bisphosphatase.

relates with a strong increase of GLUT1 gene expression
(P < 0.001).
In conclusion, this chapter provides evidence that
PFKFB-4 and PFKFB-3 mRNA are expressed in different cancer cell lines, including pancreatic and gastric
adenocarcinoma cells, and strongly respond to hypoxia
possibly through a HIF- dependent mechanism using
active HIF-binding sites in PFKFB4 and PFKFB3 genes.
At the same time, no clear correlation is existent between
different variants of PFKFB mRNA expressions and its
protein levels in different cancer cell lines both in normoxic and hypoxic conditions. Moreover, hypoxic induction of HIF-1α protein level correlates with a reduction
of HIF-1α mRNA expression in these cell lines. Thus,
there is an opposite correlation between hypoxic regulation of PFKFB-4 mRNA and protein levels in different
hypoxia-treated adenocarcinoma cells in vitro[31,32,65]. It is
possible that permanent degradation of HIF-1α protein
in normoxic condition support high level expression of
corresponding mRNA needed for synthesis of this protein. At the same time, stabilization of HIF-1α protein
under hypoxia suppresses transcription of this gene or/
and initiates the degradation of HIF-1α mRNA.

EXPRESSION OF DIFFERENT PFKFB IN
HUMAN GASTRIC, COLON, LUNG, AND
BREAST MALIGNANT TUMORS
There is data that PFKFB-4 and PFKFB-3 mRNA and
protein expressions are significantly increased (P < 0.001)
in gastric cancers as compared to corresponding non-malignant tissue counterparts from the same patients (Figures 7 and 8)[32]. This increase in the expression of these
PFKFB genes in gastric malignant tumors correlates with
the up-regulation of HIF-1α and known HIF-dependent
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the same patients. bP < 0.01 vs control cells[32]. HIF: Hypoxia inducible factor; PFKFB: 6-phosphofructo-2-kinase/fructose-2,6-bisphosphatase; VEGF: Vascular endothelial growth factor.
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Figure 9 Quantification of ribonuclease protection assay of 6-phosphofructo-2-kinase/fructose-2,6-bisphosphatase-3 and 6-phosphofructo-2kinase/fructose-2,6-bisphosphatase-4 mRNA expressions in lung, colon,
and breast malignant tumors (T) and corresponding non-malignant tissue
counterparts (C). Values of PFKFB-3 and PFKFB-4 mRNA expressions were
normalized to 18S rRNA; n = 15-20, bP < 0.01 vs non-malignant tissues[30,33].
PFKFB: 6-phosphofructo-2-kinase/fructose-2,6-bisphosphatase.

Figure 10 Quantification of ribonuclease protection assay of VEGF and
Glut1 mRNA expressions in lung, colon, and breast malignant tumors (T)
and corresponding non-malignant tissue counterparts (C). Values of VEGF
and Glut1 mRNA expressions were normalized to 18S rRNA; n = 15-20; bP <
0.01 vs non-malignant tissues[30,33]. PFKFB: 6-phosphofructo-2-kinase/fructose2,6-bisphosphatase; VEGF: Vascular endothelial growth factor.

vessel formation[78,80]. Moreover, the glycolytic activator
PFKFB3 regulates stalk cell proliferation and renders endothelial cells more competitive to reach the tip[81].
The induction of different PFKFB as well as tumor
angiogenesis and growth is realized not only through
activation of transcription factor HIF[7,14,34,73,74,82-86]. For
PFKFB3 it was shown that its transcription as well as
allosteric activation is promoted by MAPK pathway[87].
Many growth factors may contribute to cancer progression, including pancreatic cancer, through induction of
the expression of genes without hypoxia responsive elements[88]. Moreover, hypoxia-inducible mir-210 regulates
normoxic gene expression involved in tumor initiation
and growth[89]. Recently, it was shown that clathrin heavy
chain promotes growth and angiogenesis of pancreatic

adenocarcinoma, which is an aggressive disease with a
high mortality rate, through the regulation of HIF-1α
and VEGF signaling and that hypoxia-induced pancreatic
cancer cells invasion is also mediated by transcription factor HIF[85,90]. One of the key functions of clathrin heavy
chain protein is to bind with the HIF-1α protein, increasing the stability of this protein and facilitating its nuclear
translocation, thereby regulating the expression of
VEGF. Thus, suppression of clathrin heavy chain either
by shRNA or by specific antibody inhibited pancreatic
adenocarcinoma growth and angiogenesis[85].
A better understanding of the impact of PFKFB gene
networks regulation on glycolysis as well as cell cycle control, apoptosis and cell survival promises to shed light on
the emerging association between PFKFB-3, PFKFB-4,
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Figure 11 Representative Western blot analysis of 6-phosphofructo-2-kinase/fructose-2,6-bisphosphatase-3, inducible 6-phosphofructo-2-kinase/fructose2,6-bisphosphatase-3, 6-phosphofructo-2-kinase/fructose-2,6-bisphosphatase-4, and hypoxia inducible factor-1α protein levels in breast, lung, colon, and
stomach malignant tumors (T) and non-malignant (control) tissues counterparts (N) from same patients. The actin was used to ensure equal loading of the
sample[30,32,33]. HIF: Hypoxia inducible factor; PFKFB: 6-phosphofructo-2-kinase/fructose-2,6-bisphosphatase.
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Figure 12 Representative polyacrylamide gel autoradiograph employed in
a typical ribonuclease protection assay of endogenous 6-phosphofructo2-kinase/fructose-2,6-bisphosphatase-3 mRNA in pancreatic carcinoma
cell line Panc1, stable transfected by pcDNA3.1(+) vector (Panc1 cells) or
by dominant/negative 6-phosphofructo-2-kinase/fructose-2,6-bisphosphatase-3 (Panc1 + dnPFKFB-3) in normoxic (N) condition and after treatment
of Panc1 cells with dimethyloxalylglycine, inhibitor of prolyl hydroxylase
(I; 1 mmol/L for 6 h). The 18S rRNA antisense probe was used as control
of analyzed RNA quantity[89]. PFKFB: 6-phosphofructo-2-kinase/fructose-2,6bisphosphatase.
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Figure 13 Quantification of ribonuclease protection assay of endogenous 6-phosphofructo-2-kinase/fructose-2,6-bisphosphatase-3 mRNA
expression in pancreatic carcinoma cell line Panc1, stable transfected
by pcDNA3.1(+) vector or dominant/negative 6-phosphofructo-2-kinase/
fructose-2,6-bisphosphatase-3 in normoxic (control) condition (C) and after treatment of Panc1 cells with dimethyloxalylglycine, inhibitor of prolyl
hydroxylase (I). n = 5; bP < 0.01 vs control[89]. dnPFKFB-3: Dominant/negative
6-phosphofructo-2-kinase/fructose-2,6-bisphosphatase-3.

cell proliferation and cancer. These provide rationale for
the development of agents that selectively inhibit the
PFKFB3 and PFKFB-4 enzymes as antineoplastic agents.
Recently was shown that inhibition of PFKFB-3 activity suppresses glycolytic flux and tumor growth by rapid
induction of apoptosis in transformed cells[91,92]. It is possible, that the stimulation of glycolysis in cancer cells results by multimodal mechanism of stress stimuli affecting
PFKFB3 transcriptional regulation and kinase activation
by protein phosphorylation[41]. Moreover, the glycolytic
enzyme PFKFB3 regulates autophagy and inhibition of
PFKFB3 in tumor cells would induce autophagy as a prosurvival mechanism and inhibitors of autophagy could
increase the anti-tumor effects of PFKFB3 inhibitors[93,94].
Previously, we have shown that suppression of
PFKFB-3 and PFKFB-4 expression (P < 0.05-0.01) in
pancreatic Panc1 and PSN-1 cancer cells by dominant/
negative technology also decreases VEGF expression (P
< 0.05) and proliferation rate (P < 0.05) of these cells
(Figures 12-14)[95]. For this aim we introduced point mu-
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tation in ATP-binding domain of 6-phosphofructo-2kinase part of PFKFB-3 as well as PFKFB-4 cDNA and
cloned in pcDNA3.1 vector. Pancreatic Panc1 and PSN-1
cancer cells were stable transfected with dnPFKFB-3 and
dnPFKFB-4 constructs and studied the expression of
endogenous PFKFB-3, PFKFB-4, and VEGF-A mRNAs
in these cells as well as its proliferation rate. It was shown
that both dnPFKFB-3 and dnPFKFB-4 suppress the
expression of endogenous PFKFB-3, PFKFB-4, and
VEGF-A mRNAs as well as cell proliferation in pancreatic cancer cells[95]. Results of this investigation agree
with the role of PFKFB3-driven glycolysis in vessel
sprouting[78,80,81] and demonstrate possibility to apply the
dominant-negative strategy for suppression of tumor
cells glycolysis and proliferation through reduction of the
expression of PFKFB-3 and PFKFB-4 enzymes.
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PFKFB was also shown in gastric, colon, lung, and breast
cancer tissues. It is interesting to note that the protein
level of PFKFB-4 in colon and gastric malignant tumors
as well as non-malignant tissue counterparts was greater
as compared to the variant 3 of PFKFB. Both PFKFB-4
and PFKFB-3 isoenzymes are overexpressed in different
malignant tumors and undergo changes in their metabolism that contribute to the proliferation and survival of
cancer cells. A better understanding of the impact of
PFKFB gene networks regulation on cell cycle control
and glycolysis as well as nutrient balance at the molecular, cellular and system levels promises to shed light on
the emerging association between PFKFB-3, PFKFB-4,
cell proliferation and cancer. These provide rationale for
the development of agents that selectively inhibit the
PFKFB3 and PFKFB-4 enzymes as antineoplastic agents.

120

b

a

a

dnPFKFB-4

80

dnPFKFB-3

a

a
b

60
40

PFKFB-3

PFKFB-4

Vector

dnPFKFB-4

dnPFKFB-3

Vector

dnPFKFB-4

0

dnPFKFB-3

20

Vector

Relative mRNA expression,
% of control (vector)

100

VEGF-A

Figure 14 Endogenous 6-phosphofructo-2-kinase/fructose-2,6-bisphosphatase-3, 6-phosphofructo-2-kinase/fructose-2,6-bisphosphatase-4, and
vascular endothelial growth factor mRNA expressions in pancreatic carcinoma cell line PSN-1, stable transfected with pcDNA3.1(+) vector (Vector),
dominant/negative 6-phosphofructo-2-kinase/fructose-2,6-bisphosphatase-3, and dominant/negative 6-phosphofructo-2-kinase/fructose-2,6bisphosphatase-4, measured by ribonuclease protection assay. n = 5; aP
< 0.05 vs control; bP < 0.01 vs control[89]. PFKFB: 6-phosphofructo-2-kinase/
fructose-2,6-bisphosphatase; VEGF: Vascular endothelial growth factor.
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Core tip: Surgery remains the cornerstone of curative
therapy in gastric cancer. However, a large proportion
of patients are diagnosed with locally advanced disease, resulting in poor survival. Randomized trials have
now established either post-operative chemoradiotherapy or perioperative chemotherapy as standard adjuvant
therapies in the Western world. There remain, however,
significant differences in the approach to management
between the West and East. In Asia, extended resection followed by adjuvant chemotherapy represents the
standard of care. This review discusses the evidence
supporting current standard adjuvant therapy in gastric
cancer, as well as recent and ongoing trials investigating novel (neo)adjuvant approaches.

Abstract
The management of gastric cancer continues to evolve.
Whilst surgery alone is effective when tumours present
early, a large proportion of patients are diagnosed with
loco-regionally advanced disease, resulting in high locoregional and distant relapse rates, with subsequent
poor survival. Early attempts at improving outcomes
following resection were disappointing; however, randomized trials have now established either post-operative chemoradiotherapy (INT0116) or peri-operative
chemotherapy as standard adjuvant therapies in the
Western world. There remain, however, significant differences in the approach to management between the
West and East. In Asia, where there is the highest incidence of gastric cancer, extended resection followed
by adjuvant chemotherapy represents the standard of
care. This review discusses current standard adjuvant
therapy in gastric adenocarcinoma, as well as recent
and ongoing trials investigating novel (neo)adjuvant
approaches, which hope to build on the successes of
previous studies.

Original sources: Foo M, Leong T. Adjuvant therapy for gastric
cancer: Current and future directions. World J Gastroenterol
2014; 20(38): 13718-13727 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v20/i38/13718.htm DOI: http://
dx.doi.org/10.3748/wjg.v20.i38.13718

INTRODUCTION
Gastric cancer represents the second leading cause of
cancer death worldwide and is the fourth most common malignancy in the world, with an estimated 988000
new cases diagnosed in 2008, and accounting for 736000
cancer-related deaths[1].
Surgery provides high rates of cure in the early stages;
however less than 25% of patients present with early
stage disease. The survival of the remaining patients with
potentially curable, non-metastatic disease falls below
50% and 20% when the tumour invades through the
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Table 1 American Joint Committee on Cancer 6 vs 7
edition staging of gastric cancer
th

th

AJCC 6
T1

Tumour invades
lamina propria or
submucosa

T2a

Invades Muscularis
propria
Invades Subserosa
Penetrates Serosa
(visceral peritoneum),
without invasion of
adjacent structures
Invades adjacent
structures

T2b
T3

T4

AJCC 7
T1a

Invades Lamina propria or
muscularis mucosae

T1b
T2

Invades Submucosa
Invades Muscularis propria

T3

Penetrates subserosal connective
tissue without invasion of
visceral peritoneum or adjacent
structures
Tumor invades serosa (visceral
peritoneum)
Tumor invades adjacent
structures
1-2 nodes involved
3-6 nodes involved
7-15 nodes involved
> 15 nodes involved

T4a
T4b

N1
N2
N3

1-6 nodes involved
7-15 nodes involved
> 15 nodes involved

Asian countries, both in terms of approach to management of gastric cancer, as well as efficacy of therapy.
Whereas a D1 or less lymph node dissection has been
common practice amongst Western surgeons, Japanese
surgeons in particular consider an adequate lymphadenectomy to at least include the D2 echelon of nodes
(described below). There are also frequently observed
differences in outcomes, where reported survival rates
are consistently higher in Asian studies[6-8]. It is not clear
whether the extent of surgery can solely be responsible
for this. Numerous hypotheses have been suggested to
explain this observation, the first of which relates to the
issue of stage migration, where a more extensive nodal
dissection leading to more accurate prognostic stratification and inevitable upstaging in a proportion of patients
may in fact falsely suggest a treatment benefit[9]. Other
factors may also contribute, including inherent biological
differences in the disease between the two populations[10],
as well as differing tolerance and sensitivity to chemotherapeutic agents.

th

N1
N2
N3a
N3b

AJCC: American Joint Committee on Cancer.

EXTENT OF LYMPH NODE DISSECTION
The extent of lymphadenectomy remains a major area
of controversy in gastric cancer management. Though
a comprehensive discussion of lymphadenectomy is beyond the scope of the current review, a brief discussion
follows, as it puts into context some of the difficulties
with interpreting and comparing results of older vs newer
studies, as well as Asian vs Western trials.
Although there are slight variations in definition,
in general, a D1 lymphadenectomy entails removal of
perigastric lymph nodes as well as those around the left
gastric artery (stations 1-7), whereas a D2 dissection removes additional lymph nodes around the hepatic, celiac,
splenic, as well as splenic hilar and hepatoduodenal (stations 8-12) nodes[11]. Comprehensive guidelines describing the extent of lymphadenectomy according to primary
tumour location are detailed by the Japanese Research
Society for Gastric Cancer (JRSGC)[12]. Extended dissections beyond D2 are not routinely performed, as these
lymph nodes are often regarded as distant metastases[2].
Japanese surgeons consider a D2 dissection the standard
of care, whilst less extensive dissections are still commonplace amongst Western surgeons.
There have been at least five randomised controlled
trials (RCT’s) comparing D1 vs D2 dissection, of which
the Dutch and United Kingdom Medical Research Council (MRC) trials were the largest[13-17]. In addition, multiple
reviews of these trials have been reported. In summary,
most of these trials suggested higher rates of mortality and morbidity with D2 dissection, with no convincing overall survival benefit[18-20]. This was confirmed in
a recent meta-analysis published in 2012, of five RCT’s
where overall hospital mortality was higher in D2 patients
(RR = 2.02; 95%CI: 1.30-3.14, P = 0.002); however, overall survival at 5 years reported in three trials was similar
at 43.5% and 44.9% for D1 and D2 patients, respectively

muscularis propria and involves regional lymph nodes,
respectively[2], prompting much effort to improve patient
outcomes following gastrectomy.
The publication of two landmark trials in 2001 and
2006 established both post-operative chemo-radiotherapy
(CRT) and perioperative chemotherapy (CT) as effective adjuvant treatment options, and both are currently
accepted standards of care in the Western world [3,4].
However, debate continues concerning the applicability
of these trials to the Asian population, where there is the
highest incidence of gastric cancer.
The staging of gastric cancer has recently undergone
revision, with the 7th edition of the American Joint Committee on Cancer classification amending the T-stage
definition of serosal and subserosal invasion, as well as
the extent of lymph node involvement (Table 1)[2,5]. It
also addresses the classification of tumours arising at the
gastro-oesophageal junction. Though there continues to
be wide variation and imprecise definitions of gastrooesophageal junction (GOJ) tumours (including gastric
cardia), the current staging system classifies tumours that
arise in the gastric cardia, or within 5 cm of the GOJ and
extending into the oesophagus, as oesophageal cancers.
This review will examine current standard adjuvant
therapies in resectable gastric adenocarcinoma, and will
focus predominantly on tumours arising in the stomach,
rather than the GOJ. In addition, newer strategies and
trials, which aim to build on the successes of current adjuvant and neoadjuvant approaches will be discussed.

“EAST VS WEST” APPROACH TO
GASTRIC CANCERS
There continues to be differences between Western and
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(RR = 1.06; 95%CI: 0.85-1.33, P = 0.58)[21]. It is interesting to note that in a recent 15-year update of the Dutch
RCT, the authors reported a reduction in gastric cancerrelated deaths, although there was still no difference in
overall survival (OS)[16].
There is evidence that at least some of the morbidity
associated with D2 dissection may relate to the requirement for spleen and pancreas resection. The most recent
results from the Italian RCT, which show no difference
in morbidity or mortality between D1 and D2 certainly
suggests there may be a contribution and benefit from
advances in modern surgical technique and perioperative
care[17]. Despite a lack of clear evidence of benefit, there
is growing consensus amongst Western surgeons that D2
dissection should be performed whenever possible.

IB-IV gastric cancer to either perioperative chemotherapy [three preoperative and three postoperative cycles of
epirubicin cisplatin, 5-FU (ECF)] and surgery or surgery
alone. With a median follow-up of 4 years, the 5-year
survival rate was 36% in the perioperative chemotherapy
group vs 23% in the surgery alone group (HR = 0.75;
95%CI: 0.6-0.93; P = 0.009).
Therefore, in Western countries there are two standards of care for patients with resectable gastric cancer[30-32], leaving clinicians with the dilemma of which
strategy to employ. There are difficulties in delivering
post-operative therapy in patients who are deconditioned following surgery, and this was highlighted in both
INT0116, where only 64% of patients randomized to
the CRT arm completed all protocol treatment, as well as
MAGIC, where less than half of patients completed the
post-operative component of protocol chemotherapy. In
contrast, pre-operative therapy is far better tolerated: in
the MAGIC study, 86% of patients completed all three
neo-adjuvant cycles of ECF, with haematological toxicity being the most common toxicity (24%-28% grade 3-4
granulocytopaenia), and grade 3-4 nausea and vomiting
occurring in only 6.4% and 5.6%, respectively. In addition, the rates of post-operative complications, deaths
within 30 d and median hospital stay were similar in both
arms of the MAGIC trial.
It is obviously difficult to directly compare absolute
outcomes across both trials as the patient cohorts were
dissimilar, in that MAGIC included a slightly higher proportion of node-negative patients (28% vs 15%), as well
as patients with distal oesophageal primaries (15% vs 0%).
In addition, approximately 66% of patients in MAGIC
underwent a curative resection (according to the operating surgeon), whereas in INT0116, all patients underwent
an R0 resection. This is likely a reflection of the fact
that the MAGIC trial recruited patients pre-operatively,
whereas patients in INT0116 were randomised 20-40
days following R0 gastrectomy.
Despite the issues with INT0116 described above,
there are other lines of evidence to support a benefit for
radiotherapy in gastric cancer, including several metaanalyses and a large population-based database, all of
which consistently demonstrate a survival benefit for
the addition of radiotherapy to surgery. The four metaanalyses of radiotherapy published since 2006 are summarized in Table 2[33-36]. One of the more recent metaanalysis was reported by Ohri et al[33] and included 13
trials with 2811 patients[37-42]. Their results were consistent
with those from previous meta-analyses, suggesting that
the addition of radiotherapy to surgery (with or without
CT) improves OS [HR = 0.78 (0.70-0.86), P < 0.001].
Inclusion of the three more recent Asian trials, which
compared adjuvant CT with adjuvant CRT, also showed
improvements in DFS [HR = 0.77 (0.91-0.65), P = 0.002],
as well as OS [HR = 0.83 (0.67-1.03), P = 0.087], though
the latter did not reach statistical significance.
An analysis of the Surveillance, Epidemiology, and

STANDARD OF CARE IN THE
WEST-POSTOPERATIVE CRT AND
PERIOPERATIVE CT
The role of locoregional radiation is based on the fact
that a significant proportion of relapses following curative gastrectomy occur in the upper abdomen[22]. In fact,
early evidence suggested that these recurrences are likely
occult and exceeded clinically detected events, thereby
providing further rationale for adjuvant radiotherapy[23,24].
Initial efforts to improve outcomes after surgery
alone, however, were disappointing. Earlier trials of preand post-operative radiotherapy, which individually did
not demonstrate any benefit, were hampered by small
numbers, toxicity, and heterogeneous dose-fractionation
schedules[25-28].
In 2001, the INT0116 trial was reported by MacDonald et al[4] and demonstrated a major survival advantage
for the use of postoperative adjuvant chemoradiotherapy.
This trial randomly assigned 556 patients with stage IBIV gastric cancer following surgery to either observation
or adjuvant therapy with 4 monthly cycles of bolus 5-fluorouracil (5-FU) and leucovorin combined with radiation to 45 Gray in 25 fractions. With a median follow-up
period of 5 years, the 3-year survival rate was 50% in the
CRT group vs 41% in the surgery alone group (P = 0.005).
The 10-year update demonstrated persistent median OS
benefits of 35 mo vs 27 mo, with a HR of 1.32 (95%CI:
1.10-1.60; P = 0.046)[29].
The criticisms of adjuvant CRT in the MacDonald
study included the substantial rates of acute toxicity (33%
had ≥ grade 3 gastro-intestinal toxicity), lower rates and
extent of nodal dissection (54% had a D0 dissection
and only 10% had a formal D2 dissection), the relatively
simple (and now outdated) radiotherapy techniques used,
and the choice of chemotherapy regimen, the latter two
of which are further discussed below.
The publication of the MAGIC trial in 2006 provided
a new option for the treatment of gastric cancer[3]. This
trial randomly assigned 503 patients with resectable stage
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Table 2 Meta-analyses of adjuvant chemo-radiotherapy trials after 2006
Ref.
[33]

Ohri et al
Guo et al[36]
Valentini et al[35]
Fiorica et al[34]

Year

Number of trials

Number of patients

HR

2013
2011
2009
2007

13
9
9
9

2811
1548
2025
1694

HR = 0.78 [0.70-0.86]
OR = 0.57 [0.34-0.95]
RR = 1.26 [1.08-1.48]
OR = 0.54 [0.43-0.68]

P value
< 0.001
0.03
0.004
< 0.00001

Table 3 Meta-analyses of adjuvant chemotherapy after 2006
Author

Year

Number of trials included

Number of patients

HR for OS

GASTRIC
Sun et al
Zhao et al
Liu et al

2010
2009
2008
2008

17
12
15
19

3838
3809
3212
4599

HR = 0.82 [0.76-0.90]
HR = 0.78 [0.71-0.85]
RR = 0.88 [0.77-0.99]
RR = 0.85 [0.80-0.90]

P value
< 0.001
< 0.001
0.001
< 0.00001

GASTRIC: Global Advanced/Adjuvant Stomach Tumor Research International Collaboration; OS: Overall survival.

The ACTS-GC trial randomized 1059 patients with
stage Ⅱ or Ⅲ gastric cancer following D2 gastrectomy to
observation or S-1, an oral fluoropyrimidine CT preparation containing tegafur, gimeracil and oteracil, for 1 year
after surgery. Initial results were published in 2007[50],
and 5-year follow-up data have recently been reported[51].
There is a persistent OS benefit of S-1 from 61% to 71%
[HR = 0.669 (0.54-0.828)]. S-1 appears well tolerated with
< 5% of patients reporting grade 3 or higher toxicities.
S-1, however, is not widely available in Western countries.
The CLASSIC trial randomized 1035 patients with
stage Ⅱ or Ⅲ gastric cancer following D2 gastrectomy
to observation or eight cycles of capecitabine and oxaliplatin[52]. Patients in the CT arm had improved 3-year
disease-free survival, from 59% to 74% (P < 0.0001).
Overall survival was also improved (78% vs 83%, P =
0.0493). However, more than half the patients in the CT
arm experienced grade 3 or 4 toxicities.
As a result of these two trials, the current standard of
care for adjuvant therapy of gastric cancer in the East is
postoperative CT with either S-1 or capecitabine/oxaliplatin.

End Results database, which includes 11630 patients,
suggested a benefit for adjuvant radiotherapy predominantly in node-positive patients (5-year OS 30.4% vs
21.4%, P < 0.0001)[43]. The survival benefit of CRT was
consistently demonstrated when > 15 or > 30 lymph
nodes were removed in N1/2 and N3 patients, respectively.
Current consensus and practice guidelines from the
National Comprehensive Cancer Network, European
Society for Medical Oncology and Canada recommend
either perioperative CT or post-operative CRT as standard treatment options for patients with resectable gastric
cancer[30-32].

STANDARD OF CARE IN THE EASTADJUVANT CHEMOTHERAPY
Adjuvant CT has been a widely explored approach both
in Western and Asian countries since the 1960’s, given
the propensity for distant and metastatic relapse following curative resection. Various agents have been tested
including 5-FU, doxorubicin, mitomycin C, epirubicin,
cisplatin and various combinations of these.
Multiple meta-analyses of adjuvant CT have been
reported, the most recent of which are summarised in
Table 3[44-48]. These show a modest survival benefit for adjuvant CT, particularly in Asian patients. The GASTRIC
meta-analysis was an individual patient-level analysis of
17 trials including 3838 patients[49]. At a median follow-up
of 7 years, adjuvant CT significantly increased OS from
49.6% to 55.3% [HR = 0.82 (0.76-0.90); P < 0.001]. Similar statistically significant effects were seen with DFS.
Although adjuvant CT is not used routinely in the
West, it represents standard practice in the East, following the reporting of two large RCT’s in Asian patients,
namely the CLASSIC trial from East Asia and the Japanese ACTS-GC trial, both of which used different CT
regimens[50-52].
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BEYOND MAGIC AND INT0116
Since the reporting of the MAGIC trial in 2006, a new
generation of adjuvant gastric studies have been reported
that include more recent RCT’s, and studies of novel
neoadjuvant approaches.
Perioperative chemotherapy
The MAGIC study reported that only 49.5% of patients
in the perioperative CT arm completed all post-operative
treatment, prompting some investigators to question the
relative contribution of the post-operative cycles of CT.
Two European RCT’s have evaluated pre-operative
CT vs surgery alone. The ACCORD-07/FFCD 9703 trial
reported by Ychou et al[53] which closed early because of
poor accrual, randomized 224 patients to surgery alone
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Table 4 Trials of adjuvant chemo-radiotherapy vs adjuvant chemotherapy in gastric cancer after 2006
Ref.

Year

Postop CRT arms

Lee et al[37]

2012

Surg

Yu et al[42]

2012

Surg
Surg

Kim et al[39]

2012

Surg
Surg
Surg

Bamias et al[40]

2010

Surg
Surg

Cape/Cis x2 - 45Gy/
Cape - Cape/Cis x2
Cape/Cis - x6
FU/LV - 45Gy/FU/LV FU/LV
FU/LV
5-FU/LV x5
x1 5-FU/LV - 45Gy/5-FU - x2
5-FU/LV
Docetaxel/Cisplatin x6

Yu et al[42]

2012

Surg

Docetaxel/Carboplatin +
45Gy
5-FU/LV x5

Kwon et al[41]

2010

Surg
Surg

INT-0116
5-FU/Cis x6

Surg

FPx1 - 45Gy/Cape - FP x3

No. of % having D2
patients
dissection

Survival
Outcome

P value

Outcome

P value

3-yr DFS
78.2% vs 74.2%

0.862

5-yr RFS
45.2% vs 35.8%

0.029 (for
median OS)

< 0.05

458

100%

404

100%

5-yr OS
48% vs 41.8

90

100%

54.6% vs 65.2%

147

44% D1-2

OS/DFS no
difference

68

69%

3yr OS
68% vs 44%

< 0.05

3-yr DFS
56% vs 29%

61

100%

5-yr OS
70.1 vs 70%

0.814

5-yr DFS
80% vs 75%

0.122 (for
median OS)
0.67

0.887

Cape: Capecitabine; Cis: Cisplatin; FU/LV: Fluorouracil/leucovorin; FP: Fluorouracil/cisplatin; OS: Overall survival; DFS: Disease-free survival; RFS:
Relapse-free survival.

vs two to three cycles of pre-operative cisplatin and 5-FU
CT. This study included predominantly patients with gastro-oesophageal junction adenocarcinomas, with stomach
primaries allowed later in the study and comprising 25%
of the patients enrolled. At a median follow-up of 5.7
years, pre-operative CT improved the R0 resection rate
from 74% to 84% (P = 0.004), as well as increasing 5-year
OS and DFS from 24% to 38% (P = 0.02), and 19% to
34% (P = 0.003), respectively. The EORTC 40954 trial,
which also closed early because of poor accrual, randomized 144 patients (of a planned 360) to surgery alone vs
two cycles of pre-operative cisplatin and 5-FU CT. Although this trial allowed the inclusion of Siewert Ⅰ and
Ⅱ GOJ tumours, 47.2% of patients had primary tumours in the middle and lower third of the stomach. At
a median follow up of 4.4 years, despite an improvement
in RO resection rate from 66.7% to 81.9%, there was no
difference in overall survival between the two arms[54].
The reasons for the negative result in the EORTC trial
are not clear. Possible explanations include poor accrual,
higher reported rates of postoperative complications and
lower proportion of patients completing the full protocol
of pre-operative CT. In addition, the trial has also highlighted some of the difficulties with accurate pre-operative
staging, where 50% of patients in the surgery alone arm
had pT1-2 tumours, despite inclusion criteria requiring
endoscopic ultrasound (EUS) stage T3-4 tumours only,
suggesting a degree of over-staging with EUS.

There have been at least six recent trials examining
the addition of postoperative CRT to CT, five of which
have been conducted in Asian patients. These are outlined in Table 4, with the ARTIST trial from South Korea
being the largest[37-42]. This Phase Ⅲ RCT randomized
458 patients following D2 gastrectomy to adjuvant CT
alone with six cycles of capecitabine and cisplatin (XP)
vs adjuvant CRT comprising 2 cycles of XP, then 45Gy
CRT with Capecitabine, followed by two further cycles
of XP. At a median follow up of 53 mo, the primary
endpoint was not met, with no difference in 3-year DFS.
However, an unplanned subgroup analysis of nodepositive patients (comprising 86% of patients), showed
significant improvement in 3-year DFS (77.5% vs 72.3%;
P = 0.0365). It is worth noting that the final analysis of
the study was performed earlier than initially planned, as
there were fewer events than expected. This was likely
related to the fact that almost 60% of patients had early
stage disease (i.e., IB/IIA), of which more than 20% had
T1 or T2 primaries.
In terms of treatment tolerability, only three of 203
patients that started CRT did not complete radiotherapy,
and the majority completed two further protocol cycles
of chemotherapy. In contrast to the INT0116 study,
where 33% of patients experienced grade 3 or higher GI
toxicity, the incidence of grade 3 or higher nausea, vomiting, diarrhoea, stomatitis or constipation was approximately 19%, compared with 19.9% in the chemotherapy
only arm. It is also interesting to note the incidence of
Grade 2 nausea and vomiting seemed lower in the CRT
arm (18.9% and 4.8%) compared with the chemotherapy
alone arm (27.9% and 8.4% respectively).
An analysis of failure pattern data from INT0116
showed minimal effect of 5-FU/LV on distant failure,

Postoperative chemoradiotherapy
An important question, particularly for Asian surgeons,
is the relative and incremental benefit of postoperative
radiation above and beyond that of CT, in the context of
extended lymphadenectomy.
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INT0116

Pre-op CT ECF
x3

MAGIC

CALGB 80101

Surgery

Pre-op CRT:
5-FU/LV x1, then RT
45Gy + 5-FU, then
5-FU/LV x2

Surgery

Pre-op CT ECF
x3

Surgery

Pre-op CRT:
ECF x1, then RT 45Gy
+ 5-FU, then ECF x2

Figure 1 Experimental arms for INT0116, MAGIC and CALGB 80101 study. ECF: Epirubicin, cisplatin, 5-fluoro-uracil; LV: Leucovorin; FU/LV: Fluorouracil/leucovorin; CT: Chemotherapy; CRT: Chemo-radiotherapy.

suggesting that the improvement noted in the study entirely reflected an improvement in local control, with little
effect on distant metastases. This strongly suggests that
the 5-FU/LV combination delivered in this study produced its effect through radiosensitisation to assist radiation therapy in obtaining local control. With the aim of
improving distant disease control, the US Intergroup have
recently completed a phase Ⅲ RCT, which attempted to
build on the results from INT0116 by incorporating a potentially more active chemotherapy regimen using ECF[55].
This study randomised 546 patients to post-operative
CRT using the INT0116 regimen with 5-FU/LV vs postoperative CRT sandwiched between cycles of ECF (Figure
1). Preliminary results, which have only been reported in
abstract form, suggest no difference in survival outcomes,
although the toxicity profile favoured the ECF arm.

thelial growth factor) to perioperative ECF. The Dutch
CRITICS trial is a phase Ⅲ RCT of preoperative chemotherapy using epirubicin, cisplatin and capecitabine (ECC)
followed by surgery and further ECC (i.e., MAGIC), or
by surgery and CRT (Figure 2)[57].
Preoperative radiotherapy
The benefit of using radiotherapy in the pre-operative
setting has been conclusively demonstrated in a number
of other cancer sites[58-60]. However, there are concerns
when adopting a neoadjuvant approach, including potential delay before definitive resection, the possibility of disease progression, and peri- and post-operative morbidity.
There are sound radiobiological and practical reasons to
support a neoadjuvant RT approach, including a theoretical reduction in hypoxia and, therefore, radioresistance,
potential for tumour down-staging and increased R0
resection rate, improved tolerability, as well as improved
target and tumour delineation.
A previous RCT in 370 patients with tumours of the
gastric cardia demonstrated a survival benefit for preoperative radiotherapy alone[61]. There has been increasing
interest in incorporating concurrent radio-sensitising CT
in this preoperative setting. Although no RCT’s have yet
been reported, several prospective Phase Ⅱ studies have
reported promising results (Table 5), with > 70% of
patients undergoing R0 resections, and complete pathological response rates of up to 30%[62-64]. An ongoing international RCT (TOPGEAR), is examining the addition
of this neo-adjuvant CRT strategy to perioperative CT
(Figure 2)[65].

FUTURE DIRECTIONS/ONGOING TRIALS
A number of ongoing RCT’s are examining various neoadjuvant and adjuvant strategies.
In Asian countries, ongoing trials aim to define the
optimum postoperative strategy. The SAMIT trial from
Japan has recruited 1495 patients and will examine the
addition of paclitaxel to fluoropyrimidine adjuvant CT
following gastrectomy[56]. The addition of post-operative
CRT to CT is being further evaluated in the ARTIST2
trial from South Korea. This trial aims to build on the
first ARTIST trial by limiting eligibility to patients with
node-positive tumours only, thus randomizing patients to
adjuvant CT vs adjuvant CRT. It will incorporate S1 and
oxaliplatin CT regimens in a 4-arm design with radiotherapy.
In Western countries, ongoing trials aim to build on
the results of perioperative ECF as demonstrated in
MAGIC, either by adding novel agents or radiotherapy.
The MRC ST03 trial from the United Kingdom is a phase
Ⅲ RCT that will examine the addition of bevacizumab (a
humanized monoclonal antibody against vascular endo-
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CONCLUSION
The treatment of locally advanced gastric cancer remains
a challenge. Whilst there are promising approaches, incorporating novel targeted agents, as well as neo-adjuvant
CRT strategies, current evidence suggests postoperative
CRT and perioperative CT remain appropriate standard
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CRITICS and TOPGEAR Studies

CRITICS

Pre-op CT ECF
x3

Surgery

TOPGEAR

Pre-op CT:
ECC x2, then PRE-op
CRT 45Gy/25F + 5-FU

Surgery

Pre-op CRT 45Gy/25F +
Cisliatin/Capecitabine

Pre-op CT:
ECC x3

Figure 2 Experimental arms of CRITICS and TOPGEAR trials. ECC: Epirubicin, cisplatin and capecitabine; CRT: Chemo-radiotherapy; FU: Fluorouracil; ECF: Epirubicin, cisplatin, 5-FU; LV: Leucovorin; CT: Chemotherapy.

Table 5 Prospective phase 2 trials of preoperative chemo-radiotherapy
Ref.

Year

No. of patients

Induction CT

CRT

Proceeded to surgery

R0 resection

pCR

Ajani et al[62]
Ajani et al[63]
Ajani et al[64]

2004
2005
2006

34
41
49

x2 FU/Cis/LV
x2 FU/Cis/Paclitaxel
x2 FU/Cis/LV

45Gy/FU
45Gy/FU/Paclitaxel
45Gy/FU/Paclitaxel

85%
98%
83%

70%
78%
77%

30%
20%
26%

pCR: Pathological complete response; Cis: Cisplatin; CRT: Chemo-radiotherapy; FU: Fluorouracil; CT: Chemotherapy; LV: Leucovorin.

adjuvant treatments in the Western world. Large randomized trials have also established adjuvant CT alone, either
with S-1 or Capecitabine/Oxaliplatin, as standards of
care in Asian countries, where patients routinely undergo
D2 gastrectomy.
The role of postoperative CRT continues to be debated, especially in the setting of D2 gastrectomy. However,
based on the current evidence, post-operative chemoradiotherapy should be considered in high-risk gastric
cancer patients who undergo less than a D2 dissection.
The ongoing ARTIST Ⅱ (in the Asian population) and
CRITICS (in the Western population) trials will help to
clarify the role of postoperative CRT in these settings.

6
7
8

9

REFERENCES
1

2
3

4

5

10

Ferlay J, Shin H, Bray F, Forman D, Mathers C, Parkin D.
GLOBOCAN 2008 v2.0, Cancer Incidence and Mortality
Worldwide: IARC CancerBase No. 10 [Internet]. Lyon: Int.
Agency Res. Cancer, 2010
Edge SB, Byrd DR, Compton CC, Fritz AG, Greene FL, Trotti A. American Joint Committee on Cancer Staging Manual.
7th ed. New York: Springer, 2010
Cunningham D, Allum WH, Stenning SP, Thompson JN,
Van de Velde CJ, Nicolson M, Scarffe JH, Lofts FJ, Falk SJ,
Iveson TJ, Smith DB, Langley RE, Verma M, Weeden S,
Chua YJ. Perioperative chemotherapy versus surgery alone
for resectable gastroesophageal cancer. N Engl J Med 2006;
355: 11-20 [PMID: 16822992 DOI: 10.1056/NEJMoa055531]
Macdonald JS, Smalley SR, Benedetti J, Hundahl SA, Estes
NC, Stemmermann GN, Haller DG, Ajani JA, Gunderson
LL, Jessup JM, Martenson JA. Chemoradiotherapy after
surgery compared with surgery alone for adenocarcinoma
of the stomach or gastroesophageal junction. N Engl J Med
2001; 345: 725-730 [PMID: 11547741 DOI: 10.1056/NEJMoa010187]
Greene FL, Page D, Fleming I., Fritz A, Balch CM, Haller
DG, Morrow M. American Joint Committee on Cancer Stag-

WCGO|www.wjgnet.com

11
12
13

14

15

838

ing Manual. 6th ed. New York: Springer, 2002
Sasako M. Principles of surgical treatment for curable gastric cancer. J Clin Oncol 2003; 21: 274s-275s [PMID: 14645409
DOI: 10.1200/JCO.2003.09.172]
Sasako M, Saka M, Fukagawa T, Katai H, Sano T. Modern
surgery for gastric cancer--Japanese perspective. Scand J
Surg 2006; 95: 232-235 [PMID: 17249270]
Sasako M, Sano T, Yamamoto S, Kurokawa Y, Nashimoto
A, Kurita A, Hiratsuka M, Tsujinaka T, Kinoshita T, Arai K,
Yamamura Y, Okajima K. D2 lymphadenectomy alone or
with para-aortic nodal dissection for gastric cancer. N Engl J
Med 2008; 359: 453-462 [PMID: 18669424 DOI: 10.1056/NEJMoa0707035]
Feinstein AR, Sosin DM, Wells CK. The Will Rogers phenomenon. Stage migration and new diagnostic techniques
as a source of misleading statistics for survival in cancer.
N Engl J Med 1985; 312: 1604-1608 [PMID: 4000199 DOI:
10.1056/NEJM198506203122504]
Shim JH, Song KY, Jeon HM, Park CH, Jacks LM, Gonen M,
Shah MA, Brennan MF, Coit DG, Strong VE. Is gastric cancer
different in Korea and the United States? Impact of tumor
location on prognosis. Ann Surg Oncol 2014; 21: 2332-2339
[PMID: 24599411 DOI: 10.1245/s10434-014-3608-7]
Japanese Gastric Cancer Association. Japanese classification
of gastric carcinoma: 3rd English edition. Gastric Cancer 2011;
14: 101-112 [PMID: 21573743 DOI: 10.1007/s10120-011-0041-5]
Japanese Gastric Cancer Association. Japanese gastric cancer treatment guidelines 2010 (ver. 3). Gastric Cancer 2011; 14:
113-123 [PMID: 21573742 DOI: 10.1007/s10120-011-0042-4]
Wu CW, Hsiung CA, Lo SS, Hsieh MC, Shia LT, WhangPeng J. Randomized clinical trial of morbidity after D1 and
D3 surgery for gastric cancer. Br J Surg 2004; 91: 283-287
[PMID: 14991627 DOI: 10.1002/bjs.4433]
Cuschieri A, Weeden S, Fielding J, Bancewicz J, Craven
J, Joypaul V, Sydes M, Fayers P. Patient survival after D1
and D2 resections for gastric cancer: long-term results of
the MRC randomized surgical trial. Surgical Co-operative
Group. Br J Cancer 1999; 79: 1522-1530 [PMID: 10188901
DOI: 10.1038/sj.bjc.6690243]
Dent DM, Madden MV, Price SK. Randomized comparison
of R1 and R2 gastrectomy for gastric carcinoma. Br J Surg

February 8, 2015|First Edition|

Foo M et al . Adjuvant therapy for gastric cancer

16

17

18

19

20

21

22

23

24
25

26

27

28

29

30

1988; 75: 110-112 [PMID: 3349293]
Songun I, Putter H, Kranenbarg EM, Sasako M, van de
Velde CJ. Surgical treatment of gastric cancer: 15-year follow-up results of the randomised nationwide Dutch D1D2
trial. Lancet Oncol 2010; 11: 439-449 [PMID: 20409751 DOI:
10.1016/S1470-2045(10)70070-X]
Degiuli M, Sasako M, Ponti A. Morbidity and mortality in
the Italian Gastric Cancer Study Group randomized clinical
trial of D1 versus D2 resection for gastric cancer. Br J Surg
2010; 97: 643-649 [PMID: 20186890 DOI: 10.1002/bjs.6936]
Lustosa SA, Saconato H, Atallah AN, Lopes Filho Gde J,
Matos D. Impact of extended lymphadenectomy on morbidity, mortality, recurrence and 5-year survival after gastrectomy for cancer. Meta-analysis of randomized clinical trials.
Acta Cir Bras 2008; 23: 520-530 [PMID: 19030751]
Tanizawa Y, Terashima M. Lymph node dissection in the
resection of gastric cancer: review of existing evidence. Gastric Cancer 2010; 13: 137-148 [PMID: 20820982 DOI: 10.1007/
s10120-010-0560-5]
McCulloch P, Nita ME, Kazi H, Gama-Rodrigues J. Extended
versus limited lymph nodes dissection technique for adenocarcinoma of the stomach. Cochrane Database Syst Rev 2003;
(4): CD001964 [PMID: 14583942 DOI: 10.1002/14651858.
CD001964]
Seevaratnam R, Bocicariu A, Cardoso R, Mahar A, Kiss A,
Helyer L, Law C, Coburn N. A meta-analysis of D1 versus
D2 lymph node dissection. Gastric Cancer 2012; 15 Suppl 1:
S60-S69 [PMID: 22138927 DOI: 10.1007/s10120-011-0110-9]
Wisbeck WM, Becher EM, Russell AH. Adenocarcinoma of
the stomach: autopsy observations with therapeutic implications for the radiation oncologist. Radiother Oncol 1986; 7:
13-18 [PMID: 3775075]
Gunderson LL, Sosin H. Adenocarcinoma of the stomach:
areas of failure in a re-operation series (second or symptomatic look) clinicopathologic correlation and implications for
adjuvant therapy. Int J Radiat Oncol Biol Phys 1982; 8: 1-11
[PMID: 7061243]
Gunderson LL. Gastric cancer--patterns of relapse after surgical resection. Semin Radiat Oncol 2002; 12: 150-161 [PMID:
11979416 DOI: 10.1053/srao.2002.30817]
Skoropad VY, Berdov BA, Mardynski YS, Titova LN. A prospective, randomized trial of pre-operative and intraoperative radiotherapy versus surgery alone in resectable gastric
cancer. Eur J Surg Oncol 2000; 26: 773-779 [PMID: 11087644
DOI: 10.1053/ejso.2000.1002]
Allum WH, Hallissey MT, Ward LC, Hockey MS. A controlled, prospective, randomised trial of adjuvant chemotherapy or radiotherapy in resectable gastric cancer: interim
report. British Stomach Cancer Group. Br J Cancer 1989; 60:
739-744 [PMID: 2508737 DOI: 10.1038/bjc.1989.350]
Dent DM, Werner ID, Novis B, Cheverton P, Brice P. Prospective randomized trial of combined oncological therapy
for gastric carcinoma. Cancer 1979; 44: 385-391 [PMID:
113074]
Moertel CG, Childs DS, O’Fallon JR, Holbrook MA, Schutt
AJ, Reitemeier RJ. Combined 5-fluorouracil and radiation
therapy as a surgical adjuvant for poor prognosis gastric
carcinoma. J Clin Oncol 1984; 2: 1249-1254 [PMID: 6491703]
Smalley SR, Benedetti JK, Haller DG, Hundahl SA, Estes
NC, Ajani JA, Gunderson LL, Goldman B, Martenson JA,
Jessup JM, Stemmermann GN, Blanke CD, Macdonald JS.
Updated analysis of SWOG-directed intergroup study 0116:
a phase III trial of adjuvant radiochemotherapy versus
observation after curative gastric cancer resection. J Clin
Oncol 2012; 30: 2327-2333 [PMID: 22585691 DOI: 10.1200/
JCO.2011.36.7136]
Ajani JA, Bentrem DJ, Besh S, D’Amico TA, Das P, Denlinger C, Fakih MG, Fuchs CS, Gerdes H, Glasgow RE, Hayman JA, Hofstetter WL, Ilson DH, Keswani RN, Kleinberg

WCGO|www.wjgnet.com

31

32

33

34

35

36

37

38

39

40

41

839

LR, Korn WM, Lockhart AC, Meredith K, Mulcahy MF,
Orringer MB, Posey JA, Sasson AR, Scott WJ, Strong VE,
Varghese TK, Warren G, Washington MK, Willett C, Wright
CD, McMillian NR, Sundar H. Gastric cancer, version 2.2013:
featured updates to the NCCN Guidelines. J Natl Compr
Canc Netw 2013; 11: 531-546 [PMID: 23667204]
Waddell T, Verheij M, Allum W, Cunningham D, Cervantes
A, Arnold D. Gastric cancer: ESMO-ESSO-ESTRO clinical
practice guidelines for diagnosis, treatment and follow-up.
Eur J Surg Oncol 2014; 40: 584-591 [PMID: 24685156 DOI:
10.1016/j.ejso.2013.09.020]
Knight G, Earle CC, Cosby R, Coburn N, Youssef Y, Malthaner R, Wong RK. Neoadjuvant or adjuvant therapy for
resectable gastric cancer: a systematic review and practice
guideline for North America. Gastric Cancer 2013; 16: 28-40
[PMID: 22467061 DOI: 10.1007/s10120-012-0148-3]
Ohri N, Garg MK, Aparo S, Kaubisch A, Tome W, Kennedy
TJ, Kalnicki S, Guha C. Who benefits from adjuvant radiation therapy for gastric cancer? A meta-analysis. Int J Radiat
Oncol Biol Phys 2013; 86: 330-335 [PMID: 23523184 DOI:
10.1016/j.ijrobp.2013.02.008]
Fiorica F, Cartei F, Enea M, Licata A, Cabibbo G, Carau B,
Liboni A, Ursino S, Cammà C. The impact of radiotherapy
on survival in resectable gastric carcinoma: a meta-analysis
of literature data. Cancer Treat Rev 2007; 33: 729-740 [PMID:
17935888 DOI: 10.1016/j.ctrv.2007.08.005]
Valentini V, Cellini F, Minsky BD, Mattiucci GC, Balducci
M, D’Agostino G, D’Angelo E, Dinapoli N, Nicolotti N,
Valentini C, La Torre G. Survival after radiotherapy in gastric cancer: systematic review and meta-analysis. Radiother
Oncol 2009; 92: 176-183 [PMID: 19586672 DOI: 10.1016/
j.radonc.2009.06.014]
Guo L, Wang X, Ma B, Yang K, Zhang Q, Ye X, Luo H, Liu R.
Radiotherapy combined with surgical treatment for gastric
cancer: a meta-analysis. Chinese-German J Clin Oncol 2011;
10: 442-429 [DOI: 10.1007/s10330-011-0827-2]
Lee J, Lim do H, Kim S, Park SH, Park JO, Park YS, Lim HY,
Choi MG, Sohn TS, Noh JH, Bae JM, Ahn YC, Sohn I, Jung
SH, Park CK, Kim KM, Kang WK. Phase III trial comparing
capecitabine plus cisplatin versus capecitabine plus cisplatin with concurrent capecitabine radiotherapy in completely
resected gastric cancer with D2 lymph node dissection: the
ARTIST trial. J Clin Oncol 2012; 30: 268-273 [PMID: 22184384
DOI: 10.1200/JCO.2011.39.1953]
Zhu WG, Xua DF, Pu J, Zong CD, Li T, Tao GZ, Ji FZ,
Zhou XL, Han JH, Wang CS, Yu CH, Yi JG, Su XL, Ding JX.
A randomized, controlled, multicenter study comparing
intensity-modulated radiotherapy plus concurrent chemotherapy with chemotherapy alone in gastric cancer patients
with D2 resection. Radiother Oncol 2012; 104: 361-366 [PMID:
22985776 DOI: 10.1016/j.radonc.2012.08.024]
Kim TH, Park SR, Ryu KW, Kim YW, Bae JM, Lee JH, Choi
IJ, Kim YJ, Kim DY. Phase 3 trial of postoperative chemotherapy alone versus chemoradiation therapy in stage III-IV gastric cancer treated with R0 gastrectomy and D2 lymph node
dissection. Int J Radiat Oncol Biol Phys 2012; 84: e585-e592
[PMID: 22975616 DOI: 10.1016/j.ijrobp.2012.07.2378]
Bamias A, Karina M, Papakostas P, Kostopoulos I, Bobos M,
Vourli G, Samantas E, Christodoulou Ch, Pentheroudakis G,
Pectasides D, Dimopoulos MA, Fountzilas G. A randomized
phase III study of adjuvant platinum/docetaxel chemotherapy with or without radiation therapy in patients with gastric cancer. Cancer Chemother Pharmacol 2010; 65: 1009-1021
[PMID: 20130877 DOI: 10.1007/s00280-010-1256-6]
Kwon HC, Kim MC, Kim KH, Jang JS, Oh SY, Kim SH, Kwon
KA, Lee S, Lee HS, Kim HJ. Adjuvant chemoradiation versus
chemotherapy in completely resected advanced gastric cancer
with D2 nodal dissection. Asia Pac J Clin Oncol 2010; 6: 278-285
[PMID: 21114777 DOI: 10.1111/j.1743-7563.2010.01331.x]

February 8, 2015|First Edition|

Foo M et al . Adjuvant therapy for gastric cancer
42

43

44

45

46

47
48

49

50

51

52

53

54

Yu C, Yu R, Zhu W, Song Y, Li T. Intensity-modulated radiotherapy combined with chemotherapy for the treatment
of gastric cancer patients after standard D1/D2 surgery. J
Cancer Res Clin Oncol 2012; 138: 255-259 [PMID: 22105898
DOI: 10.1007/s00432-011-1085-y]
Shridhar R, Dombi GW, Weber J, Hoffe SE, Meredith K,
Konski A. Adjuvant radiation therapy increases overall survival in node-positive gastric cancer patients with aggressive surgical resection and lymph node dissection: a SEER
database analysis. Am J Clin Oncol 2012; 35: 216-221 [PMID:
21378540 DOI: 10.1097/COC.0b013e31820dbf08]
Hermans J, Bonenkamp JJ, Boon MC, Bunt AM, Ohyama S,
Sasako M, Van de Velde CJ. Adjuvant therapy after curative
resection for gastric cancer: meta-analysis of randomized
trials. J Clin Oncol 1993; 11: 1441-1447 [PMID: 8336183]
Earle CC, Maroun JA. Adjuvant chemotherapy after curative resection for gastric cancer in non-Asian patients: revisiting a meta-analysis of randomised trials. Eur J Cancer 1999;
35: 1059-1064 [PMID: 10533448]
Mari E, Floriani I, Tinazzi A, Buda A, Belfiglio M, Valentini M,
Cascinu S, Barni S, Labianca R, Torri V. Efficacy of adjuvant
chemotherapy after curative resection for gastric cancer: a
meta-analysis of published randomised trials. A study of the
GISCAD (Gruppo Italiano per lo Studio dei Carcinomi dell’
Apparato Digerente). Ann Oncol 2000; 11: 837-843 [PMID:
10997811]
Janunger KG, Hafström L, Nygren P, Glimelius B. A systematic overview of chemotherapy effects in gastric cancer.
Acta Oncol 2001; 40: 309-326 [PMID: 11441938]
Sun P, Xiang JB, Chen ZY. Meta-analysis of adjuvant chemotherapy after radical surgery for advanced gastric cancer.
Br J Surg 2009; 96: 26-33 [PMID: 19016271 DOI: 10.1002/
bjs.6408]
Paoletti X, Oba K, Burzykowski T, Michiels S, Ohashi Y,
Pignon JP, Rougier P, Sakamoto J, Sargent D, Sasako M, Van
Cutsem E, Buyse M. Benefit of adjuvant chemotherapy for
resectable gastric cancer: a meta-analysis. JAMA 2010; 303:
1729-1737 [PMID: 20442389 DOI: 10.1001/jama.2010.534]
Sakuramoto S, Sasako M, Yamaguchi T, Kinoshita T, Fujii M, Nashimoto A, Furukawa H, Nakajima T, Ohashi Y,
Imamura H, Higashino M, Yamamura Y, Kurita A, Arai K.
Adjuvant chemotherapy for gastric cancer with S-1, an oral
fluoropyrimidine. N Engl J Med 2007; 357: 1810-1820 [PMID:
17978289 DOI: 10.1056/NEJMoa072252]
Sasako M, Sakuramoto S, Katai H, Kinoshita T, Furukawa H,
Yamaguchi T, Nashimoto A, Fujii M, Nakajima T, Ohashi Y.
Five-year outcomes of a randomized phase III trial comparing adjuvant chemotherapy with S-1 versus surgery alone in
stage II or III gastric cancer. J Clin Oncol 2011; 29: 4387-4393
[PMID: 22010012 DOI: 10.1200/JCO.2011.36.5908]
Bang YJ, Kim YW, Yang HK, Chung HC, Park YK, Lee KH,
Lee KW, Kim YH, Noh SI, Cho JY, Mok YJ, Kim YH, Ji J, Yeh
TS, Button P, Sirzén F, Noh SH. Adjuvant capecitabine and
oxaliplatin for gastric cancer after D2 gastrectomy (CLASSIC): a phase 3 open-label, randomised controlled trial.
Lancet 2012; 379: 315-321 [PMID: 22226517 DOI: 10.1016/
S0140-6736(11)61873-4]
Ychou M, Boige V, Pignon JP, Conroy T, Bouché O, Lebreton G, Ducourtieux M, Bedenne L, Fabre JM, Saint-Aubert B,
Genève J, Lasser P, Rougier P. Perioperative chemotherapy
compared with surgery alone for resectable gastroesophageal adenocarcinoma: an FNCLCC and FFCD multicenter
phase III trial. J Clin Oncol 2011; 29: 1715-1721 [PMID:
21444866 DOI: 10.1200/JCO.2010.33.0597]
Schuhmacher C, Gretschel S, Lordick F, Reichardt P, Hohenberger W, Eisenberger CF, Haag C, Mauer ME, Hasan
B, Welch J, Ott K, Hoelscher A, Schneider PM, Bechstein W,
Wilke H, Lutz MP, Nordlinger B, Van Cutsem E, Siewert JR,
Schlag PM. Neoadjuvant chemotherapy compared with sur-

WCGO|www.wjgnet.com

55

56

57

58

59

60

61

62

63

64

840

gery alone for locally advanced cancer of the stomach and
cardia: European Organisation for Research and Treatment
of Cancer randomized trial 40954. J Clin Oncol 2010; 28:
5210-5218 [PMID: 21060024 DOI: 10.1200/JCO.2009.26.6114]
Fuchs CS, Tepper JE, Niedzwiecki D, Hollis D, Mamon HJ,
Swanson R, Haller DG, Dragovich T, Alberts SR, Bjarnason GA, Willett CG, Enzinger PC, Goldberg RM, Venook
AP, Mayer RJ. Postoperative adjuvant chemoradiation for
gastric or gastroesophageal junction (GEJ) adenocarcinoma
using epirubicin, cisplatin, and infusional (CI) 5-FU (ECF)
before and after CI 5-FU and radiotherapy (CRT) compared
with bolus 5-FU/LV before and after CR. J Clin Oncol 2011;
29: 4003
Tsuburaya A, Yoshida K, Kobayashi M, Yoshino S, Miyashita Y, Morita S, Oba K, Buyse ME, Macdonald JS, Sakamoto
J. SAMIT: Preliminary safety data from a 2x2 factorial randomized phase III trial to investigate weekly paclitaxel (PTX)
followed by oral fluoropyrimidines (FPs) versus FPs alone
as adjuvant chemotherapy in patients (pts) with gastric cancer. J Clin Oncol 2011; 29 (Suppl): 4017
Dikken JL, van Sandick JW, Maurits Swellengrebel HA,
Lind PA, Putter H, Jansen EP, Boot H, van Grieken NC,
van de Velde CJ, Verheij M, Cats A. Neo-adjuvant chemotherapy followed by surgery and chemotherapy or by
surgery and chemoradiotherapy for patients with resectable
gastric cancer (CRITICS). BMC Cancer 2011; 11: 329 [PMID:
21810227 DOI: 10.1186/1471-2407-11-329]
O'Sullivan B, Davis AM, Turcotte R, Bell R, Catton C, Chabot P,
Wunder J, Kandel R, Goddard K, Sadura A, Pater J, Zee B. Preoperative versus postoperative radiotherapy in soft-tissue sarcoma of the limbs: a randomised trial. Lancet 2002; 359: 2235-2241
[PMID: 12103287 DOI: 10.1016/S0140-6736(02)09292-9]
Sauer R, Becker H, Hohenberger W, Rödel C, Wittekind
C, Fietkau R, Martus P, Tschmelitsch J, Hager E, Hess CF,
Karstens JH, Liersch T, Schmidberger H, Raab R. Preoperative versus postoperative chemoradiotherapy for rectal cancer. N Engl J Med 2004; 351: 1731-1740 [PMID: 15496622 DOI:
10.1056/NEJMoa040694]
Sebag-Montefiore D, Stephens RJ, Steele R, Monson J,
Grieve R, Khanna S, Quirke P, Couture J, de Metz C, Myint
AS, Bessell E, Griffiths G, Thompson LC, Parmar M. Preoperative radiotherapy versus selective postoperative chemoradiotherapy in patients with rectal cancer (MRC CR07
and NCIC-CTG C016): a multicentre, randomised trial.
Lancet 2009; 373: 811-820 [PMID: 19269519 DOI: 10.1016/
S0140-6736(09)60484-0]
Zhang ZX, Gu XZ, Yin WB, Huang GJ, Zhang DW, Zhang
RG. Randomized clinical trial on the combination of preoperative irradiation and surgery in the treatment of adenocarcinoma of gastric cardia (AGC)--report on 370 patients. Int J
Radiat Oncol Biol Phys 1998; 42: 929-934 [PMID: 9869212]
Ajani JA, Mansfield PF, Janjan N, Morris J, Pisters PW,
Lynch PM, Feig B, Myerson R, Nivers R, Cohen DS, Gunderson LL. Multi-institutional trial of preoperative chemoradiotherapy in patients with potentially resectable gastric
carcinoma. J Clin Oncol 2004; 22: 2774-2780 [PMID: 15254045
DOI: 10.1200/JCO.2004.01.015]
Ajani JA, Mansfield PF, Crane CH, Wu TT, Lunagomez S,
Lynch PM, Janjan N, Feig B, Faust J, Yao JC, Nivers R, Morris J, Pisters PW. Paclitaxel-based chemoradiotherapy in
localized gastric carcinoma: degree of pathologic response
and not clinical parameters dictated patient outcome. J Clin
Oncol 2005; 23: 1237-1244 [PMID: 15718321 DOI: 10.1200/
JCO.2005.01.305]
Ajani JA, Winter K, Okawara GS, Donohue JH, Pisters PW,
Crane CH, Greskovich JF, Anne PR, Bradley JD, Willett
C, Rich TA. Phase II trial of preoperative chemoradiation
in patients with localized gastric adenocarcinoma (RTOG
9904): quality of combined modality therapy and pathologic

February 8, 2015|First Edition|

Foo M et al . Adjuvant therapy for gastric cancer

65

response. J Clin Oncol 2006; 24: 3953-3958 [PMID: 16921048
DOI: 10.1200/JCO.2006.06.4840]
Leong T, Smithers M, Michael M, Gebski V, Boussioutas A,
Miller D, Zalcberg JR, Wong R, Haustermans K. TOPGEAR:

An international randomized phase III trial of preoperative
chemoradiotherapy versus preoperative chemotherapy for
resectable gastric cancer (AGITG/TROG/EORTC/NCIC
CTG). J Clin Oncol 2012; 30: TPS4141
P- Reviewer: Contini S, Greenberger JS, Marrelli D, Wu AW
S- Editor: Qi Y L- Editor: Stewart GJ E- Editor: Ma S

WCGO|www.wjgnet.com

841

February 8, 2015|First Edition|

WCGO

World Clinical
Gastrointestinal Oncology

2015 First Edition
bpgoffice@wjgnet.com

ISBN 978-0-9914430-2-4
© 2015 Baishideng Publishing Group Inc. All rights reserved.

2014 ADVANCES IN GASTRIC CANCER
WJG 20th Anniversary Special Issues (8): Gastric cancer

Clinical significance of molecular diagnosis for gastric
cancer lymph node micrometastasis
Hiromichi Sonoda, Tohru Tani
Hiromichi Sonoda, Tohru Tani, Department of Surgery, Shiga
University of Medical Science, Otsu, Shiga 520-2192, Japan
Author contributions: Sonoda H and Tani T wrote the paper.
Correspondence to: Hiromichi Sonoda, MD, PhD, Department of Surgery, Shiga University of Medical Science, Seta
Tsukinowa-cho, Otsu, Shiga 520-2192,
Japan. hirosono@belle.shiga-med.ac.jp
Telephone: +81-77-5482238 Fax: +81-77-5482240
Received: October 23, 2013 Revised: March 14, 2014
Accepted: June 26, 2014
Published online: February 8, 2015

Core tip: Advances in molecular diagnostic tools have allowed the identification of lymph node micrometastasis
in cancer patients. Minimally invasive treatments, such
as endoscopic submucosal dissection and laparoscopic
surgery, are widely performed to help improve postsurgical quality of life (QOL). However, it is important to
maintain the balance between QOL and curability.
Original sources: Sonoda H, Tani T. Clinical significance of
molecular diagnosis for gastric cancer lymph node micrometastasis. World J Gastroenterol 2014; 20(38): 13728-13733 Available from: URL: http://www.wjgnet.com/1007-9327/full/v20/
i38/13728.htm DOI: http://dx.doi.org/10.3748/wjg.v20.i38.13728

Abstract
Advances in molecular diagnostic tools have allowed
the identification of lymph node micrometastasis (LNM),
including isolated tumor cells, in cancer patients. While
immunohistochemistry and reverse transcription-polymerase chain reaction have been used to identify LNM
in patients with gastric cancer, the clinical significance
of this finding remains unclear. Recently, minimally
invasive treatments, such as endoscopic submucosal dissection and laparoscopic surgery, are widely
performed to help improve postsurgical quality of life
(QOL). However, it is important to maintain the balance
between QOL and curability when making treatments
decision for patients with gastric cancer. If minimally
invasive surgery based on accurate intraoperative LNM
diagnosis was established, it could be performed safely.
Therefore, we reviewed the clinical significance of LNM
detected by molecular techniques as an important target for treatment decision making with gastric cancer
patients.

INTRODUCTION
Regional lymph node metastasis is the most important
prognostic factor for patients with gastric cancer. Therefore, radical gastrectomy with D2 lymph node dissection
is recognized as the standard surgical treatment for early
gastric cancer (EGC). Patients with EGC have good
prognosis, with a 5-year survival rate for mucosal and
submucosal gastric cancer of 95%-100% and 85%-95%,
respectively [1-3]. Nevertheless, some patients without
lymph node metastasis who received radical gastrectomy
based on conventional histological hematoxylin-eosin
(HE) staining occur disease recurrence[4-6]. Such reserches
have concluded that lymph node micrometastasis (LNM)
might be a key causative factor for gastric cancer recurrence. However, it is difficult to preoperatively diagnose
lymph node metastasis, including micrometastasis, using
imaging examinations (e.g., ultrasonography, computed
tomography, and positron emission tomography) in patients with gastric cancer[7].
To increase the quality of life (QOL) of patients with
EGC, minimally invasive treatments, such as endoscopic
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lymph node section required. Noura et al[14] demonstrated
that the diagnosis of LNM in colorectal cancer patients
should be assessed by IHC for at least five sections. IHC
can be time consuming, but Matsumoto et al[15] established a rapid IHC procedure that could diagnose LNM
within 30 min. They have been recently applied this rapid
IHC technique for the detection of LNM during surgery
in the upper gastrointestinal tract cancer. However, this
method has not been widely accepted.
Due to progress in molecular biological techniques,
RT-PCR can now be used for the detection of LNM. CK
and carcinoembryonic antigen (CEA) are usually used as
target markers for the detection of LNM[16-19]. CEA is a
200 kDa glycoprotein that is not expressed in normal gastric mucosa but expressed in most gastric cancer cells[20].
Although the RT-PCR assay has high sensitivity for the
detection of small numbers of occult cancer cells in
lymph nodes, several reserchers have reported that there
are some problems to apply the RT-PCR assay for the
detection of LNM[21,22]. First, false-positives may be produced by RT-PCR because of the contamination or the
presence of pseudogene[21]. Second, there is a possibility
of false-negatives because of the heterogeneous expression of target markers[22]. We previously reported that the
MUC2 RT-PCR assay was a sensitive and specific method
to detect LNM in gastric cancer patients[23]. Furthermore,
detailed assessment by duplex[24] or multiplex[25] RT-PCR
assay has been recommended in order to decrease the
rate of false-negative results. Moreover, the use of RTPCR assay as an intraoperative diagnostic tool for the detection of LNM requires rapid analysis during operation
in a highly sensitive and specific manner. Horibe et al[26]
developed a rapid method to detect LNM with the use of
a reverse transcription loop mediated isothermal amplification (RT-LAMP) reaction. This technique requires less
than 1 hour to obtain the final results. Recently, Sysmex
Corp. (Kobe, Japan) developed a one-step nucleic acid
amplification (OSNA) assay, which is an automated system that uses the RT-LAMP method for gene amplification. In this system, the cytokeratin 19 (CK19) mRNA,
cancer specific molecular marker, is directly and rapidly
amplified from the homogenized lymph nodes. Results
are available within 30 min for one lymph node because
the mRNA purification process that is usually performed
in RT-PCR methods is not required in this assay. We can
also analyze four lymph nodes simultaneously. Kumagai
et al[27] reported that the OSNA assay could detect LNM
as accurately as the histological examination of blocks
sectioned at 2-mm intervals in the patients with gastric
cancer. Therefore, they concluded that the OSNA assay is a useful tool for the intraoperative diagnosis of
LNM in gastric cancer patients. Moreover, Yaguchi et
al[28] described the use of the OSNA assay with SLNNS
in patients with gastric cancer. There is some doubt as
to whether the OSNA assay using a single marker is sufficient for detection of LNM in gastric cancer. However,
advances in the RT-PCR assay are likely, and will likely
enhance the clinical utility of this molecular system for

submucosal dissection (ESD), laparoscopic surgery and a
reduced form of a lymphadenectomy are preferred treatment options. Thus, it is more important to select those
patients in which lymph node metastatic disease is not
present. Recently, the clinical efficacy of sentinel lymph
node navigation surgery (SLNNS) has been investigated
in patients without lymph node metastasis preoperatively
(cN0), and many reserchers have reported that SLNNS
is applicable in patients who are preoperatively diagnosed
with cT1 and cN0 gastric cancer[8-11]. Accordingly, the
precise intraoperative assessment whether lymph node
metastasis, including micrometastasis, is present or not
is extremely important for treatment planning purposes
when utilizing less invasive treatments. This review will
focus on the clinical significance of molecular diagnosis
for LNM as an important therapeutic target in gastric
cancer and will discuss the recent progress in this field.

Literature search
A Pubmed search using the terms gastric cancer, micrometastasis was performed for article published from 1946
to 2013. The literature search was limited to English language only. From these searched articles, we selected and
reviewed clinical studies about LnM of gastric cancer.
Moreover, we described future perspective based on the
molecular techniques for detection of the LnM.

DEFINITION OF LNM
Micrometastasis was defined as tumor cell clusters measuring from 0.2 mm to 2.0 mm in their greatest dimension, and classified as pN1 (mi) by the criteria of the
tumor-node-metastasis (TNM) classification established
by the International Union Against Cancer (UICC)[12]. On
the other hand, isolated tumor cells (ITC) are defined as
single tumor cells or small clusters of cells measuring ≤
0.2 mm in their greatest dimension, and classified as pN0
(i+). Furthermore, patients with lymph node metastasis
detected only by using reverse transcription-polymerase
chain reaction (RT-PCR) are classified as pN0 (mol+).

DETECTION OF MICROMETASTASIS
Several procedures have been used for the detection of
LNM in gastric cancer patients. First, Isozaki et al[13] reported that the detection rate of lymph node metastases
of gastric cancer by serial sectioning was significantly
higher than that of routine histological diagnosis. Immunohistochemistry (IHC) has also been used to detect
LNMs. Epithelial marker, such as cytokeratin (CK), is
commonly used to identify LNM in IHC. According
to the previous studies, CK AE1/AE3 and CAM5.2
monoclonal antibodies (mAb) were often used to detect
LNM of gastric cancer. The greatest advantage of IHC
is that we can morphologically recognize cells in lymph
nodes. However, there are some problems to apply IHC
for the detection of LNM, such as the serial numbers of
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Table 1 Immunohistochemical studies in gastric cancer patients with histological node negatively diagnosed by hematoxylin-eosin
staining n (%)
Ref.

Year

Marker

Depth of tumor invasion

No. of patients

Maehara et al[4]
Cai et al[1]
Harrison et al[42]
Nakajo et al[41]
Fukagawa et al[40]
Morgagni et al[39]
Choi et al[38]
Yasuda et al[29]
Morgagni et al[37]
Miyake et al[36]
Yonemura et al[35]
Kim et al[30]
Ishii et al[34]
Kim et al[33]
Cao et al[32]
Wang et al[31]

1996
2000
2000
2001
2001
2001
2002
2002
2003
2006
2007
2008
2008
2009
2011
2011

CAM5.2
CAM5.2
CAM5.2
AE1/AE3
AE1/AE3
MNF116
35βH11
CAM5.2
MNF116
AE1/AE3
AE1/AE3
AE1/AE3
O.N.352
AE1/AE3
AE1/AE3
AE1/AE3

T1
T1b
T1-T4
T1-T3
T2-T3
T1
Tib
T2-T4a
T1
T1
T1-T4
T1-T4a
T1b-T2
T1
T1
T1-T3

34
69
25
67
107
139
88
64
300
120
308
184
35
90
160
191

No. of micrometastatic patients
8 (23.5)
17 (24.6)
9 (36)
10 (14.9)
38 (35.5)
24 (17.3)
28 (31.8)
20 (31.3)
30 (10)
27 (22.5)
37 (12)
31 (16.8)
4 (11)
9 (10)
34 (21.3)
54 (28.3)

5-yr survival

P value

N/A
82% vs 100%
35% vs 66%
N/A
94% vs 89%
87% vs 88%
92.9% vs 95%
66% vs 95%
94% vs 89%
N/A
N/A
58.5% vs 91.8%
N/A
N/A
55.9% vs 92.9%
27.8% vs 87.1%

N/A
< 0.010
0.048
N/A
0.86
0.6564
0.6836
< 0.010
0.7794
N/A
N/A
< 0.001
N/A
N/A
< 0.001
< 0.001

T1: Invasion of lamina propria or submucosa; T3: Invasion of subserosa; T4: Penetration of serosa without invading adjacent structures (T4a) or invasion of
adjacent structures; N/A: Not applicable.

intraoperative detection of LNM when we intend to
perform minimally invasive surgery, such as SLNNS, in
patients with gastric cancer.

LNM in patients with gastric cancer remains controversial.
Some studies have investigated the clinical impact of
LNM in gastric cancer using IHC. Yasuda et al[29] studied
64 patients with pT2-3N0 gastric cancer and reported
that the 5-year overall survival rates in patients with or
without LNM were 66% and 95% (P < 0.01), respectively. Cao et al[32] and Yonemura et al[35] also reported that
patients with LNM had significantly worse outcomes
than those without LNM in pN0 gastric cancer. In contrast, Morgagni et al[37] studied 300 patients with pT1N0
gastric cancer and reported that there were no significant
differences in the 10-year overall survival rates regardless
of the presence of LNM. Fukagawa et al[40] studied 107
gastric cancer patients with pT2N0 or pT3N0 tumors at
the Japanese National Cancer Center and also reported
that there were no significant difference in the 5-year survival rates and 10-year survival rates in patients with or
without LNM. On the other hand, no investigations have
studied the relationship between the incidence of LNM
detected by RT-PCR and patient outcomes (Table 2).
To verify these results from the viewpoint of tumor
biology, Yonemura et al[35] immunostained sections of
lymph nodes diagnosed as pN0 by H-E staining using
Ki-67 mAb (MIB-1). This IHC analysis demonstrated
positive MIB-1 labeling in 12 of 25 (48.0%) with single
isolated cancer cells and in 49 of 52 (94.2%) with clusters
of cancer cells. Similarly, Yanagita et al[46] also assessed the
proliferative activity of ITC and micrometastasis using
IHC analysis with Ki-67 mAb. According to this study,
the Ki-67 positivity rates for macrometastasis, micrometastasis and ITC were 96%, 92% and 29%, respectively.
These two studies suggest that LNM could have proliferative activity.
Although it remains clinically difficult to draw definitive conclusions regarding this issue, the clinical outcome
was not affected by the presence of LNM who underwent curative gastrectomy with D2 lymph node dissec-

INCIDENCE OF MICROMETASTASIS
Since 1996, there have been many studies regarding LNM
detected by IHC in pN0 gastric cancer patients (Table 1).
When comparing studies, there are remarkable differences in the number of patients, dissected lymph nodes, the
depth of tumor invasion, and the number of node sections assessed by IHC. However, the incidence of LNM
ranged from 10% to 36 % in all studies[1,4,29-42]. It is noteworthy that the incidence of LNM in pN0 gastric cancer
was 10% or more even in the patients with mucosal and
submucosal cancer[1,4,32,33,36-39].
Some studies have investigated LNM as determined
by RT-PCR in pN0 gastric cancer patients[16-19,24]. In our
study[23], we detected 49 of 286 histologically node negative lymph nodes (17.1%) by RT-PCR analysis of MUC2
mRNA. Of these 49 LNM, only six were detected by
IHC using AE1/AE3 mAb. Similarly, Arigami et al[18] and
Kubota et al[43] also reported that the incidence of LNM
detected by RT-PCR was higher than that of LNM detected by IHC. These results suggest that the RT-PCR
assay is now the most sensitive method for detection of
LNM in gastric cancer patients.

CLINICAL SIGNIFICANCE OF
MICROMETASTASIS
Many studies have reported the clinical impact of LNM
in various cancers. Particularly, sentinel lymph node micrometastases were reported to be associated with adverse
outcomes in patients with malignant melanoma[44] and
breast cancer[45]. However, the clinical significance of
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Table 2 Reverse transcription-polymerase chain reaction studies in gastric cancer patients with histological node negativity diagnosed
by hematoxylin-eosin staining n (%)
Ref.

Year

Markers

Depth of tumor invasion

No. of
patients

Okada et al[16]
Matsumoto et al[17]
Arigami et al[18]
Sonoda et al[24]

2001
2002
2005
2006

CEA, CK20, MAGE3
CEA
CEA
MUC2, TFF1

T1-T4a
T1-T4
T1-T3
T1

24
50
80
33

No. of total LNs No. of micrometastatic
patients
335
312
1862
310

10 (41.7)
14 (28)
25 (31.3)
11 (33)

Outcomes
N/A
N/A
N/A
N/A

T1: Invasion of lamina propria or submucosa; T3: Invasion of subserosa; T4: Penetration of serosa without invading adjacent structures (T4a) or invasion of
adjacent structures; N/A: Not applicable, LN: Lymph node; RT-PCR: Reverse transcription-polymerase chain reaction; CEA: Carcinoembryonic antigen;
CK: Cytokeratin.

tion in Japan.

diagnosis, patients could be received limited gastrectomy,
such as partial or segmental gastrectomy with SLN basin
dissection. On the other hand, in the case of positive for
SLN metastasis confirmed by intraoperative diagnosis,
standard gastrectomy with regional lymphadenectomy is
considered necessary. Recently, Bok et al[49] reported that
combined ESD and sentinel lymph nodes surgery (ESN)
is a feasible minimally invasive procedure for cT1 (< 3
cm) N0 EGC. We believe that, in the near future, such
advanced technology allows the patients with EGC to
be treated with the procedures that balance between curability and QOL. Future studies will be needed to achieve
such objectives.

FUTURE PERSPECTIVE
Gastrectomy with regional lymph nodes dissection has
been widely accepted as the standard treatment even for
the EGC. However, such extensive surgery is associated
with long-term reduction of patients’ QOL. The patients
with EGC could have received curative endoscopic treatment by using ESD even with the submucosal invasion.
A large number of studies have been published so as to
the good long-term outcome of EGC treated by ESD. In
the cases of the contraindication of ESD, surgery is usually required. Recently, minimally invasive surgery, such
as SLNNS, has been widely performed. An accurate and
rapid intraoperative diagnosis of lymph node metastasis,
including LNM, is essential when performing SLNNS.
Kumagai et al[27] reported that the OSNA assay could
detect LNM as accurately as that detected by histological
examination of blocks sectioned at 2-mm intervals in the
patients with gastric cancer. Moreover, such results are
available within 30 min. From these points of view, the
OSNA assay is considered to be the most accurate and
rapid method for the intraoperative detection of LNM in
patients with gastric cancer. Therefore, if intraoperative
molecular examinations, such as the OSNA assay, demonstrate no metastasis in all SLN, then patients could be
received laparoscopic partial or segmental gastrectomy
with SLN dissection. However, Shimizu et al[47] reported
that seven (6.8%) of 103 patients had LNM in non-sentinel lymph nodes (all within the same lymphatic basin),
according to RT-PCR performed with multiple markers
(CK19, CK20 and CEA). The lymphatic basin is regarded as the most important lymphatic area in which lymph
node metastasis may develops. Kinami et al[48] reported
that the gastric lymphatic basins were divided in the following five directions along the main arteries around the
stomach: left gastric artery area (l-GA), right gastric artery area (r-GA), right gastroepiploic artery area (r-GEA),
left gastroepiploic artery area (l-GEA), and posterior
gastric artery (p-GA). They also reported that nodal metastasis generally occurred in the SLNs or the lymphatic
basin, and rarely extended outside the lymphatic basin.
Therefore, those investigators concluded that if the all
SLNs are negative for cancer metastasis by intraoperative
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Core tip: Recent studies concerning gastric stump carcinoma were reviewed. Its carcinogenesis took more
than 300 mo after distal gastrectomy for benign disease, in contrast to 100 mo for primary gastric cancer.
Higher carcinogenetic risk was reported by molecular
biological analysis in patients treated with Billroth Ⅱ
reconstruction than with Billroth Ⅰ. Eradication of Helicobacter pylori in the remnant stomach improved the
degree of inflammation and the pH level, and might
prevent the development of carcinogenesis. Endoscopic treatment for gastric stump carcinoma has been
recently reported, therefore, endoscopic surveillance
should be repeated after distal gastrectomy.

Abstract
Gastric stump carcinoma was initially reported by Balfore in 1922, and many reports of this disease have
since been published. We herein review previous reports of gastric stump carcinoma with respect to epidemiology, carcinogenesis, Helicobacter pylori (H. pylori )
infection, Epstein-Barr virus infection, clinicopathologic
characteristics and endoscopic treatment. In particular,
it is noteworthy that no prognostic differences are observed between gastric stump carcinoma and primary
upper third gastric cancer. In addition, endoscopic
submucosal dissection has recently been used to treat
gastric stump carcinoma in the early stage. In contrast,
many issues concerning gastric stump carcinoma remain to be clarified, including molecular biological char-
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INTRODUCTION
Gastric cancer is the second leading cause of cancer-related death in Asia and the fourth most common malignan-
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Table 1 Interval between primary gastric cancer and gastric
stump carcinoma

Table 2 Interval and location of gastric stump carcinoma by
reconstruction

Ref.

Ref.

Previous disease

Interval (mo)

Interval (mo)

(benign/
malignancy)

(all cases)

(benign/
malignancy)

21/22
11/21

180

288/118
360/63

Kaneko et al[12], 1998
Takeno et al[16], 2006
Ohashi et al[17], 2007
Ahn et al[18], 2008
Tanigawa et al[19], 2010
Ojima et al[20], 2010
Komatsu et al[21], 2012
Li et al[22], 2013

13/45
578/309
17/21
19/14
88/24

90
150
252
180
240

Location

Billroth Ⅰ/Ⅱ Billroth Ⅰ/Ⅱ B-Ⅰ ana/B-Ⅰ non/
B-Ⅱ ana/B-Ⅱ non
Takeno et al[16], 2006
Ohashi et al[17], 2007
Ahn et al[18], 2008
Tanigawa et al[19],
2010
Komatsu et al[21],
2012
Li et al[22], 2013

384/83
264/108
360/144
384/204

21/11
71/28
26/25
368/519

252/372

4/17/6/5
7/64/5/23
11/15/16/9
81/176/289/114

16/16

144/384

2/5/9/2

42/70

84/276

19/23/45/25

B-Ⅰ: Billroth Ⅰ; B-Ⅱ: Billroth Ⅱ; ana: Anastomosis site; non: Non-anastomosis site.

cy worldwide[1,2]. The five-year survival of patients with
gastric cancer is estimated to be approximately 20%, and
it has been reported that only surgery, including lymphadenectomy, can provide curative effects[3-5]. However,
recent advances in early detection and the development
of anticancer drugs have prolonged the prognosis[6,7].
Gastric stump carcinoma was originally defined as
gastric cancer arising from the remnant stomach more
than five years after distal gastrectomy for benign disease[8-10]. The incidence of gastric stump carcinoma is
estimated to be 1%-2%, according to the current literature[11,12]. However, most cases of gastric cancer arising from the remnant stomach after distal gastrectomy
involve a second primary gastric cancer, as the rate of
gastrectomy against peptic ulcers has decreased for the
last three decades due to the development of gastric acid
inhibitor drugs and improvements in the prognosis of
patients with gastric cancer, as described above[6,7,13]. In
addition, the development of endoscopic technology and
periodical endoscopic surveillance has enabled clinicians
to detect gastric cancer of the remnant stomach in the
early stage, which may improve the unfavorable prognosis of patients with gastric stump carcinoma[12].
The characteristics of remnant gastric cancer may
have changed from those previously reported in the
literature. Therefore, we reviewed recent articles and attempted to clarify the modern characteristics, carcinogenesis, diagnosis and optimal treatment of remnant gastric
cancer.

reported from Sweden. In that study, the incidence of
remnant gastric cancer was 0.74%, which is similar to the
findings of previous reports[11,12,15]. In addition, it is of
interest that the incidence of gastric stump carcinoma is
not higher than expected and increases only after more
than 30 years after surgery for benign disease[15]. Several
reports have found that it takes more than 300 mo for
gastric stump carcinoma to arise from the remnant stomach after distal gastrectomy for benign disease, in contrast
to the approximately 100 mo observed following gastrectomy for primary gastric cancer (Tables 1 and 2)[12,16-22].

Effects of Reconstruction
during Distal Gastrectomy on
Carcinogenesis in the Remnant
Stomach
It has been reported that a reduction in the level of serum gastrin and gastroduodenal reflux are factors for carcinogenesis in the remnant stomach after distal gastrectomy. This finding has also been experimentally evaluated
by Miwa et al[23]. Billroth Ⅱ reconstruction is more frequently associated with atrophic changes and an increased
S phase cell count in the proliferative zone compared
to that observed following treatment with Billroth Ⅰ in
the Wister rat model. In addition, it has been reported
that intestinal metaplasia is rare. However, to the best of
our knowledge, no clinical studies have compared the
incidence of atrophic changes and intestinal metaplasia
between patients treated with the Billroth Ⅰ and Ⅱ methods. The interval between primary distal gastrectomy and
the diagnosis of stump carcinoma is significantly longer
in patients treated with Billroth Ⅰ reconstruction than in
those treated with Billroth Ⅱ reconstruction, according to
a review of previous clinical retrospective studies[16-19,21,22].
In addition, there is a consensus that gastric stump
carcinoma tends to arise from sites of anastomosis in
patients treated with Billroth Ⅱ reconstruction, in contrast to non-anastomotic sites in patients treated with

Epidemiology
In 1922, Balfore first reported that, with respect to gastric cancer arising from the remnant stomach after surgery, the most important factor affecting life expectancy
after surgery for gastric ulcers is the occurrence of gastric
cancer, which accounts for approximately 40% of the
total number of deaths in this patient population[14]. That
series included gastric cancer as well as benign ulcers as
the primary lesions and reported the incidence of remnant gastric cancer to be 3% after resection of ulcerous
lesions.
A population-based study of patients who underwent distal gastrectomy for benign disease was recently
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Table 3 Helicobacter pylori infection in the patients underwent distal gastrectomy

Table 4 Epstein-Barr infection in the patients with gastric
stump carcinoma

Total infection Billroth Ⅰ Billroth Ⅱ Roux-en-Y
rate

Ref.
Onoda et al[31], 2001
Matsukura et al[32],
2003
Abe et al[33], 2005
Chan et al[34], 2007

65.10%
68.20%

67.10%
72.20%

58.30%
58.80%

56.30%
50.00%

55.60%
58.60%

58.30%
66.70%

Ref.
Tanigawa et al[19], 2000
Nishikawa et al[36], 2002
Kaizaki et al[37], 2005

26.30%

22.2%
41.2%
23.1%

5.9%
0.0%
12.5%

32.1%
58.3%
30.4%

jor causative factor of carcinogenesis in the stomach.
Nagahata reported that the rate of infection following
gastrectomy gradually decreases over time. Recent studies
have also examined the frequency of H. pylori infection in
the remnant stomach after distal gastrectomy. The rate of
infection ranges from 50% to 68.2% among all patients
treated with distal gastrectomy, 55.6% to 72.2% among
patients treated with Billroth Ⅰ reconstruction and 58.3%
to 66.7% among patients treated with Billroth Ⅱ reconstruction (Table 3)[31-34]. Only one series has suggested the
rate of infection to be lower in patients treated with the
Roux-en-Y method, and further studies are thus required
to clarify this issue[34]. It therefore appears that there are
no significant differences between Billroth Ⅰ and Ⅱ reconstruction. Matsukura et al[32] reported that eradication
with dual and triple therapy is successful in 70% and 90%
of H. pylori patients who undergo distal gastrectomy,
respectively, and that the therapeutic efficacy is the same
in patients treated with and without distal gastrectomy.
It has also been demonstrated that the degree of inflammation improves and the pH level normalizes following eradication of H. pylori in the remnant stomach[35].
Therefore, treatment with eradication of H. pylori in the
remnant stomach is recommended to prevent the development of gastric stump carcinoma, although no significant correlations have been reported between H. pylori
infection and carcinogenesis in the remnant stomach.

Billroth Ⅰ reconstruction, and that the incidence of
gastric stump carcinoma is correlated with that of gastroduodenal reflux, similar to that observed in experimental
rat models[16-19,21,22].
The condition of the remnant stomach mucosa after
distal gastrectomy has been biologically examined at the
molecular level. Tanigawa reported that the apoptotic
index, p53 labeling index and Ki-67 labeling index are
significantly higher in patients treated with Billroth Ⅱ
reconstruction than in those treated with Billroth Ⅰ reco
nstruction[24]. In addition, Nakachi et al[25] and Aya et al[26]
demonstrated a higher frequency of microsatellite instability in patients with gastric stump carcinoma (88.9%,
43%) than in those with primary upper third gastric carcinoma (20%, 6%). Furthermore, Aya reported a significantly higher level of microsatellite instability, as well as a
higher frequency of both hMLH1 and hMSH2 inactivation, in patients treated with Billroth Ⅱ reconstruction
than in those treated with Billroth Ⅰ reconstruction[26].
Taking both clinicopathological and molecular biological changes into consideration, the Billroth Ⅰ procedure
is thus considered to be preferable to the Billroth Ⅱ
method, at least with respect to preventing the development of gastric stump carcinoma.
Roux-en-Y reconstruction has recently been adopted
for reconstruction after distal gastrectomy to prevent gastroduodenal reflux. The time for which the remnant gastric mucosa is exposed to bile reflux is shorter and the degree of remnant gastritis is more mild in patients treated
with Roux-en-Y reconstruction than in those treated with
Billroth Ⅰ reconstruction[27]. Both the latest multi-institutional randomized controlled study and a meta-analysis
support this finding, and it appears that a consensus has
been reached on this issue[28-30]. No reports have thus far
suggested that the incidence of gastric stump carcinoma
is lower in patients treated with Roux-en-Y reconstruction than in those treated with Billroth Ⅰ reconstruction.
However, Roux-en-Y reconstruction is preferred from
the viewpoint of reducing the incidence of gastroduodenal reflux and remnant gastric mucosal injury related to
gastric carcinogenesis.

Epstein-Barr Virus Infection in the
Remnant Stomach
Infection with the Epstein-Barr (EB) virus has been reported to be associated with various cancers, including
stomach cancer. A few series have examined EB virus
infection in patients with gastric stump carcinoma. According to these studies, the rate of infection ranges from
22.2% to 41.2% among all patients treated with distal
gastrectomy, 0% to 12.5% among patients treated with
Billroth Ⅰ reconstruction and 30.4% to 58.3% among
patients treated with Billroth Ⅱ reconstruction (Table
4)[19,36,37]. Therefore, a higher rate of infection with the
EB virus has been demonstrated in patients treated with
Billroth Ⅱ reconstruction.
In addition, EB-virus infection has been suggested
to be correlated with the incidence of gastritis cystic polyposa and may also facilitate the development of de novo
gastric stump carcinoma[37].

Helicobacter pylori Infection
Helicobacter pylori (H. pylori) infection is a well-known ma-
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Table 5 Clinicopathologic characteristics of gastric stump carcinoma
Ref.
Takeno et al[16], 2006
Ohashi et al[17], 2007
Ahn et al[18], 2008
Ahn et al[18], 2008
Tanigawa et al[19], 2010
Komatsu et al[21], 2012
Li et al[22], 2013

Patients age

pT (1/2/3/4)

pN (positive/negative)

pM (positive/negative)

pStage

5-yr survival

68.7
67

10/22 (1,2/3,4)
67/16/8/17
18/17/0/19
15/31 (1/2,3,4)
315/245/197/130
10/22 (1/2,3,4)
1/3/44/64

12/20
13/84
23/29
19/25
534/327
14/13
66/46

4/28

21/11 (1,2/3,4)
77/6/2/23

53.10%

26/32 (1,2/3,4)

63.4% (3-yr)

17/15 (1/2,3,4)
3/16/62/31

11%

58
68
68

10/42
17/41
26/861
31/81

Table 6 Clinicopathological comparison between primary upper third gastric cancer and gastric stump carcinoma
Clinicopathologic
chracteristics
pT (1/2/3/4)
PUTGC
GSC
pN (negative/positive)
PUTGC
GSC
M (negative/positive)
PUTGC
GSC
5-yr survival
PUTGC
GSC

Ikeguchi et al
1993

[39]

,

P value

Chen et al
1996

[40]

,

P value

Newman et al
1997

[41]

,

P value

Komatsu et al
2012

[42]

,

P value

63/15/157/31
4/3/7/6

NS

5/30/88/20
0/5/13/7

NS

11/15/46/7
7/6/11/1

NS

69/75/54/9
10/10/7/6

0.07

99/167
11/9

NS

47/86
10/15

NS

24/54
14/11

NS

118/89
20/13

0.7

127/16
20/5

NS

Nov-68
22/3

NS

25%
46%

0.31

37%
63%

0.1

62.1%
52.5%

NS

0.67

PTUGC: Primary upper third gastric cancer; GSC: Gastric stump carcinoma; NS: Not significant.

these two diseases. In contrast, it is of interest that gastric
stump carcinoma exhibits a more favorable prognosis
than primary upper third gastric cancer in patients with
stage Ⅰ or Ⅱ disease and, inversely, a more unfavorable prognosis in patients with stage Ⅲ or Ⅳ disease[40].
Concerning this result, Chen et al[40] reported that the left
gastric artery is usually resected during distal gastrectomy,
which may change the lymphatic flow and thereby influence the difference in prognosis observed in analyses of
the cancer stage. Ikeguchi et al[39] also reported the incidence of jejuna mesenteric lymph node metastasis to be
increased in patients with gastric stump carcinoma; these
results may correlate with those of Chen. Controversially,
Newman et al[41] reported that there are no prognostic
differences between gastric stump carcinoma and upper third primary gastric cancer, even when the analysis
is classified according to the cancer stage. Meta-analyses
and/or multi-institutional randomized controlled studies with large series are therefore required to clarify these
controversial results, although it may be difficult to conduct such studies due to the rarity of the disease.

Clinicopathological
Characteristics
The clinicopathological characteristics of gastric stump
carcinoma have been analyzed in many reports, as summarized in Table 5[16-19,21,22,38]. For example, it has been
reported that the prognosis of gastric stump carcinoma
is unfavorable compared to that of primary gastric cancer, which may result from the more advanced stage of
disease observed at diagnosis. There is currently no consensus regarding this issue based on a Japanese nationwide report of gastric cancer, although unevenness in the
disease stage at diagnosis has been observed in various
studies[19].
It has also been reported that there have been no
remarkable changes in the number of gastric stump
carcinoma patients with progressive tumor invasion. In
contrast, the number of patients with progressive cancer
invasion has been reported to gradually decrease in Japan
since 1991, according to data for resected gastric cancer.
Among patients with lymph node metastasis, there are
no significant trends, as approximately half of all such
patients were found to have node metastasis in a Japanese
nationwide study and be negative for node metastasis in
the previous literature regarding gastric stump carcinoma.
There have been several reports of prognostic analyses comparing gastric stump carcinoma and primary
upper third gastric cancer[39-42] (Table 6). All such studies
have suggested that there are no significant differences
in either the prognosis or rate of progression between
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Endoscopic Treatment
Previously, radical resection was the only curable treatment for gastric stump carcinoma, as observed in the setting of primary gastric cancer. However, advancements in
endoscopic diagnosis and the popularization of periodic
endoscopic screening after gastrectomy have enabled
clinicians to detect gastric stump carcinoma at the early
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Table 7 Endoscopic submucosal dissection for gastric stump carcinoma n (%)
Ref.

No. of ESD cases

Takenaka et al[44], 2008
Hirasaki et al[45], 2008
Lee et al[46], 2010
Nonaka et al[47], 2013
Tanaka et al[48], 2013

31
17
13
139
33

En bloc resection

Complete resection

30 (97)
17 (100)
13 (100)
131 (94)
33 (100)

23 (74)
14 (82)
12 (92.3)
118 (85)
31 (94)

Mortality

Delayed bleeding

0
0
0
0
0

0
3 (18)
0
2 (1.4)
1 (3)

Perforation
4 (13)
0
0
2 (1.4)
3 (9)

ESD: Endoscopic submucosal dissection.

stage. Hosokawa reported that 15 patients with gastric
stump carcinoma were detected among 509 patients who
underwent distal gastrectomy over more than 10 years, 12
of whom were diagnosed at an early stage, and concluded
that endoscopic surveillance should be repeated every
two to three years after distal gastrectomy[43].
Similarly, several studies including small series of
endoscopic treatment for gastric stump carcinoma have
recently been reported, as summarized in Table 7[44-48]. En
bloc resection and complete resection were performed
in more than 90% of cases and 74%-94% of cases, respectively. Concerning complications after endoscopic
treatment, there were no mortalities, and 0%-18% and
0%-13% of the patients exhibited delayed bleeding and
perforation, respectively. However, morbidity, as well
as the en bloc and complete resection rates, have been
shown to have improved in the latest reports.
Only one study, by Nonaka et al[47], has reported longterm outcomes after endoscopic treatment for gastric
stump carcinoma. In that study, the overall and diseasespecific survival was 87.3% and 100%, respectively. Further studies using large series should thus be conducted
to confirm the oncological feasibility of providing endoscopic treatment in patients with gastric stump carcinoma.

5

6

7

8

9
10

CONCLUSION
11

Clarifying the differences in the characteristics of gastric
stump carcinoma and primary gastric cancer may enable
clinicians to make an early diagnosis and improve clinical outcomes in patients with gastric stump carcinoma.
In addition, multi-institutional analyses using large series
may positively contribute to clarifying these issues.
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Core tip: So far, trastuzumab is the only molecular
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large scale randomized clinical trials might confirm the
benefits of other novel molecular targeting therapies
for gastric cancer in the near future.
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Abstract
Trastuzumab that targets human epidermal growth
factor receptor 2 (HER2) protein is the only approved
molecular targeting agent for treating gastric cancer
in Japan and the outcomes have been favorable. However, trastuzumab is effective for only 10% to 20% of
the population with gastric cancer that expresses HER2
protein. Molecular targeting therapy with bevacizumab
against vascular endothelial growth factors (VEGF) and
with cetuximab and panitumumab against the epidermal growth factors pathway that have been approved
for treating colorectal cancer are not considered effective for treating gastric cancer according to several
clinical trials. However, ramucirumab that targets VEGF
receptor-2 prolonged overall survival in a large phase
Ⅲ clinical trial and it might be an effective molecular
targeting therapy for gastric cancer. The significance of
molecular targeting therapy for gastric cancer remains
controversial. A large-scale randomized clinical trial of
novel molecular targeting agents with which to treat
gastric cancer is needed.

INTRODUCTION
Gastric cancer is the fourth most common cancer
worldwide; 603003 and 330290 new diagnoses for men
and women, respectively, were recorded during 2002[1].
The disease is associated with an annual death rate of
700000, making it the second most common cause of
cancer death worldwide[2]. The geographic variation in
prevalence is remarkable, as 60% of gastric cancers arise
in East Asia[3,4]. Although the incidence of gastric cancer
is declining in western countries, the frequency of adenocarcinomas of the gastro-esophageal junction (GEJ)
is increasing[3-6]. Surgery and perioperative therapy are
potentially curative strategies for treating patients with
resectable cancer. However, most patients with gastric
cancer have stage Ⅳ disease at presentation and thus
are candidates for palliative chemotherapy. The median
survival of patients with advanced gastric cancer who do

© 2015 Baishideng Publishing Group Inc. All rights reserved.
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Figure 1 Human epidermal growth factor receptor 2 signaling pathways. HER: Human epidermal growth factor receptor; BAD: Bcl-2-associated death promotor
protein; Grb2: Growth factor receptor-bound protein 2; MAPK: Mitogen-activated protein kinase; MEK: Mitogen-activated protein kinase kinase 1; NF-κB: Nuclear factor κB; PI3K: Phospohoinositide 3-kinase; PKC: Protein kinase C; PLC-γ: Phospholipase C gamma 1; SOS: Son of sevenless; mTOR: Mammalian target of rapamycin; RAS: Rat sarcoma viral oncogene; RAF: Rapidly accelerated fibrosarcoma.

not receive chemotherapy is 3-4 mo. Chemotherapy plays
an important role in the treatment of advanced gastric
cancer, but an effective chemotherapy regimen for unresectable or recurrent gastric carcinoma was not established until the 1990s. The new oral fluoropyrimidine S-1,
which comprises tegafur, 5-chloro-2,4-dihydropyrimidine
and potassium oxonate, was recognized as being effective
against gastric cancer during the mid-1990s[7]. The recent
Japanese ACTS-GC trial demonstrated the effectiveness
of S-1 against stage Ⅱ-Ⅲ gastric cancer after curative
resection with D2 lymphadenectomy, and S-1 improved
the 3-year overall survival (OS) rate from 70.1% for surgery alone to 80.1%[8]. Several novel chemotherapeutic
agents, including irinotecan (CPT-11), taxanes (paclitaxel
and docetaxel), and oxaliplatin, in combination with S-1,
have offered hope for improving the outcomes of patients with gastric cancer[9-11]. The recent response rates to
several chemotherapy regimens, such as S-1 with cisplatin
in the SPIRITS trial, have been remarkably high[12], and
this regimen is frequently administered as a first-line chemotherapy, with good results against advanced disease[13].
However, the prognosis of advanced or recurrent gastric
cancer remains unsatisfactory. We believe that molecular
targeting therapy will increase the survival rates of patients with advanced or recurrent gastric cancer.
To date, various factors, such as epidermal growth
factors (EGFR) including HER2, VEGF, FEGFR, and
mammalian target of rapamycin (mTOR), have been considered as targets of therapy of gastric cancer. Monoclonal antibodies (trastuzumab, bevacizumab, ramucirumab,
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cetuximab, and panitumumab), tyrosine kinase inhibitors
(sunitinib and lapatinib) and an mTOR inhibitor (everolimus) have been administered to patients with gastric cancer in various clinical trials. However, molecular targeting
therapy is less effective against gastric cancer compared
with other cancers such as colorectal and breast cancers.
In fact, only trastuzumab, which is a fully humanized
monoclonal antibody that binds to the extracellular domain of the HER2 receptor, is available for treating gastric cancer. Here, we describe molecular targeting therapy
for gastric cancer and review clinical trials.

TRASTUZUMAB
The 185-kDa HER2 protein is encoded by a gene located
on chromosome 17q21. It is a transmembrane tyrosine
kinase receptor with an extracellular ligand-binding domain that comprises a short transmembrane domain
and an intracellular domain that has kinase activity. The
HER2 protein is a member of the epidermal growth
factor (EGFR) family of growth factors that comprises
structurally related HER1 or ErbB1, also known as
EGFR, HER2 or ErbB2, HER3 or ErbB3 and HER4
or ErbB4. HER2 receptors also localize in the nucleus,
where they function as transcription factors for cyclin D1
and p53[14,15]. Therefore, HER2 (also known as c-erbB-2/
neu) acts as an oncogene that is involved in the regulation
of cell proliferation, differentiation, motility and apoptosis[16-20] (Figure 1).
The importance of addressing HER as a therapeutic
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target is underscored by many molecular and pathological
findings. Amplified HER2 relates to carcinogenetic processes and adverse pathological features such as tumour
size, invasion and metastatic spread; far more HER2 gene
is expressed in cancer cells than in non-malignant adult
cells[21]. The HER2 protein is overexpressed in breast,
lung, salivary gland, ovarian, colon, prostate and pancreatic cancers[22,23]. Although HER2 is not associated with
an adverse prognosis of gastric cancer to the extent that
it is in breast cancer, inhibition of the HER2 pathway in
patients with tumours overexpressing HER2 has conferred clinical benefits.
The expression of HER2 in gastric cancer is primarily
detected using immunohistochemistry (ICH) and in situ
hybridization (ISH). The basolateral membrane typically
immunostains for HER2 in gastric cancer and less so on
the luminal aspect of the cells, conferring a U-shaped
appearance to the staining, whereas complete membrane
staining is the rule for high scores in breast cancer. Another difference is the heterogeneity of immunostaining,
which is rare in breast, but frequent in gastric tumours.
The ICH should be used as the primary test; patients
with scores of 3+ would be candidates for HER2 directed therapy, those with 2+ should be re-tested using
ISH, and ISH-positive patients would be eligible for
trastuzumab with chemotherapy[24]. HER2 is becoming
regarded more and more as an important biomarker and
cause of gastric cancer, as it is mainly amplified or overexpressed in 7%-34% of intestinal as well as GEJ and
proximal tumours[21,25,26].
Trastuzumab is a fully humanized monoclonal antibody that binds to the extracellular domain of the receptor, and it acts by blocking HER2 receptor cleavage, thus
inhibiting dimerization, inducing antibody-dependent
cellular cytotoxicity, and increasing endocytosis of the
receptor, possibly through anti-angiogenic effects[27-29].
The phase Ⅲ multicentre, international ToGA trial
that proceeded in 24 countries constitutes a milestone, as
it established trastuzumab as the first biological therapy
to confer survival benefits upon patients with gastric cancer[30-32]. The trial compared the effects of trastuzumab
combined with standard chemotherapy (cisplatin + either
capecitabine or 5-FU) upon inoperable locally advanced,
recurrent or metastatic HER2-positive gastric cancer as
a ﬁrst-line therapy with those of chemotherapy alone.
Patients were treated with six cycles of chemotherapy in
both treatment arms, with patients in the experimental
arm continuing treatment with trastuzumab until disease
progressed. Cisplatin (80 mg/m2) was intravenously infused on day 1. Capecitabine (1000 mg/m2) was orally
administered twice daily for 2 wk followed by a 1-wk rest
or a continuous infusion of 5-FU (800 mg/m2 per day)
on days 1-5 of each cycle. Trastuzumab was intravenously
administered at a loading dose of 8 mg/kg on day 1 of
the ﬁrst cycle, followed by 6 mg/kg thereafter.
The primary objective of the study was to compare
OS in both arms, and the secondary objectives were to
compare progression-free survival (PFS), time to progression, overall response rates, disease control, duration of
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response and quality of life between the two treatment
arms. Among 3665 tumour tissue specimens screened
for HER2 positivity, 22% were HER2-positive (intestinal,
diffuse and mixed types: 34%, 6% and 20%, respectively).
Specimens were scored using IHC and fluorescence ISH
(FISH) as 3+ (candidates for HER2-directed therapy) or
2+ (specimens should be re-examined using ISH; ISHpositive tumours were eligible for trastuzumab with
chemotherapy). The rate was highest in 34% of GEJ and
in 20% of gastric cancer samples[33], findings that agreed
with those of other studies in which positivity rates were
between 24% and 35% and between 9.5% and 21%, respectively[21,25,34-36].
The combination of trastuzumab with chemotherapy
led to a signiﬁcantly better median OS compared with
the same chemo-therapeutic regimen alone in patients
with advanced HER2-positive cancers (13.8 mo vs 11.1
mo). This effect was evident in patients with intestinal,
but not diffuse-type gastric cancer[32,37]. Trastuzumab also
improved the median PFS (6.7 mo vs 5.5 mo) and the
radiological response rate (47% vs 35%) (Table 1). A subanalysis of these ToGA data that excluded patients with
IHC 0-1+ FISH+ tumours found a main gain in median
survival of 4.2 mo, which was comparable to the outcomes for breast cancer[38]. In fact, patients with the highest levels of HER2 expression (IHC 3+ FISH+) treated
with trastuzumab plus chemotherapy gained the greatest
benefit compared with chemotherapy alone (median
survival: 17.9 mo vs 12.3 mo). These findings have established platinum-based chemotherapy plus trastuzumab as
a standard treatment for HER2-positive gastric cancer.
In contrast, the S-1 plus CDDP (SP) regimen is a
standard treatment for advanced gastric cancer in Japan[39,40]. Despite several studies of HER2-positive gastric cancer, the effects of SP in patients with different
HER2 status remain unknown. Therefore, Honma et al[41]
retrospectively compared the effects of the SP regimen
between HER2- positive and negative types of gastric
cancer. They could not conclude whether HER2 status
influenced the survival of patients who received SP as a
first-line chemotherapy. However, their report was the
first to describe the effect of SP in HER2-positive, advanced gastric cancer. Their findings provide important
historical data with which to interpret the outcomes of
current worldwide phase Ⅱ evaluations of the effects of
SP combined with trastuzumab.
Trastuzumab is the only molecular targeting drug for
treating gastric cancer that has been approved by largescale phase Ⅲ clinical trials associated with anti-cancer
drugs. It is thought to have high therapeutic potential.
Furthermore, HER2 has acquired a key role in gastric
cancer management and it is also mandatory in order
to predict the trastuzumab response in association with
standard platinum-based chemotherapy.

SUNITINIB
Vascular endothelial growth factors (VEGF), plateletderived growth factors (PDGF) and stem cell receptors
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Table 1 Clinical trial of trastuzumab
Patients
Advanced HER-positive gastric cancer as first line (TOGA)

Phase

Treatment

n

OS (m)

PFS (m)

RR

Ⅲ

5-FU + cisplatin or capecitabine + cisplatin
5-FU + cisplatin + trastuzumab or capecitabine + cisplatin +
trastuzumab

290
294

11.1
13.8

5.5
6.7

34.5%
47.3%

OS: Overall survival; PFS: Progression-free-survival; RR: Response rate; 5-FU: 5-fluorouracil.

Table 2 Clinical trials of sunitinib
Patients
Pretreated patients with advanced gastric cancer
Second line treatment for advanced gastric cancer
Unresectable or metastatic advanced gastric cancer
after failed treatment with fluoropyrimidine +
platinum

Phase

Treatment

n

OS (m)

PFS (m)

TTP (m)

RR

DCR

Ⅱ
Ⅱ
Ⅱ

Sunitinib
Sunitinib
Docetaxel
Docetaxel
+ sunitinib

51
78
49
56

5.8
6.8
6.6
8.0

1.28
2.3
N/A
N/A

N/A
2.3
2.6
3.9

3.9%
2.6%
14.3%
41.1%

20.0%
34.7%
51.0%
75.0%

DCR: Disease control rate; N/A: Not available; OS: Overall survival; PFS: Progression-free-survival; RR: Response rate; TTP: Time to progression.

(KIT) are expressed or overexpressed in gastric cancer.
Indeed, these pathways appear to play important roles
in gastric cancer growth and metastasis and they have
therefore become targets for the development of cancer
therapies.
Sunitinib malate (SUTENT; Pfizer Inc., New York,
NY, United States) is an oral, multitargeted tyrosine kinase inhibitor of VEGF receptors (1, 2, and 3), PDGF
receptors (α and β), KIT and several other related receptor tyrosine kinases[42-44]. Sunitinib has received multinational approval to treat unresectable and/or metastatic
imatinib-resistant/intolerant gastrointestinal stromal
tumours, advanced/metastatic renal cell carcinoma, and
unresectable or metastatic well-differentiated pancreatic
neuroendocrine tumours[45,46].
A Phase Ⅱ study investigated the outcomes of sunitinib monotherapy in pre-treated patients with advanced
gastric cancer. The patients were administered with
sunitinib (50 mg/d) for 4 wk with a 2-wk rest until disease progressed or toxicity became unacceptable. In the
intent-to-treat population (n = 51), the objective response
rate (ORR) was 3.9%, median progression free survival
(PFS) was 1.28 (95%CI: 1.18-1.90) mo, the median OS
was 5.81 (95%CI: 12.8-36.5) mo and the estimated 1-year
survival rate was 23.7% (95%CI: 12.8-36.5) (Table 2).
Serious adverse events developed in 26 patients, leading
to 13 deaths, none of which were related to sunitinib.
Thirty-eight patients died of progressive disease and nine
others died within 60 d of treatment. Sunitinib monotherapy thus appeared to be associated with a limited
tumour response[47].
A Phase Ⅱ study evaluated the safety and efficacy of
sunitinib as a second-line treatment for advanced gastric
in 78 patients. Two patients (2.6%) had partial responses
and 25 (32.1%) had the best response of stable disease
for ≥ 6 wk. The median PFS was 2.3 mo (95%CI: 1.6-2.6)
and median OS was 6.8 mo (95%CI: 4.4-9.6) (Table 2).
Grade ≥ 3 thrombocytopenia and neutropenia were
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identified in 34.6% and 29.4% of patients, respectively,
and the most common non-haematological adverse effects were fatigue, anorexia, nausea, diarrhoea and stomatitis. Although sunitinib alone has insufficient clinical
value as a second-line treatment for advanced gastric
cancer, its role in combination with chemotherapy merits
further study[48].
A randomized phase Ⅱ trial investigated the effects
of docetaxel and sunitinib in patients with unresectable
or metastatic gastric cancer who were previously treated
with fluoropyridine and platinum. The patients were assigned to either a docetaxcel monotherapy arm (D: 60
mg/m2 every 3 wk) or a combination of docetaxel +
sunitinib (DS: 37.5 mg/d). The time to progression (TTP)
was not significantly prolonged in the DS arm compared
with the D arm 3.9 (95%CI: 2.9-4.9) vs 2.6 (95%CI:
1.8-3.5) mo (P = 0.206). The hazard ratio for TTP was
0.77 (95%CI: 0.53-1.16). However, the ORR was significantly higher in the DS arm (41.1% vs 14.3%, P = 0.002)
(Table 2). Patients in the DS arm more frequently experienced stomatitis, diarrhoea and hand-foot syndrome. The
investigators concluded that adding sunitinib to docetaxel
did not significantly prolong TTP, although it significantly
increased the response[49].
These findings indicated an insufficient therapeutic
effect of sunitinib.

BEVACIZUMAB
Studies of tumour angiogenesis have provided a foundation for radical developments in the management and
treatment of human cancers. The most sensitive angiogenic factor is VEGF, which is expressed in cancer cells.
Several clinical trials have confirmed that some clinical
benefit can be derived by targeting the vascular VEGF/
VEGF receptor pathway. Senger et al[50] initially described
VEGF in 1983 as a vascular permeability factor, and Ferrara and Henzel in 1989[51] later cloned the factor and
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Table 3 Clinical trials of bevacizumab
Phase

Treatment

n

OS (m)

PFS (m)

TTP (m)

RR

Metastatic or unresectable gastric and GEJ
adenocarcinoma
Previously untreated metastatic
gastroesophageal adenocarcinoma
First-line treatment for advanced gastric
cancer (AVAGASTA)

Ⅱ

Irinotecan + cisplatin + bevacizumab

47

12.3

N/A

8.3

65%

Ⅱ

Docetaxel + fluorouracil + bevacizumab

44

16.8

12

N/A

67%

Ⅲ

Capecitabine + cisplatin

387

10.1

5.3

37.4

N/A

387

12.1

6.7

46

N/A

First-line treatment for advanced gastric
cancer (AVAGASTA)

Ⅲ

Capecitabine + cisplatin + bevacizumab

Patients

GFJ: Gastroesophageal junction; N/A: Not available; OS: Overall survival; PFS: Progression-free-survival; RR: Response rate; TTP: Time to progression.

Shah et al[63] performed a phase Ⅱ study of irinotecan,
cisplatin and bevacizumab in 47 patients with metastatic
or unresectable gastric and GEJ adenocarcinoma. At a
median follow up of 12.2 mo, the median TTP was 8.3
mo. The ORR was 65% and the median survival was 12.3
mo in 34 patients with measurable disease. They concluded that TTP and OS are encouraging, with TTP being
improved over historical controls by 75%[63] (Table 3).
Shah et al[64] performed a phase Ⅱ study of a modified
administration schedule of docetaxel, cisplatin and fluorouracil (mDCF) with bevacizumab in 44 eligible patients
with cancer (gastric, n = 22; GEJ, n = 20; oesophageal,
n = 2). The confirmed response rate was 67% in 39 patients with measurable disease. The 6-mo PFS was 79%,
and the median PFS was 12 mo. At 26 mo of follow up,
the median OS was 16.8 mo, and the 2-year survival rate
was 37%. They found that the 6-mo PFS was 79%, which
surpassed their defined endpoint, and the median and
2-year OS were 16.8 mo and 37%, respectively (Table 3).
AVAGASTA was a global, randomized, phase Ⅲ trial
that evaluated the outcomes of bevacizumab plus chemotherapy with capecitabine xeloda/cisplatin as a firstline treatment for patients with advanced gastric cancer.
While the primary endpoint was not met (median overall
survival HR = 0.87; p = 0.1002), PFS and overall response rates significantly improved and the safety profile
for bevacizumab + chemotherapy was acceptable in these
patients[65] (Table 3). However, a sub-analysis of the AVAGAST trial that evaluated the benefit of bevacizumab in
advanced gastric cancer, found distinct differences in the
outcomes according to disease subtype. Shah[66] reported
that combining bevacizumab especially with chemotherapy appeared to improve outcomes for non-Asian patients
with diffuse or distal gastric cancer.
A large-scale phase Ⅲ trial found that bevacizumab
was not effective against gastric cancer and this agent was
not approved for this purpose. However, bevacizumab
was effective against gastric cancer in some patients.

found homology with VEGF. Among its many actions,
VEGF enhances the permeability of tumour vessels[52],
induces serine protease or metalloproteases[53,54], inhibits
apoptosis in endothelial cells[55,56], and inhibits dendritic
cell maturation[57]. Several randomized trials have shown
that various VEGF-targeted agents confer clinical benefits upon patients with metastatic colorectal cancer,
advanced non-small cell lung cancer, renal cell carcinoma,
hepatocellular carcinoma and metastatic breast cancer[58].
Therapy targeting VEGF has thus become an important
treatment option for several human malignancies.
The tumour/normal ratio of VEGF mRNA in gastric cancer tends to correlate with distant metastasis[59]
and the positive expression of tissue VEGF, circulating
VEGF, VEGF-C and VEGF-D were each associated
with poor prognosis for patients with resected gastric
cancer[60]. We previously reported that tissue VEGF is a
useful indicator of the peritoneal recurrence of gastric
cancer[61]. Our immunohistochemical study of clinical
specimens identified a significantly higher VEGF score
among patients with peritoneal recurrence than those
without, and that the VEGF score was a significant parameter of peritoneal recurrence, suggesting that VEGF
correlates with peritoneal metastasis from gastric cancer
and is thus a useful indicator of such recurrence[61]. Bevacizumab is a humanized monoclonal antibody against
VEGF that was the first angiogenesis inhibitor to become commercially available. The United States Food
and Drug Administration approved bevacizumab in combination with standard chemotherapy to treat metastatic
colorectal cancer in 2004, non-small cell lung cancer in
2006, and breast cancer in 2008. Bevacizumab was approved in Japan in combination with anticancer drugs
to treat unresectable advanced or metastatic colorectal
cancer in 2007. We performed a pilot study using a nude
mouse model of peritoneal metastasis to determine
whether bevacizumab could suppress peritoneal dissemination from gastric cancer[62]. The results indicated a significantly lower volume of ascites, a lower mitotic index
and significantly better survival rates in the treated, than
in the non-treated group. We concluded that VEGF correlates with peritoneal metastasis from gastric cancer, and
that bevacizumab could inhibit VEGF and thus suppress
peritoneal dissemination from gastric cancer[62].
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LAPATINIB
Lapatinib is a dual tyrosine kinase inhibitor (TKI) that
acts on both EGFR and HER2, and exerts activity
against trastuzumab-resistant advanced breast cancer.
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Table 4 Clinical trial of lapatinib
Patients
Second-line treatment for HER2+ advanced gastric
cancer (TYTAN)

Phase

Treatment

n

OS (m)

PFS (m)

RR

Ⅲ

Paclitaxel
Paclitaxel + lapatinib

129
132

8.9
11.0

4.2
5.2

9%
27%

OS: Overall survival; PFS: Progression-free-survival; RR: Response rate; HER2: Human epidermal growth factor receptor 2.

The data suggest that trastuzumab is not associated with
cross-resistance and lapatinib restored trastuzumab sensitivity in preclinical models[38,67]. Wainberg et al[68] found
that lapatinib inhibits the growth of HER2-amplified cell
lines and HER2-positive tumours in xenograft models,
induces cell cycle arrest and apoptosis, and synergistically
acts with trastuzumab.
A phase Ⅱ study of lapatinib as a first-line therapy in
47 patients with advanced gastric cancer showed modest single-agent activity, with a 12% response rate, 20%
disease stabilization, a partial response in 7% of patients
and a median OS of 5 mo, which was lower than that
found with conventional cytotoxic chemotherapy[69].
Another phase Ⅱ study of lapatinib monotherapy in
patients with GEJ overexpressing HER2 or oesophageal
cancer reported limited single-agent activity, with no objective responses and stable disease in 8% of patients[70].
Lapatinib in conjunction with capecitabine as a first line
treatment in the HER2-positive metastatic gastric cancer setting has been addressed in a multicentre phase Ⅱ
trial. The response and stable disease rates were 22%
and 45%, respectively[71]. Another phase Ⅱ trial found
a partial response of 24% and stable disease in 34% of
patients treated with lapatinib + capecitabine. The most
frequent grade 3 and 4 side effects were anorexia, handfoot syndrome, anemia and nausea and cardiotoxicity,
none of which was significant[72]. Two phase Ⅲ studies
are currently evaluating the outcomes of lapatinib combined with chemotherapy in advanced oesophagogastric
cancer: the LOGIC trial[73,74] has combined lapatinib with
oxaliplatin and capecitabine as a first-line treatment and
the TYTAN trial[75,76] has combined lapatinib with weekly
paclitaxel in a second-line setting. The OS results should
be available from the LOGIC trial in 2014. TYTAN
is the first randomized trial to compare the outcomes
and safety of adding lapatinib to weekly paclitaxel as a
second-line treatment for HER2-positive advanced gastric cancer. The TYTAN study includes 430 patients with
advanced gastric cancer who had progressed after firstline therapy with fluoropyrimidine and/or cisplatin and
had HER2 amplification detected by FISH. The median
OS of lapatinib + paclitaxel and of paclitaxel alone were
11.0 and 8.9 mo, respectively (NS; HR = 0.48; P = 0.2088),
whereas those in a HER2 IHC3+ subgroup were 14.0
and 7.6 mo, respectively (HR = 0.59; P = 0.0176). The
PFS (5.6 mo vs 4.2 mo; HR = 0.54; P = 0.0101) and the
objective response rate (27% vs 9%) were also noticeably
better with, than without lapatinib among patients in the
IHC 3+ subgroup[75,76] (Table 4).
The TYTAN trial found that lapatinib was not ef-

WCGO|www.wjgnet.com

fective against gastric cancer and this agent was not approved for this purpose. However, lapatinib might be
effective against HER2 IHC3+ gastric cancer.

EVEROLIMUS
Inhibition of the mammalian target of rapamycin
(mTOR) pathway represents a new therapeutic target in
the treatment of various human cancers. The key protein
kinase that regulates cell growth and proliferation, cellular
metabolism and angiogenesis, mTOR, is mainly activated
via the PI3 kinase pathway through Akt/PKB and tuberous sclerosis complex[77]. Mutations in these components
or in PTEN, a negative regulator of PI3 kinase, results
in inappropriate mTOR activation[77]. The mTOR pathway is frequently dysregulated in various human cancers,
including gastric cancer[78]. Oncogenic transformation
maintained by a dysregulated mTOR pathway might sensitize tumour cells to mTOR inhibitors[77]. The mTOR
downstream effectors, eIF4E and 4E binding protein 1
(4E-BP1) are overexpressed in GI cancer cells[77]. Everolimus reduced 4E-BP1 phosphorylation and attenuated
the production of the proangiogenic factors, hypoxiainducible factor 1α (HIF-1α) and VEGF in these gastric
cancer cell lines[78]. Everolimus is an orally bioavailable
mTOR inhibitor that binds with high affinity to its intracellular receptor FKBP12[79].
Preclinical studies[77,78,80] and a phase Ⅰ study[81] have
shown that everolimus has antitumour activity against
advanced gastric cancer. A multicentre phase Ⅱ study has
assessed the effects of everolimus in patients with previously treated metastatic gastric cancer in Japan[82]. Patients
with advanced gastric cancer that progressed despite
prior chemotherapy received oral everolimus (10 mg/d)
until disease progressed or the study was discontinued.
Fifty-three patients were assessable. Although a complete
or partial response was not obtained, a central review
found that the size of the tumour had decreased from
baseline in 45% of patients. The disease control rate
(DCR) was 56.0% and the median PFS was 2.7 mo. At
a median follow-up of 9.6 mo, the median OS was 10.1
mo (Table 5). Thus, everolimus monotherapy appeared
to result in a promising DCR for patients with previously
treated advanced gastric cancer[82].
Eric Van Cutsem[83] presented phase Ⅲ results from
the GRANITE-1 trial of everolimus monotherapy as a
second-line treatment for advanced gastric cancer at the
ASCO GI 2012 Cancer Symposium. The study enrolled
656 patients in 23 countries between July 2009 and December 2010. Among them, 439 were randomly assigned
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Table 5 Clinical trials of everolimus
Patients
Previously treated metastatic gastric cancer
Second-line treatment for advanced gastric
cancer (GRANITE-1)

Phase

Treatment

n

OS (mo)

PFS (mo)

RR

DCR

Ⅱ
Ⅲ

Everolimus
Placebo
Everolimus

53
217
439

10.1
4.34
5.39

2.7
1.41
1.68

0%
2.1%
4.5%

54.7%
N/A
N/A

DCR: Disease control rate; N/A: Not available; OS: Overall survival; PFS: Progression-free-survival; RR: Response rate; TTP: Time to progression.

therapy[83].

VEGF receptor 2

RAMUCIRUMAB
Tumour growth and metastasis are closely linked to angiogenesis in most human tumours and VEGF is the
most potent and specific angiogenic factor known to
date. The VEGF family includes VEGF-A, -B, -C, -D,
and -E, and placenta growth factor (PGF). VEGF-A
binds to VEGF receptors 1 and 2, whereas VEGF-B and
PGF bind to VEGF receptor (VEGFR)-1, and VEGF-C
and -D bind to VEGFR-2 and -3. Activation of these
receptors stimulates a signaling cascade that results in
endothelial mitogenesis and migration, the induction of
proteinases, extracellular matrix remodeling, increased
vascular permeability, and the maintained survival of
blood vessels formed de novo[84] (Figure 2).
Ramucirumab is a fully humanized IgG1 monoclonal antibody that targets the extracellular domain of
VEGFR-2[85,86]. Phase Ⅰ-Ⅱ trials in patients with various
malignancies have shown promising clinical antitumour
effects and tolerability[87].
At the 2013 ASCO GI Cancer Symposium, Charles
S. Fuchs presented the phase Ⅲ clinical REGARD trial
that was the largest phase Ⅲ trial of ramucirumab as a
second-line therapy for advanced gastric or GEJ adenocarcinoma[88]. This global, randomized, double-blind trial
of 355 patients with disease progression during first-line
platinum- or combination therapy containing fluoropyrimidine showed that adding ramucirumab provided the
best supportive care (BSC) and significantly prolonged
the median OS; the primary endpoint increased from 3.8
to 5.2 mo (P = 0.0473). This translated into a 22% reduction in the risk of death with ramucirumab. Bolstering
the OS results, ramucirumab also significantly prolonged
the median PFS from 1.3 to 2.1 mo when combined
with BSC (HR = 0.483; P < 0.0001). Furthermore,
ramucirumab plus BSC more than doubled the disease
control rate compared with BSC alone (48.7% vs 23.1%;
P < 0.0001) (Table 6). Patients appeared to tolerate the
VEGFR-2 inhibitor fairly well. Most adverse events associated with treatment emerged at a similar frequency in
both the ramucirumab and placebo arms[88]. The survival
benefit attained by adding ramucirumab to BSC appeared
comparable to that achieved by adding second-line cytotoxic chemotherapy to BSC, and the REGARD trial
validated the role of VEGFR-2 signaling as an important
therapeutic target of treating advanced gastric and GEJ
adenocarcinoma[88].

PI3K

AKT

Bcl-2/Bcl-xL
survivin

mTOR

S6K1

Cell survival

Proliferation

Migration

Angiogenesis

Tumor growth

Figure 2 Angiogenic signaling pathways. AKT: Protein kinase B.

to receive everolimus 10 mg/d and 217 received a placebo. Roughly 75% of the patients were male, 53.3% were
Asian, 47.7% had undergone one previous line of chemotherapy and 50.6% had undergone gastrectomy. The
drug failed to meet the primary endpoint of improved
OS. The median OS with everolimus vs placebo was 5.39
mo vs 4.34 mo (HR = 0.90; 95%CI: 0.75-1.08; P = 0.1244).
However, the median PFS was 1.68 mo vs 1.41 mo (HR
= 0.66; 95%CI: 0.56-0.78, P < 0.0001). The estimated
6-mo PFS were 12.0% and 4.3% in the experimental and
placebo groups, respectively (Table 5).
Everolimus extended the 6-mo PFS and improved
patient responses. The ORR of the everolimus vs the
placebo group was 4.5% (95%CI: 2.6%-7.1%) vs 2.1%
(95%CI: 0.6%-5.3%) (Table 5).
These findings suggested that everolimus has no
meaningful activity as a single agent in patients with advanced gastric cancer. Given the evident improvement
in PFS, everolimus might be valuable when combined
with other biological or chemotherapeutic agents. Future studies should investigate this concept as a first-line
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Table 6 Clinical trial of ramucirumab
Patient

Phase

Treatment

n

OS (mo)

PFS (mo)

RR

DCR

Ⅲ

BSC
Ramucirumab

117
238

3.8
5.2

1.3
2.1

2.6%
3.4%

23.1%
48.7%

Second-line treatment for advanced gastric
cancer or GEJ adenocarcinoma (REGARD)

BSC: Best supportive care; DCR: Disease control rate; GFJ: Gastroesophageal junction; OS: Overall survival; PFS: Progression-free-survival; RR: Response
rate.

Cetuximab
Panitumumab

EGFR homodimer

EGFR TKI
P

PI3K

PLC

Akt

P

JAK

SRC

SOS

PKC
RAS
STAT
RAF

mTOR

MEK

MAPK

ERK

Transcription, protein synthesis, proliferation, anti-apoptosis

Figure 3 epidermal growth factors signaling pathways. Activation of EGFR leads to downstream signaling pathways that ultimately drive tumour proliferation or
impair apoptosis. JAK: Janus kinase; STAT: Signal transduction and activator of transcrption; ERK: Extracellular signal-regulated kinase; PI3K: Phospohoinositide
3-kinase; PKC: Protein kinase C; PLC: Phospholipase C; SOS: Son of sevenless; mTOR: Mammalian target of rapamycin; RAS: Rat sarcoma viral oncogene; RAF:
Rapidly accelerated fibrosarcoma; EGFR: Epidermal growth factor receptor.

The results of the on-going phase Ⅲ RAINBOW
trial that compares second-line treatment between ramucirumab and paclitaxel might further increase the survival
benefit.
Trastuzumab remains the only molecular targeting
agent that is approved for treating gastric cancer. However, ramucirumab should soon receive approval as a molecular targeting therapeutic agent.

receptor dimerization and thus blocks ligand-induced
EGFR tyrosine kinase activation. Cetuximab also induces
EGFR internalization, downregulation and degradation.
Antibody-dependent cytotoxicity might also contribute
significantly to the anticancer activity of cetuximab (Figure 3). Cancer-cell proliferation (G1 phase arrest) is inhibited by cetuximab, thus provoking an immune systemmediated antitumour response, inducing VEGF as well as
tumour-induced angiogenesis, and cancer cell invasion[95].
Cetuximab potentiates the antitumour activity of cytotoxic drugs and radiotherapy in preclinical and clinical
tumour models[96] and when combined with irinotecanbased therapies, confers a benefit upon patients with
metastatic colorectal cancer, particularly for those with
KRAS wild-type tumours[97]. The encouraging preclinical
and phase Ⅱ data suggest a potential benefit of cetuximab especially in combination with conventional cytostatic therapy in patients with advanced gastroesophageal
cancer[94,98,99]. Moreover, phase 2 studies of cetuximab
plus various first-line chemotherapy regimens in patients
with advanced gastric cancer have found manageable and
predicted safety profiles with substantial activity (ORR:
41%-65%)[97,100-103].

CETUXIMAB
The transmembrane glycoprotein EGFR belongs to
the tyrosine kinase growth factor receptor superfamily
and is an important target of cancer therapy. EGFR is
expressed in many human normal tissues and is overexpressed in a variety of tumours[89]; for example, 18%-91%
of primary gastric cancer tumours and/or metastases
overexpress EGFR and this correlates with a poor prognosis[90-94]. Cetuximab is a monoclonal IgG antibody
directed against EGFR that binds to the extracellular
domain of EGFR in an inactive configuration and competes for receptor binding by occluding the ligand-binding region[95]. This antibody-receptor interaction prevents
WCGO|www.wjgnet.com
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Table 7 Clinical trials of cetuximab and panitumumab
Patients
Previously untreated advanced
gastric cancer (EXPAND)
Untreated metastatic or locally
advanced oesophagogastric
adenocarcinoma (REAL 3)

Phase

Treatment

n

OS (m)

PFS (m)

RR

DCR

Ⅲ

Capecitabine + cisplatin
Capecitabine + cisplatin + cetuximab
EOC (epirubicin + oxaliplatin + capecitabine)
Modified dose EOC + panitumumab

449
455
275
278

10.7
9.4
11.3
8.8

5.6
4.4
6.0
7.4

29%
30%
42%
46%

71%
73%
63%
64%

Ⅲ

DCR: Disease control rate; N/A: Not available; OS: Overall survival; PFS: Progression-free-survival; RR: Response rate.

Lordick et al[103] described the randomized, open-label
EXPAND phase 3 trial of capecitabine and cisplatin with
or without cetuximab that included 908 adult patients
aged ≥ 18 years with previously untreated and histologically confirmed locally advanced unresectable (M0) or
metastatic (M1) adenocarcinoma of the stomach or GEJ.
The study proceeded at teaching hospitals and clinics in
25 countries, and the participants were randomly assigned
to groups that were eligible (1:1) to receive first-line chemotherapy with or without cetuximab. Treatment consisted of three-week cycles of capecitabine (1000 mg/m2)
twice daily on days 1-14 and intravenous cisplatin (80
mg/m2) (on day 1), with or without weekly cetuximab (400
mg/m2 initial infusion on day 1 followed by 250 mg/m2
per week thereafter). The primary endpoint was PFS. The
median PFS for 455 and 449 of the 908 patients allocated
capecitabine-cisplatin with or without cetuximab were 4.4
(95%CI: 4.2-5.5) and 5.6 (95%CI: 5.1-5.7) mo, respectively (HR = 1.09; 95%CI: 0.92-1.29; P = 0.32) (Table
7). Lordick et al[103] concluded that combining cetuximab
with capecitabine/cisplatin provided no additional benefit over chemotherapy alone as a first-line treatment for
advanced gastric cancer.
The results of Phase Ⅲ clinical trials did not find a
sufficient therapeutic effect of cetuximab against gastric
cancer.

on day 1 and capecitabine (1250 mg/m2 per day on days
1-21) or a modified dose of EOC plus panitumumab
(mEOC+P: epirubicin, 50 mg/m2 and oxaliplatin 100
mg/m2 on day 1; capecitabine, 1000 mg/m2 per day on
days 1-21 and panitumumab 9 mg/kg on day 1). The primary endpoint was OS in the intent-to-treat population.
The median OS in 275 of the 533 patients who were
allocated to receive EOC was 11.3 (95%CI: 9.6-13.0) vs
8.8 (95%CI: 7.7-9.8) mo and in 278 patients allocated to
receive mEOC + P (HR = 1.37; 95%CI: 1.07-1.76; p =
0.013). Based on 333 events (EOC, n = 153; mEOC + P,
n = 180), the effects of PFS did not differ between the
treated groups (HR = 1.22; 95%CI, 0.98-1.52; P = 0.068).
The median PFS in the mEOC + P and EOC groups
were 6.0 (95%CI: 5.5-6.5) and 7.4 (95%CI: 6.3-8.5) mo,
respectively (Table 7). Waddell et al[106] concluded that
adding panitumumab to EOC chemotherapy does not
increase OS and cannot be recommended for use in an
unselected population with advanced oesophagogastric
adenocarcinoma.
They listed three explanations for the poor outcome
associated with mEOC + P in that trial[106]. Firstly, as
previously reported[107], combining panitumumab with
full-dose EOC during the initial stages of the trial was
associated with unacceptably high rates of grade 3 diarrhoea. Therefore, the starting doses of oxaliplatin and
capecitabine had to be reduced by 23% and 20%, respectively, in the experimental group.
Dose-intensity data also showed that a reduced proportion of patients in the experimental group achieved at
least 80% of the planned capecitabine dose, suggesting
that mEOC + P was still slightly more difficult to deliver
than standard EOC. Panitumumab might have negatively
interacted with one or more EOC components. Recent
data derived from cell lines in vitro suggest that considerably more synergy might exist between anti-EGFR therapy and irinotecan than with oxaliplatin[108]. Furthermore,
the results of adding cetuximab to treat colorectal cancer
in the COIN trial suggested that the benefit derived from
cetuximab might depend on the fluoropyrimidine partner, with patients receiving oxaliplatin plus fluorouracil
perhaps deriving more benefit than those treated with oxaliplatin plus capecitabine[109]. At the time of their study,
the significance of these potential interactions remained
unknown, and they have not been assessed in the setting
of oesophagogastric cancer.
Their findings might have been affected by assessing
panitumumab therapy in a molecularly unselected popu-

PANITUMUMAB
Panitumumab is a fully human immunoglobulin G2
monoclonal antibody directed against the EGFR and it
has conferred survival benefits for patients with advanced
colorectal cancer[104].
The REAL2 non-inferiority study established epirubicin, oxaliplatin, and capecitabine (EOC) as a standard
first-line regimen, and found a median OS of 11.2 mo[105].
This finding favorably compared with the alternative
regimens assessed in REAL2, including a combination of
epirubicin, cisplatin and fluorouracil that was associated
with a median OS of 9.9 mo[105].
Waddell et al[106] reported a randomized open-label
phase 3 trial of epirubicin, oxaliplatin and capecitabine
with or without panitumumab that included 522 patients
with previously untreated, metastatic or locally advanced
oesophagogastric adenocarcinoma at 63 centres in the
UK (REAL3). Eligible patients were randomly allocated
(1:1) to receive up to eight 21-d cycles of open-label
EOC [epirubicin (50 mg/m2) and oxaliplatin 130 mg/m2
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lation. Randomized clinical trials are therefore needed to
establish whether targeting oncogenic signal transduction
pathways such as KRAS, EGFR, HER2 and MET results
in meaningful improvement.
The EXPAND trial that assessed the addition of
cetuximab to a cisplatin-capecitabine doublet in 904 patients with previously untreated adenocarcinoma of the
stomach and GEJ did not meet its primary endpoint of
improved PFS[103]. The COG trial compared the antiEGFR tyrosine-kinase inhibitor gefitinib with a placebo
in the second-line treatment of 450 patients with oesophageal and type Ⅰ-Ⅱ GEJ cancers. This trial also did
not meet its primary endpoint, as OS did not improve[110].
Adding panitumumab to EOC chemotherapy (REAL3
trial) also did not increase the OS.
These relatively consistent overall findings suggest
that the EGFR pathway probably does not represent an
important therapeutic target for most patients with oesophagogastric cancer.

sponse to growth factors and cytokines, and it contributes
to the regulation of cell proliferation, apoptosis, and motility in many types of human tumours including gastric
cancer[116]. Chronic STAT 3 activation is a key event in the
induction and progression of gastric cancer. Therefore,
STAT 3 deregulation during the initiation and progression
of gastric cancer might serve as a new therapeutic strategy
to hinder the development of gastric cancer[117].

CONCLUSION
So far, trastuzumab is the only molecular targeting therapy that has been approved for treating gastric cancer. The
significance of molecular targeting therapy for gastric
cancer remains controversial, but large-scale randomized
clinical trials might confirm the benefits of other novel
molecular targeting therapies for gastric cancer in the
near future.
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Core tip: Gastric cancer is one of the main causes of
cancer-associated death in the worldwide. The poor
prognosis associated with gastric cancer is mainly related to metastasis and cell motility is vital for several
steps involved in the metastasis. Rho GTPases could
affect cancer progression including cytoskeletal dynamics. This study aimed at gaining further insight into
the mechanism of Rho/Rho-associated protein kinases
pathway mediated gastric cancer metastasis, particularly with regard to cell movement.

Abstract

Original sources: Matsuoka T, Yashiro M. Rho/ROCK signaling in motility and metastasis of gastric cancer. World J Gastroenterol 2014; 20(38): 13756-13766 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v20/i38/13756.htm DOI:
http://dx.doi.org/10.3748/wjg.v20.i38.13756

Gastric cancer is one of the most frequent and lethal
malignancies worldwide because of high frequency of
metastasis. Tumor cell motility and invasion play fundamental roles in cancer metastasis. Recent studies have
revealed that the Rho/Rho-associated protein kinases
(ROCK) pathway plays a critical role in the regulation of
cancer cell motility and invasion. In addition, the Rho/
ROCK pathway plays important roles in invasion and
metastasis on the basis of its predominant function of
cell cytoskeletal regulation in gastric cancer. According
to the current understanding of tumor motility, there
are two modes of tumor cell movement: mesenchymal
and amoeboid. In addition, cancer cell movement can
be interchangeable between the mesenchymal and
amoeboid movements under certain conditions. Control
of cell motility through the actin cytoskeleton creates
the potential for regulating tumor cell metastasis. In
this review we discuss Rho GTPases and ROCK signaling and describe the mechanisms of Rho/ROCK activity
with regard to motility and metastasis in gastric cancer.

WCGO|www.wjgnet.com

INTRODUCTION
Gastric cancer is one of the most common and lethal
malignancies worldwide[1,2]. The poor prognosis associated with gastric cancer is mainly related to lymph node
and peritoneal metastasis, the major causes of tumor
recurrence in gastric cancer. The invasion of cancer cells
into the lymphatic vessels or peritoneal cavity facilitates
secondary growth in distant organs. Cell motility is vital
for the several steps involved in cancer metastasis such as
invasion, intravasation, and extravasation.
The ability of cancer cells to invade into surrounding
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Figure 1 Presents an overview of the Rho/Rho-associated protein kinases signaling pathway. MYPT1: Myosin phosphatase 1; MLC: Myosin light chain; ERM:
Ezrin/radixin/moesin; ROCK: Rho-associated protein kinases; LIMK: LIM kinase.

tissue is one of the hallmarks of cancer, which requires
increased cell motility driven by remodeling of the cytoskeletal system and cell contact with the extracellular
matrix (ECM)[3]. The Rho family of small GTPases (Rho,
Rac, and Cdc42) play well-characterized roles in the regulation of actin cytoskeleton organization and dynamics[4];
furthermore, Rho GTPases act as important regulators
of cellular homeostasis[5-7]. Rho-associated protein kinases (ROCK, also known as Rho kinase) belong to a family
of serine/threonine kinases modulated by interactions
with Rho GTPases to promote actin-myosin-mediated
contractile force generation by phosphorylating a variety of downstream target proteins; thus, controlling cell
motility and metastasis[8-11]. ROCK signaling plays crucial
roles in a range of human diseases and is now considered
as a potential target for the treatment of several diseases,
including diabetic nephropathy[12], as well as diseases of
the central nervous and the cardiovascular system[13-15].
Accumulating evidence suggests that Rho/ROCK activity is associated with dissemination of various tumors
to distant organs, including mammary[16], ovarian[17] and
hepatocellular[18] cancers. However, the involvement of
Rho GTPases in gastric cancer is not well understood.
Herein, we review the evidences supporting a positive
association between Rho/ROCK and gastric cancer mo-
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tility. In addition, we discuss the potential for the application of Rho/ROCK in therapy targeting gastric cancer.

OVERVIEW OF RHO/ROCK PATHWAY
The general roles of Rho/ROCK signaling has been
previously reviewed[19,20]. Figure 1 presents an overview
of the Rho/ROCK signaling pathway. Rho GTPases,
members of the Ras superfamily of small GTP-binding
proteins, are divided into three major classes: Rho, Rac,
and Cdc42. The three Rho GTPases RhoA, RhoB and
RhoC have the potential to interact with the same downstream effectors[21]. In contrast, RhoE has been said to
show the inhibitory potential[22]. Specific functions of the
isoforms of the Rho family are summarized in Table 1[23].
Upstream signals stimulate dissociation and the binding
of GTP, which leads to conformational change in the effector-binding region of GTPase resulting in interaction
with downstream targets[24]. Rho GTPases act as molecular switches to translate extracellular signals into intracellular changes in the actin cytoskeleton[25]. The activity of
Rho GTPases is usually controlled by three types of interaction molecules, guanine nucleotide exchange factors
(GEFs), GTPase-activating proteins (GAPs), and guanine
nucleotide dissociation inhibitors (GDIs). Their activity
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Table 1 Characteristics of Rho/Rho-associated protein kinases substrates
Protein

Localization

Rho
RhoA

Cytoplasm
Plasma membrane

RhoB

Endosomes
Lysosomes

RhoC

Cytoplasm
Plasma membrane

ROCK
ROCK1

ROCK2

Plasma membrane

Cytoplasm
Plasma membrane

Function

Effector proteins

Ref.

Regulation of the actin polymerization, basement membrane disassembly
ROCK and mDia1
and cortical contractility
Regulation of membrane bleb production
Regulation of the turnover of cell–extracellular matrix adhesions at the
cell rear
Regulation of the adhesive properties and wound healing in fibroblast
p76RBE and DIAPH1
Retardation of growth factor receptor trafficking
(diaphanous homolog 1)
Negative regulation of cell survival
Inhibition of metastasis
Promotion of metastasis (invasion)
ROCK and mDia1
Regulation of actin polymerization within invadopodia protrusions

[23,60]

Destabilization of the actin cytoskeleton through regulating MLC
phosphorylation
Regulation of cell migration by leading and trailing edges of motile cells
Stabilization of the actin cytoskeleton through regulating cofilin activity
Regulation of myosin Ⅱ–dependent phagocytosis
Negative regulation of cell migration

MLC and RhoE

[38,39]

LINK and Cofilin

[37,39]

[23]

[23,24]

ROCK: Rho-associated protein kinases; MLC: Myosin light chain.

obseved (Table 1)[37,38]. A recent study has shown that
ROCK1 mediated destabilization of actin cytoskeleton
through regulating MLC2 phosphorylation In contrast,
ROCK2 played a role for stabilizing actin cytoskeleton
via cofilin[39]. Firstly, ROCK1 protein is mainly found in
organs such as liver, kidney, and lung, whereas ROCK2
protein is mainly expressed in muscle and brain tissue.
Several paper showed the inhibitory effect of RhoE on
ROCK1, but not ROCK2 activity[22,40]. Activity of MLC
and MYPT was affected after silencing ROCK Ⅰ, but
not ROCK Ⅱ[41]. LIM kinase is downstream of p21-activated kinase[42] and is not phosphorylated by full-length
ROCK1[36].

is regulated by nucleotide binding or subcellular localization[4,19] (Figure 1). Rho GDIs protect Rho GTPases from
ubiquitination[26] or degradation[27].
GTPases bind to effector molecules that activate
downstream targets. ROCKs were originally isolated as
downstream targets of RhoA[28-30]. ROCK is a serine/
threonine kinase that phosphorylates downstream targets involved in cytoskeletal rearrangement. The ROCK
family comprises ROCK1 (also known as ROCKI,
p160ROCK or ROK β ) and ROCK2 (also known as
ROCKII, ROKα or Rho kinase)[31]. These proteins were
originally isolated as RhoA-GTP interacting proteins,
which share 65% overall identity and 92% identity particularly in their kinase domains[8]. Active RhoA-GTP
interacts with the C-terminal domain of ROCK that promote the formation of stress fibers and focal adhesions,
cell junctions and cell cycles[10,31].
The ROCK family elevates myosin and mediates muscle contraction, in addition to neurite retraction driven by
actomyosin contraction through phosphorylation of two
major substrates: myosin light chain (MLC) and myosin
phosphatase 1 (MYPT1)[32]. Intermediate filaments, ezrin/radixin/moesin (ERM) family proteins, collapsing
response mediator protein 2 (CRMP2), calponin and
adducin have been identified as downstream targets of
ROCK proteins[33]. Tau and MAP2 modulate the microtubule structure and dynamics[34]. Activated myosin connects the actin filaments to form stress fibers that generate actomyosin forces to facilitate cell movement. LIM
kinase (LIMK) is another important downstream effector of Rho[35]. LIMK phosphorylates cofilin and blocks
cofilin-mediated actin filament disassembly[36] Therefore,
cofilin is often referred to as the terminal effector of
the cell signaling cascades that regulate the cytoskeletal
rearrangement (Figure 1). Recently, differences in activity between the two isoforms (ROCK1 and 2) have been
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EXPRESSION AND FUNCTION OF RHO/
ROCK IN GASTRIC CANCER
Rho/ROCK activity is regulated by both protein regulator signaling and cell surface receptors. The Rho subfamily (RhoA, RhoB and RhoC) share 85% amino acid identity. Despite of this similarity, the three isoforms have
different cellular functions[43] (Table 1). Rho was found
to be activated in various cancers, such as breast, colon,
and lung cancer, as well as metastatic melanoma[43-46].
Overexpression of RhoA signaling elements has been
detected in several human tumors, including those of the
urinary tract, and cervicx[47-49]. Rho overexpression also
contributes to malignant phenotype in gastric cancer[49].
Enhanced expression of RhoC was revealed to be correlated with a motile and invasive phenotype of gastric
cancer cells[50-52]. In contrast, RhoB significantly inhibited
the proliferation, migration, and invasion of gastric cancer cells[53]. Interestingly, gastric cancer cells with a high
expression of RhoA are resistant to chemotherapeutic
drugs, such as taxol or vincristine, implying that treatment
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Cancer cell motility
Several studies have established the role of Rho/ROCK
signaling in tumor cell motility[75]. Directed cell movement
consists of cycles of five processes: membrane protrusion at the leading edge, adhesion of protrusions to the
substrate, translocation of the cell body, tail deadhesion
from the substrate, and retraction of the trailing edge[76]
(Figure 2). Reorganization of the actin cytoskeleton is involved in these processes which is regulated by Rho GTPases[77]. Among a various responses, reorganization of
actin cytoskeleton is the most studied. Cdc42, Rac, and
Rho are key regulators of actin assembly and control the
formation of filopodia, lamellipodia, and stress fibers[24].
Activated Rac and Cdc42 induce reorganization of the
actin cytoskeleton at the leading edge[78]: localized actin
polymerization at the leading edge pushes the membrane
forward in finger-like structures known as filopodia and
in sheet-like structures known as lamellipodia. These
structures generate the locomotive force in migrating
cells. On the other hand, Rho regulates the assembly of
contractile actomyosin filaments[79]. Rho has always been
assumed to act at the rear of migrating cells for inducing
tail detachment, but active Rho has recently been found
to localize in membrane ruffles and lamellipodia under
certain conditions. Thus, during cell movement, Rac and
Cdc42 stimulate formation of protrusions at the leading
edge, whereas Rho induces retraction at the trailing edge
(Figure 2). This coordinated reorganization permits cell
movement toward a target.
It was recently demonstrated that cancer cells display
two different modes of cell motility: EMT and amoeboid
transition[80,81] (Figure 3). In the case of epithelial tumors,
cells move in groups through the extracellular matrix and
maintain cell–cell adhesions in sheet-like structures (Figure 3A). As epithelial cancer cells advances, the function
of cadherin is suppressed and they move as single cells[82].
This transition from collective to individual motility is
termed EMT[83]. When cultured in three-dimensional
matrices, cancer cells that undergo individual cell movement similar to that of dedifferentiated epithelial tumor
cells exhibit two typical morphologies: an elongated and a
rounded morphology. These two forms use different motility mechanisms, which are termed as mesenchymal and
amoeboid movements. This review primarily discusses
the single-cell motility strategies of tumor cells, referred
to as amoeboid and mesenchymal. With respect to the
mesenchymal movement, the elongated morphology of
cells is dependent on integrin-mediated adhesion[84]. Mesenchymal movement requires degradation of the ECM,
similar to collective movement (Figure 3B). Elongated
cells are polarized, creating an obvious frontal extension
comprising of one or more leading pseudopodes, and
form integrin-dependent adhesions with the substrate. In
addition, matrix-degrading proteases such as the matrix
metalloproteinase (MMP) and serine protease families
(µPA/µPAR) accumulate at the leading edge of moving
cells, which causes localized proteolysis[85]. Elongated
cells form a pathway and overcome tissue boundaries by

strategies aimed at inactivation of RhoA may have potential in improving the efficacy of these chemotherapeutic
drugs[54]. Additionally, RhoGDI is involved in gastric
tumor growth and metastasis, suggesting it to be a useful
marker for tumor progression in gastric cancer[55].
Scirrhous gastric cancer, is a diffusely infiltrating Borrmann type 4 carcinoma (also known as linitis plasticatype carcinoma) has a worse prognosis than other types
of gastric cancer[56], reflecting their rapid and progressive
invasion and frequent metastasis to the peritoneum[57,58].
Our previous study described that the expression level
of active RhoA was higher in scirrhous-type gastric
cancer cell line, OCUM-2MD3 and MKN-45 than in an
intestinal-type gastric cancer cell line, MKN-74[59]. Shinto
et al[60] revealed that TGF-β significantly upregulated the
activity of RhoA and myosin phosphorylation in diffusetype gastric cancer cells.
Somatic mutations in RHO genes (RHOA, RHOB,
and RHOC) have been found in certain solid cancers, including those in the breast, lung, ovary, and intestine[5,61].
In addition, somatic mutations in ROCK genes have been
identified in certain cancers. ROCK was overexpressed
in testicular and bladder cancers[62,63]. Furthermore, mutations have been identified in the ROCK2 gene in gastric
cancer[64]. On the other hand, application of MicroRNA148a resulted in suppression of tumor cell invasion and
metastasis by downregulating ROCK1 in gastric cancer,
suggesting that ROCK1 may be closely related with metastatic process in this type of malignancy[65].

ROLES OF RHO/ROCK PATHWAY
IN MOTILITY AND METASTASIS OF
GASTRIC CANCER
Roles in cell behavior
The Rho/ROCK pathway plays multiple roles in the
distant metastasis of cancer cells[24,34,66-68]. Zhang et al[69]
found that selective suppression of RhoA by small interfering RNA (RNAi) or a pharmacologic inhibitor
reduced the proliferation of gastric cancer cells. RhoC
stimulates the proliferation of gastric cancer cells through
recruitment of IQ-domain GTPase-activating protein 1
(IQGAP1)[70]. Lin et al[71] reported that IL-6 induces AGS
gastric cancer cell invasion through activation of the
c-Src/RhoA/ROCK signaling pathway. High expression
of RhoA is correlated with lymph node metastasis, tumor
stage, histologically diffuse type, and poor survival of patients with gastric cancer. RhoA RNAi caused a decrease
in ROCK1 expression but an increase in caspase-3/
cleaved-caspase-8[72]. miR-10b is a Twist-induced microRNA which stimulate camcer cell invasion by the upregulation of RhoC and AKT phosphorylation through
HOXD10[73]. In contrast, one of the Rho GTPase family
member RhoE inhibits RhoA signaling in part by binding
to the ROCK1[22]. RhoE also increased hypoxia-induced
epithelial-mesenchymal transition (EMT) of cancer cells
through hypoxia-inducible factor (HIF)-1a signaling[74].
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Figure 2 Reorganization of the actin cytoskeleton is involved in these processes which is regulated by Rho GTPases.

degradation of the ECM. In contrast, cells with amoeboid movement migrate in an integrin-independent manner (Figure 3C). When rounded cells migrate through the
ECM, they change their shape and squeeze themselves
into the gaps. This amoeboid movement is arguably
primitive and in some ways the most effective form of
cell movement that does not require degradation of the
ECM, which is observed in hematopoietic stem cells, leukocytes, and certain tumor cells[86-88].
The amoeboid movement of the rounded cells is
driven by actomyosin-based cortical contraction (stiffening and contracting of the cell cortex) along the plasma
membrane. Actin–myosin contractility for bleb retraction
is provided by signaling through Rho/ROCK[88-90]. The
enhanced contractility of cells that use amoeboid-like
invasive strategies enables them to squeeze through gaps
in ECM fibers and adapt their shape to the preexisting
spaces, or to exert sufficient force to deform the surrounding ECM. RhoA is important in both amoeboid
and mesenchymal movement. RhoA-ROCK signaling is
proposed to induce actomyosin-based cortical contractility leading to amoeboid movement through blebbing.
Epithelial cells expressing constitutively active RhoA
can detach from epithelial sheets and acquire a rounded,
bleb-associated mode of motility[91]. Although it is known
that Rho/ROCK plays a critical role in promoting adaptation to the cellular environment, the regulation of
RhoA in determining morbility is beginning to be unrav-

WCGO|www.wjgnet.com

eled. Phosphoinositide-dependent protein kinase 1 has
been identified as a regulator of amoeboid cell motility
through maintenance of ROCK1 activity, and it prevents
inhibition of ROCK1 through RhoE [40]. In addition,
Smurf1[92], EphA2[93], and loss of p53[94] have been identified as positive regulators of mesenchymal-amoeboid
transition (MAT).
The amoeboid and mesenchymal types of movement are mutually interchangeable: MAT or amoeboid–
mesenchymal transition (AMT)[95]. Whereas remodeling
of the ECM is required for mesenchymal movement, in
the presence of protease inhibitors, cancer cells change
to amoeboid and pass through the ECM[85,88]. This ability leads to difficulty in repression of cancer cell invasion
by protease inhibitors. To regulate cancer cell motility, both mesenchymal and amoeboid movement must
be repressed simultaneously. If cell–ECM interactions
are weakened, mesenchymal movement can change to
amoeboid movement (Figure 3B and C). Known mechanisms leading to MAT are the abrogation of pericellular
proteolysis by protease inhibitors, strengthening of the
Rho/ROCK signal pathways, and weakening of integrin–
ECM interactions by antagonists. These transitions are
associated with P-MLC2 levels, actin localization, RhoA
activity, or membrane blebbing[95].
Both mesenchymal and amoeboid movements are
based on reorganization of the actin cytoskeleton, but
their requirements for Rho and Rac signaling differ. A
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Figure 3 Cancer cells display two different modes of cell motility: epithelial-mesenchymal transition and amoeboid transition. A: cells move in groups
through the extracellular matrix and maintain cell–cell adhesions in sheet-like structures; B: Mesenchymal movement requires degradation of the extracellular matrix
(ECM), similar to collective movement; C: Cells with amoeboid movement migrate in an integrin-independent manner.

siRNA screen for Rho-GEFs and Rho-GAPs has revealed specificities in the activation of RhoA and Rac
that directly affect mesenchymal and amoeboid movement[96]. With respect to mesenchymal movement, membrane protrusions at the leading edge are formed in a
Rac-dependent manner. Inactivation of Rac induces a
rounded phenotype. This effect has also been observed
with the inactivation of either NEDD9 or DOCK3, both
of which mediate the activation of Rac[97]. In contrast,
Rho signaling is not essential for mesenchymal movement[88]. In regard to amoeboid migration, the actin cytoskeleton is reorganized along the plasma membrane,
causing dynamic membrane blebbing along the cell surface[88]. This cortical actin reorganization is dependent
on Rho/ROCK signaling[98]. Inhibitors of Rho/ROCK
signaling suppress the formation of membrane blebs and
inhibit amoeboid migration.
The common features of scirrhous gastric cancer
include rapidly progressive motility and invasion, and a
high frequency of metastasis to the peritoneum[58]. Scirrhous gastric cancer cells proliferate with fibrosis when
the cancer cells invade the submucosa containing abundant stromal cells. The proliferative and invasive ability
of scirrhous gastric cancer cells is closely associated with
the growth factors produced by organ-specific fibroblasts. Threrfore, fibroblasts are a key determinant in the
malignant progression of gastric cancer[99,100]. Scirrhous
gastric cancer cells with high peritoneal metastatic ability exihited ameboid types of cell movement. Inhibition
of Rho/ROCK signaling by ROCK inhibitor, Y-27632,
induced an elongated morphology and increased the
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invasive ability of scirrhous gastric cancer cells. The fact
that Rac1 inhibitor reduced the invasive ability of ROCK
inhibitor suggests that the invasive ability of scirrhous
gastric cancer cells is related to Rac activity. Y-27632
converted scirrhous gastric cancer cells from rounded to
elongated shape, suggesting that inhibition of the RhoA/
ROCK pathway is associated with AMT[59]. Thus, mesenchymal and amoeboid movements are dependent on Rac
and Rho signaling, respectively. Furthermore, the balance
between these signaling systems may determine the type
of cell migration. The inhibition of proteases, particularly MMPs, can change the mode of migration from
mesenchymal to amoeboid, whereas inhibition of ROCK
may alter it from amoeboid to mesenchymal. Although
it is known that the amoeboid movement is clearly Rho/
ROCK-dependent, there is an indication that Rho signaling is implicated in the mesenchymal process. Interestingly, a recent study showed that vincristine-treated gastric cancer cells activated GEF-H1/RhoA/ROCK/MLC
signaling and promoted MAT[101].

THERAPEUTIC ASPECTS OF TARGETING
RHO/ROCK
Despite the poor mortality of patients with gastric cancer, only trastumab is available for molecular targeting
therapy against gastric cancer[102]. Several preclinical and
clinical studies have utilized inhibitors of Rho/ROCK
signaling for anticancer therapeutics in prostate, lung,
melanoma, glioblastoma, and several other tumor types
with remarkable success[103-106]. The fact that Rho/ROCK
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is highly expressed in advanced gastric cancer suggests
that its inhibition could be a potential therapeutic target for metastatic gastric cancer. Aberrant activation of
ROCK may contribute to disastrous physiological consequences such as blood vessel constriction and extensive
retraction of neuritis[107,108].
The most frequently used inhibitors of the RhoROCK pathway can be categorized into three classes:
those inhibiting ROCK (RIs), geranylgeranyl transferase-1
(GGTIs), and 3-hydroxy-3-methylglutaryl-Coenzyme A
(HMG-CoA) reductase[11]. Several ROCK inhibitors are
currently the subject of clinical trials. For instance, fasudil
(HA1077), a potent adenosine triphosphate (ATP) competitor for ROCK, has become prominent in the treatment of human diseases by ROCK inhibitors[109,110]. Other
ROCK inhibitors such as Wf-536, H1152, and RKI-1447
have all been revealed to reduce tumor progression in
hepatocellular cancer[111,112] and lung cancers[113], melanoma[114], and breast cancers[115], but no clinical report has
utilized these inhibitors in gastric cancer.
Despite the interest in ROCK as a cancer therapeutic
target, ROCK inhibitors have not yet progressed to clinical use. Because a common problem with kinase inhibitors is their tendency toward non-selectivity, there is an
urgent need for alternative approaches to specifically target Rho/ROCK signaling pathways. Selective phosphorylation-specific antibodies for ROCK2 or ROCK1 may
represent a new type of optimized inhibitor. The ROCK
inhibitor, Y27632 and fasudil are not yet optimized for
in vivo use[11]. However, these problems associated with
inhibitors may be overcome by research using inactive
RhoA expressing cells [116], siRNA targeting RhoA [117]
and ROCK knockout mice[118,119]. Several groups have
identified miRNAs targeting the RhoGTPase pathways
in various cancer cell models, yielding a new source of
knowledge regarding the underlying mechanisms regulating these pathways[120].
MAT, the likelihood of escape by cells that can switch
between motility modes, makes it difficult to regulate
the motility of all cancer cells by a single strategy. Rho/
ROCK signaling contributes to amoeboid motility by
promoting integrin, a protease-independent mode of
tumor cell invasion. Our study implies that combined
inhibition of ROCK and Rac restored the enhanced
invasion of scirrhous gastric cancer cell lines[59]. These
data suggest that drug combinations may produce greater
anticancer effects by completely blocking the independent targets[121]. The combined inhibition of ROCK and
MRCK kinases was found to be more effective in blocking actomyosin-mediated cell activities than either in isolation[122]. Further mechanistic studies as well as unbiased
screening efforts are needed to identify additional potential agents among ROCK inhibitors.

progression and metastasis. The Rho/ROCK pathway
is important in the regulation of pathways leading to
enhanced malignancy of gastric cancer. Reorganization
of the actin cytoskeleton plays a central role in the motility of cancer cells. A single tumor cell’s invasive strategy
follows either a mesenchymal or amoeboid pattern, and
certain cell types can use both modes of invasiveness
and undergo transition between them. Inhibition of actin
polymerization by Rho/ROCK inhibitors is a good candidate for cancer therapy. To completely elucidate the details of cancer cell motility, it is important to investigate
more precisely the mechanisms underlying regulation of
the actin cytoskeleton.
Although Rho GTPases- or ROCK-based therapy
appear to have a potential role in gastric cancer therapy,
the results of further clinical trials are still pending. Thus,
it is necessary to identify new mechanisms that may offer great potential for defining new drug target sites, and
to attempt use of a novel strategy for more selective
therapeutic intervention. Several questions remain to be
completely answered with regard to the optimization of
Rho/ROCK target therapy, as outlined below: (1) what
are the precise underlying mechanisms involved in MAT
and AMT? Although MAT in response to protease inhibitors or integrin antagonists has been proposed to
be a key event in the dissemination of invasive cells, the
identification of factors regulating this conversion is still
in its infancy; (2) can we identify response biomarkers to
Rho/ROCK inhibition? The optimal patient subgroup
that would benefit from single-agent ROCK inhibitory
treatment remains to be determined. Further efforts to
better define the molecular determinants of Rho/ROCK
therapy response would be needed to unleash the complete impact of the targeted therapeutics; (3) what tumor
types are most probable to benefit from Rho/ROCK inhibitory treatment? Accordingly, Rho/ROCK activation
during amoeboid movement is believed to be relatively
high, suggesting that Rho/ROCK is closely correlated
with the progression and dedifferentiation of gastric cancer. Thus, it is vital to investigate more precisely the effect of Rho/ROCK inhibition in relation to the types of
gastric cancer; and (4) if ROCK inhibitors are to be used
for sustained periods of therapy, what are the potential
chemoresistance liabilities?
It is believed that the clarification of these questions
will provide an insight into how gastric cancer cells are integrated with various signaling pathways, which includes
Rho/ROCK pathway. Till date, investigations of the
signaling that govern these events in gastric cancer have
only just begun, and new findings may contribute to the
identification of new antimetastatic therapeutic targets
for gastric cancer treatment.
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Core tip: The effectiveness of new gastric cancer
screening technique has remained limited to date.
The present review of 3 new gastric cancer screening
techniques, namely, upper gastrointestinal endoscopy,
serological testing, and “screen and treat” method provides invaluable insights on how screening tests should
be instituted. To effectively introduce new techniques
for gastric cancer screening in a community, incidence
and mortality reduction from gastric cancer must be
initially and thoroughly evaluated by conducting reliable
studies. In addition to effectiveness evaluation, the balance of benefits and harms must be assessed before
introducing these new techniques for population-based
screening.

Abstract
Gastric cancer remains the second leading cause of
cancer death worldwide. About half of the incidence
of gastric cancer is observed in East Asian countries,
which show a higher mortality than other countries.
The effectiveness of 3 new gastric cancer screening
techniques, namely, upper gastrointestinal endoscopy,
serological testing, and “screen and treat” method were
extensively reviewed. Moreover, the phases of development for cancer screening were analyzed on the basis
of the biomarker development road map. Several observational studies have reported the effectiveness of
endoscopic screening in reducing mortality from gastric
cancer. On the other hand, serologic testing has mainly
been used for targeting the high-risk group for gastric
cancer. To date, the effectiveness of new techniques
for gastric cancer screening has remained limited.
However, endoscopic screening is presently in the last
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clinical settings as opportunistic screening[8-10]. The serum
pepsinogen method has been used mainly in clinical settings with multiphasic health check-ups[11-13], but the use
of this method has been limited to communities[14,15].
In other Asian countries, gastric cancer screening using both methods has been performed as opportunistic
screening[16]. Both radiographic screening and radiographic screening and endoscopic screening has been introduced as national programs since 2000 in South Korea[17].
Although the target age group is the same as in Japan, the
screening interval is every 2 years in South Korea. People
can choose the screening method at their own preference,
and a high selection preference for endoscopic screening
has been observed.

INTRODUCTION
Gastric cancer remains the second leading cause of cancer death worldwide. Over the last 3 decades, the incidence of gastric cancer has decreased around the world,
and a similar trend can be observed in Asian countries.
However, although mortality from gastric cancer has
markedly improved, its burden remains substantial.
In 2012, an estimated 1 million new cases of gastric
cancer have occurred, with half of the world total occurring in Eastern Asia[1]. The age-standardized incidence
rates are about three times as high in men as in women;
35.4 for 100000 men and 13.8 for 100000 women in the
world. The highest mortality rates are observed in Eastern Asia, occurring at 24.0 per 100000 men and 9.8 per
100000 women.
In Japan, there are more than 360000 cancer deaths,
with gastric cancer accounting for 13.6% of the total
number of cancer deaths[2]. In 2012, the reported agestandardized mortality rate of gastric cancer was 17.6 per
100000 men and 6.7 per 100000 women. Over the last
2 decades, the cancers causing mortality have changed.
Particularly, mortality from gastric cancer in men has
decreased. In 2005, the gastric cancer mortality rate was
half that in 1975.

CURRENT STATUS OF GASTRIC CANCER
SCREENING IN JAPAN
Five cancers, namely, stomach, colon and rectum, lung,
breast and cervical cancer have been screened by nationwide screening programs in Japan. The results of population-based screening are shown in Table 1[7]. Interestingly,
the rate of gastric cancer screening has been shown to
be lower than that of other organs, although the rates
of all cancer screening programs are below 25%. Since
the introduction of gastric cancer screening in 1983, the
screening rate has gradually decreased and remained at
about 10%. Except for cervical cancer, the target groups
in these screening programs are individuals 40 years and
over. There is no upper age limit in these programs and
individuals over 70 years have constituted about 35% of
the participants in gastric cancer screening. The screening
interval for gastric, colorectal, and lung cancer is every
year. For gastric cancer screening, about 4 million people
participate each year. The positive rate is about 10% and
further examination is needed for definitive diagnosis.
The participant rate of diagnostic examinations is approximately 80% and is higher than that for colorectal
cancer screening. There were 6769 newly detected gastric
cancers in 2011. However, the detection rate in gastric
cancer screening has remained at 0.1% to 0.2%.
There are several problems with the continued use
of nationwide radiographic screening in Japan. The upper gastrointestinal series (UGI) with double-contrast
study was originally adopted for radiographic screening.
Special training is needed for the interpretation of UGI
radiographs in gastric cancer screening. The use of UGI
has now seen a rapid decrease in the clinical setting and
is presently replaced by upper gastrointestinal endoscopy,
which becomes a requisite technique for general physicians, particularly for the young generation. Inadequate
manpower for radiographic screening will become evident in the future because of the advanced age of experts
who can interpret UGI radiographs. Since the burden of
gastric cancer still remains substantial, new techniques,
including endoscopy, serological tests for H. pylori antibody and serum pepsinogen, a maker of atrophy have

HISTORY OF GASTRIC CANCER
SCREENING
Gastric cancer screening using upper gastrointestinal
series (radiographic screening), which was developed in
Japan, has been conducted since the 1960s[3]. In 1983, nationwide cancer screening programs were started under
the Health Service Law for the Aged. These programs
have been conducted as a public policy for the last 3
decades. In 2000, Hisamichi[4] assessed the effectiveness
of radiographic screening based on a literature review,
and they recommended this screening technique in their
report. In 2005, the Japanese guidelines for gastric cancer screening also recommended radiographic screening
based on a systematic review[5]. In the guidelines, upper
gastrointestinal endoscopy and serological testing [i.e., Helicobacter pylori (H. pylori) antibody and serum pepsinogen
screening] were also evaluated. These were not, however,
recommended because of insufficient evidence.
Since the introduction of population-based screening,
radiographic equipment has been improved and radiation exposure has gradually decreased. In the last decade,
filming has efficiently progressed to digital imaging. Highdensity barium has been used for radiographic screening
in the 2000s. Compared with previous techniques, the sensitivities of new screening techniques remain equal, but
their specificities have seen a considerable improvement[6].
Although radiographic screening has been conducted in
most municipalities in Japan, the screening rate has gradually decreased nationwide over the last decade[7]. On the
other hand, endoscopic screening has been performed in
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Table 1 Results of population-based screening in Japan

Total participants
Screening rate
Positive rate
Participant rate of diagnostic examination
Cancer detection rate
Positive predictive value

Stomach

Colon and rectum

Lung

Breast

Cervix

3874128
9.6%
9.4%
81.1%
0.17%
1.9

6975281
16.8%
7.3%
63.6%
0.23%
3.2

7059318
17.2%
2.8%
77.7%
0.06%
2.2

2541993
18.8%
8.6%
83.5%
0.32%
3.7

4666826
23.7%
1.6%
66.2%
0.08%
4.9

Adapted from reference [7].

Table 2 Sensitivity of endoscopy and radiography for gastric cancer screening
Screening round
Prevalence screening

Method

Sensitivity

Specificity

Sensitivity

By the detection method

By the detection method

By the incidence method

0.955
(0.875-0.991)
0.893
(0.718-0.977)
0.977
(0.919-0.997)
0.885
(0.664-0.972)

0.851
(0.843-0.859)
0.856
(0.846-0.865)
0.888
(0.883-0.892)
0.891
(0.885-0.896)

0.886
(0.698-0.976)
0.831
(0.586-0.964)
0.954
(0.842-0.994)
0.855
(0.637-0.970)

Endoscopic screening
Radiographic screening

Incidence screening

Endoscopic screening
Radiographic screening

Adapted from reference [22].

been anticipated for gastric cancer screening. A “screen
and treat” strategy is also anticipated for H. pylori eradication and surveillance for the high-risk group.

ganosis by endoscopic screening because it can detect
cancer earlier than radiographic screening. Although the
detection method is commonly used to measure the sensitivity of the screening method, it cannot exclude cases
of overdiagnosis. The incidence method was developed
to calculate sensitivity, avoiding cases of overdiaganosis[24]. Screening for breast, lung, and colorectal cancers
has been evaluated using the incidence method[25-27]. In
a Japanese study, the sensitivities of endoscopic and radiographic screening were calculated by both methods[22]
(Table 2). By the detection method, it was found that the
sensitivity of endoscopic screening was higher than that
of radiographic screening in both rounds (prevalence
screening: p = 0.255, incidence screening: p = 0.043).
By the incidence method, the sensitivity of endoscopic
screening for prevalence and incidence screenings was
also higher than that of radiographic screening (prevalence screening: p = 0.626, incidence screening: p =
0.117). Even if the incidence method is used, the sensitivity of endoscopic screening was always higher than
that of radiographic screening in both rounds.
Recently, the results of a community-based casecontrol study of endoscopic screening have been reported[28,29]. Based on the results of a larger case-control
study, the findings suggest a 30% reduction in gastric
cancer mortality by endoscopic screening compared with
no screening within 36 mo before the date of diagnosis
of gastric cancer[28]. Although the sample size is small in
the Nagasaki study, a higher mortality reduction from
gastric cancer by 80% was reported[29]. Although these
results suggest that gastric cancer mortality could be
reduced by endoscopic screening, prudence must be ob-

NEW CANCER SCREENING METHODS
Endoscopic screening
Endoscopic screening for gastric cancer was not recommended in the 2005 version of the Japanese guidelines[5].
Although new studies have been reported since the publication of the Japanese guidelines, these studies were
insufficient to validate the effectiveness of endoscopic
screening[8-9,18-20]. Endoscopic screening has been performed in 18.3% of municipalities as population-based
screening in Japan[21]. Several studies have reported that
endoscopic screening has a higher detection rate than
radiographic screening[8-10]. Endoscopic screening can detect cancer earlier which can be adopted for endoscopic
submucosal resection.
A comparison of the sensitivity of endoscopic and radiographic screenings has been reported[22,23]. In a Korean
study, the sensitivity of endoscopic screening was reported as 69.4% (95%CI: 66.4-72.4) for the first round and
66.9% (95%CI: 59.8-74.0) for the subsequent round[23].
On the other hand, the sensitivity of radiographic screening was reported as 38.2% (95%CI: 35.9-40.5) for the
first round and 27.3% (95%CI: 22.6-32.0) for the subsequent round[23]. Although the definition of interval
cancer was different between South Korea and Japan,
the sensitivity of endoscopic screening was always higher
than that of radiographic screening. However, there are
possibilities of an increase in the frequency of overdia-
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monly used to identify the high-risk group are as follows:
(1) serum pepsinogen screening; (2) H. pylori antibody
screening; and (3) a combination of the serum pepsinogen and H. pylori antibody screening. Although cytotoxin
associated gene A (cagA) has also been anticipated as a
new biomarker for gastric cancer, its use has been limited to research-based screening[33]. Most of the reported
studies are cross-sectional studies in which the serologic
test was performed simultaneously with upper endoscopic screening. Although several studies have been reported
from European countries, their outcomes were mainly
for chronic atrophic gastritis which is a surrogate endpoint even if it can be a precursor of gastric cancer[33-35].
Lomba-Viana et al[36] previously reported the results of
a 5-year follow-up study of the serum pepsinogen test
for the early detection of gastric cancer in Portugal.
The constraint of their study was that the subjects were
limited only to 4% of the primary subjects who were
screened by the serum pepsinogen tests. For the successful introduction of a screening procedure for populationbased screening, a direct evaluation of the reduction in
gastric cancer incidence is required. Therefore, a longterm follow-up for the whole target population is needed
to evaluate the possibility of predicting the incidence of
gastric cancer.
At present, the most commonly used strategy for
serologic testing is a combination of serum pepsinogen
and H. pylori antibody screening, or the so-called “ABC
method”[37]. This combination method has been most anticipated since it can theatrically stratify the risk of gastric
cancer. However, the effects of long-term follow-up have
not yet been clarified. Thus far, there are 3 studies on
predicting the incidence of gastric cancer based on longterm follow-up[38-40]. In all of these studies, the follow-up
periods were less than 10 years. Moreover, the incidence
rates of gastric cancer were different among these studies (Table 3). The 4 groups identified on the basis of serum pepsinogen and H. pylori infections were as follows:
Group A = negative H. pylori infection and negative atrophy; Group B = positive H. pylori infection and negative
atrophy; Group C = positive H. pylori infection and positive atrophy; Group D = negative H. pylori infection and
positive atrophy. As shown in Figure 1, a meta-analysis
was conducted on the base of the results of these studies using a random effect model by Stats Direct3 (Stats
Direct Ltd. Cheshire United Kingdom). Although there
was no cancer in group A in Wakayama study by Ohata
et al[38], it assumed that there was 1 cancer in group A in
this study for meta-analysis. Because of the small number
of group D, groups C and D were combined. Although
the risk of gastric cancer of group C + D was higher
than that of group A [relative risk (RR) = 10.81, 95%CI:
5.54-21.09], the difference in gastric cancer risk between
group A and group B cannot be identified (RR = 2.93,
95%CI: 0.97-8.80). Group C + D was clearly divided by
group B (RR = 3.34, 95%CI: 1.91-5.84). Although serologic testing could be used to detect the high-risk group
for gastric cancer, the exclusion of the low-risk group

Table 3 Results of prediction based on a combination of
Helicobacter pylori antibody and serum pepsinogen screening
Ohata et al
Basic characteristics
Year published
Location
Total number
Men/Women
Age
Follow-up (yr)
HP positive rate (%)
PG positive rate (%)
Number of detected
cancer
Incidence of gastric
cancer (/1000)
HP-/PGTotal number
Number of detected
cancer
Incidence of gastric
cancer (/1000)
HP+/PGTotal number
Number of detected
cancer
Incidence of gastric
cancer (/1000)
HP+/PG+
Total number
Number of detected
cancer
Incidence of gastric
cancer (/1000)
HP-/PG+
Total number
Number of detected
cancer
Incidence of gastric
cancer (/1000)

[38]

Watabe et al

[40]

2004
2005
Wakayama
Chiba
4655
6983
4655/0
3320/2260
48.3 (average) 48.9 (average)
7.7 (average) 4.7 (average)
78.6
46.1
28.9
21.8
45
43

Mizuno et al

[39]

2009
Kyoto
2859
1011/1848
≥ 35
10 (maximum)
75
39.2
61

9.67

6.16

21.3

967
0

3324
7

647
2

-

2.11

3.09

2341
19

2134
6

1094
15

8.12

2.81

13.71

1316
24

1082
18

1054
41

18.24

16.64

38.9

31
2

443
12

69
3

64.52

27.09

43.48

HP: Helicobacter pylori antibody; PG: Serum pepsinogen.

served in interpreting positive results because these casecontrol studies may have included self-selection bias.

TARGETING THE HIGH-RISK GROUP
Although serologic testing has been used for targeting the
high-risk group for gastric cancer, the effectiveness of
these screenings has not been fully clarified. A small casecontrol study reported mortality reduction from gastric
cancer using serum pepsinogen screening[30]; however,
this screening is insufficient to confirm the effectiveness
of serological testing. In a meta-analysis by Dinis-Ribeiro
et al[31], they found that the sensitivity of serum pepsinogen screening for gastric cancer was 77% and that the
specificity was 73% using pepsinogen Ⅰ ≤ 70 and pepsinogen Ⅰ/Ⅱ ratio ≤ 3 as cut-off values for atrophy.
Since high specificity is a major requirement for cancer
screening[32], tests with lower specificity such as serum
pepsinogen testing are not suitable for primal screening.
The 3 current serological screening methods com-
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A

B

Group A vs Group B
Relative risk meta-analysis plot (random effects)

Group A vs Group C + D
Relative risk meta-analysis plot (random effects)

Weight

Weight

Ohata I

7.85 (1.34, 46.08)

21.9

Ohata I

Watabe H

1.34 (0.47, 3.78)

45.1

Watabe H

Mizuno S

4.44 (1.14, 17.37)

33.0

Mizuno S

12.67 (3.41, 47.34) 22.4

Combined [random]

2.93 (0.97, 8.80)

Combined [random]

10.81 (5.54, 21.09)

0.2 0.5

1
2
3 10
Relative risk (95%CI)

C

100

18.67 (3.22, 108.51) 11.2

9.34 (4.20, 20.77)

2

5 10
100
Relative risk (95%CI)

66.4

1000

Group B vs Group C + D
Relative risk meta-analysis plot (random effects)

Weight

Ohata I

2.38 (1.33, 4.25)

37.3

Watabe H

7.00 (3.00, 16.35)

24.9

Mizuno S

2.86 (1.61, 5.07)

37.7

Combined [random]

3.34 (1.91, 5.84)
1

2

5
  10
Relative risk (95%CI)

100

Figure 1 Meta-analysis of 3 studies predicting gastric cancer risk. Meta-analysis was conducted on the base of the results of previous studies using the random
effect model by Stats Direct3 (Stats Direct Ltd. Cheshire United Kingdom). Subjective studies are shown in Table 3. Although there is no cancer in group A in the
Wakayama study by Ohata et al[38], it assumed that three was 1 cancer in group A in this study for meta-analysis. Because of the small number of group D, groups
C and D were combined. The relative risk of group B was calculated and referred to that of group A. The relative risk of group C + D were calculated and referred to
those of group A and group B.

cer. However, randomized controlled trials of H. pylori
eradication for asymptomatic patients have not so far
identified a significant reduction in gastric cancer[42,43]. In
2004, the “screen and treat” program was introduced on
the Matsu Island, Taiwan, which has a high incidence of
gastric cancer[44]. Compared before the introduction of
this program, the incidence of gastric cancer has been
reduced by 25% during the “screen and treat” period
(rate ratio = 0.753; 95%CI: 0.372-1.524). However, the
effects of cancer screening are not to be expected within
a short period of time after its introduction[45]. A longterm follow-up is needed to evaluate the reduction of
incidence and mortality from gastric cancer by the “screen
and treat” method.

remains difficult. Gastric cancer usually developed during
the follow-up even in individuals localized to Group A by
the first testing.
A serum pepsinogen Ⅰ value of ≤ 70 mL and a serum pepsinogen Ⅰ/Ⅱ ratio of ≤ 3.0 are defined as the
criteria for atrophy in Japan[11,12]. Yanaoka et al[41] reported
that gastric cancer incidence differs when a criterion of
the serum pepsinogen cut-off value was changed. The
risk of gastric cancer development remains in long-term
follow-up even if the results were negative on the basis
of the standard cut-off values.
The Japanese government has decided to adopt H.
pylori eradication for chronic gastritis under the national
fee schedule for all types of health insurance in 2013. H.
pylori eradication has rapidly expanded after this adoption,
and patients receiving treatment are now classified under
the “pseudo low-risk group” both for atrophy and H. pylori infection. In such a setting, it has become difficult to
stratify gastric cancer risk by serologic testing.

FUTURE PERSPECTIVES
In the development of a new cancer screening technique
and in its actual introduction, a step-by-step evaluation is
required. In line with this, Pepe et al[32] proposed a strategic process for biomarker development for cancer screening. This process was conceptualized in 5 phases: Phase
1 (Preclinical exploratory), Phase 2 (Clinical assay and
validation), Phase 3 (Retrospective longitudinal), Phase

“SCREEN AND TREAT” METHOD
A chemoprevention program has been highly anticipated
for the community with high incidence of gastric can-
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Table 4 Biomarker development process
Phase No.
Phase 1
Phase 2
Phase 3

Phase 4

Phase 5

Aim

Detail

Preclinical
Exploratory
Clinical Assay
and Validation
Retrospective
Longitudinal

Promising directions identified

REFERENCES
1

Clinical assay detects established disease

Biomarker detects disease early before it
becomes clinical and a “screen positive”
rule is defined
Prospective
Extent and characteristics of disease
Screening
detected by the test and the false referral
rate are identified
Cancer Control
Impact of screening on reducing the
burden of disease on the population is
quantified

2
3
4
5

Adapted from reference [32].

4 (Prospective screening), and Phase 5 (Cancer control)
(Table 4). These phases can be useful in the development
of a new cancer screening technique. After validation in
the clinical setting in Phases 2 and 3, additional studies
on cancer screening are required in Phases 4 and 5.
Maintaining a high specificity is a major priority for
population-based screening because a false-positive rate
translates into a large number of people subjected to unnecessary diagnostic examinations. Even if a high sensitivity could be obtained in Phase 3, the target population
is different in cancer screening. In Phase 4, the operating
characteristics of the new biomarker-based screening in
a relevant population and the false referral rate should be
determined. Finally, cancer mortality reduction must be
evaluated by the new screening technique.
Sensitivity and specificity of endoscopic screening
have already been evaluated in South Korea and Japan.
Although mortality reduction from endoscopic screening
has been reported in several studies, the results remain
insufficient to confirm its effectiveness. Research on endoscopic screening is on its way to Phase 5 (Table 4). On
the other hand, serological testing is on its way only to
Phases 3-4 because of lack of studies to evaluate the incidence and mortality reduction from gastric cancer. The
“screen and treat” method has been limited to Phases 4-5
because evaluation study has been limited in the Matsu
Island. Therefore, new techniques for gastric cancer
screening needs to be further developed, with their effectiveness assessed in Phases 4 and 5.
To effectively introduce new techniques for gastric
cancer screening in a community, incidence and mortality reduction from gastric cancer must be evaluated by
conducting reliable studies. In addition to evaluating effectiveness, the balance of benefits and harms must also
be carefully assessed before introducing population-based
screening.
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Core tip: Endoscopic ultrasonography (EUS) and computed tomography (CT) have been used as the diagnostic modality of choice in preoperative staging of
gastric cancer. Magnetic resonance imaging (MRI) and
18
( F) 2-Fluoro-2-deoxyglucose (FDG) positron emission
tomography (PET) were also employed. The purpose
of this article is to provide concisely summarized information in preoperative staging of EUS, multi-detector
row CT (MDCT), MRI and PET for gastric cancer. In T
staging, both EUS and MDCT show high accuracy. In N
staging, the diagnostic accuracy of EUS, MDCT and MRI
is not sufficient, but the specificity of FDG-PET was the
highest among the modalities.

Abstract
The treatment option for gastric cancer is usually
based on preoperative staging by imaging modalities. Endoscopic ultrasonography (EUS) and computed
tomography (CT) have been used as the diagnostic
modality of choice in preoperative staging of gastric
cancer. Magnetic resonance imaging (MRI) has been
18
employed in several studies, and ( F) 2-Fluoro-2-deoxyglucose (FDG) positron emission tomography (PET)
has emerged as a new promising imaging modality.
The purpose of this article is to provide summarized information on preoperative staging using EUS, multi-detector row CT (MDCT), MRI and PET for gastric cancer.
In T staging, both EUS and MDCT show high accuracy.
MRI seemed to have better performance, but the number of MRI studies is limited. FDG-PET is not able to
properly evaluate the depth of invasion. In N staging,
the diagnostic accuracy of EUS, MDCT and MRI is not
sufficient. In preoperative M staging, MDCT and FDGPET showed similar diagnostic accuracies. FDG-PET/CT
fusion could be expected to show better performance
in the future. Physicians should keep in mind that each
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INTRODUCTION
Gastric cancer is one of the most common cancers and
is related with poor prognosis and high mortality[1,2].
The treatment option for gastric cancer is usually based
on the preoperative staging by imaging modalities. With
curative intent, radical surgery is still the mainstay of the
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treatment[3-5]. However, new therapeutic options such as
endoscopic mucosal resection (EMR) and neoadjuvant
chemotherapy have been introduced[4,6-9], and precise
preoperative staging for gastric cancer is becoming increasingly important. An unnecessary treatment could be
avoided with accurate preoperative staging. The 5-year
survival of patients with gastric cancer ranges from 5%
to 95%, and the prognosis of gastric cancer has been
established to depend on the depth of invasion (T stage),
lymph node (LN) status (N stage) and distant metastasis
(M stage)[1,10-12]. Therefore, the optimal assessment of the
preoperative staging in gastric cancer is crucial for appropriate treatment planning.
Over the past decades, endoscopic ultrasonography
(EUS) has been used as the diagnostic modality of choice
in preoperative T and N staging of gastric cancer[13-15].
Especially, EUS is able to differentiate the layers of the
gastric wall and has been considered as the modality with
higher accuracy in assessing the depth of invasion of gastric cancer compared to other modalities[14,15]. However,
there were several reports concerning understaging and
overstaging of the depth of invasion and the nodal invasion, which may be influenced by inflammation around
the tumor or lymph nodes[16]. With high frequency transducer, the visualization of more distant LN is difficult
using EUS due to the limited depth of penetration, and
metastatic diseases are also not properly assessed by
EUS[14,17]. In contrast, computed tomography (CT) was
routinely used to detect the presence of distant metastasis[18]. Moreover, recent advanced technologies such as
multi-detector scanners (Multi-Detector row Computed
Tomography, MDCT) have provided better performance
in preoperative staging of gastric cancer, in which the
results were comparable with those using EUS[14,15,19,20].
In addition, magnetic resonance imaging (MRI) has
been employed for preoperative gastric cancer staging
in several studies[14,15,19,21], and (18F) 2-Fluoro-2-deoxyglucose (FDG) positron emission tomography (PET) has
emerged as a new promising imaging modality[22].
Recently, numerous original studies regarding the
preoperative staging of gastric cancer have been reported, and several meta-analysis and systematic reviews
of EUS, MDCT, MRI and FDG-PET have been published[14,15,17,19,22-25]. However, a simple review concisely
considering all four modalities is limited in the literature.
The purpose of this article is to provide summarized
information on preoperative gastric cancer staging using
EUS, MDCT, MRI and PET.

a lower accuracy of EUS compared to the previous reports[28,29], indicating the possibilities of publication bias.
In a recent prospective study with 116 German patients,
the overall accuracy for T staging was found to be 78%:
80% for T1, 63% for T2, 95% for T3, 83% for T4[27]. In a
prospective study conducted in South Korea, the overall
accuracy for T staging was 87.5%: 87.1% for T1, 50.0%
for T2, 92.9% for T3, 100% for T4[30]. The sensitivity
and specificity were 82.4% and 96%, respectively[30]. Ang
et al[31] retrospectively reported the overall accuracy of
77.2% in Singapore: 82.9% for T1, 57.1% for T2, 81.8%
for T3. Shimoyama et al[32] retrospectively reported that
the overall accuracy of T staging was 71% in 45 Japanese
patients with gastric cardia cancer.
For the appropriate evaluation of the usefulness of
EUS in preoperative gastric cancer staging, meta-analysis
and systematic reviews were needed, and several studies
have been reported[14,15,17,23-25]. The key findings from the
meta-analysis and systematic reviews are summarized in
Tables 1 and 2. With 23 studies using EUS, Kwee et al[14]
reported that the overall accuracy of T staging varied
between 65% and 92.1%, and in assessing serosal invasion, the sensitivity and specificity were between 77.8%
and 100% and between 67.9% and 100%, respectively.
Puli et al[23] demonstrated pooled sensitivity and specificity
of each T stage from 22 EUS studies, and interestingly,
when the accuracy of EUS was calculated according to
the three periods of time, the sensitivity of EUS for T1
staging was found to have been improved over the past
two decades (56.3% in “1986 to 1994”, 82.2% in “1995
to 1999”, and 84.8% in “2000 to 2006”)[23]. Mocellin et
al[24] reported that, in the subgroup analysis, only the publication year was found to have a significant impact on
EUS performance. The average sensitivity and specificity
of studies conducted before the year 2000 were higher
than those of studies conducted after the year 2000 (93%
vs 80%, 94% vs 89%, respectively)[24]. Cardoso et al[25] did
not show any association between EUS performance and
EUS annual volume in the subgroup analysis.
Miniprobe EUS, which is performed by conventional
endoscopy with small and high frequency probes (12-20
MHz) through biopsy channel, is widely used in preoperative staging[14]. The high frequency provides excellent
resolution of the intestinal wall layers, but the depth of
penetration is limited. In late 1990s, Okamura et al[33]
reported that the diagnostic accuracy of T staging with
miniprobes was 71.7%. Hünerbein et al[34] retrospectively
reported that the overall accuracy of T staging with
miniprobe EUS was 88% in a recent study. The accuracy of miniprobes may decrease with increasing tumor
size due to the limited penetration[34], and therefore, the
miniprobe EUS was frequently used for early gastric
cancer in the clinical practice, especially for assessing the
possibility of endoscopic resection[17]. In two Japanese
prospective studies, the accuracies for detecting mucosal cancer with miniprobes were 69% and 71%[35,36].
In a systematic review including 18 studies concerning
the differentiation of mucosal lesion, subgroup analysis

EUS IN PREOPERATIVE GASTRIC
CANCER STAGING
EUS has been used since the early 1980s and has been
considered as the imaging modality of choice in locoregional staging for gastric cancer[14,20,26]. Especially, EUS
was reported to have very high accuracy of T staging in
the 1990s, ranging from 75% to 92%[20,27]. However, EUS
is operator-dependent, and several recent studies showed
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Table 1 Summarized results of endoscopic ultrasonography in preoperative T staging
Ref.

Year

Number of studies (n )

Stage

Kwee et al[14]
Puli et al[23]

2007
2008

23
22

Mocellin et al[24]

2011

54

Cardoso et al[25]

2012

22

overall T
T1
T2
T3
T4
T1-2 vs T3-4
T1
T2
T3
T4
Overall T
T1
T2
T3
T4

1

Accuracy (pooled, %)
265-92.1
75 (256.9-87.7)
77 (214-100)
65 (224-90)
85 (250-100)
79 (222-100)

Sensitivity (pooled, %)

Specificity (pooled, %)

88.1
82.3
89.7
99.2
86.0
83.0
65.0
86.0
66.0
-

100.0
95.6
94.7
96.7
91.0
96.0
91.0
85.0
98.0
-

1

Based on meta-analyses and systematic reviews; 2Range value.

Table 2 Summarized results of endoscopic ultrasonography in preoperative N staging

1

Year

Number of studies (n )

Stage

Accuracy (pooled, %)

Sensitivity (pooled, %)

Specificity (pooled, %)

Puli et al

2008

22

Kwee et al[15]
Mocellin et al[24]
Cardoso et al[25]

2009
2011
2012

30
48
22

N1
N2
N
N
N

64 (230-90)

58.2
64.9
16.7-98.82
69.0
74 (216.6-96.8)

87.2
92.4
48.4-1002
84.0
80 (57.1-100)2

Ref.
[23]

1

Based on meta-analyses and systematic reviews; 2Range value.

showed that the type of EUS transducer (conventional vs
miniprobe) did not cause between-study heterogeneity[17].
Similarly, in a Korean retrospective study, the overall accuracies of T staging according to the EUS transducer types
were not significantly different (conventional 7.5 MHz,
71.1%; 12 MHz, 78.4%; 20 MHz, 60.9%; miniprobe 20
MHz, 68.8%)[37]. In most studies, miniprobes were usually
used together with conventional EUS based on the physician’s decision[17,37,38], and thus the role of miniprobe EUS
in preoperative gastric cancer staging needs to be clarified
in the future.
In assessing LN metastasis (N staging), Puli et al[23]
reported lower diagnostic performance compared to T
staging (Table 2). The pooled sensitivity and specificity
for N1 were 58.2% and 87.2%, while the pooled sensitivity and specificity for N2 were 64.9% and 92.4%, respectively. The other three studies also demonstrated similar
results: the pooled accuracy reported by Cardoso et al[25]
was 64%. In EUS, the LN metastasis is usually diagnosed
based on the morphological characteristics, echogenicity
and size of LN[15]. In the previous study, over half of
the metastatic lymph nodes were reported to be 5mm or
less in diameter[39]. Thus, LN size, which is most commonly utilized in N staging of EUS among the criteria in
practice, is not a reliable criterion of LN metastasis, and
the low performance of EUS in N staging could be explained.
With the advanced technology of EUS devices,
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EUS-guided Fine Needle Aspiration (FNA) can take a
sample of LN both safely and accurately[40,41]. In the literature, the sensitivity and specificity of EUS-FNA for
detecting metastatic LNs ranged from 63% to 98% and
from 87.5% to 100%, respectively[40]. The accuracy for
evaluating peri-intestinal LN by EUS-FNA was reported
from 86% and 95%[42], and the accuracy of N staging
for esophageal cancer by EUS-FNA was 89%[43]. The
data regarding the role of EUS-FNA for preoperative
gastric cancer staging has been very limited in the literature, and recently, Hassan et al[41] reported their experience in 81 gastric cancer patients in whom EUS-FNA
was performed. Among 99 lesions, 91 (62%) lesions
were found to be malignant, and in 38 of 81 patients
(42%), distant metastasis was confirmed by EUS-FNA.
By using EUS-FNA in the evaluation of gastric cancer
patients, the treatment plan was changed in 15% of the
cases, and Hassan et al[41] concluded that EUS-FNA was
a very important modality and should be integrated as a
routine procedure in preoperative gastric cancer staging.
Although more data is needed to definitely establish the
role of EUS-FNA, this modality could be considered in
the clinical setting to avoid unnecessary surgery.
In the past, the importance of EUS for preoperative
gastric cancer staging was considered as controversial:
some authors believed that preoperative EUS was not
essential, especially for advanced gastric cancer, because
the principle management of these patients was surgery
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Table 3 Summarized results of multi-detector row computed tomography in preoperative TNM staging
Ref.

Year

Number of studies (n )

Stage

Kwee et al[14,15]

2007
2009
2012

6
10
32

Overall T
N
Overall T
T1
T2
T3
T4
N
M

Seevaratnam et al[19]

Accuracy (pooled, %)
2

77.1-88.9
80.4
75.2
80.0
84.5
78.8
67.1
82.2

1

Sensitivity (pooled, %) Specificity (pooled, %)
62.5-91.9
75.8
-

2

50.0-87.9
78.8
-

2

Based on meta-analyses and systematic reviews; 2Range value.

1

or palliative treatment. However, the advance of imaging
modalities has provided more reliable preoperative diagnosis avoiding unnecessary surgery, and new therapeutic
options such as neoadjuvant could be considered[4,6,7]. In
Repiso et al[44] retrospective report including 46 gastric
cancer patients, the EUS result led to a modification in
the later therapeutic approach in 13 patients (28%): based
on conventional diagnostic techniques, 33 patients were
planned to undergo radical gastrectomy, but after EUS 2
and 3 patients had neoadjuvant and palliative treatment,
respectively. Chu et al[45] prospectively reported that the
ascites which had not been detected by CT was detected
by EUS in 36 cases (9%) among 402 gastric cancer patients. Lee et al[46] also prospectively reported that EUS
was more sensitive (87.1%) to detect ascites than combined conventional ultrasonography and CT (16.1%) and
operative findings (40.9%). These results support the
usefulness of preoperative EUS even in advanced gastric
cancer.

the accuracies of T and N stage in MDCT were 88.9%
and 70.4%, respectively. Bhandari et al[30] showed that,
when directly comparing the diagnostic accuracies of
EUS and MDCT, the accuracies of T staging in EUS and
MDCT were 87.5% and 83.3%, and the accuracies of N
staging were 79.1% and 75.0%, respectively. There was
no significant difference between MDCT and EUS. Our
group also retrospectively reported that the overall accuracies of T staging in EUS and MDCT were 61.7% and
63.8%, and the overall accuracies of N staging were 66%
and 62.8%, respectively[20]. In addition, the performance
of EUS and MDCT for large lesions and lesions located
at cardia and angle had significantly lower accuracies[20].
For early gastric cancer with ulceration, EUS showed a
significantly lower accuracy compared to lesions without ulceration (30.8% vs 93.3%), while the accuracy of
MDCT did not differ between lesions with and without
ulceration (61.5% vs 86.7%). These results suggest that
the precise T and N staging conducted by MDCT may be
useful in some gastric cancer patients with unclear EUS
results, although more EUS and MDCT comparison
studies are needed.
The key findings of meta-analyses regarding the diagnostic performance of MDCT for gastric cancer are summarized in Table 3. Kwee et al[14] reviewed the six MDCT
studies, and the overall MDCT accuracy for T staging
was from 77.1% to 88.9%. The sensitivity and specificity
for serosal invasion varied between 82.8% and 100% and
between 80% and 96.8%, respectively. With 32 studies,
Seevaratnam et al[19] reported pooled accuracy of CT in
preoperative TNM staging, and when the pooled accuracy of CT scanners with < 4 detectors was compared to
that with ≥ 4 detectors, CT scanners with ≥ 4 detectors
showed better results of T staging as shown in Table 3.
The performance of T staging with CT scanners using
MPR images was also significantly improved: overall T,
81.9%; T1, 76.4%; T2, 77.7%; T3, 85.3%; T4, 83.5%.
However, the detector number and additional MPR images did not influence N or M staging results. Similar to
EUS, because the nodal assessment is usually based on
the size in MDCT, the limitation of diagnostic criterion
of LN metastasis in EUS could also exist in MDCT[15,19].

MDCT IN PREOPERATIVE GASTRIC
CANCER STAGING
In terms of locoregional staging, the diagnostic accuracy
of conventional CT was not high, compared to that of
EUS[19,20]. The overall accuracy of T staging ranged from
43% to 82%[14]. Instead, conventional CT was usually used
to detect the presence of distant metastasis. With the
introduction of multi-detector, faster imaging time, less
respiratory artifact, thinner imaging thickness and multiplanar reconstruction (MPR) became feasible, and more
detailed preoperative staging of gastric cancer could be
performed by MDCT[47]. The recent studies using MDCT
for preoperative staging of gastric cancer have shown improved accuracy, approaching that of EUS[14,15,19,20,48]. In
a prospective study with 126 Korean patients, the overall
accuracy for T staging was 77% with transverse CT imaging and 84% with volumetric CT imaging[49]. The overall
accuracy for N staging was 62% with transverse imaging
and 64% with volumetric imaging. Stabile Ianora et al[50]
reported that the accuracy of T staging using MPR images was 85% in 65 Japanese patients. In an Italian study,
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Table 4 Performance of magnetic resonance imaging in preoperative T and N staging
Ref.

Year

Number of patients (n )

Stage

Accuracy (%)

Overstaging (%)

Understaging (%)

Sohn et al[53]

2000

30

Kang et al[51]

2000

46

Wang et al[54]
Kim et al[52]

2000
2000

33
26 (AGC)

Zhong et al[55]
Arocena et al[21]

2005
2006

16
17

Overall T
N
Overall T
N
Overall T
Overall T
N
Overall T
Overall T
N

73.3
55.2
82.6
52.2
87.9
80.7
65.4
64.3
53
50

6.7
10.3
2.2
17.4
6
19.2
0
14.3
23.5
25

20
34.5
15.2
30.4
6
0
34.6
21.4
23.5
25

glucose level[56]. Because of the inability to evaluate the
depth of invasion, the primary tumor detection rate rather than T staging was usually reported in the previous reports[19,22]. Seevaratnam et al[19] revealed a pooled detection
rate of 80.4% (from 58.1% to 95.9%), which was considered to be lower compared to those of other modalities.
The detection rate in advanced gastric cancer (83%-100%)
was higher than in early gastric cancer (26%-63%)[19].
Smyth et al[22] reported that the sensitivity and specificity
for detection of gastric lesions in several series ranged
from 21% to 100% and from 78% to 100%, respectively.
As a screening test for gastric cancer, the effectiveness of
PET in asymptomatic individuals was disappointing[57,58].
The reported sensitivity was only 10% and the positive
predictive value was 8.3%, which meant that FDG-PET
was poorly sensitive for detection of gastric cancer in
the early stage[57]. Due to the low sensitivity, FDG-PET
alone was considered not suitable for primary detection
of gastric cancer[56]. Interestingly, the detection rate varies
with histological subtype: 65.5%-83% for intestinal type,
41%-79% for non-intestinal type and 0%-78% for signet
ring cell carcinoma[19]. This result may reflect that the glucose transporter 1 (GLUT-1) is preferentially expressed
on the intestinal type of gastric cancer[59].
In assessing LN status, the results of FDG-PET
studies are summarized in Table 5. The sensitivity of
FDG-PET for N staging was generally low, ranging from
approximately 23% to 60%[22,60-63]. A pooled sensitivity of
40.3% was reported by Seevaratnam et al[19]. Thus, despite
the higher specificity than those of other modalities, the
possibility of inaccuracies for detecting true metastatic
nodes should always be considered. FDG-PET/CT fusion provides more accurate localization with increased
FDG uptake, and it seemed to overcome some limitations of FDG-PET alone mentioned above. However,
the FDG-PET/CT study conducted by Yang et al[64] did
not demonstrate significantly improved sensitivity and
specificity.
In terms of metastatic disease, Seevaratnam et al[19]
showed that the overall accuracy did not differ between
MDCT and PET (82.2% vs 88.2%). Furthermore, PET is
not reliable for peritoneal metastasis, which is a common
site of gastric cancer spread; the sensitivity was from 9%
to 50%[22,61]. In contrast, the sensitivity of CT for peritoneal disease was reported to be approximately 80%[22].

MRI IN PREOPERATIVE GASTRIC
CANCER STAGING
With MRI, only several prospective studies have been
reported in the literatures[21,51-55]. The summarized result
is shown in Table 4. The overall accuracy of MRI for
T staging ranged from 53% to 87.9%, and the overall
accuracy for N staging was from 50% to 65.4%. With
three studies using MRI, Kwee et al[14] reported that the
accuracy for overall T staging varied between 71.4% and
82.6%, and the sensitivity and specificity for detecting
serosal invasion varied between 89.5% and 93.1% and
between 94.1% and 100%, respectively. The sensitivity
and specificity for N staging varied between 54.6% and
85.3% and between 50.0% and 100%[15]. Seevaratnam
et al[19] demonstrated a similar result including the three
MRI studies conducted in the year 2000[51,53,54]: for T staging, pooled overall accuracy, 82.9%; pooled T1 accuracy,
86.3%; pooled T2 accuracy, 76.7%; pooled T3 accuracy,
86.8%; pooled T4 accuracy, 80.2%. The pooled overall
accuracy, sensitivity and specificity for N staging were
53.4%, 85.3% and 75.0%, respectively. From the studies,
the accuracy of MRI for T staging seemed to be similar
or slightly higher compared to EUS and MDCT, in contrast to the low accuracy for N staging[14,15,19]. However,
this should be interpreted carefully as all the studies
showing such excellent performance were reported in the
same early period[51-54]. The fact that reports on MRI in
preoperative staging have been rarely reported recently
supports this phenomenon. The respiratory motion artifacts, long study time and high cost of MRI imaging are
also problematic[14,19]. Thus, MRI is not routinely considered for preoperative staging of gastric cancer in clinical
practice.

PET IN PREOPERATIVE GASTRIC
CANCER STAGING
FDG-PET is a semi-quantitative method, and the Standardized Uptake Value (SUV) is used to assess the uptake
of FDG in cancer[56]. The value is measured by FDGuptake in a tumor volume normalized on the basis of a
distribution volume and is dependent on several factors
such as time after FDG injection, tumor size and blood
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Table 5 Performance of positron emission tomography in preoperative N staging
Ref.

Year

Number of patients (n )

Staging

Accuracy (%)

Sensitivity (%)

Specificity (%)

Mochiki et al[60]
Tian et al[63]
Chen et al[61]

2004
2004
2005

85
30
68

Yun et al[69]

2005

81

Kim et al[62]
Mukai et al[70]
Yang et al[64] (PET/CT)

2006
2006
2008

73
62
78

N
N
L-LN
D-LN
N1
N2
N3
N
N
N

73.3
63
95
56
72
95
67.7
55.1

23.3
52.9
56
88
34
34
50
40
34.5
31

100
100
92
96
96
96
99
95.2
97
97.2

L-LN: Local lymph node; D-DN: Distant lymph node; PET: Positron emission tomography; CT: Computed tomography.

However, FDG-PET/CT fusion was reported to be able
to detect occult metastatic lesions in approximately 10%
of patients with locally advanced gastric cancer in a prospective study[65]. Among 113 patients, 11 patients were
found to have metastatic disease by using FDG-PET/CT,
which was not detected by CT. In a retrospective study
with 396 gastric cancer patients, 9 cases (2.2%) were diagnosed as metastatic by FDG-PET/CT[66]. Therefore,
the role of FDG-PET/CT for metastatic disease should
be determined with more advanced technologies in the
future.

2
3

4

5

CONCLUSION

6

In preoperative T staging, both EUS and MDCT show
high accuracy for overall and each T stage. MRI seemed
to have better performance, but the number of MRI
studies is limited. FDG-PET is not able to properly
evaluate the depth of invasion, and it showed low detection rate of gastric cancer. In preoperative N staging,
the diagnostic accuracy of EUS, MDCT, and MRI is not
sufficient to appropriately assess LN status. In preoperative M staging, MDCT and FDG-PET showed similar
diagnostic accuracies. FDG-PET/CT fusion could be
expected to show better performance in the future.
The National Comprehensive Cancer Network
(NCCN) guideline for gastric cancer indicates that clinical
staging has greatly improved with the availability of diagnostic modalities such as EUS, chest/abdomen/pelvis
CT, PET/CT, MRI and laparoscopic staging[67]. This indicates that the treatment and prognosis of patients with
gastric cancer could be largely influenced by the quality
of preoperative imaging[67,68]. However, the guideline did
not specify a modality of choice. Instead, a various combination of the diagnostic modalities is routinely used
for preoperative staging in clinical practice because the
modalities are complementary to each other[19]. Physicians should keep in mind that each diagnostic modality
has advantages and limitations and choose an appropriate
diagnostic strategy tailored for each patient.

7
8
9
10
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Core tip: Currently, there is no single gold standard modality for staging of gastric cancer. To make up for the
shortcomings of conventional modalities or to replace
these traditional methods, numerous attempts with
new approaches such as magnifying endoscopy with
narrow-band imaging, single/double contrast-enhanced
ultrasound, and diffusion-weighted magnetic resonance
imaging have been made for gastric cancer staging.
In addition, for intraoperative staging, several newer
methods associated with sentinel node mapping and diagnostic laparoscopy have been studied. However, most
studies reporting new staging methods are preliminary
and further studies for validation in clinical practice are
needed.

Abstract
Currently, there is no single gold standard modality for
staging of gastric cancer and several methods have
been used complementarily in the each clinical situation. To make up for the shortcomings of conventional
modalities such as endoscopic ultrasound, computed
18
tomography and F-fluoro-2-deoxyglucose positron
emission tomography, numerous attempts with new
approaches have been made for gastric cancer staging.
For T staging, magnifying endoscopy with narrow-band
was evaluated to differentiate mucosal cancer from
submucosal cancer. Single/double contrast-enhanced
ultrasound and diffusion-weighted magnetic resonance
imaging were also tried to improve diagnostic accuracy
of gastric cancer. For intraoperative staging with sentinel node mapping, indocyanine green infrared and fluorescence imaging was introduced. In addition, to detect
micrometastasis, real-time reverse transcription-polymerase chain reaction system with multiple markers
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went gastrectomy or endoscopic resection. Although the
overall diagnostic accuracy was 64.7% due to the relatively lower accuracy for advanced T staging, the diagnostic
accuracy and positive predictive value in the T1 staging
was nearly equal to that obtained by endoscopic diagnosis
(77.2% and 80.1%, respectively). Even though this is a
primitive study, this modality has unique and remarkable
merit in that this might lead to standardization and globalization of medicine, since physicians are required to
have no specialized techniques or special knowledge to
make a diagnosis.

dx.doi.org/10.3748/wjg.v20.i38.13783

INTRODUCTION
Gastric cancer remains the second leading cause of
cancer death worldwide[1]. Accurate staging of gastric
cancer is pre-requisite to determine the most appropriate
therapy. However, each modality which is currently used
has limitations and no single staging modality has been
accepted as the standard. Therefore, National Comprehensive Cancer Network practice guidelines for gastric
cancer do not recommend specific modalities and suggest
using a variety of techniques complementarily as staging
work-up[2]. Currently, endoscopic ultrasound (EUS), computed tomography (CT), and 18F-fluoro-2-deoxyglucose
positron emission tomography (FDG-PET) have been
mainly used for staging modality of gastric cancer[3]. For
T staging of gastric cancer, EUS has been established as
the diagnostic modality of choice with pooled accuracy
of 75%[4]. Due to the development of imaging techniques
such as multi-detector row CT (MDCT)[5] and virtual
gastroscopy by multi-planar reconstruction of images[6],
CT may achieve similar diagnostic accuracy in T staging
to EUS. However, the diagnostic accuracy for T staging
of these two modalities is usually less than 80%-90%[7].
For N staging, the diagnostic performance of EUS is
less reliable than for T-staging; pooled accuracy was 64%
with sensitivity/specificity of 74%/80%[4]. For M staging,
FGD-PET/CT has been gaining more attention due to
the high sensitivity for distant metastasis. Recent study
reported that FDG-PET/CT identifies radiographically
occult metastasis in approximately 10% of patients with
locally advanced gastric cancer[8]. However, the sensitivity
of PET for peritoneal carcinomatosis is only approximately 50%[9]. Taken together, current staging modalities
of gastric cancer have many limitations.
In this mini-review, we discuss the new progress in
gastric cancer staging. Especially, we focus on new diagnostic approach to gastric cancer staging beyond the
conventional modalities and briefly review the remarkable clinical results of the studies published over the past
three years.

MAGNIFYING ENDOSCOPY WITH
NARROW-BAND IMAGING
The development of magnifying endoscopy with narrowband imaging (ME-NBI) has allowed simple and clear visualization of vascular architecture and surface structure
of the superficial mucosa in the gastrointestinal tract[13].
In the field of gastric cancer, many studies demonstrated
the usefulness of ME-NBI in distinguishing EGC from
noncancerous lesions, evaluation of histologic types of
EGC, and determination of tumor margin in EGC[14-16].
However, whether ME-NBI is useful in predicting depth
of invasion in EGC is unclear. In Asian-Pacific consensus which was published in 2011, a panel of experts
denied the statement that ME-NBI is useful in predicting depth of gastric cancer[17]. The panel reasoned that
unlike superficial esophageal squamous carcinoma, for
EGC the invasive tissue is often not exposed at the surface and mucosal structure remains, even when cancer
invades the submucosa; therefore it is difficult to estimate
reliably the depth of invasion by surface appearance
only. However, thereafter, several studies have reported
positive results on this subject. Li et al[18] classified MENBI findings of suspected gastric lesions into 3 types:
clear regular (type A), obscure irregular (type B), and no
(type C) surface patterns and microvascular architecture.
When a lesion was classified into type B or C pattern, the
sensitivity, specificity, positive predictive value, and negative predictive value predicting deep submucosal invasion
more than sm1 in EGC was 72.7%, 80.5%, 50.0%, and
91.7%, respectively; the total accuracy was 78.9% (95%CI:
66.0%-87.8%). Kobara et al[19] reported that ME-NBI
findings of non-structure, scattery vessels and multicaliber vessels can possibly serve as indicators of deep
submucosal invasion in differentiated and depressed-type
of EGC. Kikuchi et al[20] showed that when the presence
of dilated vessels was considered a diagnostic criterion
for submucosal EGC, diagnostic accuracy, sensitivity, and
specificity were 81.5%, 37.5%, and 88.3%, respectively.
Yagi et al[21] suggested that in multivariate logistic regression analysis ME-NBI findings of a blurry mucosal pattern (OR = 12.15, 95%CI: 3.45-42.76, P = 0.000) and an
irregular mesh pattern (OR = 22.55, 95%CI: 4.22-120.45,
P = 0.000) were independent predictors of submucosal
invasion in differentiated EGC. However, several limitations in these studies were also pointed out[22]. First, the

ESOPHAGOGASTRODUODENOSCOPY
Esophagogastroduodenoscopy (EGD) has been usually used for detection and diagnosis of gastric cancer
rather than staging of gastric cancer. However, for the
pure purpose of prediction of depth of invasion of early
gastric cancer (EGC) (T1a vs T1b), EGD was found to
provide reliable accuracy (overall accuracy: 78.0%-79.0%)
and may be an alternative method of EUS[10,11]. Recently,
Kubota et al[12] first reported the usefulness of computeraided diagnosis of gastric cancer invasion on endoscopic
images. The authors investigated the efficacy of T staging
of gastric cancer on endoscopic images using computeraided pattern recognition about 344 patients who under-
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absolute number of reports is too small to reach any
kind of significance or consensus. Second, mostly the
depressed and differentiated types of EGC have been
studied. Third, applied criteria of ME-NBI to evaluate
the depth of invasion varied according to the studies and
inter-observe agreement of ME-NBI findings for these
criteria was not certainly validated. In addition, some
studies focused on differentiation between T1a and T1b
and others tried to distinguish sm1 EGC from sm2/3
EGC. Nevertheless, because it is very important to predict depth of invasion in EGC to decide whether it could
be treated by ESD or not[23,24], the usefulness of ME-NBI
in T staging of EGC deserves further investigation.

ties, they deserve to be evaluated for the staging of gastric cancer.

CONTRAST-ENHANCED ENDOSCOPIC
ULTRASOUND
Although contrast-enhanced EUS was introduced in the
early 1990s, most reports have been regarding pancreatic
lesions[29,30]. By contrast, the role of contrast-enhanced
EUS in gastric cancer staging is unclear. Already more
than 10 years ago, Nomura et al[31] performed EUS and
additional contrast-enhanced EUS for 30 gastric cancers
and reported that diagnostic accuracy for T staging of
gastric cancer improved from 76.7% for EUS to 90%
for contrast-enhanced EUS. However, we could not find
other articles on this subject, thereafter. Further studies
are strongly required.

CONTRAST-ENHANCED ULTRASOUND
Conventional abdominal ultrasound is an attractive diagnostic method because of its general availability, simplicity and non-invasiveness. However, the value of this
modality in staging of gastric cancer remains unclear and
there are limited numbers of published studies. This is
mainly originated from the relatively low diagnostic accuracy of T staging compared with other modalities[25].
Double contrast-enhanced ultrasound is a transabdominal ultrasound technique using both intravenous and
intraluminal contrast to enhance sonographic visualization. Recently, Zheng et al[26] compared retrospectively the
staging accuracy of double contrast-enhanced ultrasound
with EUS in the 162 gastric cancer patients. Double
contrast-enhanced ultrasound was comparable to EUS in
tumor depth evaluation (overall accuracy for T staging:
77.2% vs 74.7%) and superior to EUS in N staging (overall
accuracy: 78.4% vs 57.4%, P = 0.001).
Very few studies have addressed the role of contrastenhanced ultrasound (CEUS) using intravenous injection
of microbubble contrast media in detection of metastatic
gastric cancer. Most studies regarding the usefulness of
CEUS for detection of metastatic cancer have been for
liver metastases, since CT has limitations to detect and
characterize subcentimetric liver lesions. Although it was
not gastric cancer-specific study, Piscaglia et al[27] reported
that CEUS is more sensitive than conventional ultrasound in the detection of liver metastases and could be
complementarily used with CT to achieve maximum sensitivity in M staging of gastrointestinal cancer. Recently,
Laghi et al[28] reported that CEUS can be helpful in demonstrating or excluding metastases in cancer patients with
subcentimetric, indeterminate focal liver lesions detected
by MDCT. The authors applied CEUS to the patients
in whom ultrasound failed to recognize any abnormality
or cystic imaging for indeterminate focal liver lesions by
MDCT. CEUS recognized additional liver metastases in
8 cases, but it failed to detect 3 metastatic and benign lesions. In addition, this study also was not gastric-cancer
specific; gastric cancer was the primary cancer only in 11
among 132 subjects. However, because single or double
contrast-enhanced ultrasounds are noninvasive modali-
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MAGNETIC RESONANCE IMAGING
Even though there have been only a few studies regarding the usefulness of magnetic resonance imaging (MRI)
for gastric cancer staging, meta-analysis showed that MRI
had higher accuracy for T staging (83%) and similar accuracy for N staging (53%) compared to other staging
modalities such as CT and PET[25].
Recently, diffusion-weighted (DW)-MRI which had
been generally utilized in the early diagnosis of brain
ischemia has been studied in the diagnosis of solid
tumor. DW-MRI applies a pair of diffusion-weighted
gradient pulses to generate signals that are sensitive to
localized water diffusibility and thus permit the cellular
density of the tissue to be indirectly measured[32]. In cancerous tissues, the Brownian motion of water molecules
is confined as a result of the reduced interspace caused
by proliferated cells and interstitial substances[33]. Therefore, cancerous tissues display higher signal intensity on
DW-MRI than normal tissue. For diagnosis of gastric
cancer, Shinya et al[34] first suggested the potential efficacy
of DW-MRI in a pilot study on 15 patients. Thereafter,
Zhang et al[35] showed the addition of DW-imaging to
T1/T2-weighted MRI could more exactly differentiate
Borrmann type Ⅳ advanced gastric cancer from poorly
distended stomach wall. Recently, Liu et al[36] reported the
usefulness of DW-MRI in T staging of gastric cancer on
larger subjects. When two radiologists independently interpreted T2-weighted, contrast-enhanced and DW-MRI
in 51 patients with gastric cancer, the addition of DWMRI significantly increased overall accuracy of T staging
(76.5% vs 88.2%, P = 0.031). The authors emphasized
that DW-MRI could overcome the over-estimation problem of T staging in advanced gastric cancer. However,
the staging accuracy of DW-MRI for EGC was relatively
low in this study. In addition, the stating criteria using
DW-MRI has not been unified. Therefore, to prove the
diagnostic efficacy of DW-MRI on gastric cancer staging,
validation studies on larger subjects are required.
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et al[45] recently compared the efficacy of ICG and infrared ray laparoscopy system with immunohistochemistry
for anti-cytokeratin antibody in SN navigation surgery.
In 130 patients with EGC, immunohistochemistry staining additionally detected 15 patients with micrometastasis compared with hematoxylin and eosin staining (31
patients vs 16 patients). However, all 27 lymph nodes in
these patients with metastasis by immunohistochemistry
staining but not by hematoxylin and eosin staining were
micrometastasis or less and included in the SN. Therefore, the authors concluded that ICG-positive lymphatic
basin dissection by SN navigation surgery with infrared
ray observation seems to be an adequate method of
lymph node dissection for gastric cancer.

SENTINEL NODE MAPPING
In countries like South Korea and Japan where the rate
of EGC is relatively high, minimally invasive gastric surgeries have been performed increasingly. Laparoscopic
function-preserving gastrectomy including partial gastrectomy, segmental gastrectomy, and proximal gastrectomy
would be expected to increase patients’ quality of life
by reducing late complications of gastric surgery, such
as dumping syndrome and body weight loss. However,
because function-preserving gastrectomy are performed
with limited stomach resection and lymph node dissection, the absence of skip metastasis in the 2nd or 3rd compartment of regional lymph nodes is prerequisite to apply
these procedures widely. To solve this problem, sentinel
node (SN) mapping which is a novel diagnostic tool for
the identification of clinically undetectable lymph node
metastasis and SN navigation surgery based on SN mapping have been studied in patients with EGC[37]. Clinical
application and validity of SN mapping in patients with
EGC has been a controversial issue for years. However, a
recent meta-analysis on 38 studies including 2128 patients
demonstrated acceptable diagnostic accuracy of SN
mapping for lymph node status[38]. The authors of this
meta-analysis reported that pooled SN identification rate,
sensitivity, negative predictive value, and accuracy were
93.7%, 76.9%, 90.3%, and 92.0%, respectively.
Sentinel node mapping and SN navigation surgery
are gaining more and more supporting evidence for possible therapeutic option for EGC, especially cT1N0M0.
However, further studies are needed to confirm the best
procedure and standard criteria. At present, dual-tracer
method with a radioactive colloid and blue dye is considered the most reliable method for SN mapping. Sentinel
node detection rate with this method was reported as
high as 97.5%[39]. By contrast, SN detection rate of other
modalities like preoperative imaging of SNs using CT
lymphography is still relatively lower than with conventional dual-tracer method[40]. Several newer methods like
indocyanine green (ICG) infrared imaging[41] and ICG
fluorescence imaging[42] have been introduced to improve
the accuracy of SN detection by endoscopic dye-tracer.
Although the clinical significance of micrometastasis
including isolated tumor cells in SNs of patients with
EGC remains unclear[43], histopathology and molecular
analysis methods to detect micrometastasis in these patients have been steadily studied. The two main methods
for detection of lymph node micrometastasis are immunohistochemistry and reverse transcription-polymerase
chain reaction (RT-PCR). Recently, Shimizu et al[44] reported a more rapid and sensitive real-time RT-PCR system
with multiple markers (cytokeratin-19, cytokeratin-20,
and carcinoembryonic antigen) to detect micrometastasis.
The authors showed that 27% (28/103 patients) of EGC
had negative histopathological but positive RT-PCR findings. However, the time (80 min) to gain results is still
too long to use in the intraoperative diagnosis of SN and
more studies are needed to improve this problem. Yano
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DIAGNOSTIC LAPAROSCOPY
FDG-PET has been suggested appropriate staging modality for distant metastases. The sensitivity/specificity of
FDG-PET for detection of metastatic lymph node and
distant metastasis were reported as 21%-40%/89%-100%
and 35%-74%/74%-99%, respectively [46]. However,
FDG-PET has limitations such as frequent false-negative
cases in signet-ring cell carcinoma and the lack of a unified criteria in how to interpret for management decisions[47]. Therefore, patients with incurable or unresectable gastric cancer are still subjected to non-therapeutic
laparotomy. To solve this problem, diagnostic laparoscopy has been advocated by some to be essential in
decision-making in advanced gastric cancer[48]. However,
large retrospective series have demonstrated the yield of
diagnostic laparoscopy in staging locally advanced gastric
cancer to range from 13% to 40%[49].
For recent years, several new approaches regarding
diagnostic laparoscopy have been published. Positive
peritoneal cytology has been shown to be an independent
predictor for disease recurrence after curative resection
and poor overall survival[50,51]. Positive peritoneal cytology
confers the same prognosis as clinical stage Ⅳ disease in
gastric cancer. Therefore, it has been included in the seventh edition of the American Joint Committee on Cancer
staging manual as M1 disease[52]. However, the sensitivity
of conventional cytology examination is lower than 60%
due to sampling error[53,54]. To overcome this problem,
several studies have evaluated the clinical significance of
RT-PCR in peritoneal lavage fluid in gastric cancer[55-57].
These studies have demonstrated the increased sensitivity
of RT-PCR when compared to cytology for the detection of peritoneal cancer cells. However, these studies
have been carried in Asia and in the setting of metastatic
disease. Recently, Wong et al[58] additionally demonstrated
that RT-PCR for carcinoembryonic antigen increases the
detection of subclinical peritoneal disease and is more
sensitive than cytology in curatively resected patients at
a single Western institution. They collected peritoneal lavage samples prospectively from 156 patients with biopsy-proven gastric cancer undergoing staging laparoscopy.
These washings were analyzed by both Papanicolaou
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staining and RT-PCR for the carcinoembryonic antigen.
Among 118 patients in whom peritoneal disease was
not visible at laparoscopy, the rate of PCR-positive was
higher than that of cytology-positive (24% vs 7%).
Recently, two pilot studies regarding staging laparoscopy using 5-aminolevulinic acid (ALA)-mediated photodynamic diagnosis in advanced gastric cancers were reported in Japan[59,60]. 5-ALA is an endogenous substance
and a natural precursor of the heme pathway. Orally
administered 5-ALA is metabolized and accumulated as
protoporphyrin IX, which is a photosensitizer. 5-ALA
is immediately metabolized to heme in normal cells. On
the other hand, since the activity of porphobilinogen
deaminase is high in abnormal cells and the activity of
ferrochelatase is low, protoporphyrin IX accumulates in
the mitochondria in cancer cells[61]. Oral 5-ALA and intravesically applied 5-ALA derivative have been approved
as an optical imaging agent for the enhancement of the
intraoperative detection of malignant glioma and bladder
cancer, respectively in Europe[62]. However, only a few
experimental cases for gastric cancer patients have been
reported[63]. Kishi et al[59] performed staging laparoscopy
using 5-ALA photodynamic diagnosis in 13 patients
with serosa-invading advanced gastric cancer, and the
detection sensitivity of 5-ALA photodynamic diagnosis
was compared to the observations using conventional
white light. The tumor detection rate using 5-ALA photodynamic diagnosis was significantly higher than the
detection rate using white light (72% vs 39%, P < 0.001).
Murayama et al[60] also applied the same methods in 13 patients with advanced gastric cancer. The accuracy of the
fluorescence imaging was greater than that of the white
light imaging (100% vs 85.7%). In both studies, there
were no acute or major complications. These two studies
demonstrated that staging laparoscopy with 5-ALA photodynamic diagnosis is safe and improves the diagnostic
accuracy for peritoneal metastases in patients with gastric
cancer. However, further clinical trials in larger number
of subjects are required to generalize the results of these
studies.
Percutaneous diagnostic peritoneal lavage (DPL)
was initially introduced as a procedure to determine the
likelihood of peritoneal penetration and injury to the abdominal viscera in trauma patients. In large studies, DPL
has been shown to be rapid, safe, and effective in this
setting[64]. Typically, 1 L of saline is held above the patient
and passively infused into the peritoneal cavity through
a percutaneous catheter using the Seldinger technique.
Following infusion, the empty bag is left to gravity and
the effluent is measured for red blood cells and bilirubin
to determine the presence of solid organ injury. Patients
with positive peritoneal cytology on DPL could be spared
from a non-curative radical resection and have expedited
access to systemic therapies. Based on this idea, Mezhir
et al[65] studied whether DPL can be used to assess peritoneal cytology in patients with gastric cancer for the
first time. Patients with gastric cancer were prospectively
enrolled to undergo DPL prior to diagnostic laparoscopy.
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Saline was instilled through a percutaneous catheter and
fluid was collected for cytology. Washings obtained during diagnostic laparoscopy were used as controls. The
sensitivity and specificity of DPL was 92% (9/10 cases)
and 100% (12/12 cases), respectively. However, there
were six patients with negative DPL-cytology who had
visible M1 disease diagnosed with diagnostic laparoscopy
(DPL evaluation of M1 disease: sensitivity 54.5% and
specificity 100%). In addition, DPL was not successful
in all patients (technical failure rate: 18.5%). The authors
concluded that DPL is a safe method of detecting positive cytology in patients with gastric cancer, however
gross M1 disease may be missed without visual inspection. Because of above-mentioned limitations, a larger
series of patients would be required to determine the
optimal patient population for DPL and the specific role
of DPL in the staging workup of patients with gastric
cancer.

OTHER NEW APPROACHES
Cui et al[66] reported the first study on identification of
genes whose expression patterns can serve as markers for
overall cancer stages. Microarray gene-expression data
of 54 paired gastric cancer and adjacent noncancerous
gastric tissues were analyzed to establish gene signatures
for cancer stages. The authors identified two signatures
for cancer staging, consisting of 10 genes and 9 genes,
respectively. These two genetic signatures provided high
classification accuracies at 90.0% and 84.0%, among early
(stage Ⅰ + Ⅱ) and advanced gastric cancer stages (stage
Ⅲ + Ⅳ), respectively. The expression patterns of these
signature genes were successfully validated by other public dataset. In addition, the authors identified genes which
consistently show high positive or negative correlation
with different pathological stages (LANCL3, MFAP2 and
PPA1).
So far, scoring systems have been frequently used to
predict the outcome of patients with gastric cancer[67-69].
However, most of these prognostic scoring systems took
into account the postoperative pathologic properties
of the tumor, so they did not work during preoperative
decision-making. To improve the estimation of tumor
status and facilitate the stage-dependent treatment planning, Chen et al[70] suggested simple risk score system for
prediction of TNM stages in gastric cancer. They prospectively collected clinicopathologic data from 108 curatively resected patients with gastric cancer. The risk score
was established on the basis of independent predictive
factors for tumor stages and its performance was evaluated by receiver operating characteristic (ROC) analysis.
As a result, they found 4 independent factors (serum albumin levels, tumor size, T and N categories determined
by helical CT). When a score at 7 was defined as the
optimal cut-off point, the sensitivity and specificity for
differentiating advanced stage (stage Ⅲ + Ⅳ) from early
stage (stage Ⅰ + Ⅱ) was 79.6% and 85.2%, respectively.
The overall accuracy was 82.4% and the discriminative
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ability was also good (the area under the ROC curve,
0.861-0.965). Therefore, the authors suggested that since
patients with the risk score ≥ 7 are strongly suspected
of having advanced stage of gastric cancer, D2 lymphadenectomy combined with perioperative adjuvant therapy
should be recommended for these patients to increase
the likelihood of curative resection and reduce the risk
of recurrence. However, this study has some limitations
in that the authors used the fifth edition of the American
Joint Committee on Cancer staging manual. In addition,
to apply this risk sore in daily clinical practice, validating
on another patient series is required.
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CONCLUSION
At the present time, there is no single gold standard modality for staging of gastric cancer and several methods
have been used complementarily in the each clinical situation. To make up for the shortcomings of conventional
modalities such as EUS, CT, and PET-CT or to replace
these traditional methods, numerous attempts with new
approaches have been made for gastric cancer staging. In
addition, for intraoperative staging, several newer methods associated with SN mapping and diagnostic laparoscopy have been studied. However, most studies reporting
new staging methods are preliminary and further studies
for validation in clinical practice are needed.
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Potential prognostic, diagnostic and therapeutic markers
for human gastric cancer
Ming-Ming Tsai, Chia-Siu Wang, Chung-Ying Tsai, Hsiang-Cheng Chi, Yi-Hsin Tseng, Kwang-Huei Lin
recent years, several markers have been identiﬁed and
tested for their clinical relevance in the management
of GC. Here, we review the serum-based tumor markers for GC and their clinical significance, focusing on
discoveries from microarray/proteomics research. We
also review tissue-based GC tumor markers and their
clinical application, focusing on discoveries from immunohistochemical research. This review provides a brief
description of various tumor markers for the purposes
of diagnosis, prognosis and therapeutics, and we include markers already in clinical practice and various
forthcoming biomarkers.
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Core tip: Serum-based gastric cancer tumor markers and their clinical significance or application are
discussed. Serum-based carcinoembryonic antigen,
carbohydrate antigen 19-9 and carbohydrate antigen
72-4 and tissue-based human epidermal growth factor
receptor 2/Neu are potential tumor markers for various
types of gastrointestinal cancer. This review provides a
brief description of various tumor markers for the purposes of diagnosis, prognosis and therapeutics, and we
include markers already in clinical practice and various
forthcoming biomarkers. Hopefully, based on the markers, we will generate accurate diagnoses, prognoses
and select the most appropriate therapy.

Abstract
The high incidence of gastric cancer (GC) and its consequent mortality rate severely threaten human health.
GC is frequently not diagnosed until a relatively advanced stage. Surgery is the only potentially curative
treatment. Thus, early screening and diagnosis are
critical for improving prognoses in patients with GC.
Gastroscopy with biopsy is an appropriate method capable of aiding the diagnosis of specific early GC tumor
types; however, the stress caused by this method together with it being excessively expensive makes it difficult to use it as a routine method for screening for GC
on a population basis. The currently used tumor marker
assays for detecting GC are simple and rapid, but their
use is limited by their low sensitivity and specificity. In
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INTRODUCTION

CARCINOEMBRYONIC ANTIGEN

Gastric cancer (GC) is the second most common cancer
worldwide and the sixth leading cause of tumor-associated death in Taiwan. However, the pathogenic mechanisms underlying GC tumorigenesis remain unknown[1].
Surgery continues to be the only curative treatment for
GC. In a recent study, more than 30% of surgical patients who presented with GC were too advanced for
curative resections. To improve the low survival outcome
and assist in the earlier diagnosis of specific tumor types,
new prognostic and/or therapeutic tumor markers are required[2]. Indeed, the identification of novel tumor markers presents a new approach for the early screening of
populations and for GC therapy.
In this review, we focus primarily on gastric adenocarcinomas. Based on Lauren’s classification, “intestinaldifferentiated” (I-GC) and “diffuse-undifferentiated”
(D-GC) are two histomorphologic GC subtypes[3,4]. Although these subtypes show related histomorphologic lesions, the tumor cells may contrast in their aggressiveness
or response to chemotherapy[5]. The molecular actions
involved in the progression of GC are multipart and involve multiple genes and steps that operate sequentially
or in concert[4]. Several risk factors for GC, including
Helicobacter pylori (H. pylori) infection, genetic alterations,
and chromosomal instability, have been reported [6-8].
The identification of various tumor markers has also
added to our basic knowledge of molecular and cellular
mechanisms of GC tumorigenesis and progression[8].
The majority of tumor markers are effective prognostic
tools that are used to identify groups of patients at risk
of relapse or metastasis or to monitor cancer survivors
following treatment[9]. However, suitable tumor markers
to expose the molecular mechanisms of GC or monitor
disease development are critical.
Cancer may increase tumor markers in blood or body
tissues. There are numerous and varying tumor markers
for specific disease processes, which are used to aid in the
diagnosis of cancer. An increase in a particular biomarker
may indicate cancer. However, there may also be other
underlying causes. Tumor markers may be produced directly by cancer cells or by non-cancer cells responding
to the tumor. In summary, the diagnostic assay should
include gastroscopy with biopsy. Thus, tumor markers
are not optimal for screening for GC on a population
basis, and as diagnostic assays, they show poor sensitivity
and specificity. Assays based on multiple tumor markers
will provide more exact results[10]. Thus far, assays based
on multiple tumor markers are helpful only as prognostic
indicators in patients with GC to monitor cancer survivors following treatment[11-15]. Recently, many studies have
been performed using microarrays/proteomics, and they
have reported new markers with potential clinical significance in patients with GC. In this paper, we review the
progress in serum-based tumor markers associated with
GC, focusing on discoveries from microarray/proteomics
research[16-20]. The most widely investigated serum-based
tumor markers for GC are listed in Table 1.

Carcinoembryonic antigen (CEA) is a cell-surfaceanchored protein involved in cell-cell adhesions. CEA
serves as a functional receptor for colon cancer E-selectin
and L-selectin ligands, which may be critical for the metastatic spreading of colon cancer cells[21,22]. Serum from individuals with colon cancer often shows higher levels of
CEA than that from healthy controls. CEA from serum
is primarily used as a biomarker to monitor colon cancer
treatment, to identify recurrences following surgical resection and to stage or localize cancer spread[23].
CEA levels may also be raised in other cancer types
and in some non-neoplastic conditions. Several factors
may influence increases in CEA. It is associated with
tumor grade, lymph node metastasis, distant metastasis
and tumor stage, suggesting that as the tumor progresses,
CEA levels increase[24].
Anti-CEA antibodies are also frequently used in IHC
to identify cells expressing CEA in tissue samples. In
adults, CEA is expressed only in cancer cells, primarily
adenocarcinomas. It can therefore be used to distinguish
between this and other similar types of cancers. Because
even anti-CEA antibodies tend to show some degree of
cross-reactivity, false positive results are observed, and
this assay is typically used in combination with other
tests[25].

WCGO|www.wjgnet.com

CARBOHYDRATE ANTIGEN 19-9
In 1981, carbohydrate antigen 19-9 (CA19-9) (also called
the Lewis antigen) was first discovered in the serum of
individuals with colon or pancreatic cancer. However,
CA19-9 is used primarily in the management of pancreatic cancer. CA19-9 may be increased in many types of
gastrointestinal cancer[26].

CARBOHYDRATE ANTIGEN 72-4
Carbohydrate antigen 72.4 (CA72.4) is a mucin-like glycoprotein found on the surface of many cancer cells[27].
CA72.4-Ab assay shows good specificity for GC and
is used to identify GC relapses and for follow-up after
treatment[28].

CYTOKERATIN SUBUNIT 19 FRAGMENT,
TISSUE POLYPEPTIDE ANTIGENAND
TISSUE POLYPEPTIDE-SPECIFIC ANTIGEN
Cytokeratin subunit 19 fragment (Cyfra21.1) is potentially
useful for monitoring lung carcinoma. It is a member of
the keratin family. The keratins are intermediate filament
proteins responsible for the structural integrity of epithelial cells and are grouped into cytokeratins and hair keratins. Cyfra21.1 has been suggested to play a role in lung,
colon, stomach, pancreas, breast, and prostate cancers.
Cyfra21.1 is the most sensitive tumor marker for nonsquamous cell lung cancer. Because Cyfra21.1 detects
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Table 1 Serum-based tumor markers in gastric cancer
Biological category

Biomarker
(Gene name)

Cutoff level /Expression levels in
human GC serum

Clinical significance

Associated tumor types

Ref.

Oncofetal antigen

CEA

5 μg/L

Prognosis
GC progression
monitoring

Gastrointestinal cancer
Cervix cancer

[24,25]

CA19.9

37 kU/L

CA72.4

6 kU/L

Cyfra21.1

Variable

Prognosis

TPA
TPS
Β subunit of hCG

Variable
Variable
4 μg/L

Prognosis
Prognosis
Prognosis

Reg Ⅳ
Granulin
14-3-3 protein

Overexpression
Overexpression
Downexpression

Prognosis
Prognosis
Prognosis

DKK-1

Overexpression

Prognosis

Inflammatory

SAA

Overexpression

Prognosis

Cell apoptosis
Enzyme

MG7-Ag
PG

Overexpression
Overexpression

Prognosis
Prognosis

Glycoprotein antigen

Cytokeratins

Hormone

Cell proliferation
Signaling protein

Prognosis
GC progression
monitoring
Prognosis
GC progression
monitoring

Lung cancer
Ovary cancer
Breast cancer
Urinary tract cancer
Mainly pancreatic cancer
but also colorectal cancer
other types of gastrointestinal cancer
Ovary cancer
Breast cancer
Colon cancer
Pancreatic cancer
Many types of carcinoma
Some types of sarcoma
Carcinoma
Adult epithelial tumours
Seminoma
Choriocarcinoma
Germ cell tumors
Choriocarcinoma
Islet cell tumor
Testicular cancer
Gastrointestinal malignancies
Gastrointestinal malignancies
Epithelial cancer
Lung cancer
Breast cancer
Bladder cancer
Liver cancer
Oral cancer
Head-and-neck squamous cell cancer
Prostate cancer
Breast cancer
Colon cancer
Esophageal cancer
Lung cancer
Multiple myeloma (MM)
Lung cancer
Kidney cancer
Colon cancer
Prostate cancer
Liver cancer
Gastrointestinal cancer
Gastrointestinal cancer

[26]

[27]

[29]
[30]
[30]
[31]

[33,34]
[35,36]
[40-42]

[43-49]

[50,52,53]

[55,56]
[57]

CEA: Carcinoembryonic antigen; CA19-9: Carbohydrate antigen 19-9; CA72-4: Carbohydrate antigen 72-4; Cyfra21.1: Cytokeratin subunit 19 fragment;
TPA: Tissue polypeptide antigen; TPS: Tissue polypeptide-specific antigen; β-hCG: β-subunit of human chorionic gonadotropin; Reg Ⅳ: Regenerating gene
Ⅳ; Dkk-1: Dickkopf-1; SAA: Serum Amyloid A; MG7-Ag: Gastric cancer associated antigen; PG: Pepsinogens.

only fragments of cytokeratin 19, the test shows higher
specificity than tissue polypeptide antigen (TPA) and is
an independent prognostic factor[29].
The TPA tumor marker comprises a molecular complex of cytokeratins 8, 18, and 19. It is used in the diagnosis and staging of bronchogenic cancer. TPA assays
represent first-generation cytokeratin tumor marker tests.
Although tissue polypeptide-specific antigen has
been reported to be a potentially useful serum marker in
adult epithelial tumors, few reports have been published
on childhood malignancies. Currently, there is no widely
used marker for Wilms’ tumor[30].
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β-SUBUNIT OF HUMAN CHORIONIC
GONADOTROPIN
β-subunit of human chorionic gonadotropin (β-hCG) is
a hormone formed by the syncytiotrophoblast, a component of the fertilized egg, following conception. Following grafting, the syncytiotrophoblast gives rise to the
placenta. Some tumors produce β-hCG; thus, elevated
levels in individuals who are not pregnant may indicate
cancer. However, whether β-hCG production promotes
carcinogenesis remains unknown.
β-hCG may be used as a tumor marker as its β sub-
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unit is secreted by some tumors. Based on this reason, a
positive result in males indicates testicular cancer. Combined with α-fetoprotein, β-hCG is a good tumor marker
for monitoring of tumors of germ cells[31].

Regenerating gene Ⅳ (Reg Ⅳ ) belongs to the regenerating
family of secreted C-lectin proteins[32]. Reg proteins are
expressed normally in the gastrointestinal tract and are
induced in inflammatory bowel disease and in some gastrointestinal malignancies. They show multiple functions
including enhancing tissue regeneration, proliferation and
are anti-apoptotic[33]. Reg Ⅳ is expressed at low levels in a
subgroup of primary tumors and is moderately or highly
expressed in a majority of hormone refractory and metastatic tumors[34].

DKK1 regulates Wnt signaling by binding to the Wnt
coreceptor lipoprotein-related protein-5 (LRP5). Overexpression or down-regulation of DKK1 gene expression
levels has been observed at various stages of tumorigenesis in multiple cancers, such as breast, colorectal,
prostate, esophageal, lung cancers, and multiple myeloma
(MM). Thus, DKK1 play dual roles as an oncogene or
tumor suppressor. Serum from individuals with breast
cancer and bone metastases showed signiﬁcantly higher
DKK1 levels compared with healthy individuals. In addition, human primary lung and esophageal cancers, lung
cancer cell lines, and esophageal cancer cell lines show
increased DKK1 expression. However, DKK1 protein
expression was also down-regulated in colon cancer and
melanoma[43-49]. Qian et al[44] reported that DKK1 protein
expression was detected in the majority of MM cell lines
and clinical MM samples.

GRANULIN

SERUM AMYLOID A PROTEIN

Granulins are a family of secreted, glycosylated peptides
that are cleaved from a single precursor. Both the peptides and the intact granulins regulate cell growth. However, different members of the granulin family may act
as inhibitors, activators, or show dual roles in cell growth.
The granulin family is important for normal development, wound healing, and in tumorigenesis[35]. In addition,
the human liver contributes to the development of liver
cancer by secreting a granulin-like growth hormone[36].

Serum amyloid A (SAA) proteins combined with the
high-density lipoprotein (HDL) complex belong to a
family of apolipoproteins that are secreted during the
acute phase of inflammation[50]. There are three isoforms
of SAA. SAA (SAA1 and SAA2) levels are consistently
increased in the liver during acute inflammation, and
SAA3 is induced in various distinct tissues[50,51].
SAA are not specific for any type of cancer and are
expected to be elevated in other malignant diseases and
in inflammatory diseases[52,53]. Cho et al observed that
SAA had previously been reported to increase in several
different cancers including kidney, colon, prostate cancers, leukemias and lymphomas. However, these proteins
are released into the blood from the liver. These findings
suggest that these proteins may not be of much clinical
significance in our future efforts to more effectively diagnose and monitor cancer[50].

REGENERATING GENE Ⅳ

14-3-3 PROTEINS
14-3-3 proteins, which belong to a family of regulatory
proteins, are able to bind a multitude of signaling proteins of various functions, such as kinases, phosphatases,
and transmembrane receptors. More than 200 signaling
proteins have been reported as being ligands for 14-3-3
proteins[37,38].
Alterations in the expression of several 14-3-3 proteins have been associated with some human cancers.
The down-regulation of 14-3-3r has been reported in a
multitude of human epithelial cancers. Recently, Urano et
al[39] showed that breast cancer cells reduced 14-3-3r protein levels by upregulating the protein Efp, a ring-ﬁngerdependent ubiquitin ligase (E3), which targets 14-3-3r
for ubiquitin-mediated degradation by the proteosome.
MCF7 cells treated with antisense Efp constructs showed
increased levels of 14-3-3r, and athymic mice transplanted with these cells showed decreased tumors. Similar
trends of cancer-associated downregulation of 14-3-3r
have been reported in human lung cancer, vulva squamous neoplasias, bladder cancer, liver cancer, oral cancer,
and head-and-neck squamous cell cancer, suggesting a
common role for 14-3-3r as a tumor suppressor[40-42].

GASTRIC CANCER ASSOCIATED
ANTIGEN (MG7-AG)
Akashi et al[54] produced a MG7-Ag monoclonal antibody
to use for GC screening. Using the immuno-polymerase
chain reaction (Immuno-PCR) assay, the authors observed that MG7-Ag had the highest sensitivity and
speciﬁcity for detecting GC. They tested serum MG7-Ag
levels and found that the rate of MG7-Ag positivity was
82.8% for GC in 198 GC patients and 44.4% for colonic
cancer. However, the Immuno-PCR assay is too complicated and expensive for screening the high-risk population in Linqu county. Therefore, they used an ELISA to
detect MG7-Ag expression in serum from patients with
GC or other carcinomas. They also used IHC to test
MG7-Ag expression in GC tissues[55,56].

DICKKOPF-1

PEPSINOGENS

Dickkopf-1 (DKK1) inhibits Wnt/β-catenin signaling,
which is essential for embryonic head development.

WCGO|www.wjgnet.com

There are three genes that encode human pepsinogen A.
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A fourth human gene encodes gastricsin, also known as
pepsinogen C, a digestive enzyme. Gastricsin is an aspartic proteinase that belongs to the A1 peptidase family and
is produced in the stomach; it constitutes a major component of the gastric mucosa. Gastricsin is secreted into the
serum and is synthesized as an inactive zymogen that includes a highly basic prosegment. Gastricsin is converted
into its active mature form at low pH by serial cleavage
of the prosegment, performed by the enzyme. Polymorphisms in gastricsin are associated with susceptibility to
GC. Serum levels of the enzyme have been identified as
tumor markers for specific GCs and H. pylori-associated
gastritis[57].
Tumor markers may also be detected using IHC.
Although IHC remains the most reliable and cheapest
method, several efforts have been made to identify and
test novel tumor markers to achieve the prognosis goals.
In recent years, many proteins have been identified and
validated for their clinical significance in the management
of GC. The most widely investigated tissue-based tumor
markers for GC and the most correlated clinical parameters are listed in Table 2.

many human cancer cells including breast, colon, gastric,
liver and lung cancers. It is also expressed in stromal cells,
particularly at sites of relative hypoxia. VEGF enhances
endothelial cell proliferation and migration and induces
endothelial cell angiogenesis. VEGF is also called vascular
permeability factor. Thus, VEGF increases vascular permeability to plasma and its proteins, a typical requirement
of tumor microvasculature. IHC and ELISA are popular
methods used to examine expression patterns of VEGF
in serum and tissues from cancer patients[64-68].

HUMAN ETHER-À-GO-GO-RELATED GENE
Human ether-à-go-go-related gene (hERG1) belongs to
the K+ channel family, which may regulate cell apoptosis
and proliferation. Overexpression of this protein has been
observed in several tumors, such as primary human endometrial, gastric and colorectal cancers. hERG1 gene expression has been used as a specific tumor marker in colon cancer, and it regulates the invasion of tumor cells[69].

KRUEPPEL-LIKE FACTOR 5 (KLF5/IKLF/
BTEB2)

HUMAN EPIDERMAL GROWTH FACTOR
RECEPTOR 2/NEU

KLF5/IKLF/BTEB2 is a member of the Kruppel-like
transcription factor family. Several members of the KLF
family have been implicated in the development of human cancers[70]. KLF5 repeatedly shows genetic deletions
and decreased expression in human prostate and breast
cancers[71,72]. KLF5 also plays a suppressive role in tumor
growth in colon cancer. However, overexpression of
KLF5 activated ﬁbroblast cell growth and tumorigenesis.
KLF5 has also been reported to affect H-Ras, Wnt-1,
platelet-derived growth factor A chain (PDGF), cyclin
D1, PPARg and ERBB2 oncogenes[73]. Moreover, several
growth factors, such as PMA, sphingosine-1-phosphate,
and β-FGF, induce the expression of KLF5. Furthermore, KLF5 has been reported to promote angiogenesis
in a knock-out mouse model. In a bladder cancer cell line,
KLF5 was reported to inhibit cell growth. These ﬁndings
suggest that the actual role of KLF5 in tumorigenesis remains unknown[74].

Human epidermal growth factor receptor 2/neu (HER2/
neu) is a well-known oncogene. HER2/neu belongs to a
member of the epidermal growth factor receptor family
and plasma membrane-bound receptor tyrosine kinases.
Overexpression of this oncogene has been shown to
play an important role in the tumorigenesis of aggressive
types of breast cancer. Thus, the protein has become an
important tumor marker and target of therapy for over
30% of patients with breast cancer. It is positively associated with increased breast cancer recurrence and poor
prognosis. Overexpression of HER2/neu has also been
reported in ovarian, stomach, uterine and endometrial
cancers. Dimerization results in the autophosphorylation
of tyrosine residues within the cytoplasmic domain of
the receptors and initiates a variety of signaling pathways.
IHC is used to measure levels of HER2/neu protein
in samples. Fluorescence in situ hybridization (FISH) assays may also be used to measure whether HER2/neu
gene amplification has occurred. The extracellular domain of HER2 may be shed from the surface of tumor
cells and enter the circulation. Testing serum for HER2
using enzyme-linked immunosorbent assay (ELISA) offers a method for determining HER2 levels. Changes in
serum HER2 concentrations may be useful in predicting
response to trastazumab treatment[58-63].

SPECIAL AT-RICH SEQUENCE-BINDING
PROTEIN-1
Special at-rich sequence-binding protein-1 (SATB1) is
an AT-rich sequence-binding protein 1 and gene regulator. It functions as a genome organizer. SATB1 is highly
expressed in many types of human cancers including
breast, gastric, colon and bladder carcinomas. It enables
tumor growth and metastasis by altering the expression
of a large number of genes[75-78].

VASCULAR ENDOTHELIAL GROWTH
FACTOR

C-MYC2

Vascular endothelial growth factor (VEGF) is an angiogenic factor. It is a signaling protein secreted by many
solid tumors. VEGF overexpression has been reported in
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c-Myc protein is a transcription factor that activates and
represses the expression of many genes. In addition,
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Table 2 Tissue-based tumor markers in gastric cancer
Biological category
Receptor

Ion channel

Transcription factor

Enzyme

Biomarker (Gene name)

Parameters

Clinical significance

Associated tumor types

Ref.

HER2/neu

Lauren histotype
Lymph node metastasis

Prognosis
Therapeutic response

[58-63]

VEGF

Lauren histotype
Tumor progression

Prognosis
Therapeutic response

hERG1

Lauren histotype
Grading
Stage
Grading
Stage
Lymph node status

Prognosis

SATB1

Lymph node metastasis
Distant metastasis
Stage

Prognosis

c-myc2

Lymph node metastasis

Prognosis

CA IX

Lymph node metastasis

Prognosis

MMP-2

Stage
Survival

Prognosis

HDAC

Lymph node metastasis
Survival

Prognosis

COX-2

Lymph node metastasis
Survival
Depth of invasion
Serosal invasion
Lymph node metastasis
Stage
Depth of invasion
Serosal invasion
Lymph node metastasis
Stage

Prognosis

Ovarian cancer
Stomach cancer
Uterine cancer
Endometrial cancer
Breast cancer
Esophageal cancer
Breast cancer.
Colon cancer
Gastric cancer
Liver cancer
Lung cancer
Endometrial cancer
Gastric cancer
Colorectal cancer
Bladder cancer
Prostate cancer
Breast cancer
Colon cancer
Breast cancer
Gastric cancer
Colon cancer
Bladder cancer
Cervix cancer
Colon cancer
Breast cancer
Lung cancer
Stomach cancer
Kidney cancer
Colon cancer
Cervical cancer
Ovarian cancer
Colon cancer
Breast cancer
Bladder cancer
Gastric cancer
Renal cancer
Colorectal cancer
Gastric cancer
Breast cancer
Pancreatic cancer
Liver cancer
Lung cancer
Prostate cancer
Hodgkin's lymphoma
Breast cancer
Intestinal tract cancer
Ovan cancer
Cervical cancer
Gastric cancer

Ki-67

Lymph node metastasis

Prognosis

TGF-β

Stage

Prognosis

PKP3

Stage

Prognosis

E-cadherin

Invasion
Grading
Lauren histotype

Prognosis

KLF5/IKLF/BTEB2

SLPI

GLO1

Cell growth

Signal
Protein/cell adhesion

WCGO|www.wjgnet.com
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Prognosis

Prognosis

Prognosis

Colon cancer
Breast cancer
Prostate cancer
Gastric cancer
Melanoma cancer
Prostate cancer
Brain cancer
Breast cancer
Nephroblastoma
Breast cancer
Gastric cancer
Gastric cancer
Lung cancer
Esophagus cancer
Ovary cancer
Stomach cancer

[64-68]

[69]

[71,72]

[75-78]

[80]

[81-83]

[79,80,84,85]

[86-92]

[93,94]
[96,97]

[99-103]

[104]

[105,106]
[109,110]
[111]
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Regulate cell death
(apoptosis)

Cytokine
Vesicular transport

TSP-1

Stage

Prognosis

SPARC

Depth of invasion
Serosal invasion
Lymph node metastasis
Distant metastasis

Prognosis

Bcl-2

Lymph node metastasis

Prognosis

Bcl-6

Lymph node metastasis

Prognosis

Bax

No data

Prognosis

CXCL1/CXCR2

Lymph node metastasis

Prognosis

ARF1

Depth of invasion
Serosal invasion
Lymph node metastasis
Distant metastasis
Stage

Prognosis

Breast cancer
Melanoma cancer
Lung cancer
Gastric cancer
Breast cancer
Melanoma cancer
Gastric cancer
Oesophageal cancer
Glioma cancer
Melanoma cancer
Breast cancer
Prostate cancer
Chronic lymphocytic Leukemia
lung cancer
Gastric cancer
Pancreas cancer
Colon cancer
Bladder cancer
Gastric cancer
Colon cancer
Gastric cancer
Colon cancer
Gastric cancer

[112-115]

[118-120]

[121]

[122]

[123-125]
[128]
[129]

HER2/neu: Human epidermal growth factor receptor 2/neu; VEGF: Vascular endothelial growth factor; hERG1: Human Ether-à-go-go-Related Gene;
KLF5/IKLF/BTEB2: Krueppel-like factor 5; SATB1: Special AT-rich sequence-binding protein-1; CA IX: Carbonic anhydrase 9; MMP-2: Matrix metalloproteinase-2; HDAC: Histone deacetylases; SLP1: Antiprotease secretory leukocyte protease inhibitor; GLO1: Glyoxalase I; TGF-β: Transforming growth factor
beta; PKP3: Plakophilin-3; TSP-1: Thrombospondin 1; SPARC: Secreted protein and rich in cysteine; Bcl-2: B-cell lymphoma 2; Bcl-6: B-cell lymphoma 6;
Bax: Bcl-2-associated X protein; CXCL1: Chemokine (C-X-C motif) ligand 1; CXCR2: CXC chemokine receptors 2; ARF1: ADP-ribosylation factor 1.

c-myc has three isoforms and is extremely influential in
controlling DNA replication[79].
The MAPK/ERK pathway may activate c-myc, and
c-myc activation results in many cellular effects including
cell proliferation, apoptosis, differentiation and stem cell
self-renewal. c-Myc is a very robust proto-oncogene, and
it is very often upregulated in many cancers. c-Myc is correlated with recurrence and may be a potential prognostic
factor. High levels of c-myc2 were correlated with lymph
node metastasis and poor prognosis in cancers of the
cervix, colon, breast, lung and stomach[80].

tor of overall survival. Antibodies targeted against CA9
may be used to show hypoxic regions in many solid tumors[81-83].

CARBONIC ANHYDRASE 9

HISTONE DEACETYLASES

Carbonic anhydrases (CAs) are a large family of zinc
metalloenzymes that catalyze the reversible hydration
of carbon dioxide. They are involved in some biological reactions, such as respiration, calcification, acid-base
balance, bone resorption, and the formation of aqueous
humor, cerebrospinal fluid (CSF), saliva, and gastric acid.
CA9 is a transmembrane protein and a tumor-associated
carbonic anhydrase isoenzyme. It is increased in renal
cancers and hypoxic solid tumors. It is also involved in
cell proliferation and tumorigenesis.
Drug compounds targeted to CA9 are in preclinical
development for the treatment of kidney, colon, and
cervical cancers. CA9 is one of the markers of tumor
hypoxia. Moreover, recent studies assaying CA9 levels
and various clinicopathological outcomes indicated that
CA9 expression may also be a valuable prognostic fac-

Histone deacetylases (HDACs) promote the removal
of acetyl groups from acetylated residues to release an
acetate molecule. Lysine acetylation typically occurs in a
number of non-histone proteins.
Mutation and/or aberrant expression of various
HDACs have often been observed in cancer, making
them important therapeutic targets for many human cancers. Several studies have indicated that overexpression
of HDACs is present in renal, colorectal, gastric, breast,
pancreatic, liver, lung and prostate cancers and in classical
Hodgkin’s lymphoma and that they are associated with
poor prognoses[86-92].
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MATRIX METALLOPROTEINASE-2
Matrix metalloproteinase-2 (MMP-2) is a collagenase that
assists tumor growth and invasion by digesting the extracellular matrix surrounding the tissue. MMP-2 is considered a possible tumor marker for ovarian, colon, breast,
bladder and gastric cancers[79,80,84,85].

CYCLOOXYGENASE-2
Cyclooxygenase (COX)-2 is an enzyme responsible for
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inflammation and pain. COX-2 appears to be associated with cancers and irregular growths in the intestinal
tract[93]. COX inhibitors have been shown to reduce the
occurrence of cancers. COX-2 inhibitors are currently
being studied for the treatment of breast cancer[94].

PLAKOPHILIN-3
Plakophilin-3 (PKP3) is a member of the armadillo
(ARM)/plakophilin families. ARM-related proteins physically localize to cell desmosomes and nuclei and are
involved in linking cadherins to intermediate filaments
in the cytoskeleton. PKP3 may play a role as in cellular
desmosome-dependent adhesion and signaling pathways[107,108]. Several publications have reported that genetic aberrations in members of the ARM-protein family
including plakoglobin (PKGB), h-catenin (CTNNB1),
and adenomatous polyposis coli (APC) promote tumor
progression. However, with regard to the role(s) of the
subfamily member PKP3 during carcinogenesis, evidence
shows that PKP3 is a potential prognostic marker and
that it shows clinicopathological correlation with lung
cancer and GC[109,110].

ANTIPROTEASE SECRETORY
LEUKOCYTE PROTEASE INHIBITOR
Secretory leukocyte protease inhibitor (SLPI) neutralizes
elastase, tryptase, and cathepsin G[95]. Several studies have
indicated that SLPI may be involved in tumorigenesis[96].
Abundant expression of SLPI was noted in several cancers including ovarian, cervical and gastric cancers[97].

GLYOXALASE Ⅰ
Glyoxalase Ⅰ (GLO1) is an essential component in pathways leading to the detoxification of methylglyoxal (MG).
Over-expression of GLO1 has been reported in several
cancers, such as colon, breast, prostate, gastric cancers
and melanoma[98-103].

E-CADHERIN
E-cadherin is a calcium-regulated transmembrane cellcell adhesion protein that is expressed in most normal
epithelial tissues. Selective loss of E-cadherin can cause
dedifferentiation and invasiveness in human carcinomas,
suggesting that E-cadherin may play a role as a tumor
suppressor. Reduced expression of E-cadherin has been
observed in aggressive tumors of the esophagus, ovary,
and stomach[111].

KI-67
Ki-67 is a nuclear protein that is a cellular marker of cell
proliferation. It always correlates with cell proliferation.
During interphase, Ki-67 may be exclusively detected
within the cell nucleus, and when the cell enters mitosis,
the majority of Ki-67 relocates to the surface of the
chromosomes. Ki-67 is present during all active phases
of the cell cycle (G1, S, G2, and mitosis), but is absent in
resting cells (G0). Thus, Ki-67 is a good marker for determining cell growth rate. Ki-67-positive tumor cells are
often correlated with advanced tumors including carcinomas of the prostate, brain, breast and nephroblastomas.
With respect to these tumors, survival and tumor recurrence have been positively correlated with Ki-67 IHC
staining[104].

THROMBOSPONDIN 1
Thrombospondin 1 (TSP-1) is an extracellular matrix
glycoprotein that regulates cell adhesion, cell motility,
angiogenesis, and cell growth. TSP1 is down-regulated in
many tumors including breast, melanoma, lung and gastric cancers[112-115].

SECRETED PROTEIN AND RICH IN
CYSTEINE
Secreted protein and rich in cysteine (SPARC) is a member of the matricellular protein family. SPARC may
regulate cell-matrix interactions and cell function without
participating in the structural scaffold of the extracellular
matrix[116,117]. Recently, SPARC over-expression has been
reported in breast, melanoma, gastric, esophageal cancers
and gliomas[118-120].

TRANSFORMING GROWTH FACTOR-β
Transforming growth factor-β (TGF-β) regulates cellular
proliferation, differentiation and apoptosis. TGF-β is a
multifunctional cytokine, and increased or decreased production has been linked to many cancers including breast
cancer and GC[105].
TGF-β is a pluripotent cytokine with diverse effects
on normal physiology and a role in both normal mammary gland development and the progression of breast
cancer. During early stages of cancer, TGF-β acts as a tumor suppressor, whereas in later stages, when tumor cells
become resistant to growth inhibition by TGF-β, it acts
as a tumor promoter. Thus, TGF-β as a tumor marker is
useful primarily during the follow-up of cancer patients
and particularly in monitoring advanced disease[106].
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B-CELL LYMPHOMA 2/B-CELL
LYMPHOMA 6/BCL-2-ASSOCIATED X
PROTEIN
B-cell lymphoma 2 (Bcl-2) is a member of the Bcl-2 family of regulator proteins that either induce or inhibit cell
apoptosis. Bcl-2 is an important anti-apoptotic oncoprotein. Mutation of the Bcl-2 gene causes cancers including
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melanoma, chronic lymphocytic leukemia, breast, gastric,
prostate, and lung cancers[121]. Bcl-2 is a commonly used
IHC marker, and it has been used in the classification of
lymphoid processes and the identification of specific epithelial tumors.
Bcl-6 is also a biomarker of gastric, pancreas, colon
and bladder cancers[122].
Bcl-2-associated X protein (BAX) is a member of the
Bcl-2 gene family. BAX is a pro-apoptotic factor based
on its binding to Bcl-2. It is also a prognostic marker of
colon and bladder cancers[123-125].

2

3
4
5

CXCL1/CXCR2

6

CXCL1 is thought to be a chemo-attractant for neutrophils and lymphocytes[126,127]. However, it was observed
that neutrophil infiltration into tumors was dependent on
CXCR2 signaling. Moreover, the expression of CXCL1/
CXCR2 was significantly associated with GC progression.
This evidence is consistent with the previous observation
the CXCL1/CXCR2 signaling pathway was important in
the metastasis of several cancers including breast, gastric
and colon cancers[128].

7

8

9

ADP-RIBOSYLATION FACTOR 1
ADP-ribosylation factor 1 (ARF1) is a member of the
small GTPase family. ARF1 is involved in many cellular
processes including cell differentiation, proliferation, necrosis, apoptosis, and inter- and intracellular signaling[129].

10

CONCLUSION

11

There are no current excellent tumor indices or tumor
markers for GC. However, it is very important to use many
tumor markers in different types of cancer to screen, diagnose and stage the cancer, for evaluation of prognosis and
for monitoring of recurrence following treatment. However,
determining the significance of the markers and assessing
and interpreting them requires an accumulation of expertise and experience. These processes cannot work when
based on a single tumor marker. From the viewpoint of
the clinic, it is critical to examine the performance of the
marker using imaging, to select a tumor marker assay and to
consider the variety of non-specific factors that may have
caused the increase in the biomarker. Finally, this knowledge may lead to more accurate diagnoses and prognoses,
may enable the selection of optimal and appropriate therapies and also may enable assessments of the effectiveness
of treatments, with or without postoperative tracking of
recurrence. Thus, tumor markers are only references; they
are used by the physician for examining the cancer and
cannot diagnose the disease themselves.
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Abstract
Gastric cancer (GC) is a major public health issue as the
fourth most common cancer and the second leading
cause of cancer-related death. Recent advances have
improved our understanding of its molecular pathogenesis, as best exemplified by elucidating the fundamental role of several major signaling pathways and related
molecular derangements. Central to these mechanisms
are the genetic and epigenetic alterations in these signaling pathways, such as gene mutations, copy number
variants, aberrant gene methylation and histone modification, nucleosome positioning, and microRNAs. Some
of these genetic/epigenetic alterations represent effective diagnostic and prognostic biomarkers and therapeutic targets for GC. This information has now opened
unprecedented opportunities for better understanding
of the molecular mechanisms of gastric carcinogenesis
and the development of novel therapeutic strategies for
this cancer. The pathogenetic mechanisms of GC are
the focus of this review.

INTRODUCTION
Gastric cancer (GC) is one of the most common cancers
in the world, particularly in developing countries, and the
mortality of GC is the second leading cause of cancerrelated deaths[1-3]. It is often not detected until an advanced stage; consequently, the 5-year survival rate is low
(10%-20%)[4]. About 95% of gastric tumors are adenocarcinomas, which can be classified into well-differentiated
(intestinal), undifferentiated (diffuse), and ‘mixed’ types[5].
Although the incidence is declining, its prognosis remains
poor. Epidemiological evidence indicates that environmental factors play a major role in the carcinogenesis.
Among the environmental factors, diet and infection with
Helicobacter pylori (H. pylori) are the most common suspects
in gastric tumorigenesis[6,7]. In addition to environmental
factors, GC is a complex, multistep process involving
deregulation of canonical oncogenic pathways. These oncogenic signaling pathways can be overactivated by some
genetic and epigenetic alterations[8,9]. Genetic alterations,
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pylori-induced aberrant gene methylation in GC remains
poorly understood.
In addition to H. pylori infection, dietary and lifestyle
factors also increase the risk of gastric carcinogenesis. An
excessive intake of starch, fat, meat, salt and N-nitroso
compounds poor in protein quality increases the risk of
GC, especially preserved food rich in salt, salt per se and
N-nitroso compounds; whereas a diet rich in fresh fruits,
vegetables and dietary fiber can decrease the risk of
GC[14,27]. N-methyl-N-nitro-N-nitrosoguanidine (MNNG)
is one of the known gastric carcinogens, which enhance
the carcinogenic effects[28,29]. N-nitroso compounds can
be formed by the reaction of nitrate or nitrite during the
process of preservation and during digestion in the stomach, and they may be present in some foods including
cured meats, dried milk, instant soups, and coffee dried
on direct flame[30-32]. Ingestion of salt-preserved food can
induce direct damage to the gastric mucosa resulting in
gastritis and can increase the risk of persistent H. pylori
infection; examples are salted fish, soy sauce, pickled
vegetables, cured meat[33,34]. Moreover, high starch and
low protein diets may favor acid-catalyzed nitrosation in
the stomach and cause mechanical damage to the gastric
mucosa[14,35]. Fruits and vegetables are rich sources of
carotenoids, vitamin C, folate and phytochemicals, and
may modestly reduce risk in the process of carcinogenesis[14,34,35]. It has been reported that epigallocatechin gallate (EGCG) is the most abundant polyphenol in green
tea and it possesses a significant protective effect against
H. pylori-induced cytotoxicity in gastric epithelial cells[36].
Other established lifestyle factors, including cigarette
smoking and alcohol consumption, may affect the risk of
GC[37,38]. Alcohol, a gastric irritant, is an important risk
factor for GC. Tobacco has been reported to induce the
development of precursor gastric lesions and increase the
incidence of H. pylori infection. Accumulated evidence
has shown an association between gastroesophageal reﬂux
disease (GE reflux) and elevated risk for diffuse-type
GC[39-41]. In addition, Epstein-Barr virus (EBV) infection
is also closely associated with gastric carcinogenesis[38].

such as gene mutations, gene amplification, deletions or
allelic loss and chromosomal translocations, can cause
gain-of-function in oncogenes and loss-of-function in
tumor suppressor genes, ultimately contributing to gastric
carcinogenesis[9,10]. Moreover, like other human cancers,
gastric tumorigenesis can also be profoundly influenced
by epigenetic abnormalities, such as aberrant gene methylation, histone modification and microRNAs[10,11]. For
example, promoter hypermethylation as an important
hallmark of cancer cells is one of the major mechanisms
to inactivate tumor suppressor genes in gastric tumorigenesis[11,12]. Increasing evidence indicates that most cancer phenotypes are largely governed by complex interactions between multiple pro- and anti-oncogenic signaling
circuits[13]. This review discusses the recent remarkable
progress in understanding the molecular pathogenesis
and mechanisms of GC.

ENVIRONMENTAL RISK FACTORS
GC, like other cancers, is the end result of the interplay
of many risk factors as well as protective factors. Environmental and genetic factors are also likely to play a role
in the etiology of this disease. Among the environmental factors, it is clear that H. pylori infection and diet are
strong and established risk factors of GC[6,7].
H. pylori infection is an important and established risk
factor of GC. About 50% of the world’s population are
infected by H. pylori; most of the infected individuals remain asymptomatic and fewer than 0.5% of infected individuals will develop GC. Although H. pylori infection is
thus not a sufﬁcient cause for the development of GC[14],
H. pylori infection has been associated with high prevalence of GC and can also be found in the gastric mucosa
of patients with chronic gastric inflammation[15,16]. The
connection between H. pylori and GC is not only based
on epidemiologic data and animal models[17-19], but data
from clinical trials have also suggested that H. pylori eradication therapy can effectively reduce the development of
precancerous lesions and GC[20]. H. pylori infection causes
chronic inflammation, accumulation of reactive oxygen
species (ROS) and oxidative DNA damage in the gastric
mucosa, and promotes the sequential progression of normal gastric epithelium through atrophic gastritis, intestinal metaplasia, and dysplasia to carcinoma[21]. Intestinal
metaplasia is a preneoplastic lesion and confers increased
risk for GC development. However, the molecular networks connecting infection to lesion formation and the
cellular origin of this lesion remain largely unknown[22].
Although the intestinal-type GC are more related to atrophic gastritis, intestinal metaplasia and dysplasia, H. pylori
infection also can increase the risk of diffuse-type GC.
Moreover, H. pylori infection enhances aberrant promoter methylation in gastric mucosa, contributing to gastric
tumorigenesis by silencing tumor suppressor genes[23-25].
However, H. pylori infection cannot affect mRNA and
protein expression of DNA methyltransferases (DNMTs)[23,26]. Until now, the molecular mechanism of H.
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ALTERED SIGNALING PATHWAYS IN GC
GC is a complex and molecularly heterogeneous disease
involving deregulation of canonical oncogenic pathways,
such as p53[42], wnt/β-catenin[43], nuclear factor (NF)-κB[44]
and PI3K/Akt[45] pathways. Central to these mechanisms
are the genetic and epigenetic alterations in these oncogenic signaling pathways[8,9]. Of them, some molecular alterations are closely associated with poor clinical outcomes
of GC patients and are summarized in Tables 1 and 2.
p53 pathway
Gene mutations play a key role in transforming normal
cells into cancerous cells; they directly or indirectly suppress the normal function of tumor suppressor genes,
or enhance transforming activity of oncogenes. So far,
numerous gene mutations have been identified in GCs.
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One of the most commonly mutated genes is TP53 in
GC, which encodes p53 protein[46]. Tumor suppressor
p53 plays a fundamental role in the regulation of the cell
cycle and apoptosis, and its inactivation is central to the
pathogenesis of many human cancers, including GC[46].
Numerous reports have demonstrated that the function
of TP53 is more frequently inactivated in GCs by mutations and loss of heterozygosity (LOH) than by DNA
methylation. TP53 mutation pattern is characterized by
frequent G:C→A:T mutations at CpG sites. There are
about 30%-70% of GCs containing TP53 point mutations. TP53 mutations are an early event in GC and show
a different pattern in diffuse- or intestinal-type GC. Mutations of TP53 seem to be an early event and not related
to tumor stage in intestinal-type GC, but their frequency
increases with stage progression and they are common
in diffuse-type GC[42,46-48]. It has been reported that there
is signiﬁcant correlation between LOH of TP53 with
gastric precancerous lesions, suggesting that loss of TP53
may be an early event in gastric carcinogenesis[49]. Cyclindependent kinase (CDK) inhibitor p21 gene is directly
involved in human carcinogenesis through directly inhibiting DNA replication[50]. It has been reported that the
expression of p21 is usually assessed in combination with
TP53 status, and GC patients with loss of p21 have worse
survival[51]. Thus, aberrant p53 pathway may play an important role in gastric carcinogenesis.

tor receptor (EGFR) family or ERBB tyrosine kinase
(TK) receptor family, and plays important roles in animal
development; deregulation has been linked to several
pathologies, including cancer. This receptor family mediates cell proliferation and survival by the MAPK and
PI3K/Akt signaling pathways[67]. ERBB3 overexpression
is frequently found in GC, particularly in the diffuse-type
tumors, contributing to the overactivation of the PI3K/
Akt pathway[68]. Thus, aberrations of the ErbB3/PI3
kinase pathway may play an important role in diffusetype GC. Collectively, specific genotype-based targeting
against the PI3K/Akt signaling pathway may be an effective therapeutic strategy for GC.
MAPK pathway
The MAPK (Ras/Raf/Mek/Erk) signaling pathway regulates a series of cell activities such as angiogenesis, proliferation, differentiation, apoptosis and migration. The
MAPK pathway consists of several kinases, including
Ras, Raf, and Mek, and is often deregulated in GC[69]. Ras
(H-, K-, N-isotypes), which encode small G proteins, belong to a commonly mutated oncogene family and function as molecular switches of numerous signaling cascades, including MAPK pathway[70]. Mutations of KRAS
and BRAF are common in GC[71-73]. ERK1/2, the final
effectors of this pathway, are also found to be activated
in GC[74]. In addition, tumor suppressor gene RASSF1A
(ras-association domain family 1A), RASSF2, and
HRASLS are usually silenced by promoter hypermethylation in various human cancers, including GC[12,75-78].
Especially, RASSF1A contains a ras-association (RA) and
a Sav/RASSF/Hpo (SARAH) domain. Its inactivation by
promoter methylation can activate the MAPK signaling
pathway, and effectively block cancer cell apoptosis, ultimately contributing to tumorigenesis, including GC[48,79].
EGFR is a member of the EGFR family, and works
as a cell surface receptor of extracellular ligands, including epidermal growth factor (EGF) and transforming
growth factor alpha. Ligand binding to EGFR extracellular domain leads to the phosphorylation of its intracellular tyrosine kinase domain. This will initiate a series
of intracellular signals, such as activation of the MAPK
signaling pathway[80]. EGFR overexpression is frequently
found in GC and is associated with the depth of invasion
and poor survival of GC patients[81]. ERBB2, a member
of the EGFR family, does not have any speciﬁc ligands
that it binds directly and may be regulated by ligands in
the same way as EGFR. Amplification or overexpression
of ERBB2 is very common in intestinal-type GC, but not
in diffuse-type GC[68,82,83]. Activated ERBB2 oncogenic
pathway may play an important role in intestinal-type
GC. ERBB2 mutations occasionally occur in metastatic
gastric carcinoma, suggesting that these mutations play a
role in the metastatic process of some GCs[82]. However,
as compared with mutations, overexpression of ERBB2
caused by copy number gain is more commonly found
in human cancers, including GC[84]. Strikingly, ERBB2
amplification may serve as a prognostic marker for tu-

PI3 kinase/Akt pathway
The PI3 kinase (PI3K)/Akt signaling pathway regulates
cellular metabolism and growth by acting as a cellular
sensor for nutrients and growth factors and plays an important role in tumorigenesis[52-54]. PI3K is a lipid kinase,
which is mainly activated by tyrosine kinases. PIK3CA is
a catalytic 110-kDa subunit of PI3 kinase and an activator of the PI3K/Akt pathway. It is frequently activated
by genomic amplification[55] or mutation[56-58]. Gene amplification is one of the most frequent genomic alterations
found in human cancers[59-62]. Increased gene dosage by
this genetic event is a common mechanism for oncogene
overexpression during tumorigenesis[63], and also reflects
the genetic instability of the tumor cells like other types
of genetic alterations[64]. Our recent study has demonstrated that PIK3CA mutations are not common, but its
ampliﬁcation is very common in GC[55]. Notably, PIK3CA
amplification is associated with elevated p-Akt, suggesting that this genetic alteration may be a major mechanism
in activating the PI3K/Akt signaling pathway, further
contributing to gastric tumorigenesis[55].
PTEN encodes a multifunctional phosphatase that
negatively regulates cell growth, migration and survival
via the PI3K/Akt signaling pathway. Mutations, LOH
and promoter methylation in the PTEN gene have been
frequently identiﬁed in GC[48,65,66]. These genetic/epigenetic alterations ultimately contribute to overactivation of
the PI3K/Akt signaling pathway during gastric tumorigenesis.
ERBB3 is a member of the epidermal growth fac-
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mor invasion, lymph node metastasis and poor prognosis[68,83,85]. Our recent study has demonstrated frequent
ERBB4 amplification in GC and is strongly associated
with poor survival of GC patients[86]. In addition, MiR125a-5p, which targets ERBB2[87], and miR-146a, which
targets both EGFR and IRAK1[88], are related to survival
and may be prognostic factors in GC.
Taken together, these findings suggest that the MAPK
pathway plays an important role in gastric tumorigenesis,
and may be an effective therapeutic target for GC.

been identified with two functional classes: the secreted
frizzled-related protein (sFRP) class and the dickkopf
(Dkk) class[107]. Recent studies on GC have described aberrant methylation for several regulators of the wnt pathway, including SFRP1, SFRP2, SFRP4, SFRP5, Dkk-3
genes[107-109], further implicating the role of the wnt pathway in gastric tumorigenesis.
NF-κ B pathway
NF-κB is a critical regulator of genes involved in cell
survival and proliferation, cellular stress response and
inflammation[110,111]. It is well documented that chronic
infections and inflammation serve as major risk factors
for various types of cancer, including GC[9]. NF-κB can
activate the genes in response to certain stimuli, including
ROS, tumor necrosis factor alpha (TNFα), interleukin 1
beta (IL-1β), and bacterial lipopolysaccharides (LPS)[112].
Activation of NF-κB is by the canonical/classical and
non-canonical/alternative pathways. The canonical pathway can be activated by several stimuli, such as inflammation cytokines and antigens[113]. The non-canonical
pathway is induced by certain receptor signals like B-cell
activating factor (BAFF), lymphotoxin β (LTβ), CD40
ligand, TNF-like weak inducer of apoptosis (TWEAK)
and receptor activator of NF-κB ligand (RANKL)[114].
There is evidence that NF-κB is constitutively activated
in GC tissues, with high levels in GC cell lines as compared with normal adjacent epithelial cells[115]. More importantly, GC patients with high NF-κB levels in cancer
cells have a lower survival time than those with low NF[116]
κB activation .

Wnt pathway
Wnt signaling regulates several biological processes,
such as determination of cell fate, morphology, polarity,
adhesion and growth[89,90] and is divided into canonical
and non-canonical pathways. In the former, wnt signals
stabilize β-catenin (or CTNNB1), hereby activating gene
transcription through interaction of β-catenin with transcriptional factors[89]. Numerous reports have demonstrated that this pathway plays an important role in the
invasion and metastasis of GC and may be a good indicator for evaluating the biological behavior of GC[91,92]. The
non-canonical pathway is not related to β-catenin and is
involved in embryonic development and cell polarity, as
well as being also linked to the development of GC[93,94].
APC (adenomatous polyposis coli) is involved in
chromosomal segregation, and its inactivation causes
aneuploidy and perturbed structure of the chromosomes [95,96]. β -catenin mutations or APC inactivation
can cause accumulation and high intranuclear levels of
β-catenin, which regulate the wnt signaling pathway and
play an important role in early tumor growth, including
GC[10,48]. Mutation of the β -catenin gene may function in
initiation of invasive processes in intestinal-type GC[97].
The APC gene product binds to the multifunctional protein β-catenin, whose free concentration within the cell
is strictly regulated and kept at a low level. Inactivation
of the APC gene is more frequently caused by mutations
and LOH than DNA methylation. APC mutations are
frequently associated with moderately well differentiated
intestinal-type tumors[98,99]. There are about 30%-40% of
GCs that show LOH in the APC gene[48]. E-cadherin,
a calcium dependent cell-to-cell adhesion glycoprotein,
is encoded by the CDH1 gene and plays a critical role
in maintaining the normal epithelium architecture[100].
The cytoplasmic domain of this molecule interacts with
β-catenin, forming strong cohesive nets between the
actin cytoskeleton[101], essential for processes of cell-cell
adhesion and cell shape, polarity, migration and invasion. Inactivation of CDH1 induced by mutation, LOH
or aberrant promoter methylation markedly reduces cell
adhesion, alters morphology and enhances cellular motility[10,11,48,102], resulting in tumor dedifferentiation, invasiveness, metastasis and prognosis[103-105]. It has been reported
that approximately 50% of diffuse GC is associated with
loss of CDH1 function caused by mutations, LOH and
promoter methylation[105,106].
In addition, several antagonists of wnt signaling have
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Transforming growth factor-β signaling
Transforming growth factor beta (TGF-β) is a multifunctional cytokine that controls differentiation, apoptosis,
cell growth and immune reactions. The TGF-β family mainly includes three isoforms, TGF-β1, TGF-β2,
TGF- β 3, in mammals [117,118]. In early stages of GC,
TGF-β signaling is considered to be a tumor suppressor
pathway, whereas in the late stage it promotes invasion
and metastasis[119]. The TGF-β signaling pathway is composed of two distinct receptors with intrinsic serine/
threonine kinase activity, TGF-β receptor type Ⅰ, type Ⅱ
(TGFBR1 and TGFBR2) and Smad proteins. The loss of
TGF-β response due to the dysregulation of TGFBR1,
TGFBR2 and Smad4 is well known for its contribution to
oncogenesis. Moreover, methylation of TGFBR1, TGFBR2 and Smad4 may exist in the gastric cardia dysplasia
stages and plays a key role in these genes silencing with
subsequent effects on the TGF-β/Smad signaling pathway[120]. TGF-β induces RUNX3, a transcription factor
that is an inhibitor of the wnt signaling pathway and has
been involved in gastric tumorigenesis. Reduced expression of RUNX3 in GC has been attributed to aberrant
promoter methylation. In addition, MiR-130b is identified as the top candidate miRNA for RUNX3 binding. Its
overexpression can downregulate RUNX3 expression[121].
Importantly, loss of RUNX3 expression is closely associ-
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ated with the progression, differentiation, metastasis and
poor prognosis of GC[122-124].

tumor suppressor genes, LOH and mutations in critical
genes. CIN is characterized by gross chromosomal abnormalities[141], resulting in major modifications of chromosomal quantity or quality, including genomic amplifications of oncogenes and/or LOH, deletions or allelic loss,
chromosomal translocations. Of them, chromosomal
translocations lead to the formation of protein coding
genes with oncogenic functions and rearrangements of
chromosomes. A recent study has shown that CD44SLC1A2 gene fusions are detected in 1% to 2% of GCs,
but not in adjacent matched normal gastric tissues. Fusion
of the SLC1A2 gene coding region to CD44 regulatory
elements likely causes SLC1A2 transcriptional dysregulation[142]. Thus, the genomics of GC display high instability
and all these abnormalities may lead to oncogene activation and/or tumor suppressor gene inactivation.
In addition to DNA methylation, microRNAs (miRNAs) and histone modifications are important epigenetic modiﬁcations, which play critical roles in gastric
tumorigenesis [143-145]. MiRNAs can function as either
tumor suppressors or oncogenes depending upon their
target genes. Many tumor suppressor miRNAs that target
growth-promoting genes are downregulated in human
cancers, whereas oncogenic miRNAs that target growth
inhibitory pathways are often upregulated in cancer
cells[146]. For example, miR-9 and miR-433, which target
tumor-associated genes GRB2 and RAB34 respectively,
are significantly down-regulated in GC as compared
with adjacent normal tissues[147]. MiR-146a, which targets
both EGFR and IRAK1, is related to survival and may
be a prognostic factor in GC[88]. Histones are structural
proteins of chromatin and are composed of five basic
proteins: H1, H2A, H2B, H3 and H4. The N-terminal
tails of histones are subject to posttranslational covalent
modiﬁcations, including methylation, acetylation, ubiquitination, sumoylation, phosphorylation, proline isomerization and ADP ribosylation. These modifications can
alter chromatin remodeling, and histone acetylation and
methylation are associated with pathological epigenetic
disruption in cancer cells[148,149]. High levels of H3K4me3
(trimethylation of lysine 4 on histone H3), H3K36me3,
H3K79me3, H4K20me1, H3K27ac, H2BK5ac are associated with actively transcribed genes. In contrast, low
levels of acetylation and high levels of methylation of
H3K27, H3K9 and H4K20 are associated with transcriptional repression[144]. For example, H3K9me3 is positively
correlated with tumor stage, lymphovascular invasion, tumor recurrence and poor survival, indicating that histone
modification may be a useful predictor for poor prognosis of GC patients[150]. Collectively, these observations
suggest that miRNAs and histone modification may play
a key role in gastric carcinogenesis and are closely associated with worse prognosis of cancer patients.

Cyclooxygenase -2/Prostaglandin E2 pathway
Cyclooxygenase-2 (COX-2) is a rate-limiting enzyme responsible for the conversion of arachidonic acid to prostaglandins (PGs)[125]. Its overexpression has been reported
in various human cancers, including GC[126,127]. Moreover,
several studies have shown that treatment with COX-2
selective inhibitors suppresses chemically induced tumor
formation and xenografted tumor growth [128]. These
findings suggest that the COX-2 pathway plays an essential role in GC development. COX-2 is responsible for
catalyzing the biosynthesis of PG-H2, which is further
converted to prostaglandin E2 (PGE2) by microsomal
PGE synthase-1 (mPGES-1)[129]. COX-2-derived PGE2
can promote cell growth, inhibit apoptosis and enhance
cellular invasiveness, facilitating cancer progression[130].
Up-regulation of PGE2 is found in most of the gastrointestinal cancers[131], indicating that an increased level of
PGE2 through induction of COX-2 and mPGES-1 is
crucial for gastric tumorigenesis.
Retinoblastoma pathway
The retinoblastoma (Rb) family is involved in cell cycle
regulation and their function and/or expression is often
lost in various kinds of tumors[132]. In normal cells, the
cell cycle is controlled by a complex series of signaling
pathways by which a cell grows, replicates its DNA and
divides. Dysregulation of cell cycle components can
cause tumor formation[133]. Tumor suppressor gene p16 is
a CDK inhibitor that slows down the progression of the
cell cycle by inactivating the cyclin dependent kinase that
phosphorylates Rb protein[134,135]. Thus, p16 contributes to
the maintenance of Rb in an unphosphorylated state and
inhibits cell cycle progression. Mutations in p16 gene are
frequently found in human cancers, including GC[10,48,136].
Our previous studies have shown that there is close association of hypermethylation of p16 with poor survival
of GC patients[12,75] and methylation status of p16 can
predict response to 5-FU[137]. Strikingly, p16 methylation
can be detected in 19%-51.9% and 25%-57.4% of serum
extracted from GC patients[138,139], implicating its significance in the diagnosis and prognosis of GC.
Others
Many other molecular events are also found in gastric carcinogenesis (Tables 1 and 2). For example, the majority of
GC is characterized by genetic instability, which is generally classified into two major types: microsatellite instability (MSI) and chromosomal instability (CIN)[140,141]. MSI
is characteristic for the hereditary type of GC and results
from errors in DNA replication. These replication errors
are detected and repaired by a complex of mismatch repair (MMR) proteins[140], including hMLH1 and hMSH2.
Functional inactivation of MMR can be caused by gene
mutations and CpG island methylation. Inactivation or
deﬁciency of MMR genes often leads to inactivation of
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TRANSLATIONAL PROMISES IN GC
GC is a complex disease that involves multiple risk factors and multiple genetic/epigenetic alterations. Cur-
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Table 1 Genetic alterations in gastric cancer
Genes

Alterations

Tumor suppressor genes
TP53
Mutation/LOH
APC
Mutation/ LOH
CDHI
Mutations/LOH
hMLH1/hMSH2
Mutations
p16
RIZ

Mutations/LOH
Mutations/LOH

hMSH3
hMSH6
PTEN

Mutations
Mutations
Mutations/LOH

bcl-2

LOH

DCC
NM23

LOH
LOH

p21
FHIT
BRCA1
Oncogenes
β-Catenin
BRAF
K-Ras
PIK3CA

Pathology

Transcription factor
Signal transduction
Adhesion
DNA mismatch repair

Both
Intestinal
Diffuse
Both

Cell cycle
Nuclear
histone/protein
methyltransferase
DNA mismatch repair
DNA mismatch repair
protein tyrosine
phosphatases
Apoptosis inhibitor

Both
-

Both
Intestinal
Intestinal
Both

Loss
LOH

Cell adhesion
Nucleoside
diphosphate kinase
Cell cycle
Purine metabolism

LOH

Genetic instability

Both

Mutations

Adhesion,
Signal transduction
Signal transduction
Signal transduction

Intestinal

Signal transduction
Growth factor receptor
Tyrosine kinases
Growth factor
Receptor
Tyrosine kinases
Growth factor receptor
Tyrosine kinases
Growth factor receptor
Tyrosine kinases
Growth factor receptor
Growth factor receptor
Growth factor
Cell adhesion
Cell signaling
molecules
Transcription factor
Cell cycle regulator

Mutations
Mutations

EGFR

Amplification
Mutations
Amplification

ERBB2

Amplification

ERBB3

Mutations
Overexpression

ERBB4

Amplification

c-Met
KSAM
VEGF
CD44
PRL3

Amplification
Amplification
Overexpression
Amplification
Amplification

c-Myc
Cyclin E

Function

Amplification
Amplification

Both
Both

Prognosis

Ref.

Association with poor survival
[42,46,48,182]
Association with poor survival
[48,98,99]
Association with poor survival
[48,102,106,183,184]
Association with poor survival and microsatellite
[10,140,185]
instability
LOH of p16 association with lymph metastasis
[48,136,186,187]
Association with microsatellite instability
[188-190]

Association with microsatellite instability
Association with microsatellite instability
Association with TNM stage, lymph node
metastasis and poor survival
Association with invasion depth and lymph node
metastasis
Association with poor survival
Association with metastasis and poor survival

[191,192]
[191,192]
[65,66,193,194]

Association with poor survival
Association with invasive depth and
microsatellite instability
Association with poor survival

[51]
[200]

[182,195]
[48,196]
[197-199]

[201,202]

[71,203]
[57,71-73,204]

Both

Association with poor survival and EBVassociated GC
Association with microsatellite instability
Association with poor prognosis and
microsatellite instability
Association with poor survival

Both

Association with poor survival

[57,81,205]

Intestinal

Association with poor survival

[68,81-85,205]

Diffuse

Association with poor survival

[68,81,85]

Both

Association with poor survival

[86]

Diffuse
Diffuse
Intestinal
Both
Both

Association with poor survival
Association with poor survival
Association with metastasis and poor survival
Association with metastasis and poor survival
Association with metastasis and poor survival

[86,206]
[207]
[153,154,208]
[86,209]
[210,211]

Intestinal
Both

Association with poor survival
Association with poor survival

[212,213]
[208,214]

Both
Intestinal

[10,58,97]

[55-58]

LOH: Loss of heterozygosity.

rently, surgical resection and chemotherapy are important
strategies for GC treatment. However, despite recent
advances in perioperative and adjuvant chemotherapy,
most patients with advanced GC still have a poor prognosis. Thus, a better understanding of the pathogenetic
mechanisms of GC may lead to new diagnostic, therapeutic and preventive approaches to this disease. Screening and treatment of H. pylori infection, restriction of
dietary salt, and a diet rich in fresh fruits and vegetables
can decrease the risk of GC and prevent GC[20]. In addition, identiﬁcation of genetic and epigenetic markers
in GC patients may be an encouraging factor to advance
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individualized and targeted therapies.
In recent years, in the ToGA study, trastuzumab,
which is a specific antibody for ERBB2, has been approved as a current standard of chemotherapy in
ERBB2-positive GC patients[151,152]. Given that VEGF
overexpression is often found in GC, and is related to
tumor aggressiveness, VEGF may thus become a valid
target for antiangiogenic therapy [153,154]. Anti-VEGF
agents have recently been developed, including mAbs
and TKIs (the tyrosine kinase inhibitors). Bevacizumab,
the VEGF monoclonal antibody, is currently being investigated for GC treatment in combination with different
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Table 2 Epigenetic alterations in gastric cancer
Genes

Function

DNA methylation
BRCA1
DNA repair
hMLH1
DNA repair
MGMT
DNA repair
RASSF1A
DNA repair/Cell cycle
CDH1
Cell invasion/Metastasis
RASSF2
DNA repair/Cell cycle
P16
Cell cycle
IGFBP3
Cell cycle
CHFR
Cell cycle
P15
ADAM23
APC

Cell cycle
Cell invasion/metastasis
Cell invasion, Metastasis,
Signal transduction
Cell invasion and metastasis

LOX
TIMP3
HAND1
MLF1
PRDM5
RORA
NDRG2
BNIP3
DAPK
TMS
FHIT
GSTP1
FLNc
RUNX3

Cell invasion and metastasis
Cell differentiation
Cell differentiation
Cell differentiation
Cell differentiation
Cell differentiation
Apoptosis
Apoptosis
Apoptosis
Apoptosis
Apoptosis
Cell morphology
Transcriptional factor, Signal
transduction
Transcriptional factor
Signal transduction
Signal transduction
Signal transduction
Signal transduction

ZNF545
RARβ
HRASLS
SFRP2
SFRP1
MicroRNAs
let-7g

Tumor suppressor

miR-433

Tumor suppressor

miR-1
miR-20a
miR-27a
miR-34
miR-423-5p
miR-125a-5p

Tumor suppressor
Tumor suppressor
Tumor suppressor
Tumor suppressor
Tumor suppressor
Tumor suppressor

miR-146a

Tumor suppressor

miR-9
miR-375
miR-433
miR-214

Tumor suppressor
Tumor suppressor
Tumor suppressor
Oncogenesis

miR-130b

Oncogenesis

Prognosis

Detected in serum

Ref.

Association with age
Association with poor survival
Association with poor survival
Association with poor survival
Association with poor survival
Association with poor survival
Association with poor survival
Association with lymph node metastasis
Association with invasion depth,
differentiation and lymph node metastasis
Association with poor survival

Yes
Yes
Yes
Yes
-

[215]
[75,216]
[75]
[74,76,77]
[105,106,138,139,216,217]
[75]
[75,137-139,218]
[219]
[218,220]

Yes
Yes

[139,221]
[222,223]
[216]

Association with Helicobacter pylori-positive
individuals
Association with poor survival
Association with poor survival
Association with lymph node metastasis
Association with lymph node metastasis
Association with poor survival
Association with poor survival
Association with poor survival
Association with lymph node metastasis
Association with EBV-related gastric cancer
Association with poor survival
Association with poor survival

-

[22]

Yes
Yes
Yes
Yes

[74,216]
[22,75]
[75,223]
[223,224]
[223]
[225]
[226,227]
[74,139,218,227,228]
[228]
[105]
[139,229]
[75]
[120,122,123,218,220]

Association with poor survival
Association with poor survival
Association with lymph node metastasis

Yes
-

[230]
[74,138]
[75]
[108,231]
[231]

Association with invasion depth, lymph node
metastasis
Association with invasion depth, lymph node
GRB2
metastasis
Association with tumor stage
Association with tumor stage
Association with tumor stage
Association with tumor stage
Bcl-2, Notch, and HMGA2
Association with tumor stage
Association with tumor size, invasion,
ERBB2
liver metastasis, and poor survival
Association with lymph node metastasis,
EGFR, IRAK1
venous invasion, and poor survival
RAB34, CDX2, and NF-kB1
PDK1, 14-3-3zeta
GRB2
Association with invasion depth and lymph
node metastasis
RUNX3

chemotherapeutic compounds in a phase Ⅲ (AVAGAST)
study. Strikingly, adding bevacizumab to chemotherapy is
associated with signiﬁcant increases in PFS (progressionfree survival) and overall response rate in the ﬁrst-line
treatment of advanced GC[155]. Apatinib, a TKI that selectively targets VEGFR-2 (a type Ⅲ receptor tyrosine
kinase), has been investigated in a phase Ⅱ clinical trial
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[232]
[147,232]
[233]
[233]
[233]
[233,234]
[233]
[87]
[87]
[147,234,235]
[236]
[147]
[232]
[121]

that shows that apatinib improved PFS and OS (overall
survival) in heavily pretreated patients with metastatic
GC[156]. Other anti-VEGF agents, such as ramucirumab,
sunitinib, sorafenib and cediranib, have also been investigated for GC treatment[157].
Specific inhibitors against molecular target EGFR
have been developed in GC treatment although not com-
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tients[177]. A phase Ⅰ study of vorinostat combined with
capecitabine and cisplatin has been performed to assess
the recommended phase Ⅱ trial dose in patients with
advanced GC[178]. These findings suggest that a new area
of potential interest is the development of histone methyltransferase (HMTase) inhibitors. HMTase inhibitors
may be used therapeutically to activate silenced tumor
suppressor genes.

pletely effective and they need further investigation. AntiEGFR mAbs and TKIs are currently undergoing clinical
trials for GC patients. Cetuximab has shown some encouraging results when combined with other chemotherapeutic agents in phase Ⅱ trials, whereas the phase Ⅲ trial
(EXPAND) demonstrates that addition of cetuximab
to capecitabine-cisplatin provided no additional benefit
to chemotherapy alone in the first-line treatment of advanced GC[158]. Lapatinib, a TKI, inhibits both EGFR and
ERBB2 kinases. Although a poor objective response rate
has been observed in the phase Ⅱ studies[159,160], phase
Ⅲ studies are evaluating the role of lapatinib in conjunction with chemotherapy[161]. Compounds against other
novel targets, such as mechanistic target of rapamycin
mTOR (everolimus)[162,163], hepatocyte growth factor receptor c-Met (foretinib[163] and rilotumumab[152]), KSAM
(AZD4547)[152], MMP (marimastat)[164], and protein kinase
C (bryostatin-1)[165], have also been investigated in GC.
Epigenetic changes in DNA are reversible, different from genetic changes, and they represent very attractive targets for new therapeutic approaches. Several
epigenetic drugs targeting DNA methylation and histone
deacetylation enzymes have been investigated in clinical
trials. Treatments targeting cancer are designed to inhibit
either the function of DNMTs or histone deacetylase
(HDAC). DNMT inhibitors are divided into two families:
the nucleoside analogs and the non-nucleoside inhibitors. The three most commonly used catalytic inhibitors
of DNMTs are the nucleoside analogs 5-azacytidine,
5-aza-2-deoxycytidine, and zebularine. The ﬁrst DNA
methylation inhibitor 5-azacytidine (azacitidine) and
5-aza-2-deoxycytidine (decitabine) have been recently
approved by the FDA for treatment of myelodysplastic
syndromes (MDS) and primary cutaneous T-cell lymphoma (CTCL)[166-168]. However, 5-azacytidine and 5-aza2-deoxycytidine have a weak response in solid tumors[169].
SGI-110, a second generation DNMT inhibitor, is being investigated in phase Ⅱ clinical trials for the treatment of MDS and acute myeloid leukemia(AML)[170,171].
Zebularine and 5-azacytidine need to be incorporated
into DNA to trap DNMTs; they may have additional
nonspeciﬁc toxicities, whereas non-nucleoside molecules,
such as EGCG and genistein, do not rely on DNA incorporation. EGCG, the main polyphenol of green tea,
and genistein have been characterized as enzymatic and
cellular DNMT inhibitors[172,173]. Other commonly used
drugs have been shown to bring about DNA demethylation, such as procainamide and hydralazine[174]. HDAC
inhibitors (HDACis) now also are considered as potential
therapeutics. Trichostatin A (TSA) and suberoylanilide
hydroxamic acid (SAHA) are the classic HDACis. HDAC
inhibitors can induce cell differentiation, apoptosis, and
growth suppression and may be an innovative approach
in GC treatment[175]. Vorinostat (SAHA), also known as
suberoylanilide hydroxamic acid, is the ﬁrst clinically approved HDACi, which has been recently approved for
clinical use in CTCL[176]. Preclinical studies have shown
that vorinostat has potential antitumor activity, including
in GC, and may improve clinical outcomes for GC pa-
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CONCLUSION
In addition to environmental factors, gastric carcinogenesis involves complex genetic and epigenetic alterations.
It is now well established that genetic/epigenetic alterations can be driver events in the progression of normal
gastric mucosa to cancer. Moreover, these alterations also
contribute to the molecular heterogeneity of GC, as illustrated by the identification of molecular subtypes of GCs
that can be identified by their unique genetic/epigenetic
signatures. Given the role of these molecular events in
directing the pathogenesis of GC, studying their signatures and developing them as biomarkers for diagnosis,
prognosis and direction of therapy is likely to yield clinically useful assays that will be used to direct patient care.
In recent years, a large number of biomarkers have
been developed for the early detection and prognostic
evaluation of GC, as well as for predicting response to
relevant therapies. However, in many important diagnostic scenarios, DNA from the cancer cells represents only
a small fraction of the total DNA in the clinical sample,
such as plasma, serum, urine, feces, or sputum. An exciting evolution of the development of biomarkers is the
improvement of the biotechnology, such as next generation sequencing or deep sequencing, which now allows us
to profile genetic/epigenetic alterations at a much higher
sensitivity and genomic scale previously not possible[179,180].
Although recent diagnostic and therapeutic advances
have provided excellent survival for patients with early
GC, patients are usually diagnosed at an advanced stage
and the prognosis is still dismal[181]. Thus, there is a pressing need to develop effective therapeutic strategies for
this disease. Increasing evidence has demonstrated that
combinations of various targeted agents with chemotherapies will be an effective strategy for GC treatment. In
addition, continued efforts to investigate these molecular
events will allow for a better understanding of the pathogenesis of GC and will lead to the translation of these
insights into the clinical arena.
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follow-up remains the standard for early detection of
cancer and related premalignant lesions. At the same
time, new advanced high-resolution endoscopic technologies are showing promising results with respect to
diagnosing mucosal lesions visually and targeting each
biopsy. New histological risk stratifications (classifications), including OLGA and OLGIM, have recently been
developed. This review addresses the current means
for gastric cancer primary and secondary prevention,
the available and emerging methods for screening, and
new developments in endoscopic detection of early lesions of the stomach.
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Core tip: Gastric cancer remains an important healthcare problem from a global perspective during the
upcoming decades. Most of the cases in the Western
world are diagnosed at late stages when the treatment
is substantially less effective. Helicobacter pylori infection is a well-established carcinogen for gastric cancer.

Abstract
Gastric cancer continues to be an important healthcare
problem from a global perspective. Most of the cases
in the Western world are diagnosed at late stages
when the treatment is largely ineffective. Helicobacter
pylori (H. pylori ) infection is a well-established carcinogen for gastric cancer. While lifestyle factors are
important, the efficacy of interventions in their modification, as in the use of antioxidant supplements, is unconvincing. No organized screening programs can be
found outside Asia (Japan and South Korea). Although
several screening approaches have been proposed,
including indirect atrophy detection by measuring pepsinogen in the circulation, none of them have so far
been implemented, and more study data is required
to justify any implementation. Mass eradication of H.
pylori in high-risk areas tends to be cost-effective, but
its adverse effects and resistance remain a concern.
Searches for new screening biomarkers, including microRNA and cancer-autoantibody panels, as well as
detection of volatile organic compounds in the breath,
are in progress. Endoscopy with a proper biopsy

WCGO|www.wjgnet.com

Original sources: Pasechnikov V, Chukov S, Fedorov E, Kikuste I,
Leja M. Gastric cancer: Prevention, screening and early diagnosis.
World J Gastroenterol 2014; 20(38): 13842-13862 Available
from: URL: http://www.wjgnet.com/1007-9327/full/v20/
i38/13842.htm DOI: http://dx.doi.org/10.3748/wjg.v20.i38.13842

INTRODUCTION
Altogether 989000 new gastric cancer (GC) cases are
estimated to arise annually worldwide[1], but with substantial regional differences in incidence. The highest is
in East Asia, Eastern Europe, and parts of central and
Southern America, with the lowest in Southern Asia,
North and East Africa, Australia and North America[1-3].
More than 70% of gastric cancers occur in developing
countries due to poor standards of hygiene and higher

934

February 8, 2015|First Edition|

Pasechnikov V et al . Gastric cancer: Prevention, screening and early diagnosis

Helicobacter pylori (H. pylori) prevalence rates[2].
The majority of gastric cancer cases are related to H.
pylori infection, with a conservative estimate of 74.7% of
all the non-cardia GCs (i.e., 650000 cases annually) being
related to this infection[4], but realistically the proportion
of these infection-related cancers could be higher. The
Eurogast-EPIC study in Europe found 93.2% of gastric
cancer cases positive for H. pylori[5], whereas in Japan
only 0.66% of the cancer patients showed no signs of
infection[6].
The World Health Organization (WHO) had classified H. pylori as a class Ⅰ carcinogen as early as 1994[7],
and this has been reinforced more recently by the International Agency for Research on Cancer (IARC)[8]. The
cascade of premalignant (pre-cancerous) lesions preceding the development of GC and including atrophy, intestinal metaplasia (IM) and dysplasia of the stomach mucosa is well-recognized[9]. Dysplasia is further subdivided
into low-grade and high-grade dysplasia, both being
considered advanced premalignant lesions, but with the
latter bearing a higher GC development risk[10]. The term
premalignant or precancerous is reserved for clinical
conditions associated with a significantly increased risk
of cancer, but not is obligatorily characterized by a specific histological abnormality; gastric ulcer and mucosal
hyperplasia would also be attributable to this group[10,11].
The disease incidence shows a falling trend over several decades, starting in subjects born after the beginning
of 19th century[12]. In addition to the decline in prevalence of H. pylori infection per se, this has most likely
been the result of a significant reduction in a number
of risk factors, including changes in food preservation,
improved hygiene, fall in smoking, and increase in the
use of antibiotics[13]. At the same time, rising gastric cancer incidences in some indigenous groups have emerged
from a recent systematic review by Arnold et al[14].
Although the incidence and mortality of the disease
are declining globally when estimated in age-standardized figures, the absolute number of GC cases remains
stable or may even increase due to the predicted growth
of the world population and increasing longevity[15].
The 5-year survival rate continues to be poor, with
the exception of Japan. In Western countries, including
Europe and the United States, 5-year survival does not
exceed 25%[16], whereas 52% survival has been reported
in Japan[17], and where early diagnosis of diagnosed cancer confined to the inner lining of the stomach wall has
been confirmed, a 5-year survival rate of 95% can be
reached[18]. The problem of late diagnostics is due to a
substantial proportion of patients with early stage disease being asymptomatic, or else unspecified[19].
Therefore, it is critical to diagnose the disease at an
early stage for radical cure to be possible. Ideally, the
disease should be prevented before premalignant lesions
have developed, either by the reduction (elimination) of
the risk factors or surveillance and management of the
premalignant (precancerous) conditions. Thereafter, we
have tried to review both the available and the potential
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strategies that could help reach this goal by addressing
their benefits and drawbacks.

PREVENTION
Primary and secondary prevention
The ideal and ultimate aim of GC prevention is to minimize cancer incidence and mortality rates. GC prophylaxis includes both primary and secondary prevention
strategies. Primary prevention involves avoidance of
known carcinogens, enhancement of host defense mechanisms, changes in lifestyle, and chemoprevention[20]. In
infection-related cancers, eradication of the responsible
pathogen has to be considered as a measure of primary
prevention[21]. Secondary prophylaxis includes screening
and treating premalignant lesions or early stage cancers[22]. The latter might be considered also tertiary prevention, i.e., follow-up of patients in whom the disease
has been confirmed.
The primary cancer prevention strategy has an epidemiological and a medical approach. The purpose of
the epidemiological method is to decrease cancer rate
and mortality by improving lifestyle through exclusion
of causal factors and supplementation with preventive
factors known to be anti-carcinogenic. The purpose of
the medical method is to eradicate the causative microorganism and to inhibit development of the cancer by
prescribing medicines with direct anti-carcinogenic actions. Eradication of H. pylori by antimicrobial treatment,
with additional administration of non-steroidal antiinflammatory drugs (NSAIDs) such as aspirin, has been
assessed for chemoprevention of GC[20].
Impact of lifestyle and antioxidants
The impact of lifestyle has been addressed in either epidemiological retrospective studies or experimental investigations, as well as interventional studies. The possibility
of interfering with lifestyle changes or agents bearing
low adverse event risk, such as antioxidants, would be
of considerable interest; however, the results of interventional studies have to be clearly separated from
epidemiological evidence due to the different durations
that individuals are exposed to these above mentioned
factors.
A study using an animal model (Mongolian gerbils
infected with H. pylori) demonstrated dose-dependent
augmentation of stomach carcinogenesis by salt, along
with alterations in the mucous microenvironment [23].
The augmenting action of salt was absent in H. pylorinegative Mongolian gerbils. Consumption of fresh fruit
and vegetables significantly reduces gastric cancer risk, as
demonstrated in numerous prospective studies. A cohort
study by the Japan Public Health Center revealed, after
10 years of follow-up, that consumption of vegetables
and fruit on one or more days per week was related to
a lower GC risk than consumption less than once per
week[24]. Cohort studies published before 2004 indicated
the opposite association between fruit and vegetable
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intake and GC incidence, stronger for follow-up periods
of > 10 years[25].
The protective effect of vegetables and fruit against
GC might be explained by the content of ascorbic acid,
carotenoid and beta-carotene. Ascorbic acid is an antioxidant that significantly reduces mitotic activity in
tumor cells without disturbing the growth of normal
cells[26]. Carotenoid is another important anti-oxidant
that protects against free radical-induced injury[27]. Since
beta-carotene, a retinol precursor, possesses anti-cancer
activities, it could be used to prevent gastric carcinogenesis[28]. Green tea contains polyphenols, better known
as catechins. These include epigallocatechin-3-gallate, a
substance proven to suppress carcinogenesis in in vitro
and in vivo studies[29,30].
Three publications about chemoprevention were aimed
at assessing the antioxidant effects of vitamin supplementation on precancerous stomach lesions[31-33]. These
randomized trials, designed as double-blind and placebocontrolled, were conducted on cohorts at high risk of
GC. The trial results were conflicting, and the quality
of the results was compromised by substantial loss to
follow-up and/or withdrawal in two of the studies[31,32].
Correa et al[31] reported that the patients randomized to
a distinct active intervention with either ascorbic acid (1
g BID), beta-carotene (30 mg/d) or anti-H. pylori eradication therapy were three times more likely to exhibit
improved mucosal legion histology in the stomach following a 6-year period of observation. However, this
antioxidant advantage vanished over a further 6-year
period without continuous vitamin supplementation, as
revealed by re-evaluation after 12 years of the study[34].
Conversely, a trial in Linqu County, Shandong, China,
failed to report any beneficial effect on the frequency of
precancerous stomach conditions and/or lesions after
7.2 years of vitamin supplement investigation (250 mg
ascorbic acid with 100 IU vitamin E and with 37.5 μL
selenium BID)[33]. Correspondingly, Plummer et al[32], in a
study with randomized patients receiving either vitamins
(250 mg ascorbic acid with 200 mg vitamin E and with
6 mg beta-carotene/TID) or placebo over three years,
found no noteworthy link between vitamin supplementation and the progression or regression of precancerous
stomach conditions and/or lesions.
The above-mentioned studies were conducted in
Columbia, Venezuela, and China, in cohorts with a high
incidence of GC[31-33], which makes it difficult to extrapolate the data and conclusions more widely, to cohorts
with a lower incidence of GC.
Therefore, the studies do not present unequivocal evidence that antioxidant supplementations of the regular diet
for medicinal purposes helps prevent GC[10]; one possible
explanation is that such trials have not run long enough to
assess the true situation.

has been under investigation. Overexpression of cyclooxygenase (COX)-2 has been detected, and the possibility that its inhibition can be chemopreventive has been
investigated in a number of cancers. COX-2 overexpression arises in non-cardiac stomach cancers and also in
well-differentiated stomach cancers[35]. A cohort study
with a meta-analysis indicated that aspirin significantly
reduced the risk of non-cardiac cancer but not of cardiac cancer[36]. A Taiwanese cohort study with multivariate
analysis suggested that systematic use of NSAIDs was
an autonomous defensive against GC development[37].
Long-term use of a selective COX-2 inhibitor decreased
the rate of development of metachronous cancer after
endoscopic resection of early cancer of the stomach,
with similar effectiveness to H. pylori eradication[38]. Systematic administration of non-selective NSAIDs such
as aspirin seems to decrease the risk for development of
stomach cancer, according to the results of retrospective
cohort studies[37] and meta-analyses[39].
Meta-analyses of observational studies have established that longstanding non-selective suppression of
COX using NSAIDs is a powerful chemopreventive approach to gastric carcinogenesis[39,40].
The efficacy of COX-2 inhibitors in preventing the
progression of precancerous gastric lesions was investigated in several medical trials including Asian populations. The overall assessment varied, irrespective of the
drugs used. Apart from one placebo-controlled randomized controlled trial (RCT)[41], the protective activity of
these drugs on precancerous stomach mucosal lesions
was demonstrated only in low quality trials, including
one small RCT[42], one pilot trial[43] and two prospective
cohort studies[38,44]. The studies were performed on very
diverse populations including first-degree relatives of
stomach cancer patients, or dyspeptic patients suffering from rheumatological diseases, or patients with early
stomach cancer, etc. This precludes any possibility of
overview and analysis of the results.
The efficacy on precancerous gastric lesions was
studied in trials of selective COX-2 inhibitors such as
rofecoxib, etodolac, and celecoxib. In an RCT, rofecoxib
taken by patients over two years conferred no important
advantage for regression of IM after eradication of H.
pylori[41]. Yanaoka et al[38] treated patients with 300 mg/d
of etodolac and reported an increased incidence of
metachronous cancer after a long follow-up period. The
authors observed no important variation in the range of
precancerous conditions and/or lesions, either with or
without administration of etodolac.
A series of studies investigated the ability of a selective COX-2 inhibitor, celecoxib, to decrease the degree
of precancerous stomach mucosal conditions and/or
lesions after H. pylori eradication. In a small randomized
trial, a 67% reduction in precancerous gastric lesions was
revealed after 12 wk administration of celecoxib[42]. In another study, administration of celecoxib for eight weeks
led to a comprehensive regression of IM in 29% of
patients with established eradication of H. pylori[43]. Fur-

Chemoprevention
In addition to antioxidant supplementation for chemoprevention discussed above, the potential use of NSAIDs
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pylori treatment in patients with preneoplastic mucosal
changes, along with dietary antioxidant micronutrient
supplementation, can inhibit the precancerous process,
most probably by accelerating the regression of precancerous stomach mucosal conditions and/or lesions
as well as IM. This reversion of atrophy and IM was
confirmed after twelve years of follow-up[34]. However,
there is need to prove whether eradication at the stages
of atrophy and/or IM decreases the risk of GC.
One randomized trial from China was unsuccessful
in proving that H. pylori eradication considerably reduced
the rate of GC[60]. However, taking into account only the
group of patients deprived of preneoplasic conditions
and/or lesions at the outset, the incidence of GC over
7.5 years decreased after H. pylori eradication. A further
meta-analysis, containing four randomized intervention
trials with observation over 5-12 years matching H. pylori
eradication therapy against placebo therapy for preventing GC, demonstrated a minor trend in favor of H. pylori
eradication therapy. Further examination with insertion
of non-randomized trials with observation from 3 to 8.5
years revealed a substantial decrease in cancer rate after
eradication[61]. The meta-analysis updated by the authors
revealed that the comparative risk for GC after H. pylori
eradication was 0.65[62]. The authors proposed that the reduction of gastric cancer incidence could be relevant for
a subgroup of patients, possibly those in the initial stages
of non-atrophic gastritis[61,62]. De Vries et al[57] in a systematic review, established satisfactory clinical proof that H.
pylori eradication can help to prevent GC in patients with
both chronic non-atrophic and atrophic gastritis. A prospective trial also indicated that H. pylori eradication preceding the appearance of IM is possibly more successful
in decreasing the rate of gastric cancer[63].
In four prospective trials assessing the effect of H. pylori eradication on the development of premalignant conditions and/or lesions up to GC, the authors were unable
to detect a substantial decrease in cancer risk[33,34,50,60].
Studies of patients with previous endoscopic resection
of GC who had widespread IM demonstrated that the
risk of cancer was considerably decreased after successful H. pylori eradication[64,65]. In any case, H. pylori eradication decreases the development of IM in the stomach
mucosa[50,66,67]. Yet GC still arises in the setting of IM[63,68]
even following successful H. pylori eradication. Therefore,
evidence concerning the ability of H. pylori eradication
to reduce the risk of cancer in cases of widespread IM is
lacking, though it seems to reduces progression.
Kodama et al[69] examined their subjects each year for
10 years at 5 sites of the gastric mucosa, in accordance
with the updated Sydney system following eradication
of H. pylori. Atrophy at all 5 points and IM in the lesser
curvature of the corpus showed significant improvement during the follow-up period, which suggests that
improvement of gastric atrophy and IM might be associated with the reduction of GC occurrence.
Lee et al[70] first assessed the advantage of mass eradication of H. pylori infection for suppressing precancerous

thermore, an improvement in IM severity was noticed in
those patients without complete regression (P < 0.007)[43].
Yang et al[44] demonstrated that dyspeptic patients with
rheumatological diseases exhibited a greater degree of
regression of IM with prolonged use of celecoxib than
in non-NSAID users, but only after successful H. pylori
eradication. Currently no medical chemoprevention can
be recommended for routine use in preventing the development of GC[10].
H. pylori eradication
It is generally recognized and accepted that most GCs,
including both intestinal and diffuse types, develop in
stomach mucosa infected by H. pylori, and that GC very
rarely appears in gastric mucosa in the absence of inflammation. H. pylori is therefore significant in the development of GC[45]. Certain H. pylori virulence factors and
certain host genetic polymorphisms are known to affect
the risk of any specific individual developing H. pyloriassociated disease, particularly peptic ulcer and GC[46].
H. pylori cagA-positive strains have been confirmed as
significantly associated with GC[47].
In experimental models of gastric cancer conducted
on Mongolian gerbils, H. pylori eradication lowered the
rate of GC[48]. This experiment implied that early H. pylori eradication was as successful at suppressing stomach
carcinogenesis as in the medium or late stages[49].
The regression of atrophic gastritis after H. pylori eradication has been shown in several controlled[33,50,51] and uncontrolled studies[52]. Atrophic gastritis of the gastric body
is of particular interest as it may pose a higher risk of cancer, and fortunately evidence of its regression, with eradication, seems to be assured[53]. However, a meta-analysis of
this subject indicated that gastric atrophic changes could
be reversible in cases located in the corpus but not the
antrum[54]. The possibility of regression of gastric mucosal
atrophy seems to depend on the size and topographical
distribution of atrophy[54]; yet it is uncertain whether the
results of H. pylori eradication differ with the site and the
size of atrophy.
A randomized trial and a meta-analysis revealed that
H. pylori eradication significantly restores gastric histology to normal[55,56] in chronic gastritis and atrophic gastritis without IM. In a systematic review it was established
that atrophic gastritis can undergo regression within one
or two years after successful eradication of H. pylori[57].
The presence of IM in H. pylori-associated chronic
gastritis suggests a less reversible stage than atrophic gastritis alone. The evidence suggests that eradication at the
IM stage is less effective and more likely to progress[54].
The idea of reversibility of IM after H. pylori eradication has been completely refuted[58,59]. Lower H. pylori
colonization of areas with IM could indicate that the
advantage of eradication is limited. The results of two
meta-analyses on this topic also established that there is
no substantial regression of IM following H. pylori eradication[54,56]. Nevertheless, Correa et al[31] in a randomized
6-year follow-up trial, indicated that successful anti-H.
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gastric cancer (EGC)[64]. There is no direct evidence that
the method reduces GC frequency in other situations.
Stomach mucosal atrophy can decrease after eradication,
as proved in many reports[56], but a reduction in GC rate
in patients with atrophic gastritis is unproven.

gastric lesions. This mass eradication began in 2004 for
Taiwanese patients of over 30 years of age in Matzu island, where H. pylori infection is prevalent. Patients who
were positive for the 13C-urea breath test underwent endoscopy and received clarithromycin-based triple therapy.
If the treatment was ineffective, a 10-d triple therapy
based on levofloxacin was prescribed. The main results
were changes in the frequencies of H. pylori infection and
precancerous gastric lesions. The mass eradication of H.
pylori infection was associated with a substantial decrease
in gastric mucosal atrophy but not in IM. The efficacy of
the chemoprevention in decreasing the gastric cancer rate
was 25%.
Park et al[71] concluded that appropriately designed
studies are now required before deciding on populationwide prevention programs, which should also consider
the potential risks of mass antibiotic treatment and its
effect on gut flora[71].
H. pylori eradication has been suggested by numerous
societies. For instance, there are guidelines for patients
with GC after subtotal gastrectomy[72-74]. The eradication of H. pylori in GC patients with prior endoscopic
resection reduces the incidence of new tumors and the
extent of IM[65]. In a multicenter randomized controlled
study[64], patients with GC were assigned for eradication
or none, with analogous starting point characteristics in
each group. After three years of follow-up, 24 metachronous tumors had arisen in the non-eradication group
compared with nine in the eradication group. These
examples demonstrate the protective effect of H. pylori
eradication against the development of metachronous
tumors after resection of the primary tumor.
The data regarding the effect of H. pylori eradication
on the development of gastric epithelial dysplasia are
contradictory[31,33,34]. Overall, the evidence to date suggests
that dysplastic changes are unaffected by eradication, but
a possible benefit of eradication for patients with dysplasia is a lower incidence of metachronous tumors. These
considerations indicate that H. pylori eradication is strongly
recommended for patients with a previous history of GC
or dysplasia.
Choi[75] has published a summary of the Consensus
reports on H. pylori eradication treatments published for
many geographical regions[46,74,76-79]. Reliable indications
in these guidelines, with high levels of evidence, are (1)
peptic ulcer; and (2) low-grade gastric MALT (mucosa-associated lymphoid tissue) lymphoma. H. pylori eradication
is recommended in the guidelines as a preventive tool for
GC in definite circumstances, in accordance with existing evidence[80]. The best-supported recommendation is
the use of H. pylori eradication after endoscopic resection
of GC[46]. Other recommendations for H. pylori eradication aimed at preventing GC are family members of GC
patients, patients with diagnosis of gastric atrophy, and
persons who want eradication therapy. At present, the
recommendation for H. pylori eradication with a high
level of straight evidence for GC prevention is indicated
for patients after endoscopic tumor resection in early
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H. pylori eradication in a family history of GC
A family history of stomach cancer is a well-known risk
factor[81], and the phenomenon seems to be multifactorial. Investigations of first-degree relatives of GC patients reveal common factors increasing the likelihood
of GC, for instance genetic aspects and ecological factors, particularly in childhood[82]. A study of H. pylori
prevalence and gastric mucosal changes in family members revealed that first-degree relatives had a considerably greater rate of H. pylori infection. Moreover, they
exhibited more advanced stages of mucosal atrophy
and greater extent of IM than control groups[83]. An increased prevalence of H. pylori and a higher stage of IM
in the stomach corpus mucosa were demonstrated in
young relatives of patients with GC diagnosed before
the age of 40[84]. In Western countries, the first-degree
relatives of patients with GC were also found to have
an increased prevalence of H. pylori infection, advanced
stages of gastric mucosal atrophy, and IM even at an
early age[85].
In general, the current guidelines recommend H. pylori eradication for patients with a family history of GC.
However, there is still no direct confirmation that eradication strategies really decrease the GC rate in this cohort.
Massarrat et al[52] examined the change and topography of inflammation, atrophy and IM in first-degree
relatives of GC patients following H. pylori eradication.
This was associated with regression of gastric atrophy,
but not IM even in its early stages. Gastric atrophy and
IM in the antrum progress more rapidly in cases left
untreated for H. pylori infection (> 4% years follow-up)
compared to H. pylori-eradicated cases.
Prevention of metachronous cancer after endoscopic
resection
Metachronous gastric cancer after endoscopic resection
of the primary tumor can often be detected at another
location within the stomach mucosa[22]. The results of
a multi-center study of metachronous gastric cancers
after endoscopic resection demonstrated that H. pylori
eradication decreases the risk of appearance of new gastric cancers, even in patients at the highest risk[64]. They
also suggested that H. pylori eradication was protective in
patients with mucosal atrophy and IM. Conversely, some
trials have demonstrated that the protective effect of H.
pylori eradication on the incidence of gastric cancer is restricted to subgroups of patients without gastric mucosal
atrophy or IM[60,86]. A retrospective trial on metachronous
GC in patients with early GC after endoscopic resection
demonstrated a higher tumor incidence in the group
with persistent H. pylori than the eradicated group[87]. A
study by Kato et al[22,45] revealed that H. pylori eradication
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protects the stomach mucosa from the development of
metachronous GC in patients after endoscopic resection, with significantly higher rates of the cancer in the
control group than in patients after successful H. pylori
eradication.
H. pylori infection is implicated in both the initiation
and progression of GC[88]. The results of many studies
demonstrate that H. pylori eradication is effective in complete suppression of tumor growth at the precancerous
gastric mucosal lesion stage. H. pylori eradication could
inhibit latent cancers (tiny cancers that are undetectable
by endoscopy) not merely by slowing their growth, but
also, potentially, by completely suppressing them[89].

precursors of GC, the presence of premalignant lesions
(such as atrophy) or broadly the presence of H. pylori infection.
Leung et al [95] reviewed their experience with GC
screening in Asia. Data on a screen-and-treat study from
Matzu island where there is a high gastric cancer incidence of H. pylori have now been published[70]. There
seems to be a substantial decrease of atrophy and peptic
ulcer disease following the eradication; the incidence of
GC has also decreased by 25% during the study period
(however, lack of a control group prevents any confirmation of a causal relationship).
A large H. pylori eradication study is currently in progress in Linqu county, China[96].
Meta-analysis of pepsinogens in GC, dysplasia and
atrophic gastritis screening either in Japan or outside it
has been published by Dinis-Ribeiro et al[97]. Another
meta-analysis of 27 population-based screening studies (comprising 296 553 subjects) and 15 selected group
studies (with 4385 subjects) by Miki[98] indicated that the
pepsinogen test had a sensitivity of 77% in detecting
GC, with negative predictive values ranging from 99.1
and 99.9%. These ran between 1982 and 2002, most
originating from East Asia. At the same time, studies
from other parts of the world (e.g., Finland and Venezuela) were also included. The author reaches the conclusion that this method is useful in identifying high-risk
subjects rather than cancer itself.
Lomba-Viana et al[99] have also demonstrated the feasibility of pepsinogen screening in a European population. Other regional activities using a set of biomarkers GastroPanel (pepsinogen Ⅰ, pepsinogen Ⅱ, gastrin-17,
IgG group antibodies to H. pylori) - are under way in
Northern Italy and Germany.

SCREENING
General principles of cancer screening in settings of an
organized program
The effectiveness of a population-based cancer screening program can be measured by reduction of mortality
from a specific cancer, the results depending on the extent of organization, i.e., how well different components
of a screening process are associated[90]. In 1968 and on
behalf of WHO, Wilson and Jungner[91] defined the criteria for screening of a disease. In addition to the epidemiology, and disease management issues, the accuracy of
the test-system in parallel to cost-efficacy considerations
were listed in the criteria. High sensitivity of the screening test is one key aspect in not missing cases of the
disease at a curable stage. Organized cancer screening is
the most effective approach for achieving the target, and
IARC has defined the features with which such a program has to comply[92].
Current nationwide screening programs
Japan and South Korea are countries with ongoing
nationwide organized GC screening programs. The
screening program was launched in 1960 in Japan, with
the only recommended screening method being photofluorography (after a barium meal)[93]. From February,
2013, H. pylori eradication is reimbursed in Japan, but organized screening program. Upper endoscopy is used in
conjunction with photofluorography screening in South
Korea[94].
Kazakhstan has also decided to introduce bi-annual
screening, with upper endoscopy for esophageal and
gastric cancers for the age group 50-60. Starting from
the beginning of 2013, this has been implemented in 6
of the 16 regions in the country with the intention to expand it to the entire country. However, the set-up of the
program is unlikely to adopt or correspond to the criteria
required of an organized program, giving little expectation that the target will be reached.

Currently available non-invasive tests
It is unlikely that endoscopy or photofluorography
screening methods will become effective populationbased gastric screening tools in countries outside Asia,
either because of the epidemiology of GC or the cost
implications. Therefore, the potential use of non-invasive screening approaches will be addressed in greater
detail.
Pepsinogens
Pepsinogens are pro-enzymes of pepsin, and their serum
or plasma levels reflect, indirectly, secretion by the stomach. Pepsinogen Ⅰ (PgⅠ) is exclusively produced by the
chief and mucous neck cells of the corpus, whereas pepsinogen Ⅱ (PgⅡ) is also produced by cardiac, pyloric and
Brunner gland cells[100]. Only a minor proportion (about
1%) of the secreted pepsinogens reaches the bloodstream, but this is sufficient to assess stomach function.
Pepsinogen levels decrease in atrophic gastritis, but
are increased during inflammation. To eliminate the possibility of a false normal result when atrophy and H.
pylori infection co-exist, the ratio between PgⅠ and PgⅡ
(PgⅠ/Ⅱ) is considered a more reliable marker than Pg

Regional screening initiatives
A number of regional opportunistic screening activities
that have been conducted should be considered more as
pilot studies. The screening tools are mainly addressing
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Ⅰ alone

Emerging developments
During recent years there has been an increasing interest
in the potential use of molecular biology approaches in
GC risk detection. This paper will not discuss hereditary
GC with a clear association to CDH1 mutation; guidelines on how to deal with individuals at potential risk
exist[119]. Extensive work has been conducted on the role
of host-genetics to stratify the risk of GC development.
However, currently no polymorphisms of proinflammatory cytokines are being routinely used for the stratification of GC risk in an individual patient due to the lack
of association strength and of screening[46].

[98,101,102]

.
The diagnostic cut-off values for PgⅠ and the PgⅠ
/Ⅱ have varied in previous studies[103]. Different test-systems and methods have been traditionally used in assays
conducted in Asia and Europe; most of the recent Asian
studies, in particular in Japan, have used the latex agglutination method, whereas ELISA testing is mainly in use
in Europe. Although there is a relatively good correlation
between these results, the absolute values differ. Thus
results based on absolute values cannot be translated between the different studies where non-identical test systems are used[104]. Therefore, the current guidelines emphasize the need for regionally validated test-systems[46].
Although as previously reported [98], sensitivity results on pepsinogens for GC identification might be
considered acceptable in screening settings, worse performances have been reported in many of the studies.
Whilst the results are better for the detection of atrophy, i.e., sensitivity of 66.7%-84.6% and a specificity of
73.5%-87.1%[105-108], significantly lower sensitivity of GC
detection using the same cut-off values (36.8%-62.3%)
has been reported[109-111]. This might result in missing
half or more of the GC cases in a population-based
screening settings.
Therefore, regional validation of the tests and additional pilot studies in screening settings are required before the tests can be implemented, at least outside Asia,
in any organized screening programs.

MicroRNAs
MicroRNAs are endogenous, small (about 22 nt in
length), non-coding RNA molecules modulating posttranscriptionally gene expression[120]. Due to their stability in different tissue, analysis of specific microRNA
signatures may become an important diagnostic and
prognostic tool for different cancers, including GC[121].
Extensive work to identify microRNAs that are upregulated and downregulated in GC as well as the related
premalignant lesions has been carried out. Several reviews
of this topic have recently been published[122-125]. More
work is required to identify the microRNA signature that
can be reliably used in the early detection of GC, as well
as in analysing the reproducibility of the results from different populations.

Gastrin-17
An additional marker has now been suggested to characterize atrophy in the antral part of the stomach - amidated gastrin-17 (G-17), which is secreted exclusively by
the G-cells in the area[112]. In Europe, a combined set of
PgⅠ, PgⅡ, G-17 and H. pylori IgG antibody detection is
available under the brand, GastroPanel[113].
Although theoretically the combination of G-17 detection to pepsinogens would be an ideal reflection of
the functional status of the stomach, as well as the atrophy in the entire organ, the performance of this test in
practical terms is far from meeting expectations.
G-17 levels in plasma are influenced by multiple factors, including acidity regulating pharmaceuticals, food intake, and inflammation[113]. G-17 measurement following
provocation with a protein-rich meal is considered the
best indicator of antral G-cells functioning[114,115]. Such a
procedure is impractical and inconvenient in screening
settings; therefore fasting G-17 levels are being taken in
many studies[100]. However the sensitivity of the test in
the fasting state or after food stimulation (15.8% at fast
and 36.8% after the stimulation)[116] seems unacceptable
for screening purpose.
Many reports confirm the acceptability and accuracy
of the GastroPanel test-system, including G-17, for detecting atrophy in the gastric mucosa[113,117,118]; however
this seems to reflect the performance of pepsinogen
tests more than G-17.
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Cancer autoantibodies
Another potential tool for early GC diagnostics is a specific cancer autoantibody panel. Autoantibodies against
tumor-associated antigens have been identified in several
cancer types[126,127]. Although the availability antibodies
against particular tumor-associated antigens is limited,
typically ranging from 1% to 15%, an approach of panel-testing is now being used to explore cancer-specific
antibodies[128]. Such a panel antibody search has been
conducted in GC, in which 45-autoantibody signature
was found to discriminate GC from healthy controls
with 59% sensitivity and 90% specificity[128].
Volatile markers
Volatile components found in the exhaled breath and
identified either by gas-chromatography coupled massspectroscopy or nanosensor technology could also make
a reliable and easy-to-use tool for detecting cancer[129].
A recent pilot study suggests the possibility of using a
highly sensitive, cross-reactive, nanomaterial-based gas
sensor to identify and separate volatile marker patterns
between GC patients and those with benign gastric conditions with 89% sensitivity, 90% specificity and 90%
accuracy[130]. However, geographical differences between
the content of volatile substances do exist[131], making
local adaptation of the method (“teaching of the electronic nose”) might be required.
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A

B

Figure 1 White light endoscopy of the stomach of a 60-year-old man. A: Hyperplastic gastric polyp 40 mm × 20 mm in size is clearly visible in the foreground.
The flat lesion in the background has been missed during first outpatient esophagogastroduodenoscopy; B: Pathomorphology after initial biopsy and polypectomy
confirmed the hyperplastic nature of the polyp.

A

B

C

D

Figure 2 Esophagogastroduodenoscopy of the same patient. A: The flat lesion in the background can been viewed more easily when better lit; B: Closer view
of the superficial elevated lesion; C: After chromoendoscopy with indigo carmine - a roundish lesion 25 mm in diameter can be seen, with a smooth lobulated surface
and a 6-mm, reddish protrusion in the distal part; type 0-Ⅱa+Is according to Paris classification; D: Due to the marked inflammation and presence of intestinal metaplasia the precise proximal margin of the lesion is still unclear, even with the use of chromoendscopy.

Cost implications
Endoscopic screening only becomes cost-effective in
moderate- to high-risk populations[132,133]. Two recent systematic analyses have confirmed the cost-effectiveness
of H. pylori screen-and-treat strategy in preventing GC,
even in areas with rather low incidences of GC[134,135].
However, the adverse effects of broad antibiotic use
for H. pylori widespread eradication need consideration
in future studies[135]. Insufficient evidence is available
on the cost-effectiveness of pepsinogen or other newer
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potential screening modulation approached in screening
settings for GC.

EARLY ENDOSCOPIC DIAGNOSIS
Endoscopic diagnosis of early gastric cancer (EGC) is
quite difficult because it often shows only subtle changes; endoscopists have to be well trained and familiar with
new techniques.
The first step in diagnosing EGC endoscopically is

941

February 8, 2015|First Edition|

Pasechnikov V et al . Gastric cancer: Prevention, screening and early diagnosis

A

B

C

D

E

F

G

H

20 μm

20 μm

20 μm

Figure 3 Characterization of the surrounding mucosa of the same patient. A-C: WLE + chromoendoscopy: pronounced focal mucosal hyperemia, edema, petechiae, multiply foci of intestinal metaplasia; D: Narrow band imaging (NBI) + magnified endoscopy (zoom). The results, according to VS-classification[138]: the surrounding mucosa is inflamed, with a regular stick-like microsurface pattern, slightly irregular wavy microvascular pattern; E: Confocal laser endomicroscopy (CLE): A crosssection of normal glands; F: CLE: A longitudinal section of normal glands; G: CLE: Marks of intestinal metaplasia - Goblet cells; H: Pathomorphology: Active chronic
Нр+ gastritis with incomplete intestinal metaplasia and low grade epithelial dysplasia.

flexible spectral imaging color enhancement (FICE) endoscopy with or without magnification (FIME) and confocal laser endomicroscopy (CLE), have been tested for
the diagnosis of EGC, with promising results. The most
investigated endoscopic technique seems to be NBI,
which has given promising results.

to detect any suspicious lesions, to characterize them and
make an accurate diagnosis (Figures 1-7). The third step
is good reporting, based on the Paris classification as the
current standard[136].
Several simple, but very important aspects, have to
be observed for the endoscopic diagnosis of EGC, such
as the best preparation for an endoscopic examination in
minimizing the time and effort taken in removing mucus
(drinking a mixture of water with mucolytic and defoaming agents before the procedure), which is very popular
in Eastern countries, but is not always used in Western
countries, at least not in daily clinical practice.
Second,to avoid blind spots during endoscopy, it is
necessary to use a standardized procedure to map the
entire stomach. The European Society of Gastrointestinal Endoscopy (ESGE) recommendations for quality
control in gastrointestinal endoscopy: guidelines for image documentation in upper and lower GI endoscopy[137]
proposes that 8 images should be taken to illustrate the
examination of the stomach in its totality (complementary images should be taken in the case of a specific lesion). A recent review[138] proposes a minimum required
standard, a “systematic screening protocol for the stomach (SSS)” that comprises 22 endoscopic photos as a
minimum standard. If another lesion is found, additional
pictures have to be taken. The longer the examination
time and the more pictures taken, the easier it is to improve the detection of lesions[139].
Detection of subtle gastric mucosal changes during
examination requires advanced endoscopic techniques.
Different techniques, such as magnifying endoscopy,
chromoendoscopy (CE), novel high-resolution (HR)
virtual chromoendoscopy techniques with narrow-band
imaging (NBI) with or without magnification (NBI-ME),
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NBI ENDOSCOPY FOR EGC/DYSPLASIA
DIAGNOSIS
Many studies have aimed at directly distinguishing cancerous lesions from non-cancerous lesions using NBI.
The most assessed endoscopic technique for detection
of EGC has been NBI-ME (Table 1), which has high
sensitivity and specificity.
GC differentiation
The first NBI clinical studies published dealt with cancer
differentiation. Table 2 shows the data available regarding gastric cancer differentiation using NBI-ME.
Table 3 summarizes the studies evaluating the horizontal extent (DL) of EGC on NBI-ME.
Possible data aggregation for NBI’s studies
A recently published systematic review[140] using available data from several studies working groups calculated a pooled sensitivity, specificity and DOR of 0.90
(95%CI: 0.84-0.94), 0.83 (95%CI: 0.80-0.86) and 47.61
(95%CI: 4.61-491.34), respectively, for the diagnosis of
dysplasia.
Cancer delineation using NBI
NBI endoscopy may also help in assessing the extent of

942

February 8, 2015|First Edition|

Pasechnikov V et al . Gastric cancer: Prevention, screening and early diagnosis

A

B

C

D

E

F

G

H

I

J

K

L

M

N

O

P

Figure 4 Some patient after 2 wk of Helicobacter pylori eradication therapy. The characterization of the flat (Ⅱa) part of the lesion type 0-Ⅱa+Is is neoplastic:
A-D: High definition Video-EGD + chromoendoscopy + Zoom: Shows a clear demarcation line between the lesion and surrounding mucosa; E-G: NBI + zoom: A clear
demarcation line between the lesion and the surrounding mucosa; H, I: NBI + zoom: An irregular microsurface pattern - elongated and different in size and shape; J, K:
An irregular microvascular pattern - tortuous, different in shape and size of the capillaries, forming an irregular network; L: CLE: Marks of intestinal metaplasia - Goblet
cells; M: CLE: Deformed glands; N: CLE: Dark irregular glands; pseudostratified epithelium; O: CLE: Dark irregular glands; pseudostratified epithelium; P: Pathomorphology: Incomplete intestinal metaplasia and high grade dysplasia with foci of well-differentiated adenocarcinoma.

FICE for dysplasia/cancer diagnosis and delineation
Although several studies evaluated EGC by FICE endoscopy, most looked at the DL between a GC and
its surrounding area with the FICE system [with and
without magnification, with ultraslim, with small-caliber
endoscopy and with indigo carmine (I-FICE)]. Table 4
summarizes the evaluations of the horizontal extent (DL)
of EGC on FICE.
Although FICE endoscopy seems to be a promising
tool for EGC DL detection, more studies are necessary
and welcome.
New HR advanced endoscopic technologies could

lesions (determining the margin between cancerous and
non-cancerous mucosa),and in improving safety margins
and cure rates during endoscopic resection of EGC.
As described before, different studies have reported
various descriptions of GC mucosal and vascular patterns, as well as the demarcation line (DL). A recent
invited review[138] suggested the VS classification system
for making a differential diagnosis between cancerous
and noncancerous lesions for NBI-ME endoscopy.
This simple but structured system classed the microvascular (V) and microsurface (S) patterns into three
categories: regular, irregular and absent.
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A

B

C

E

F

G

D

Figure 5 Some patient after 2 wk of Helicobacter pylori eradication therapy. The characterization of the protruded (Is) part of the lesion type 0-Ⅱa+Is is a differentiated adenocarcinoma. A: High definition Video-EGD + chromoendoscopy: A closer view of the protruded part of the lesion; B-D: Barrow-band imaging (NBI) +
zoom: Unclear shredded microsurface pattern with an irregular network microvascular pattern - the capillaries differ in shape and diameter and are tortuous; E: Confocal laser endomicroscopy (CLE): Dark irregular glands; pseudostratified epithelium; irregularly shaped nuclei; F: CLE: Dark irregular glands; pseudostratified epithelium; G: Pathomorphology: A well-differentiated adenocarcinoma.

RISK STRATIFICATION
Recent guidelines emphasize the importance of GC risk
stratification for the individual patient [46,141]. Chronic
atrophic gastritis, IM and dysplasia are defined as precancerous conditions for dysplasia and gastric adenocarcinoma development[141].
High grade gastric epithelial dysplasia-associated risk
Most patients who develop high-grade gastric epithelial
dysplasia are at high risk for developing invasive gastric
carcinoma[142]. According to the MAPS guidelines, histological diagnosis of high-grade dysplasia in the absence of
endoscopic data indicates an immediate need for endoscopic re-examination with wide biopsy sampling and subsequent surveillance at six-month to one-year intervals[141].

Figure 6 Same patient. Endosonography of the lesion 0-Ⅱ a + Is. Area of the
lesion (25 mm in size): Thickening of mucosa up to 5-7 mm; submucosal layer
is clear under the tumor; lymph nodes are not visualized.

Low grade gastric epithelial dysplasia-associated risk
The risk of development of GC in patients with lowgrade gastric epithelial dysplasia is comparable to (or even
significantly higher than) the risk of cancer after resection of colonic adenomas, or in Barrett’s esophagus, or in
chronic inflammatory bowel disease[143-145]. In contrast to
patients with high-grade gastric epithelial dysplasia, lowgrade dysplasia patients have a lower risk of progression
to invasive gastric carcinoma. According to a nation-wide
study in the Netherlands, the annual incidence of GC 5
years after diagnosis was 0.6% in patients with mild-tomoderate dysplasia, but 6% with severe dysplasia[146]. It
is recommended that in cases of histologically-detected
low-grade dysplasia without an endoscopically-detected
lesion, the patients should be followed for a year; but if

be helpful in detecting subtle mucosal features invisible
by standard WLE, and might improve the identification
of EGC. At present, NBI-ME is probably the most frequently examined endoscopic technique, with the largest
amount of technical data available.
However endoscopic training and experience are
highly essential, as well as good preparation for an endoscopic examination. The most important process is
scrutinizing all gastric areas with targeted biopsies as
histopathological examination remains the gold standard
for the final diagnosis of EGC.
Another problem is the continuing lack of consensus
and of mucosal features description system with these
high-resolution technologies, even for any of the technologies examined separately.
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A

B

D

E

C

Figure 7 Same patient. A-D: The lesion was removed en-block using triangle and IT-2 knives at endoscopic submucosal dissection without any complications; E:
Well-differentiated adenocarcinoma no invasion in submucosa, clear horizontal and vertical margins, absence of vascular and lymphatic invasion.

an endoscopically defined lesion is found, endoscopic resection should be considered[141].

abbreviation OLGA stands for Operative Link on Gastritis Assessment, whereas OLGIM emphasizes the importance of IM.
Atrophy is defined as loss of appropriate glands (with or
without metaplasia). In each compartment (i.e., mucoussecreting antral and oxyntic/corpus mucosa), atrophy is
scored on a 4-tiered scale (0-3) according to the visual analogue scale of the Houston-updated Sydney system. The
staging result from the combination of atrophic changes
was assessed in the 2 mucosal compartments that were
considered. OLGIM basically incorporates the OLGA
frame, but replaces the atrophy score with an assessment
only of IM.
By itself, this staging does not allow one to judge
the topography of the lesion detected (in particular for
the lower stages), but it may be potentially linked to the
prognosis and management issues since most cancer
cases are expected to progress from stages Ⅲ and Ⅳ[149].
This stage distribution is also convenient for research
purposes[150].

Atrophy or IM-associated risk
As early detection of GC can improve the survival of
patients, surveillance of precancerous gastric mucosal
conditions and/or lesions seems significant, as demonstrated by numerous trials. The speeds of progression of
gastric mucosal atrophy and IM range respectively from
0 to 1.8% and from 0 to 10% per year[141].
The Maastricht Ⅳ guidelines suggest that pre-neoplastic high-risk conditions, such as atrophy and IM, require
endoscopic follow-up; that regular follow-up should be
considered in patients with moderate-to-severe atrophy at
2-3 year intervals; and that there is a need, however, for
prospective studies to determine the correct timing of
follow-up[46].
In considering that the overall risk of developing GC
is too low to validate endoscopic surveillance for every
patient with chronic atrophic gastritis and IM, MAPS
guidelines suggest endoscopic surveillance only for patients with extensive atrophy or IM (i.e., both in the antrum or the corpus); surveillance is recommended over
three-year intervals[141].

CONCLUSION
GC has been a substantial healthcare problem in a large
part of the world for decades. Even though the incidence
in age-adjusted standardized figures is on the decline,
more rapid decrease could be achieved by implementing preventive measures. Screening for cancer and precancerous lesions could be beneficial, but the currently
available methods are not yet readily implementable in

OLGA and OLGIM staging systems
It has recently been suggested that OLGA[147] and OLGIM[148] staging systems for gastric premalignant lesions
can simplify the clinical approach, while using the same
biopsy work-up as the Sydney system (5 biopsies). The
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Table 1 Narrow-band imaging endoscopy for early gastric cancer/dysplasia diagnosis
Ref.

Endoscopic technique

Kaise et al[151]

NBI-ME for superficial
The triad: Absence of fine mucosal
NBI-ME specificity (85%, theoretically calculated if all of
depressed gastric le- structure with microvascular dilation and the triad were positive), which was significantly (P < 0.001)
sions vs WLE
heterogeneity
superior to WLE general diagnosis (65%)
NBI-ME vs WLE
The triad: Absence of fine mucosal
NBI-ME sensitivity (93%) and specificity (95%)
structure with microvascular dilation and
heterogeneity
NBI-ME vs WLE
Irregular V pattern with a mucosal DL
NBI the diagnostic accuracy was significantly higher for
than for WLI (79% vs 44%; P = 0.0001), as was its sensitivity
(70% vs 33%; P = 0.0005). The diagnostic specificity of NBI
(89%) was higher than that of WLI (67%), but the difference
was not statistically significant
NBI without ME
Complete loss of
The sensitivity, specificity, PPV and NPV for detection of
architectural and mucosal pattern
premalignant lesions were 71%, 58%, 65% and 65% for NBI
and 51%, 67%, 62% and 55% for WLE, respectively
NBI-ME vs WLE to
WLE: Red coloring NBI-ME: An irregular The sensitivity, specificity, and accuracy of WLE vs NBI-ME
differentiate between V pattern with a DL, or irregular S pattern were 64% (52%-76%) vs 95% (90%-100%), 94% (86%-100%)
cancer and adenoma
with a DL
vs 88% (77%-99 %), and 74% (66%-83%) vs 92% (86%-98%),
in superficial elevated
respectively
lesions of the stomach
NBI-ME
VS classification: (1) irregular V pattern
Sensitivity and specificity for carcinoma were 75.0% and
with a DL between the lesion and the sur84.9%, respectively. PPV was 81.4%
rounding area; and (2) irregular S pattern
with a DL between the lesion and the
surrounding area
NBI-ME
Fine network (net-like appearance conSensitivity 86.2%, specificity 97.0%
sisted of irregular shaped micro vessels),
core vascular (clearly visible coiled or
wavy vessels in the central area of the
mucosal structure), and unclear patterns
(micro vascular patterns is not observed)
NBI-ME vs CLE
NBI: “VS” classification system
Accuracy of the CLE and the NBI-ME diagnosis was 88%
(95%CI: 78%-98%) and 81% (95%CI: 69%-93%), respectively
NBI-ME vs WLE
The triad: Disappearance of fine mucosal The sensitivity and specificity for NBI-ME diagnosis using
structure, microvascular dilation, and
the triad (92.9% and 94.7%, respectively) were significantly
heterogeneity
better than those for WLE (42.9% and 61.0%, respectively)
NBI
“Irregular vessels and mucosa” (pattern C)
Accuracy 95%; 95%CI: 90%-99%; LR+ = 44.33

Kato et al[152]

Ezoe et al[153]

Capelle et al[154]

Maki et al[155]

Tsuji et al[156]

Omori et al[157]

Wang et al[158]
Kaise et al[159]

Pimentel-Nunes et al[160]

Mucosal and vascular pattern for GC

Accuracy

EGC: Early gastric cancer; GC: Gastric cancer; NBI-ME: Narrow-band imaging with or without magnification.

Table 2 Gastric cancer differentiation using narrow-band imaging with or without magnification
Ref.
Nakayoshi et al[161]
Endo et al[162]
Tamai et al[163]

Yao et al[164]

Yokoyama et al[165]

Endoscopic
technique

Differentiated-type EGC (D-EGC)

Undifferentiated-type EGC (UD-EGC)

NBI-ME

Relatively regular fine network pattern

Relatively irregular, twisting or corkscrew pattern,
with a relatively low density of microvessels
Short twig or branch-like pattern with hypovascularity

NBI-ME
Grid network pattern with hypervascularity
NBI-ME describing Intramucosal carcinomas were more frequently found
depressed gastric
in depressed adenomas (reddish in color, a regular
adenomas vs pro- ultrafine network pattern of mucosal microvasculature)
truding adenomas
(25%) than in protruding adenomas (4.5%)
NBI-ME
WOSa white substance within the neoplastic epithelium
that may obscure the subepithelial microvascular pattern. More frequent in non-advanced neoplasia than in
advanced carcinomas and that 100% of non- advanced
lesions demonstrated a regular distribution of WOS
NBI-ME
Amongst the D-EGC lesions, fine-network pattern,
In UD-EGC intra-lobular loop pattern-2 and corkscrew
intra-lobular loop pattern-1, intra-lobular loop pattern-2 pattern were observed in 41.2% and 58.8%, respecand corkscrew pattern were observed in 15.7%, 59.6%, tively. Therefore, UD-EGCs were all classified as intra24.2% and 0.5%, respectively. D-EGCs mainly exhibited
lobular loop pattern-2 and corkscrew pattern
fine-network pattern or intra-lobular loop pattern

NBI-ME: Narrow-band imaging with or without magnification; EGC: Early gastric cancer.
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Table 3 Studies evaluating the horizontal extent (DL) of early gastric cancer on narrow-band imaging with or without magnification
Ref.

Endoscopic
technique

Okada et al[166]

Nonaka et al[167]

Kiyotoki et al[168]

Nagahama et al[169]

Aim of the study

Results

NBI-ME

Assessment the comparative relationship between NBINBI-ME images of UD-type EGCs proved to be very
ME images and histopathological findings in patients
closely related to the histopathological findings
with UD-type EGCs prior to either ESD or surgery
NBI-ME
Estimating a DL on NBI-ME in comparison with
The DL that could be recognized at 2 points on the orifice
biopsy findings as a gold-standard
and anal sides of each lesion during ME-NBI was consistent with the pathological findings in 22 patients with 0-Ⅱc
lesions, 7 with 0-IIb lesions, and 2 with 0-Ⅱb + Ⅱc lesions,
showing an accuracy of 100%
NBI-ME vs
Evaluated the usefulness of NBI-ME for determining
The rate of accurate marking of the ME-NBI group was
ICC
the tumor margin compared with ICC (indigocarmine- significantly higher than that of the ICC group (97.4% vs
chromoendoscopy)
77.8%, respectively; P = 0.009)
NBI-ME vs CE To investigate the usefulness and limitations of NBI- The proportion of cancers showing unclear margins using
ME when CE is unsuccessful for determining the
CE was 18.9% (66/350). Of these, 62 of 66 cancers were
horizontal extent of EGC
examined using ME with NBI, with the entire margins successfully delineated in 72.6% (45/62) of the lesions that had
shown unclear margins using CE. The success rate was 0%
for undifferentiated cancers, significantly lower than that
for differentiated lesions (P < 0.00001)

UD-type EGCs: Undifferentiated-type EGCs; ESD: Endoscopic submucosal dissection; ICC: Indigo carmine chromoendoscopy; NBI-ME: Narrow-band imaging with or without magnification.

Table 4 Studies evaluatingthe horizontal extent (DL) of early gastric cancer on flexible spectral imaging color enhancement
Ref.
Jung et al[170]

Mouri et al[171]

Tanioka et al[172]

Osawa et al[173]

Osawa et al[174]

Yoshizawa et al[175]

Jung et al[170]

Dohi et al[176]

Endoscopic
technique

Aim of the study

Results

FIME vs WLME

Discrimination of non-neoplastic lesion,
adenoma, and cancer of the stomach

The proportion of agreement and the degree of agreement between
endoscopic and pathological diagnosis by WLME were 0.85 and 0.76,
respectively, and those by FIME were 0.91 and 0.86, respectively
FICE vs WLE 78 differentiated, 22 undifferentiated EGC The score of the FICE observation improved in 46 cases (46%), was
were analyzed before an endoscopic or
unchanged in 54 cases (54%), and decreased in no cases (0%)
surgical resection
FICE with ultraEndoscopy focusing on the enhanced
Visibility with FICE was superior to WLE in 54% of the observations
slim endoscopy contrast between tumor and non-tumor
and comparable to WLE in 46% of the observations
vs WLE
lesions
small-caliber Evaluate median color differences between Greater median color differences were present in FICE images comFICE vs WLE
malignant lesions and the surrounding pared with WLE, resulting in images with better contrast (27.2 vs 18.7,
mucosa
P < 0.0001)
OBI(without
Delineating the depressed-type EGC
DL of the depressed-type EGC was easily identified by OBI without
magnificamagnification in 26 of 27 cases (96%)
tion and with
40-fold magnification) vs WLE
OBI vs WLE
The identification of the DLs of an
DLs were easily identified in OBI images, even without magnification
elevated-type EGC without Magnification
and the rate of success in identifying the
abnormal surface structure of GC by using
low-magnified OBI images
FIME vs WLME The discrimination of non-neoplastic leThe proportion of agreement and the degree of agreement between
sion, adenoma, and cancer of the stomach endoscopic and pathological diagnosis by WLME were 0.85 and 0.76,
respectively, and those by FIME were 0.91 and 0.86, respectively
I-FICE vs WLE, To evaluate the usefulness of I-FICE in
The median ranking score for I-FICE images was significantly higher
FICE and CE
EGC demarcation
than that obtained from the other methods

FIME: Magnifying endoscopy with flexible spectral imaging color enhancement system; WLME: White light magnifying endoscopy; FICE: Flexible spectral
imaging color enhancement; OBI: Optimal band imaging; DL: Demarcation line I-FICE- FICE with indigo carmine; CE: Chromoendoscopy (indigo carmine).

organized screening settings. Additional research is required to prove both the rationale and cost-efficacy of
implementation. Additional attention should now be paid
to early diagnosis, in particular in the Western world.

WCGO|www.wjgnet.com

A number of non-invasive biomarkers are available
for screening of GC risk; however, the accuracy might
not be sufficient for organized screening programs unless further studies provide additional data; a search for

947

February 8, 2015|First Edition|

Pasechnikov V et al . Gastric cancer: Prevention, screening and early diagnosis

new biomarkers is in progress as an alternative.
Currently a standardized biopsy strategy is required
during upper endoscopy to stratify the risk of GC; however, in the future targeted biopsies based on the visual
evaluation of mucosal defects could be the way forward.
However, more studies are required to prove the appropriateness of such a strategy.
New high-resolution endoscopic technologies could
be helpful in detecting subtle mucosal features invisible
with standard WLE, which might improve the identification of EGC. However, endoscopic training and experience are highly essential, as well as good preparation
for an endoscopic examination, and the most important
scrutinized visualisation of all gastric areas with targeted
biopsies for histopathological examination remains the
gold standard for final EGC diagnosis.
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INTRODUCTION
Gastric cancer is the second leading cause of cancerrelated death and the fourth most common cancer worldwide; nevertheless, its incidence has decreased substantially in most parts of the world. A total of 989600 new
cases and 738000 deaths are estimated to have occurred
in 2008, accounting for 8% of the total cancer cases and
10% of total cancer deaths. Nearly 70% of new cases
and deaths occur in developing countries, and about 40%
occur in Eastern Asia[1,2]. The highest incidence of gastric cancer is found in South Korea at 41.4 per 100000,
including both sexes[3]. Due to health screening programs
and improved diagnostic techniques, diagnoses of early
gastric cancer (EGC) have steadily increased, accounting
for nearly 50% of all gastric cancers in Japan and South
Korea[4,5].
As the incidence of EGC has increased in Eastern
Asia, so has minimally invasive surgery (MIS), including
laparoscopy- or robot-assisted surgery. According to the
tenth national survey by the Japan Society of Endoscopic
Surgery, 7341 laparoscopic gastrectomies were performed
during 2009, which was an approximately ten-fold increase over a decade and accounted for approximately
25% of gastric cancer surgeries that year[6]. In South
Korea, 3083 laparoscopic gastrectomies (26% of gastric
cancer surgeries) were performed in 2009, which was an
almost five-fold increase over a 5-year period[4]. Recently,
laparoscopic gastric surgery has spread rapidly and has
been adopted in China (fourth-highest prevalence of
gastric cancer and the largest population in the world).
Furthermore, the publication of Chinese studies on the
topic is rapidly increasing[7].
Laparoscopic surgery, a type of MIS, has been used
for the treatment of gastric cancer since the 1990s. Ohgami et al[8] first developed laparoscopic wedge resection
of the stomach using a lesion-lifting method in 1991. Ki-

Abstract
Minimally invasive surgery for gastric cancer has rapidly
gained popularity due to the early detection of early
gastric cancer. As advances in instruments and the accumulation of laparoscopic experience increase, laparoscopic techniques are being used for less invasive but
highly technical procedures. Recent evidence suggests
that the short- and long-term outcomes of minimally
invasive surgery for early gastric cancer and advanced
gastric cancer are comparable to those of conventional
open surgery. However, these results should be confirmed by large-scale multicenter prospective randomized controlled clinical trials.
© 2015 Baishideng Publishing Group Inc. All rights reserved.
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tano et al[9] and Nagai et al[10] reported the success of laparoscopy-assisted distal gastrectomy (LADG) for EGC in
1994 and 1995. In the early 2000s, robot-assisted surgery
emerged as one of the treatment modalities for EGC, and
the first robot-assisted gastrectomy (RAG) for EGC was
reported by Hashizume et al[11] in 2003. In 2011, singleincision laparoscopic surgery was described for EGC[12].
MIS has revolutionized the surgical approach to gastric
cancer for the past two decades, leading to improvements
in patients’ quality of life by producing less pain, less
blood loss, earlier postoperative recovery, and a shorter
hospital stay[13-19].
Currently, MIS is evolving in two major directions[20].
First, MIS techniques are being used in more radical but
less invasive procedures, such as totally laparoscopic distal
gastrectomy or laparoscopic total gastrectomy with D1+
or D2 lymphadenectomy. These procedures are comparable to conventional open surgery and can be performed
even in patients with advanced gastric cancer (AGC)[21-23].
Second, MIS is being employed for function-preserving
surgery, including pylorus-preserving gastrectomy (PPG),
proximal gastrectomy, and limited gastrectomy with sentinel node navigation surgery. These procedures can assist
in improving patients’ late postoperative function and
quality of life[20,24-26].

Single port surgery is increasingly being used to treat
EGC. Omori et al[12] first reported single-incision laparoscopic distal gastrectomy in seven patients with EGC:
the median operation time was 344 min, the median estimated blood loss was 25 mL, and the median number of
retrieved lymph nodes was 67. Recently, Ahn et al[35] reported the first case of single-incision laparoscopic total
gastrectomy for proximal EGC.

CURRENT STATUS OF ONCOLOGICAL
SAFETY IN LAPAROSCOPIC
GASTRECTOMY
Laparoscopic surgery for EGC has gained popularity
based on evidence from six prospective randomized controlled trials (RCTs) that it can achieve comparable oncological outcomes to open surgery[13,14,17,36-38]. However,
the majority of these trials were limited by a small sample
size, using patients from a single center, and having a
short-term follow-up period.
Recently, several long-term outcome studies of laparoscopic gastrectomy were published (Table 1). Zeng et al[39]
conducted a meta-analysis using five RCTs and 17 nonRCTs with 3411 patients, and reported that LADG may
reduce intraoperative blood loss, postoperative analgesic
consumption, and hospital duration, without increasing the total hospitalization costs and cancer recurrence
rate. In relation to oncological safety, they reported that
the mean number of retrieved lymph nodes in LADG
was similar to that in open distal gastrectomy (ODG),
and the long-term survival rate of patients was similar
between both groups. Viñuela et al[40] and Jiang et al[41] also
conducted meta-analyses and reported the superiority of
laparoscopic gastrectomy in postoperative recovery. Kim
et al[42] reported the long-term outcomes of a prospective RCT (COACT 0301) with 164 patients and median
follow-up period of 74.3 mo. They reported that the
LADG and ODG groups showed similar survival (5-year
disease-free survival: 98.8% in LADG vs 97.6% in ODG,
P = 0.514; 5-year overall survival: 97.6% in LADG vs
96.3% in ODG, P = 0.721) with reductions in mild complications observed with LADG (23.2% in LADG vs
41.5% in ODG, P = 0.012). In relation to patient quality
of life, LADG showed better short-term functional and
symptom scores, but no long-term advantages.
Currently, two large-scale multicenter RCTs are underway to elucidate the long-term oncological results of
laparoscopic gastrectomy: The Korean Laparoscopic
Gastrointestinal Surgery Study (KLASS)-01 and Japanese
Clinical Oncology Group (JCOG) 0912 trials (Table 2).
KLASS trial is the first multicenter (13 institutions) randomized controlled clinical trial to compare open and
laparoscopic surgery in patients with clinical stage I gastric cancer. The primary endpoint is overall survival, and
secondary endpoints are disease-free survival, morbidity
and mortality, quality of life, inflammatory and immune
responses, and cost-effectiveness. From 2006 to 2010,

RECENT ADVANCES IN LAPAROSCOPIC
GASTRECTOMY
As advances in instruments and the accumulation of
laparoscopic experience increase, laparoscopic techniques
are being used for less invasive but highly technical procedures. Totally laparoscopic gastrectomy (TLG) is one
example. TLG has gained popularity since Kanaya et al[27]
reported the first delta-shaped anastomosis. A recent
meta-analysis (five studies, 652 patients) showed that
totally laparoscopic distal gastrectomy has less bleeding,
shorter time to first flatus, and lower rates of postoperative complications than LADG. Various intracorporeal
anastomoses have been introduced for TLG, such as the
Billroth Ⅱ anastomosis using linear staplers, the betashaped Roux-en-Y reconstruction, the semi-loop and
overlap method after total gastrectomy, and the inverted
T-shaped anastomosis using linear staplers[28-32].
Laparoscopic surgery is now also being used even for
advanced cancers or remnant gastric cancer. Son et al[33]
reported three cases of laparoscopic para-aortic lymphadenectomy after palliative chemotherapy for AGC with
isolated para-aortic lymph node metastasis. The mean
operation time was 365 min, and the mean estimated
blood loss was 158 mL. The mean number of retrieved
para-aortic lymph nodes was nine. Shinohara et al[34] reported the first series of successful totally laparoscopic
completion total gastrectomy (TLCG) for remnant gastric cancer. The mean operation time of the five TLCGs
was 360 min, and the mean blood loss was 20 mL. The
mean number of retrieved lymph nodes was 19.
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Table 1 Long-term outcomes of laparoscopic gastrectomy for gastric cancer n (%)
Ref.

Year

Patients (n )
LG

OG

Follow-up
period

Inclusion

Lymphadenectomy

5-yr survival
LG

Lee et al[18]
An et al[108]
Jeong et al[109]
MacLellan et al[110]

2009
2010
2011
2012

106
42
138
21

105
162
261
182

55.0
35.0
36.8
21.3

cT1
pT1N+
≤ cT3N1
Stage Ⅰ-Ⅳ

D2
D1 + β, D2
D1 + β, D2
-

Hamabe et al[111]

2012

66

101

cT1

D2

Moisan et al[22]

2012

31

31

30.4 (LG)
53.3 (OG)
50.0

-

D1 + α, D1 + β, D2

Shinohara et al[46]
Kim et al[42]

2013
2013

186
82

150
82

48.8
74.3

cT2-4

D2
D2

≤ cT1N1

P value

OG

Recurrence
LG

OG

NS

1 (0.94)
4 (9.5)
35 (13.4)
8 (38.1)

1 (0.95)
14 (8.6)
30 (21.7)
67 (36.8)

95.9%
94.9%
89.7%
89.9%
Median OS: 30 mo
69.5%
65.6%
(3YSR)
(3YSR)
94.4%
78.5%

NS
NS

NS

4 (6.0)

22 (21.7)

74.0%
(3YSR)
68.1%
97.6%

NS

5 (16.1)

4 (12.9)

NS
NS

53 (28.4)
1 (1.2)

2 (2.4)

75.0%
(3YSR)
63.7%
96.3%

LG: Laparoscopic gastrectomy; OG: Open gastrectomy; OS: Overall survival.

Table 2 Ongoing prospective randomized controlled trials in gastric cancer surgery
Study

Country

Start year

Phase

Study design

Inclusion

Sample size

Primary endpoint

KLASS-01
JCOG 0912
JLSSG 0901

South Korea
Japan
Japan

2006
2010
2010

Ⅲ
Ⅲ
Ⅱ/Ⅲ

LADG vs ODG
LADG vs ODG
LADG vs ODG

cT1-2/N0
cT1-2/N0
cT2-4a/N0-2/M0

KLASS-02
CLASS-01
COACT 1001
KRGS
SENORITA

South Korea
China
South Korea
South Korea
South Korea

2011
2012
2010
2011
2012

Ⅲ
Ⅲ
Ⅲ
Ⅱ
Ⅲ

LADG vs ODG
LADG vs ODG
LADG vs ODG
Robot vs Laparoscopy
Laparoscopic SNNS

cT2-4a/N0-4a/M0
cT2-4a/N0-4a/M0
cT2-4a/N0-3a/M0
cT1-3/M0
cT1-2/N0/size < 4 cm

1400
920
Ⅱ: 180
Ⅲ: 500
1050
1056
204
1700
160

Overall survival
Overall survival
Ⅱ: Morbidity
Ⅲ: Relapse-free survival
3-yr DFS
3-yr DFS
Noncompliance rate
Surgical outcomes
Safety/efficacy

LADG: Laparoscopy-assisted distal gastrectomy; ODG: Open distal gastrectomy; SNNS: Sentinel node navigation surgery; DFS: Disease-free survival.

1416 patients (705 patients in LADG and 711 patients in
ODG) were enrolled, and the final results are expected
to be reported in 2015[43]. In 2010, the JCOG also started
a multicenter RCT to compare ODG and LADG in 920
patients with stage Ⅰ gastric cancer accrued from 33 institutions. The primary endpoint of JCOG 0912 is overall survival, and the secondary endpoints are relapse-free
survival, proportion of LADG completion and conversion to open surgery, adverse events, short-term clinical
outcomes, and postoperative quality of life[44].
There is also notable interest in the application of
MIS for AGC. As the accumulation of laparoscopic
experience increases, some experienced surgeons are
extending the indication of laparoscopic gastrectomy
to locally AGC. There is also evidence that MIS is feasible for AGC. Recently, Choi et al[45] conducted a metaanalysis using one RCT and nine non-RCTs with 1819
patients (960 patients in the open group and 859 patients
in the laparoscopy group), and reported that there was
no statistical difference in overall survival and diseasefree survival between laparoscopic gastrectomy and open
gastrectomy. Shinohara et al[46] reported the results of a
retrospective cohort study in 336 patients (150 open and
186 laparoscopy) who underwent gastrectomy with D2
lymph node dissection for cT2-T4 cancers. Laparoscopic
D2 gastrectomy showed significantly less operative blood
loss and shorter hospital stay, but there was no difference
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in the morbidity and mortality rates between both groups.
The 5-year disease-free and overall survival rate were
65.8% and 68.1% in the laparoscopic group and 62.0%
and 63.7% in the open group (P = 0.737 and P = 0.968,
retrospectively). Moreover, there were no differences in
the patterns of recurrence between both groups. In the
laparoscopic group, 53 patients (28.4%) developed tumor
recurrence: 29 (54.7%) peritoneal recurrences, 23 (43.4%)
distant or hematogenous recurrences, and 15 (28.3%)
locoregional or lymphatic recurrences vs 17 (50%), 15
(44.1%), and 11 (32.6%), respectively, in the open group.
Park do et al[47] reported the long-term outcomes of 239
laparoscopic gastrectomies for AGC. These patients
were preoperatively diagnosed with EGC but diagnosed
with AGC on final pathological examination from a
multicenter retrospective study. They reported that the
overall 5-year survival rates were 90.5% in stage ⅠB,
86.4% in ⅡA, 52.8% in ⅢA, 52.9% in ⅢB, and 37.5%
in ⅢC, and the results were comparable to the previous
reports for open gastrectomy. Lee et al[23] reported the
short-term outcomes of a prospective phase Ⅱ trial. A
total of 157 patients with cT2N0-T4aN2 gastric cancer
were finally enrolled in this study. The mean number of
retrieved lymph nodes was 52.7 for LADG and 63.8 for
laparoscopy-assisted total gastrectomy. The complication
rate was 25.5% and local and systemic complication rates
(more than grade Ⅱ on the Clavien-Dindo classification)
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than in LAPPG (17.0% vs 7.8%, P = 0.023). The 3-year
recurrence-free survival was similar between LADG and
LAPPG (98.8% vs 98.2%, P = 0.702), but decrease in
serum protein and albumin levels at 1 to 6 mo postoperation and abdominal fat volumes at 1 year postoperation
were significantly greater in LADG than in LAPPG.
They concluded that for middle-third EGC, LAPPG can
be considered a superior treatment option over LADG in
terms of nutritional advantage and a lower incidence of
gallstone.
As the incidence of proximal gastric cancer has recently increased, proximal gastrectomy (PG) is widely
accepted as a function-preserving surgery for proximal
EGC[57-59]. In spite of functional benefits such as improved postoperative nutrition, preventing anemia, and
release of gut hormones, PG has not gained in popularity, mainly due to postoperative complications such as
esophageal reflux and anastomotic stricture[60-64]. To overcome these complications, various reconstruction methods and esophagojejunostomies have been developed,
including jejunal interposition and double tract reconstruction, which are considered to be superior to esophagogastrostomy in preventing postoperative esophageal
reflux. Recently, these procedures have been performed
laparoscopically with demonstrated clinical efficacy.
Kinoshita et al[24] compared 22 laparoscopic proximal gastrectomies (LPGs) with 68 open proximal gastrectomies,
both with jejunal interposition. The operation time was
longer in the LPG group, but estimated blood loss was
significantly less in the LPG group. The average number
of harvested lymph nodes did not differ and there was
no difference in complication rates, including leakage of
the esophagojejunostomy. Ahn et al[65] reported the shortterm outcomes of LPG with double tract reconstruction for proximal EGG in 43 patients from June 2009 to
April 2012. The mean surgical time was 180.7 min, and
the estimated blood loss was 120.4 mL. During the mean
follow-up period of 21.6 mo, two patients had esophagojejunostomy stenosis, but they were successfully treated
with fluoroscopic balloon dilatations. In addition, two
patients had Visick grade Ⅱ reflux symptoms (4.6%), but
were effectively managed by medication.

were 8.3% and 3.2%. They concluded that laparoscopic
gastrectomy with D2 lymph node dissection was safe and
technically feasible for the treatment of AGC, with an acceptable rate of morbidity and mortality.
There are presently three large-scale multicenter trials underway for AGC, being conducted in three different countries. The KLASS-02 trial is a phase Ⅲ study to
evaluate the efficacy of LADG with D2 lymph node dissection for AGC. The estimated sample size is 1050 and
the primary endpoint is 3-year disease-free survival. For
quality control, all surgeons are required to be standardized and are qualified through a review of six unedited
videos of their procedures (3 laparoscopic and 3 open
procedures) by independent reviewers. The Japanese
Laparoscopic Surgery Study Group (JLSSG) launched a
multicenter phase Ⅱ/Ⅲ study, entitled JLSSG 0901, to
compare LADG and ODG in patients with cT2-T4aM0
gastric cancer. After the accrual of 180 patients, the incidence of major complications will be assessed. If an
early-stopping rule does not apply due to a high complication rate, the trial will continue accrual until 500 patients are enrolled[48]. Recently, the Chinese laparoscopic
gastrointestinal Surgical Study (CLASS) group started a
phase Ⅲ study, which is entitled “CLASS-01” and the
study design is similar to that of the KLASS-02 trial.

LAPAROSCOPIC FUNCTION-PRESERVING
SURGERY
PPG was originally used for the treatment of peptic ulcer, and it has been introduced as a surgical therapy for
EGC that is designed to preserve function and maintain a
better quality of life[49-53]. By preserving pyloric function,
it has several nutritional advantages and has less postgastrectomy-related disorders, such as dumping syndrome
and alkaline reflux, a lower incidence of disturbed bowel
habits, and a reduced flatus frequency[26,54,55].
Recently, laparoscopy-assisted PPG (LAPPG) has
been attempted as both a function-preserving and minimally invasive technique, with reported benefits over
conventional PPG. Jiang et al[56] reported the short-term
outcomes of 307 LAPPGs. The mean operation time
was 229.4 min, the estimated blood loss was 49.1 mL,
and the mean total number of dissected lymph nodes
was 31.6. Major complications developed in four patients (1.3%), and gastric stasis was the most common
complication, occurring in 19 patients (6.2%). The mean
serum total protein and albumin levels did not change
significantly after surgery, so the authors concluded that
LAPPG is a safe operation with a notable reduction in
major complications in patients with EGC in the middle
third of the stomach. Recently, Suh et al[26] compared the
surgical, oncological, nutritional, and functional benefits
between 116 LAPPGs and 176 LADGs. They reported
that delayed gastric emptying was less frequent in LADG
than in LAPPG (1.7% vs 7.8%, P = 0.015), but the rate
of other complications was significantly higher in LADG
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LAPAROSCOPIC SENTINEL NODE
NAVIGATION SURGERY
Sentinel node (SN) biopsy was widely used in patients
with melanoma and breast cancer[66,67]. The SNs are the
lymph nodes associated with the primary site of a tumor
that are thought to be the first possible micrometastasis site along the lymphatic drainage pathway from the
tumor[66]. The concept of SN biopsy revolutionized the
approach to the surgical treatment in both melanoma and
breast cancer.
The clinical application of SN biopsy for EGC has
been controversial due to its low sensitivity and accuracy[68-70]. Recently, however, SN biopsy detection and
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accuracy rates of 90% to 100% have been achieved[71-77].
According to a recent meta-analysis that included 38
studies (2128 patients), the pooled SN identification rate,
sensitivity, negative predictive value, and accuracy were
93.7%, 76.9%, 90.3%, and 92.0%, respectively. In a subgroup analysis, early T stage, combined tracers, a submucosal injection method, conventional open surgery, and
usage of immuno-histochemistry were associated with a
higher SN identification rate and sensitivity. The authors
concluded that SN biopsy in gastric cancer is technically
feasible, especially in cases with early T stage, and when
combined tracers and submucosal injection methods
are employed[78]. A study group in the Japan Society of
Sentinel Node Navigation Surgery recently conducted a
multicenter, single-arm, phase Ⅱ study of SN mapping
using a standardized dual-tracer method. The inclusion
criterion was untreated stage cT1-2 adenocarcinoma with
tumor size less than 4 cm in gross diameter. SN biopsy
was performed in 397 eligible patients. The SN detection
rate was 97.5% and the accuracy of nodal evaluation for
metastasis was 99%[79].
Therefore, a dual-tracer method using radioactive
colloids and blue dyes are currently considered the most
reliable method for SN biopsy[74-77]. In recent years, computed tomography lymphangiography, infrared ray electronic endoscopy, and indocyanine green fluorescence
imaging are emerging as new tracers for laparoscopic SN
biopsy[71,80-84].
Furthermore, a multicenter prospective phase Ⅲ trial
(SENORITA) started last year with the aim of validating
the clinical role of laparoscopic SN biopsy. The inclusion criterion was stage cT1N0 tumor of size less than
3 cm and the estimated sample size was 580. The results
of this clinical trial are expected to provide perspectives
on the future of laparoscopic SN navigation surgery for
EGC.

life, immunologic response, and cost-effectiveness will be
analyzed[89].
Recently, a robotic system was introduced that included image-guided assistance. Kim et al[90] performed 12 robotic gastrectomies using intraoperative vascular images,
which depicted vasculatures around the stomach. The
authors reported that the use of image-guidance during
the operation provided a vascular map and enabled the
surgeon to avoid bleeding and damage to other organs by
preventing vascular injury.

ENDOSCOPIC SURGERY FOR GASTRIC
CANCER
Endoscopic resection has changed the main axis of treatment for patients with intramucosal gastric cancer in the
past decade[91]. Because endoscopic resection provides
the maintained volume and function of stomach even after curative resection of the tumor, the patient can avoid
postgastrectomy complications and retain a good quality
of life[92].
According to the Japanese gastric cancer guidelines,
the indication of endoscopic resection is currently recommended in differentiated adenocarcinoma without
ulcerative findings, of which the depth invasion is clinically diagnosed as T1a and the diameter is less than 2
cm[93]. Recently, many reports showed the superiority of
endoscopic submucosal dissection (ESD) compared with
endoscopic mucosal resection in terms of higher en bloc
and complete resection rate[94-96], and this new technique
and the advance of devices allowed to extend the indication of endoscopic resection, which included mucosal
cancer without ulcerative findings regardless of tumor
size or mucosal cancer with ulcerative findings less than
3 cm, or submucosal invasive cancer (less than 500 μm
from the muscularis mucosae) less than 3 cm[97-100].
Several studies reported acceptable results of the
ESD in extended indication. Sanomura et al[101] reported
that complete resection was achieved for 93.2% of the
submucosal cancer (sm1, less than 500 μm) that met the
extended criteria and there was neither lymph node metastasis nor local recurrence. Ahn et al[102] reported that
there was no difference in local recurrence rate between
the absolute indication group and the extended indication
group at a median follow-up of 32 mo (0.9% vs 1.1%,
P = 0.006). Recently, two long-term outcomes of ESD
in extended indication were reported and these studies
demonstrated that there was no difference in disease-free
survival between both indication groups[103,104].
However, some studies showed positive lymph node
metastasis in patients with the extended criteria. Jee et al[105]
reviewed 129 gastrectomies indicated for extended indication of endoscopic resection and they reported that
there was lymph node metastasis in two patients (4%).
An et al[106] reported 1.7% of lymph node metastasis even
in submucosal cancer (sm1, less than 500 μm) less than 2
cm. Recently, Kang et al[107] reported that lymph node me-

ROBOTIC SURGERY IN GASTRIC
CANCER
Robotic surgical systems were introduced in early 2000 to
overcome the shortcomings of conventional laparoscopic
surgery. They provide the surgeon with technical features
such as three-dimensional vision and the elimination of
physiologic tremor using a computerized mechanical
interface. Moreover, the articulated arms provide natural
movement similar to that of the human hand, thus facilitating straightforward manipulation[85].
Many studies have reported that RAG for gastric
cancer has comparable short-term outcomes and oncological feasibility to laparoscopic gastrectomy, but there
is no available long-term oncological or RCT data[86-88].
Recently, the Korean Robot Gastrectomy Study Group
began a multicenter prospective, case-matched clinical
trial to compare robotic vs laparoscopic gastrectomy for
EGC. A total of 400 patients were enrolled and the study
was completed in 2012. Surgical complications, quality of
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tastasis was found in 15% of intestinal-type submucosal
cancers (sm1, less than 500 μm) less than 3 cm without
lymphovascular invasion.
Therefore, the selection of appropriate lesion for endoscopic resection still remains controversial and more
long-term follow-up data are needed to achieve a concensus of endoscopic indication for early gastric cancer.
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CONCLUSION
Recent evidence suggests that the short- and long-term
outcomes of MIS for EGC and AGC are comparable to
those of conventional open surgery. However, further
Level 1 evidence is required to confirm the suitability of
MIS for gastric cancer, as well as the appropriate indications for its use. The ongoing large-scale multicenter
RCTs are expected to clarify the oncologic safety of MIS
in the near future.
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of new molecular drugs
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py, the prognosis of patients with unresectable or metastatic gastric adenocarcinoma remains poor. Recently,
several molecular target agents have been investigated; in particular, trastuzumab represents the first target
molecule showing improvements in overall survival in
human epithelial growth factor 2-positive gastric cancer
patients. New molecules targeting vascular epithelial
growth factor, mammalian target of rapamycin, and anti
hepatocyte growth factor-c-Met pathway are also under
investigation, with interesting results. Anyway, it seems
necessary to select more accurately the population to
treat with new agents by the identification of new biomarkers in order to optimize the results. In this paper
we review the actual “scenario” of targeted treatments,
also focusing on the new agents in development for
gastric cancer and gastro-esophageal carcinoma, discussing their efficacy and potential applications in clinical practice.
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Core tip: In this article we review the actual “scenario”
of targeted treatments in advanced gastric cancer, also
focusing on the new agents in development,discussing
their efficacy and potential applications in clinical practice.

Abstract
Gastric cancer is the fourth most common malignant
neoplasm and the second leading cause of death for
cancer in Western countries with more than 20000 new
cases yearly diagnosed in the United States. Surgery
represents the main approach for this disease but, notwithstanding the advances in surgical techniques, we
observed a minimal improvement in terms of overall
survival with a significant increasing of relapsing disease rates. Despite the development of new drugs has
significantly improved the effectiveness of chemothera-
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Finally, matrix metalloproteinases are enzymes involved
in degradation of extracellular matrix with an important
role in metastasization. Their expression is significantly
higher in diffuse than in intestinal GC subtypes contributing to tumor aggressiveness[29]. The distinction of different subtypes of GC is related to a different outcome
in terms of survival and response to chemotherapy[34].
Therefore, it seems clear that there are multiple molecular
alterations related to signaling pathways associated with
cell proliferation, apoptosis and angiogenesis that can be
considered as potential targets for specific biomolecular
treatments. Recent data based on GC primary tumors,
suggest the existence of five distinct gastric cancer patients subgroups, defined by specific genomic amplifications that occur in a mutually exclusive way: FGFR2 (9%
of tumors), KRAS (9%), EGFR (8%), ERBB2 (7%) and
MET (4%). Collectively, these subgroups suggest that at
least 37% of GC patients may be potentially treatable by
RTK/RAS directed therapies[22]. These results have been
confirmed by a further analysis showing that amplified
genes were noted in 37% of gastro-esophageal tumors,
including in therapeutically targetable kinases such as
ERBB2, FGFR1, FGFR2, EGFR, and MET[35]. Moving
from these results, several agents such as monoclonal
antibodies (mAbs) and receptor tyrosine kinase inhibitors
targeting these pathways, have been developed.

INTRODUCTION
Despite the worldwide incidence of gastric cancer (GC)
decreased in the last decades, it represents the fourth
most common malignant neoplasm and the second leading cause of death for cancer[1]. In the United States
approximately 21600 patients are diagnosed every year,
and about 50% of them are expected to die[2]. Surgery
is considered as the only option for cure and multidisciplinary treatment has improved the prognosis in radically resectable disease[3-6]. However, most of patients
shows an advanced disease at diagnosis or relapses after
a prior curative surgical approach. For these sub-group
of patients the prognosis is very poor and chemotherapy
represents the reference treatment determining a significantly higher survival compared to supportive care
alone[7]. Nevertheless, despite the use of last generation
chemotherapy schedules, the median survival in these
cases remains low, reaching about 9-10 mo[7]. These results can be also explained by the consideration that GC,
such as other solid tumors, is an heterogeneous disease
that can be divided into subgroups according to histological, anatomical, epidemiological and molecular classifications[8-13]. For instance, the breakdown of gastric cancer
in three subgroups represented by proximal non diffuse,
diffuse, and distal non diffuse, is associated not only to
epidemiological and histological differences, but also to
different genetic patterns[14]. Proximal non diffuse GC
corresponds to a lesion located in the cardia and gastroesophageal junction where carcinogenic inflammation is
often related to gastric acid reflux[13]. The overexpression
of human epidermal growth factor receptor 2 (HER2) is
more prevalent in proximal GC[15-17] similarly to epidermal growth factor receptor (EGFR) expression that is
reported in 30%-60% of proximal tumors[18-20]. Such as
HER2 and EGFR, also MET amplification occurs more
frequently in gastroesophageal cancer[21,22]. Distal non
diffuse tumors, that are located between the gastric body
and pylorus, are often the consequence of a chronic
Helicobacter pylori (H. pylori) infection[11]. This subtype
significantly expresses high vascular-endothelial growth
factor (VEGF), interleukin-8 and nitric oxide levels: these
molecules are implicated in H. pylori-related gastric carcinogenesis, at least in part due to the stimulation of angiogenesis, suggesting the critical role of this pathway in
the form[23-25]. Finally, diffuse GC appears as a poorly differentiated signet ring cell type without apparent gastritis,
associated with a downregulation of CDH1, a tumor
suppressor gene encoding for E-cadherin, a protein playing a key-role in cellular adhesion, forming junctions to
bind cells within tissues together[26-29]. Further molecular
aberrations include fibroblastic growth factor receptor 2
(FGFR2) signaling and phosphoinositide 3 kinase-AKTmammalian target of rapamycin (PI3K-AKT-mTOR)
pathway activation[30-32]. Furthermore, human epitelial
growth factor receptor 3 (HER3) signalling, selectively activated in undifferentiated GC cells, is highly expressed in
diffuse subtype compared with the intestinal subtype[17,33].
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ANTI-VEGF/VEGFR AGENTS
Angiogenesis is one of the main mechanisms for the
development and progression of cancer and the VEGF
plays a crucial role in the growth of most primary tumors
and the subsequent process of metastasis[36]. The family of VEGF consists of VEGF-A, VEGF-B, VEGF-C,
VEGF-D, VEGF-E, and placental growth factor (PGF).
Each component of this family links several VEGF receptors (VEGFR): in particular, VEGF-A binds to VEGFR-1 and VEGFR-2, VEGF-B and PGF to VEGFR-1,
and VEGF-C and D to VEGFR-2 and 3[37]. VEGFR2
has critical functions in physiological and pathological
angiogenesisis and it is widely considered the main receptor driving angiogenesis[38]. The expression of VEGFR2
in intestinal-type GC was found to correlate with the
vessel count and the stage of disease[39]. Furthermore,
there is evidence that VEGFR2 plays a key-role in regulation of proliferation of GC cells[40]. The overexpression
of VEGF is usually associated to the increase of the
microvascular density and advanced stage, representing,
therefore, an indicator of poor prognosis[41-46]. Many antiVEGF agents have been developed; among these, monoclonal antibodies and multi-target tyrosine kinase inhibitors (TKIs) have found more clinical applications.
Bevacizumab
Bevacizumab is a monoclonal antibody targeting
VEGF-A that showed activity in several solid tumors
such as colorectal, breast, ovarian and non-small cell lung
cancer. It binds to VEGF, preventing its interaction to
VEGFR-1 and VEGFR-2 on the surface of endothelial
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Table 1 Phase Ⅱ/Ⅲ trials with anti vascular-endothelial growth factor agents for advanced gastric cancer and gastro-esophageal
junction cancers
Phase

Setting

Regimen

Patients (n )

OS (mo)

TTP/PFS (mo)

NCT00084604[49], 2006
NCT00217581[50], 2010

Ⅱ
Ⅱ

1st line
1st line

Iri + C + Bev
DOCOX + Bev

47
38

65%
59%

12.3
11.1

8.3
6.61

AVAGAST[51,54], 2010

Ⅲ

1st line

Ⅱ/Ⅲ

Perioperative

XC + Bev
XC + Placebo
ECX-B

387
387
200

46%
37.4%
-

12.1
10.1
-

6.7
5.3
-

REGARD[58], 2012

Ⅲ

2nd line

Ⅲ

2nd line

235
117
665

-

RAINBOW[60], 2014

28%

5.2
3.8
9.6

2.11
1.71
4.4

ECOG 5203[63], 2010

Ⅱ

1st line

Ram + BSC
BSC
PTX + Ram
PTX + placebo
TXT + C + Sor

44

39%

13.6

5.8

NCT01262482[64], 2012

Ⅱ

2nd line

Sor + O

40

-

6.5

3.01

NCT00411151[67], 2011

Ⅱ

2nd line

Sun

52

3.9%

5.81

1.281

NCT00226811[68], 2011

Ⅱ

2nd line

Sun

78

2.6%

6.8

2.3

NCT00970138[73], 2011

Ⅱ

3rd line

-

NCT01512745[74], 2012

Ⅲ

3rd line

2.5
4.83
4.27
-

TEL0805 trial[75], 2011

Ⅱ

1st line

A: Placebo
B: Apa (850 mg)
C: Apa (425 mg bid)
Apa
Placebo
XC + Tel

Trial

ST03[55], 2012

144
39

RR

6.7%

-

1.41
3.671
3.21
-

1

Progression free survival (PFS). Iri: Irinotecan; Cis: Cisplatin; Bev: Bevacizumab; X: Capecitabine; C: Cisplatin; E: Epirubicin; Ram: Ramucirumab; PTX:
Paclitaxel; Sor: Sorafenib; Sun: Sunitinib; Apa: Apatinib; Tel: Telantinib; DOCOX: Docetaxel plus oxaliplatin; O: Oxaliplatin; TXT: Docetaxel; BSC: Best supportive care; RR: Response rate; OS: Overall survival; TTP/PFS: Time to progression/progression free survival.

cells. The biological activity of VEGF interferes with the
formation of new tumor blood vessels thus preventing
tumor growth[47,48].
Several phase Ⅱ and phase Ⅲ trials investigate the
efficacy of first-line Bevacizumab combined with chemotherapy (CT), in patients with advanced GC and gastroesophageal junction (GEJ) tumors (Table 1).
In a multicenter phase Ⅱ study, conducted by Shah et
al[49], the efficacy and safety of the addition of bevacizumab (15 mg/kg on day 1) to CT with CPT11 (65 mg/m2
on days 1 and 8, every 21 d) and CDDP (30 mg/m2 on
days 1 and 8, every 21 d) in 47 patient with GC and GEJ
tumors were evaluated. The response rate (RR) was 65%
(95%CI: 46-80) and the median overall survival (mOS)
was 12.3 mo (95%CI: 11.3-17.2). No increase in chemotherapy-related toxicity was registered. Bevacizumabrelated toxicity included a 28% incidence of grade 3 hypertension, 25% of grade 3 to 4 thromboembolic events,
4.2% of gastric perforation and a 2.1 of cardiovascular
events. Although the primary cancer was not resected in
40 patients, in only two cases an upper gastrointestinal
bleeding has been detected (one patient was treated with
anticoagulants for a pulmonary embolism).
In a second phase Ⅱ trial, bevacizumab (7.5 mg/kg)
in addition to the chemotherapy regimen with docetaxel
(70 mg/mq) and oxaliplatin (75 mg/mq) was administered in 38 patients. A 79% disease control rate (DCR), a
6.6 mo median progression free survival (PFS) and a 11.1
mo OS was observed. In 2 cases, a complete response

WCGO|www.wjgnet.com

was achieved. Grade 3-4 neutropenia was observed in
34% of patients and intestinal perforation occurred in 3
patients[50].
Basing on the results of these phase Ⅱ trials, it was
conducted a double blind international randomized phase
Ⅲ trial (AVAGAST). This study included 774 patients
with previously untreated locally advanced or metastatic
GC or GEJ cancer. Patients were treated with capecitabine (1000 mg/mq twice daily for 14 d every 3 wk) and
cisplatin (80 mg/mq) in combination with either bevacizumab (7.5 mg/kg) or a placebo. Although bevacizumabarm was associated with a significantly longer PFS (38.0
mo vs 29.5 mo, P = 0.0121) vs placebo, the mOS did not
obtain a statistical significance advantage (10.1 mo with
placebo and 12.1 mo with bevacizumab, HR = 0.87, P =
0.1002). Grade 3 and grade 4 toxicities were observed in
0.5% in the placebo group and in 6.2% in the B group.
Arterial or venous thrombois and gastrointestinal perforation were observed in 15.2% and 2.1% of patients in
the placebo group vs 9.6% and 1.3% of patients in the
bevacizumab arm[51,52]. In a subgroup analysis, OS for the
pan-American cohort was 6.8 mo for placebo vs 11.5 mo
for bevacizumab (HR = 0.63). For European and AsianPacific subgroups, OS was 8.6 mo vs 11.1 mo (HR =
0.85), and 12.1 mo vs 13.9 mo (HR = 0.97), respectively.
These results indicate that the patients enrolled in AsianPacific trial showed a better survival, regardless other
prognostic factors. European and American patients with
one or more bad prognostic factors seems to have an ad-
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vantage in terms of overall survival from bevacizumab[52].
Diversity of patient selection, clinical practice, population genetics, and second-line chemotherapy may explain
these results. An update of biomarker analysis performed
in AVAGAST trial evidenced that patients with increased
plasmatic levels of VEGF-A and a low tumour neuropilin-1 (NRP-1) expression, showed better outcomes;
moreover, these markers were more diffused in distal and
diffuse GC, and were identified as potential predictors of
efficacy for bevacizumab[53,54].
ST03 is a multicenter, randomized, phase Ⅱ/Ⅲ study
aiming to assess in 200 patients enrolled between October 2007 and April 2010, the safety, the feasibility and the
efficacy of the addition of bevacizumab (7.5 mg/kg) to
perioperative epirubicin (50 mg/m2), cisplatin (60 mg/
m2), capecitabine (dose banded as based on patient BSA)
CT. The incidence of cardiac complications was similar
in both arms except for arterial thromboembolic events
and more asymptomatic left ventricular ejection fraction
falls that were more frequent with ECX plus bevacizumab. OS was the primary end-point while response rate,
resection rate, DFS, safety of treatment, and quality of
life were the secondary end-points. The preliminary data
are expected in 2014[55].

longer in the ramucirumab group than in the placebo one
(median 4.2 mo vs 2.9 mo, P = 0.036)[58]. Ramucirumab
was well tolerated. Rates of serious adverse events were
similar between arms; for ramucirumab, the incidence of
any individual severe toxicity was low and supportive care
requirements were modest. The patients who received at
least 4 cycles of therapy with ramucirumab, maintained
their quality of life. Performance status (PS) was maintained for a significantly longer time with ramucirumab[59].
The RAINBOW trial is a randomized, multicenter,
double-blind, placebo controlled phase Ⅲ study testing
paclitaxel (80 mg/kg on days 1, 8, 15, every 4 wk) with or
without ramucirumab (8 mg/kg inta-venous infusion on
days 1 and 15 every 4 wk) in patients with metastatic GC
refractory or progressive after first-line therapy with platinum and fluoropyrimidine. The study, which randomized
a total of 665 patients, had as primary endpoint OS while
secondary endpoints included: PFS, time to progression
(TTP), objective response, quality of life and safety[60].
This study has met its primary endpoint of improved
OS and secondary endpoint of improved PFS. In fact,
median overall survival was 9.6 mo for the combination
and 7.4 mo for paclitaxel alone with a 19% reduction in
the risk of death (P = 0.0169) with ramucirumab. Median
progression-free survival was 4.4 mo and 2.9 mo, respectively, a 27% reduction in risk (P < 0.0001). The objective
response rate associated with the combination was 28%
vs 16% with paclitaxel alone (P = 0.0001). At 6 mo, the
progression-free survival rate was 36% vs 17%, and at 9
mo was 22% vs 10%, respectively. In addition, the disease
control rate was much better with ramucirumab, 80% vs
64%, respectively (P < 0.0001). Ramucirumab was relatively well tolerated, although adverse events of grade ≥
3 were somewhat greater with combination treatment
and included neutropenia (40.7% vs 18.8%) - but the incidence of febrile neutropenia was comparable (3.1% vs
2.4%) - leukopenia (17.4% vs 6.7%), hypertension (14.1%
vs 2.4%) and fatigue (7.0% vs 4.0%). These adverse events
did not lead to increased treatment discontinuation in the
ramucirumab arm, nor were rates of treatment-related
deaths different between the two arms (4.0% with ramucirumab/paclitaxel vs 4.6% with paclitaxel alone). Other
adverse events were anaemia (9.2% vs 10.3%), abdominal
pain (5.5% vs 3.3%) and asthenia (5.5% vs 3.3%). Ramuricumab is an effective new drug for patients with metastatic or locally advanced gastric cancer for whom firstline combination chemotherapy has failed. It also shows
that an effective second-line therapy improves overall
survival. It is the only study to show a two-month improvement in survival in this setting[60]. A randomized ongoing phase Ⅱ study (NCT01246960) for patients with
untreated advanced esophageal, GC and GEJ carcinoma
is evaluating FOLFOX-6 ± ramucirumab; it will enroll
a total of 166 patients with PFS as primary endpoint[61]
(Table 1).

Ramucirumab
Ramucirumab (IMC-1121B) is a fully human IgG1
monoclonal antibody specifically blocking with high affinity the extracellular VEGF-binding domain of VEGFR-2 and inhibiting downstream signaling involved in the
formation and maintenance of aberrant blood vessels
that supply blood to tumor[56]. The specific targeting of
VEGFR2 by anti-angiogenetic agents is more effective
since their principal targets are endothelial cells, which are
genetically stable and, therefore, less likely to develop resistance to these agents. Ramucirumab is administered intravenously. Pharmacokinetic data support dosing every 1,
2, or 3 wk with a maximum tolerated dose (MTD) weekly
identified as 13 mg/kg; dose-limiting toxicities (DLT)
observed in Cycle 1 weekly dosing were hypertension
(at 10 mg/kg per week and 16 mg/kg per week): deep
vein thrombosis (at 16 mg/kg per week). No DLT and
no MTD were identified in every 2 wk and every 3 wk
study. Phase Ⅰ clinical trials demonstrated its safety and
efficacy also in patients with advanced cancer refractory
to standard chemotherapy[57]. REGARD, an international,
randomised, double-blind, placebo-controlled, phase Ⅲ
trial is the first positive study with a biological monotherapy in patients with advanced GC progressing after
first line chemotherapy. Patients were randomly assigned
with a 2:1 ratio to receive best supportive care plus ramucirumab 8 mg/kg or placebo, intravenously once every 2
wk. Ramucirumab improved significantly OS (5.2 mo vs
3.8 mo with placebo, HR = 0.776, P = 0.047) and PFS
(2.1 mo vs 1.3 mo with placebo, HR 0.483, P < 0.0001);
the rate of disease control was significantly higher in
patients given ramucirumab than in those given placebo.
Finally, the duration of disease control was significantly
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Sorafenib
Sorafenib is an oral multi-target TKI inhibitor, linking
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to VEGFR-1, VEGFR-2, VEGFR-3, platelet derived
growth factor receptor (PDGFR), B-Raf, Raf-1 and c-Kit.
It plays its antineoplastic role through two pathways:
firstly, it acts directly through the inhibition of tumor
proliferation by blocking the RAF/MEK/ERK-mediated
cell signaling pathway; on the other hand it indirectly inhibits angiogenesis by blocking VEGFR and PDGFR[62].
The ECOG 5203 phase Ⅱ trial[63] tested sorafenib (400
mg orally twice a day for 21 d) in combination with
cisplatin (75 mg/m2) and docetaxel (75 mg/m2) in 44
patient with advanced GC and GEJ carcinoma. They
achieved an overall response rate (ORR) of 41% (primary
end point), an OS of 13.6 mo and a PFS of 5.8 mo. This
result is lower than the PFS obtained in a phase Ⅲ trial
of chemotherapy alone. The results of this study suggest
that sorafenib may confer an additional antitumor effect
to the combination of docetaxel and cisplatin in the treatment of metastatic and advanced unresectable GC and
GEJ adenocarcinoma but there is no significant superiority over historical data from the docetaxel and cisplatin
combination CT, thereby prompting no further clinical
development of sorafenib in GC. In a phase Ⅱ trial presented by a Spanish group at 2012 ASCO annual meeting,
evaluated the combination of oxaliplatin (130 mg/m2)
and sorafenib (400 mg orally) in previously treated with
cisplatin and fluoropyrimidine advanced GC patients. In
this trial 40 patients (36 evaluable for response) in second
line setting were enrolled: 47.2% of patients obtained a
SD and in one case a CR, while The median PFS and OS
was 3 mo and 6.5 mo respectively. However for patients
who obtained a PFS to first line > 6 mo, was recorded
an OS of 9.7 mo; on the other hand the OS was only 5.6
mo for patients with and PFS was lower than 6 mo (P =
0.04). The association of sorafenib and oxliplatin resulted
in a good safety profile and suggested that PFS after a
first line treatment based on cisplatin plus fluoropyrimidine identifies more subgroups of patients with different
clinical features[64] (Table 1).
A randomized phase Ⅱ trial comparing the addition
of sorafenib to cisplatin and capecitabine as first line
treatment with PFS as primary endpoint, has completed
the accrual and the results are waited[65].

or partial response (PR), as defined by RECIST criteria.
Two patients (2.6%) had partial responses and 25 patients
(32.1%) had as best response a stable disease for ≥ 6
wk. Between the secondary end-points, the median PFS
was 2.3 mo and median OS was 6.8 mo. Thought the low
toxicity profile, no further clinical trials in GC are actually
scheduled[68] (Table 1).

Sunitinib
Sunitinib is an oral TKI targeting RET, VEGFR-1,
VEGFR-2, VEGFR-3, PDGFRα, PDGFRβ, Flt3, c-KIT,
and colony-stimulating factor receptor 1 (CSFR-1). In
advanced GC, Sunitinib showed a low activity as single
agent in second-line setting[66]. In a phase Ⅱ study, 52
patients with chemo-resistant advanced GC, received
sunitinib as single agent obtaining a mOS of 5.8 mo.
Tumoral VEGF-C expression was linked to a shorter median PFS if compared with no expression (1.2 mo vs 2.8
mo, P = 0.0119) even if no differences in RR were observed[67]. In a further phase Ⅱ study, sunitinib was tested
in 78 patients as 2nd-line therapy. The primary endpoint
was the ORR, defined as the percentage of all patients
who experienced a confirmed complete response (CR)

Telatinib
Telatinib is an oral selective inhibitor of VEGFR,
PDGFR and KIT tyrosine kinases. It is well tolerated
at high doses and shows no overlapping toxicities with
CT. Telatinib associated with standard chemotherapy has
been tested in in 39 untreated patients in a phase Ⅱ trial.
The objective of this study was evaluating the antitumor
activity, safety and tolerability of telatinib. The primary
outcome was PFS, and secondary outcomes were OS,
ORR, safety and tolerability, pharmacokinetic (PK) and
biomarkers. Sixty four percent of patients showed a PR
and 1 patient (2.6%) had a CR. A 92% DCR and 140 d
PFS were detected; the association was well tolerated at
standard dose, In fact hypertension and fatigue, the most
represented toxicities, were manageable and reversible[75].
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Cediranib
Cediranib (AZD2171) is a powerful VEGFR-1 and
VEGFR-2, c-Kit and PDGFR-β inhibitor[69]. Its efficacy
in association with cisplatin plus S-1 or capecitabine
has been evaluated in a phase Ⅰ trial in 14 untreated advanced GC patients. It emerged a good tolerability prifile
(anorexia, fatigue and nausea were the most commonly
observed toxicities). Anyway, preliminary efficacy results
evidenced only one CR and three PR. Therefore, more
confirmatory studies are needed[69,70].
Apatinib
Apatinib is a TKI selectively targeting VEGFR-2, similar
to vatalanib (PTK787), but with a binding affinity higher
than that of vatalanib or sorafenib[71,72]. A randomized,
three-arm phase Ⅱ trial investigated apatinib (850 mg/d)
as third-line therapy in 141 patients with advanced GC.
DCR of 51%, 34.7% and 10.4% respectively and median
PFS of 3.4, 3.4 and 1.4 mo respectively were observed.
The median OS was 4.8, 4.3 and 2.5 mo, respectively.
Most common adverse effects included hypertension
and hand-foot syndrome. Patients given apatinib as a
once-daily regimen had fewer grade 3 to 4 adverse events
than those given apatinib at a dose of 425 mg twice
daily. Also, the incidence of hypertension, hand-foot
syndrome, thrombocytopenia, and diarrhea was reduced
among patients treated with apatinib 850 mg once daily.
Therefore, the dosing regimen of 850 mg once daily was
recommended for following studies[73]. A third line setting
randomized phase Ⅲ trial is actually comparing apatinib
(850 mg/daily) to placebo. The enrollment target is 270
patients. PFS and OS are the primary endpoints; DCR,
ORR, quality of life, safety profile are the secondary endpoints[74] (Table 1).
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On the basis of these data, a phase Ⅲ multicenter, double-blind, randomized trial testing telatinib plus cisplatin
and capecitabine is planned (Table 1).

(GLM-1, GLM-2, GLM-4, NCI-N87) lead the research
of its clinical efficacy[84]. It has been firstly tested in GC
in a phase Ⅱ trial where 75 previously treated unselected
patients with locally advanced or metastatic GC (77%)
and GEJ carcinoma (21%) received the drug at the dose
of 250 or 500 mg/die in order to assess its biologic activity in tumor samples. Although gefitinib reached enough
tumor concentrations to inhibit EGFR activation with
some evidences of biological effect on EGFR pathway,
these results were not translated in a clinical benefit, obtaining a low DCR (18.3%)[85]. In a second phase Ⅱ trial,
gefitinib in combination with cisplatin (20 mg/m2 daily)
and fluorouracil (1000 mg/m2 daily) with concomitant
radiotherapy (30 and 1.5 Gy bis in die) was compared to
chemoradiotherapy alone as neo-adjuvant treatment in
80 patients with locally advanced esophageal cancer and
GEJ cancer. ORR was not increased but it was observed
a benefit in 3-year OS if compared with historical controls (42% vs 28%, P = 0.06)[86].
Gefitinib showed anticancer properties in HER2
overexpressed GC cells inducing apoptosis, and a low antitumor effect in EGFR positive ones. This controversial
activity of drug is still unclear but it could be explained
by the studies that hypothesized gefitinib to prevent the
formation of HER2/HER3 heterodimers by taking part
in the sequestration of HER2 and HER3 with inactive EGFR/HER2 and EGFR/HER3 heterodimers[87].
Furthermore, it seems to be able to selectively arrest the
phosphorylation of Akt in cells with HER2 overexpression, although cells with low HER2 expression also displayed constitutive activation of P13K/Akt pathway[84]
(Table 2).
Erlotinib hydrochloride is an oral reversible inhibitor of the adenosine triphosphate binding site of EGFR
receptor tyrosine kinase[88]. Its efficacy in GC was tested
in a large phase Ⅱ trial conduced by Southwestern Oncology Group (SWOG 0127)[89] where 70 patients with
unresectable or metastatic GC (37%) or GEJ carcinoma
(63%) were treated. The GC group (n = 26) was closed
after the first phase due to lack of activity of the drug,
while esophageal/GEJ group (n = 46) completed the
accrual. In this group were observed all of the objective
responses (1 CR and 4 PR) with an ORR of 9%, (95%CI:
3-22). Most common toxicities were skin rash (86% and
72%), fatigue (51% and 44%) and AST/ALT elevation
(28% and 28%), respectively for GEJ and gastric localizations. Therefore, erlotinib seems to be a moderately
active drug in clinical management of patients with GEJ
adenocarcinoma, but appears inactive in GC. Considering
all these data, it emerges a low efficacy of EGFR TKIs in
GC: this evidence could be also explained because EGFR
mutations, in particular L858R or delE746-A750 mutations that are related to the activity of EGFR TKIs, are
very rare in this tumor[90] (Table 3).

ANTI-EGFR THERAPIES
EGFR-HER1 is one of four receptors involved in the
pathway of epidermal growth factor transfer (HER,
human epidermal growth factor receptor). It is a transmembrane receptor composed of an extracellular binding
domain, a transmembrane portion, and an intracellular
cytoplasmic domain with a tyrosine kinase functionality[76]. It is activated by specific ligands, such as epidermal
growth factor (EGF), transforming growth factor-α, amphiregulin, heparin-binding EGF, betacelulin, epiregulin,
and neuregulin 2-α; the ligand binding can induce homodimerization or heterodimerization with a consequent
tyrosine kinase autophosphorylation and activation[77].
This process leads to several intracellular signals cascades, including the Ras/Raf/mitogen activated protein
kinase (MAPK) or the Akt/mTOR pathway determining
cell proliferation and growth, prevention of apoptosis,
tumor-induced angiogenesis, and activation of invasion
and metastatic growth[77,78]. In a large study of EGFR
expression in GC using immunohistochemistry (IHC)
and fluorescence in situ hybridization (FISH), it has been
evidenced that the samples were positive for IHC (2+
and 3+) in 27.4% of cases, while an amplification of
EGFR was found only in 2.3% of the samples. EGFR
IHC expression correlated with lymph node metastasis,
lymphatic invasion and higher stage. Furthermore, differently from FISH amplification, EGFR expression was a
poor prognostic factor[79].
In preclinical models it has been shown that the
EGFR inhibition leads to an anti-tumour activity with
synergy with chemotherapy as well as radiotherapy[80,81].
In colorectal cancer models, the presence of a KRAS
mutation is usually associated with a downstream activation
of the Ras/MAPK pathway, leading to cell proliferation
that can’t be blocked by anti EGFR-antibodies. Therefore,
KRAS mutational status represents an important predictor
of response to cetuximab and panitumumab and a wild
type status is usually associated with a higher RR, OS and
PFS[82]. However, differently from colon cancer, only in
a low percentage of GC can be detected a KRAS mutation[81]. In one of the largest international multicenter database on 710 GC patients, KRAS mutations were detected in 4.1% of samples; the frequency was 5.8% among
United Kingdom patients, 4% among Japanese patients
and 2.8% among Chinese patients[83]. Therefore, at present, none of trials with anti-EGFR mAbs was restricted
to patients with wild-type KRAS and no data suggesting
that KRAS gene mutation is predictive of lack of efficacy
of EGFR-targeted MAb therapy in this tumor type are
currently available.

Monoclonal antibodies: Cetuximab, panitumumab,
matuzumab and nimotuzumab
Anti-EGFR monoclonal antibodies cetuximab and panitumumab (MAbs) compete with ligand-receptor interac-

TKIs inhibitors: Gefitinib and erlotinib
Gefitinib is an oral EGFR quinazoline tyrosine kinases
inhibitor, and its antitumor activity on GC cell cultures
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Table 2 Phase Ⅱ trials of epidermal growth factor receptor tyrosine kinase inhibitors for advanced gastric cancer and gastroesophageal junction cancers
Author/trial
NCT00237900[86], 2010
SWOG 0127[89], 2006

Phase

Setting

Regimen

Patients (n )

RR

OS (mo)

TTP (mo)

Ⅱ

Neoadjuvant
1st line

CF + G + RT
Erlotinib 150 mg/d

80
44 (GEJ)
26 (stomach)

9% (GEJ)
0% (stomach)

42% (3-yr)
6.7 (GEJ)
3.5 (stomach)

-

Ⅱ

C: Cisplatin; F: 5 fluorouracil; G: Gefitinib; RT: Radiotherapy; RR: Response rate; OS: Overall survival; TTP: Time to progression; GEJ: Gastro-esophageal
junction.

Table 3 Phase Ⅱ/Ⅲ trials of anti-epidermal growth factor receptor agents for advanced gastric cancer and gastro-esophageal
junction cancer
Phase

Setting

Regimen

Patients (n )

RR

FOLCETUX[187], 2007
NCT00477711[188], 2008
DOCETUX[95], 2009
AIO[93], 2010
NCT01123811[94], 2011
NCT00398398[189], 2011
NCT00517829[96], 2013

Ⅱ

Ⅱ

1st line
1st line
1st line
1st line
1st line
1st line
1st line

EXPAND[97], 2013

Ⅲ

1st line

REAL-Ⅲ[103], 2013

Ⅱ-Ⅲ

1st line

NCT00113581[107], 2008
MATRIX[190], 2010

Ⅰ
Ⅱ

1st line
1st line

38
54
72
52
49
44
75
75
455
449
278
275
21
35

NCT01813253[111], 2011

Ⅱ

2nd line

FOLFIRI + Cet
CX + Cet
C + TXT + Cet
FUFOX + Cet
FOLFIRI + Cet
XELOX + Cet
DOCOX
DOCOX + Cet
CX + Cet
CX
EOX + P
EOX
ECX + M
ECX + M
ECX
Iri
Iri + N

44.1%
48.1%
41.2%
65.0%
46.0%
52.3%
26.5%
38.0%
29.0%
30.0%
42.0%
46.0%
65.0%
58.0%
31.0%
18.4%
10.3%

Trial

Ⅱ
Ⅱ
Ⅱ
Ⅱ
Ⅱ

82

OS (mo)
16.0
9.0
9.5
16.5
11.8
8.5
9.4
9.4
10.7
8.8
11.3
12.2
9.4
7.5%
9.7%

TTP (mo)
8.0
5.23
5.0
7.6
90.0
6.5
4.4
5.6
6.0
7.4
5.2
7.1
4.8
85 d
73 d

Cet: Cetuximab; C: Cisplatin; TXT: Docetaxel; X: Capecitabine; E: Epirubicin; O: Oxaliplatin; P: Panituimumab; E: Epirubicin; Iri: Irinotecan; M: Matuzumab;
N: Nimotuzumab; FOLFIRI: 5 fluorouracil plus folinic acid plus irinotecan; FUFOX: 5 fluorouracil plus oxaliplatin; DOCOX: Docetaxel plus oxaliplatin; XELOX: Capecitabine plus oxaliplatin; RR: Response rate; OS: Overall survival; TTP: Time to progression.

tion and downstream tyrosine kinase activity through the
binding to the extracellular EGFR domain, occluding in
this way the ligand-binding region. It results in a receptor internalization and degradation. Another mechanism
of activity is represented by an indirect antitumor effect
by antibody-dependent cell-mediated cytotoxicity activity[76,91].
Cetuximab is a chimeric (mouse/human) IgG1 antibody, able to initiate an immune-mediated antitumor
response (i.e., antibody-dependent cell-mediated cytotoxicity) through natural killer cell binding[76].
The employment of cetuximab as single agent in metastatic or unresectable GC did not seem effective[92]. On
the other side, the addition of the monoclonal antibody
to fluoropyrimidine-based regimens showed interesting
results. In a small phase Ⅱ trial conduced by Lordick et
al[93], 52 patients received cetuximab (400 mg/m2 at first
infusion followed by weekly infusions of 250 mg/m2)
with FUFOX (oxaliplatin 50 mg/m2, 5-FU 2000 mg/
m2, and folinic acid 200 mg/m2 on days 1, 8, 15 and 22
qd36). Among 46 patients assessable for response, ORR
was 65% (95%CI: 50-79) with a median TTP of 7.6 mo
(95%CI: 5.0-10.1) and a median OS of 9.5 mo (95%CI:
9.7-11.1). The treatment was well tolerated: the most
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common grade 3/4 toxicities were diarrhoea (33%), and
skin toxicity (24%). Furthermore, no clear association
between the detection of EGFR and the response rate
was found. Moehler et al[94] published in 2010 the results
of a phase Ⅱ trial testing the efficacy of the addition of
cetuximab to irinotecan (80 mg/m2) and a 24-h continuous infusion of folinic acid (200 mg/m2) and 5-FU (1500
mg/m2). After a median follow-up of 31.2 mo, results
showed an ORR of 46% (95%CI: 31-61) with a DCR of
79%. Median PFS and OS times were 9.0 mo (95%CI:
7.1-15.6) and 16.5 mo (95%CI: 11.7-30.1) respectively.
The biomarkers analysis evidenced that tumor response
was more frequent in EGFR-expressing tumors (P =
0.041); furthermore, PTEN overexpression was associated with a longer PFS (P = 0.035) and OS (P = 0.0127).
In a phase Ⅱ Italian study[95], 72 patients with metastatic
or unresectable disease (stomach 81.9% and GEJ 18.1%)
were enrolled to receive a first-line CT with cetuximab
(initial dose of 400 mg/m2 followed by weekly doses of
250 mg/m2), cisplatin (75 mg/m2 on day 1), docetaxel
(75 mg/m2 on day 1), every 3 wk. The assessed ORR
was 41.2% (95%CI: 29.5-52.9), with a DCR of 76.5%, a
median TTP of 5 mo (95%CI: 3.7-5.4) and a median OS
time of 9 mo (95%CI: 7-11). Most common G3-G4 tox-
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[101-103]

icity observed was neutropenia (44.4%). Recently it has
been published a phase Ⅱ trial evaluating the addition
of cetuximab (400 mg/m2 first dose then 250 mg/m2
weekly) to DOCOX (docetaxel 60 mg/m2 plus oxaliplatin
130 mg/m2 on day 1 of each 21-d cycle) in 150 patients
with previously untreated advanced GC. Results evidenced in two arms of treatment (DOCOX vs DOCOX
+ cetuximab) a RR of 26.5% and 38.0% respectively,
with a median PFS of 4.7 and 5.1 mo respectively (95%CI:
3.0-5.6/4.3-5.9) and a median OS of 8.5 and 9.4 mo
respectively. Grade 3-4 treatment-related adverse events
included neutropenia (50% vs 44%), febrile neutropenia
(13% vs 19%), diarrhoea (12% vs 17%), fatigue (12% vs
17%) and leukopenia (7% vs 14%)[96].
Moving from these promising data, the EXPAND
trial has been designed in order to assess the real impact
of addition of cetuximab to standard chemotherapy in
advanced GC[97]. In this phase Ⅲ trial, 904 patients with
locally advanced or metastatic disease were randomly assigned to receive capecitabine (1000 mg/m2 twice daily,
on days 1 to 15) and cisplatin (80 mg/m2) with or without
cetuximab (400 mg/m2 followed by 250 mg/m2 per week)
every 3 wk. The median PFS (primary endpoint of this
trial) was 4.4 mo (95%CI: 4.2-5.5) in the cetuximab arm,
a not statistically significant data if compared with 5.6 mo
(95%CI: 5.1-5.7) obtained in the XP alone arm (HR =
1.091, 95%CI: 0.920-1.292, P = 0.3158). The addition of
monoclonal antibody to chemotherapy resulted even detrimental in terms of median OS: 9.4 mo (95%CI: 8.3-10.6)
in the cetuximab arm and 10.7 mo (9.4-11.3) in the XP
arm (HR = 1.004, 95%CI: 0.866-1.165, P = 0.9547). The
RR was similar in cetuximab and chemotherapy arm (30%
and 29% respectively). Fifty four percent of 446 patients
in the cetuximab group and 44% of 436 in the control
group had any grade of serious adverse event. In particular, 83% of patients in the chemotherapy plus cetuximab
group and 77% in the chemotherapy group experienced
grade 3-4 toxicities; the most common G3-4 toxic events
were: diarrhoea, hypokalaemia, hypomagnesaemia, rash,
and hand-foot syndrome. Grade 3-4 neutropenia was
more common in controls than in patients who received
cetuximab. Incidence of grade 3-4 skin reactions and
acne-like rash was higher in the cetuximab arm than in
the control arm. These results suggest that cetuximab
in addition to standard chemotherapy is not an effective
choice in patients with advanced GC[97].
Panitumumab is a fully human IgG2 monoclonal
antibody targeting the epithelial growth factor receptor.
Its immunogenicity is minimal or non-existent, therefore
it avoids the problem of generating human murine antibodies, minimizing the risk of hypersensitivity reactions
and compromising treatment efficacy[98].
In metastatic wild-type KRAS colorectal cancer, panitumumab showed activity in combination with chemotherapy in chemo-refractory patients improving PFS both
in the first[98] and in second-line settings[99,100]. Its efficacy
in addition to standard treatment in advanced settings of
esophageal-gastic cancer has been tested in a large phase
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Ⅲ trial, also known as REAL-3 study

. Five hundred
fifty-three patients were randomised to receive EOC
[epirubicin (50 mg/m2), oxaliplatin (130 mg/m2), and
capecitabine (1250 mg/m2/d)], or mEOC [epirubicin (50
mg/m2), oxaliplatin (100 mg/m2), capecitabine (1000 mg/
m2 per day)], and panitumumab 9 mg/kg. The primary
endpoint was OS, the secondary endpoints were PFS,
RR, and safety. The median survival time was 11.3 mo
with EOC compared to 8.8 mo with mEOC plus panitumumab (HR = 1.37, 95%CI: 1.07-1.76, P = 0.013). The
median PFS was 7.4 and 6.0 mo, respectively (HR = 1.22,
95%CI: 0.98-1.52, P = 0.068), with a RR of 42% and
46% respectively. Multivariate analysis demonstrated that
KRAS mutation (HR = 2.1, 95%CI: 1.10-4.05, P = 0.025)
and PIK3CA mutation (HR = 3.2, 95%CI: 1.01-10.40,
P = 0.048) had a negative prognostic value. According
to these results, the addiction of a monoclonal antibody
targeting EGFR does not seem to be a valid therapeutic
option for advanced GC. A phase Ⅱ trial assessing the
efficacy and safety of panitumumab in combination with
docetaxel and cisplatin in patients with untreated GC or
GEJ carcinoma (SPIGA trial) is actually ongoing[104] (Table
3).
Matuzumab (EMD 72000) is a humanized IgG1
monoclonal antibody against human EGFR. It has approximately a 10% murine origin, therefore it is characterized by a limited immunogenicity, and being IgG1, it
is able to induce antibody dependent cell cytotoxicity[105].
Matuzumab showed an anti-tumoural activity in preclinical studies of xenograft models of different human tumours in mice[106]. Its efficacy in advanced GC has been
tested in a small phase Ⅰ trial where 21 EGFR-positive
patients received matuzumab (400 and 800 mg weekly
and 1200 mg every 3 wk) plus ECX (epirubicin 50 mg/
m2, cisplatin 60 mg/m2 on day 1 and capecitabine 1000
mg/m2 daily) until disease progression or unacceptable
toxicities. Even if this study was designed in order to
assess the safety, tolerability, pharmacokinetics and pharmacodynamics of the drug, efficacy results were very
interesting: ORR was 65% (95%CI: 43-82) with 25% of
SD (95%CI: 11-47) and 10% of PD; the overall median
TTP was 5.2 mo (95%CI: 3.0-16.0). The treatment resulted well tolerated, and fatigue was the major dose-limiting
toxicity[107].
Nimotuzumab (h-R3) is a humanized IgG1 monoclonal antibody targeting human EGFR showing efficacy
in malignant gliomas and head and neck squamous cells
cancer[108-110]. Its activity and tolerance in advanced GC
has been recently studied with interesting results: in a
randomized phase Ⅱ trial[111], patients received nimotuzumab plus irinotecan or irinotecan alone as a secondline therapy. The primary endpoint was PFS. Median
PFS was 73 and 85 d, respectively (HR = 0.860, 95%CI:
0.516-1.435, P = 0.5668). The median OS was 250.5 and
232 d in the nimotuzumab and irinotecan monotherapy
groups, respectively (HR = 0.994, 95%CI: 0.618-1.599, P
= 0.9778). The RR was 18.4% and 10.3%, respectively. In
a subgroup analysis of EGFR 2+ or 3+ patients (assessed
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Table 4 Clinical trials with anti-human epidermal growth factor receptor 2 agents for advanced gastric
cancer and gastro-esophageal junction cancer
Phase

Setting

Regimen

Patients (n )

OS (mo)

TTP/PFS (mo)

ToGa Trial[122], 2010

Ⅲ

1st line

594

NCT00680901[129], 2013

Ⅲ

1st line

NCT00486954[130], 2010

Ⅲ

2nd line

CF/X + T
CF/X
OX + Lap
OX
PTX + Lap
PTX

13.8
11.1
12.2
10.5
11.0
8.9

6.7
5.5
6.0
5.4
5.6
4.2

Trial

487
430

C: Cisplatin; F: 5-fluorouracil; X: Capecitabine; T: Trastuzumab; O: Oxaliplatin; Lap: Lapatinib; PTX: Paclitaxel; OS: Overall survival; TTP/PFS: Time to progression/progression free survival.

by IHC) a median PFS of 118.5 and 59.0 d in the nimotuzumab and irinotecan monotherapy groups respectively
was assessed. On the other hand, a shorter median PFS
was observed in EGFR 0 or 1+ patients (58.5 and 87.5
d). Therefore, these results, even if preliminary, did not
show a clear benefit by the addition of nimotuzumab to
standard chemotherapy but it might show some activity in EGFR 2+, 3+ patients. In a recent phase Ⅱ trial
presented at the 2012 ASCO annual meeting, 62 patients
with advanced GC were randomized to receive cisplatin
and S-1 chemotherapy with or without nimotuzumab.
Median TTP was 5 and 3 mo respectively with a good
tolerability of association[112] (Table 3).

est has been developed, taking more into account the
characteristics of GC. Differently from breast cancer, the
prognostic value of HER-2 overexpression in GC remains
controversial. A recent trial investigating the prognostic
significance of HER-2 evaluated in 382 patients with metastatic GC and GEJ adenocarcinoma, found that approximately 20% of patients were HER2 positive, but HER2
positivity wasn’t an independent prognostic factor[118].
Anti-HER2 drugs include trastuzumab, lapatinib and
pertuzumab[119] (Table 4).
Trastuzumab
Trastuzumab is a humanized recombinant monoclonal
antibody selectively binding to the extracellular domain
of HER2, blocking its downstream signaling, downmodulation of the HER2 protein, and activation of
apoptotic signals of the tumor cells. Another mechanism
of activity is represented by an indirect antitumor effect by antibody-dependent cell-mediated cytotoxicity
activity[120]. These therapeutic effects are enhanced when
trastuzumab is associated with chemotherapeutic agents
such as cisplatin, capecitabine, irinotecan, doxorubicin
and taxanes achieving an ORR ranging from 35% to 44%
in clinical phase Ⅱ trials[121].
ToGA trial was the first randomized phase Ⅲ controlled study to be conduced in order to verify trastuzumab efficacy and safety in combination with chemotherapy
for patients with HER2-positive advanced GC and GEJ
cancers. In this study, 594 patients were randomized to
receive 5-fluorouracil (800 mg/m2 per day on days 1-5
continuous infusion) or capecitabine (1000 mg/m2/d
on days 1-14) and cisplatin (80 mg/m2 on day 1) with
trastuzumab (8 mg/kg loading dose on day 1 followed
by 6 mg/kg) every 3 wk for 6 cycles, or CT alone. The
primary aim was to compare OS in both arms, and the
secondary ones were PFS, TTP, ORR, control disease,
duration of response, and quality of life. Tumor specimens from 3807 patients were centrally tested to determine the HER2 status: 22.1% were HER2-positive with
a higher rate of HER2 positivity for the intestinal type
than diffuse one (34% vs 6%) and for adenocarcinoma of
GEJ compared to GC (33.2% vs 20.9%). Five hundred
eighty-four patients included in primary analysis were allocated to either the FC arm or the FC + trastuzumab
arm and at randomization, patients were stratified ac-

HER2 TARGETING AGENTS
HER2 is a transmembrane receptor belonging to the
family of epidermal growth factor receptors (HER1,
HER2, HER3 and HER4). Its structure is composed by
an extracellular ligand-binding domain, a short hydrophobic transmembrane region, and an intracellular domain
with a tyrosine kinase activity (except for HER3). The
activation of HER2 does not require a ligand[113] and induces a receptor homo- or hetero-dimerization that initiates phosphorylation cascades and subsequent activation
of the PI3K-Akt-mTOR and Ras-Raf-ERK pathways[114].
Among different dimers the HER2-HER3 heterodimer is
considered the most active; moreover, HER3 has a critical function in HER2-mediated transformation and plays
a central role in the tumor cell growth and proliferation in
HER2 overexpressed tumors. In GC HER2 and HER3
co-expression was found in 15% of cases[115].
Recent studies show a main role of HER2 in the development of several types of human cancer including
GC and GEJ cancers. HER2 overexpression is observed
in 10%-38% of GC tumor samples, with a higher prevalence in intestinal-type and GEJ tumors than in diffuse
type and GC[116]. Hofmann et al[117] examined the HER2
status in 178 GC samples with immune-histo-chemistry
(IHC) and fluorescence in situ hybridization (FISH) analysis and reported that IHC and FISH differences occurred
mainly for non-uniformity of staining between the basement membrane side (positive) and granular lumen side
(negative) of fundic gland cells, and heterogeneous GC
cells. Basing on these considerations, a modified HercepT-
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cording to ECOG PS, chemotherapy regimen, extent of
disease, primary cancer site, and measurability of disease.
The addition of trastuzumab to chemotherapy led to
a significantly higher ORR (47% vs 35%, P = 0.0017),
significantly longer PFS, (6.7 mo vs 5.5 mo, P = 0.0002),
and significantly longer OS duration (13.8 mo vs 11.1 mo,
P = 0.0046). The greatest benefit was seen in patients
with higher levels of HER2 expression (IHC score of 3
or 2 with FISH positivity) in which the OS time reached
16 mo. The safety profiles in the two groups were similar, and there were no unexpected adverse events in the
trastuzumab arm. There was no difference in terms of
heart failure between the two arms. Decreases in asymptomatic left ventricular ejection fraction were reported
in 4.6% of patients in the trastuzumab combined arm
and in 1.1% of those in the chemotherapy arm[122]. The
ToGA trial is a milestone of a targeted therapy in GC
and GEJ cancer and, the first study to demonstrate a
significant improvement in OS for a preselected patient
population. Therefore, trastuzumab with chemotherapy
is the new standard treatment of HER2-positive GC and
GEJ cancer in the first line setting.
In the second-line setting, a trial studied single-agent
trastuzumab after failure of platinum or 5-FU-based regimens, but it was limited by poor accrual[123].
A randomized, open-label, multicenter, international
phase Ⅲb study will compare the efficacy and safety of
two trastuzumab dosing regimens in combination with
cisplatin/capecitabine chemotherapy in patients with
metastatic gastric or gastro-esophageal junction adenocarcinoma. Patients who have not received prior treatment for metastatic disease will be randomized to receive
trastuzumab either an 8 mg/kg loading dose followed
by 6 mg/kg every 3 wk or an 8 mg/kg loading dose followed by 10 mg/kg every 3 wk. Capecitabine will be
administered for 6 cycles at a dose of 800 mg/m2 orally
twice on days 1-14 of each 3-wk cycle, cisplatin will be
administered intravenously for 6 cycles at a dose of 80
mg/m2 on day 1 of each 3-wk cycle. Anticipated time on
study treatment is until disease progression occurs[124].
Trastuzumab emtansine (T-DM1) is an antibody-drug
conjugate currently in clinical development combining
the humanized antibody trastuzumab and the potent
cytotoxic antimicrotubule DM1 (derivative of maytansine). When T-DM1 binds to HER2, a proportion of the
receptors are thought to be internalized by the process
of receptor endocytosis, with a consequent intracellular
release of an active form of DM1, causing cell death.
Trastuzumab-DM1 showed highly effective in preclinical
models of HER2-positive GC and so it has investigated
in phase Ⅱ/Ⅲ studies[125].
An ongoing multicenter, randomized, phase Ⅱ/Ⅲ
study will evaluate the efficacy and safety of T-DM1
compared to standard taxane in patients with previously
treated locally advanced or metastatic HER2-positive
GC, including adenocarcinoma of the GEJ. About 100
patients will be randomized to receive trastuzumab emtansine 3.6 mg/kg every 3 wk or 2.4 mg/kg every week
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and standard taxane therapy (docetaxel or paclitaxel) with
primary endpoint OS[126].
Lapatinib
Lapatinib is an oral TKI inhibiting both EGFR and
HER2 kinases that can be employed in subjects with
trastuzumab-resistant tumors. Many phase Ⅱ studies investigated lapatinib in monotherapy in GC.
A phase Ⅱ trial tested single agent lapatinib as firstline therapy in 47 patients with advanced GC demonstrating an excellent tolerability and moderate activity with a
median time to treatment failure of 1.9 mo and OS of 4.8
mo. Only 7% of patients showed a partial response (PR)
and 20% a stable disease (SD)[127].
Furthermore, out of 21 previously treated patients
in another phase Ⅱ study, only 2 cases of SD were observed with lapatinib, although these two trials did not
limit patients to HER2-positive[128]. In another phase Ⅱ
trial of capecitabine in combination to lapatinib as firstline treatment in 58 patients with GC (76%) or GEJ cancer (24%), 24% of patients showed PR (17% confirmed),
36 % a SD and 26% a progression disease (PD)[125].
Two phase Ⅲ studies are currently conducted to
investigate the efficacy of lapatinib in combination
with chemotherapy in second-line and first-line setting for patients with HER2-positive GC. The LOGiC
study (Lapatinib Optimization Study in HER2 Positive
Gastric Cancer) is a phase Ⅲ global study, designed to
evaluate clinical endpoints and safety of chemotherapy
(capecitabine and oxaliplatin with or without lapatinib)
plus lapatinib in a first line setting. Patients were randomized in a 1:1 ratio to receive CapeOx (oxaliplatin 130 mg/
m2 day 1; capecitabine 850 mg/m2 bid days 1-14, every 3
wk) plus daily lapatinib (1250 mg) or placebo. The primary endpoint was OS and secondary endpoints included
PFS, ORR and safety. Five hundred forty-five patients
were randomized and 487 had HER2 positivity centrally
confirmed. The primary endpoint was not reached with a
hazard ratio for OS of CapeOx plus lapatinib compared
to CapeOx plus placebo of 0.91 (95%CI: 0.73-1.12, P =
0.35); median PFS was 12.2 mo vs 10.5 mo, respectively.
HR for uncensored PFS was 0.86 (95%CI: 0.71-1.04, P
= 0.10); median 6.0 mo vs 5.4 mo. The analysis of PFS
showed a HR of 0.82 (95%CI: 0.68-1.00, P = 0.04). ORR
was 53% in the CapeOx + lapatinib arm and 40% in the
CapeOx + placebo arm. Pre-specified subgroup analysis
showed significant improvements in OS in Asian patients
(HR = 0.68) and those under 60 years (HR = 0.69).
There was no association between IHC and OS. Toxicity
profiles were similar except for increased overall diarrhea, and skin toxicity and grade 3+ diarrhea (12% vs 3%)
with CapeOx + lapatinib[129]. The addition of lapatinib to
CapeOx did not reach its primary endpoint, though certain subgroups showed improvement (Table 4).
The TYTAN trial is a randomized, phase Ⅲ study
comparing paclitaxel with and without lapatinib as
second-line treatment in advanced HER2-positive GC.
The study included 430 patients with advanced GC who
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had progressed on first-line fluoropyrimidine and/or
cisplatin-containing therapy and who showed HER2
amplification by FISH. Prior to randomization, patients
were stratified by previous trastuzumab treatment and
gastrectomy status.
mOS of the entire study population was 11.0 mo
with the addition of lapatinib to paclitaxel compared
with 8.9 mo with paclitaxel alone. Despite the 2.1 mo
improvement in survival, the difference between arms
did not reach statistical significance (HR = 0.84, P =
0.2088). However, the findings of a preplanned subgroup
analysis revealed that median OS among patients in the
HER2 IHC 3+ subgroup was 14.0 mo with lapatinib and
paclitaxel compared with 7.6 mo with paclitaxel alone, a
striking and significant 6.4 mo difference (HR = 0.59, P
= 0.0176). PFS (5.6 mo vs 4.2 mo, HR 0.54, P = 0.0101)
and the ORR (27% vs 9%) were also better than population treated without lapatinib among patients in the IHC
3+ subgroup[130].

pertuzumab in combination with trastuzumab, fluoropyrimidine and cisplatin as first-line treatment in patients
with HER2-positive metastatic GEJ or GC. Patients will
be randomized to receive pertuzumab 840 mg or placebo
intravenously every 3 wk in combination with trastuzumab (initial dose of 8 mg/kg iv followed by 6 mg/kg iv every 3 wk) and cisplatin and fluoropyrimidine (capecitabine
or 5-fluorouracil) for the first 6 treatment cycles. Patients
will continue to receive pertuzumab or placebo and
trastuzumab until disease progression or unacceptable
toxicity occurs[133].

PI3K-AKT-MTOR TARGETED THERAPY
PI3K/AKT pathway is an intracellular signaling pathway
transducing signals from cell membrane receptors (i.e.,
VEGF, HER2, IGF) to the cytoplasm and playing an
important role in cell proliferation by acting on the antiapoptosis and cell cycle, in protein translation and synthesis via mTOR and angiogenesis[134]. PI3K/AKT/mTOR
activation was observed in 30%-60% of tumors including
GC due to PIK3CA mutations and gene amplification,
AKT gene amplification and loss of PTEN[135].
Everolimus (RAD001) is an oral inhibitor of the
mammalian target of rapamycin serine-threonine kinase
(mTOR) inhibiting the PI3K/Akt/ mTOR pathway; it
showed efficacy in preclinical and phase Ⅰ/Ⅱ studies in
patients with GC[136].
The activity of the drug has been tested in a phase
Ⅱ study in which 53 patients with previously treated
metastatic GC received everolimus (10 mg orally daily)
until disease progression or unacceptable toxicity. The
results showed a DCR of 56.0% (95%CI: 41.3-70.0) and
median PFS of 2.7 mo (95%CI: 1.6-3.0). After a median
follow-up of 9.6 mo, the median OS was 10.1 mo (95%CI:
6.5-12.1) and good tolerability was noted[137]. According
to these results, a global phase Ⅲ trial (GRANITE-1) was
conducted to compare everolimus vs placebo in a total
of 656 patients with advanced GC who showed disease
progression after prior treatment with first or second-line
CT. Data released from the 2012 ASCO Gastrointestinal
Cancers Symposium showed no significant OS advantages in subjects receiving everolimus compared to best
supportive care (BSC) (5.4 mo vs 4.3 mo, P = 0.1244).
However, everolimus showed a reduction of the progression risk by 34% with a PFS of 1.7 mo vs 1.4 mo respectively (P = 0.0001)[138]. The most common everolimusrelated toxicities observed were: anemia (everolimus
16.0% vs placebo 12.6%), anorexia (11.0% vs 5.6%) and
fatigue (7.8% vs 5.1%), and were almost similar to those
observed in other carcinomas. GRANITE-1 represents
one of the larger randomised trials in this population
with results anticipated, anyway the primary endpoint was
not achieved. The results of PFS and disease stabilization
provided, however, some evidence that they have antitumor effect for GC.
The ongoing randomized, double blind phase Ⅲ twoarm multi-center study (AIO-STO-0111/RADPAC) is

Pertuzumab
Pertuzumab is a new humanized anti-HER2 antibody
exercising its antitumor activity through the binding to
HER2 domain Ⅱ, the region of dimer formation, inhibiting the dimerization of HER2 with other HER family
proteins and preventing ligand-dependent HER2 signalling. It induces the suppression of several HER signaling
pathways. As it can be supposed by the different mechanisms of HER2 inhibition, pertuzumab and trastuzumab
in combination might provide more effective antitumor
activity than either single agent for HER2-positive tumors
including GC. In fact, the combination of pertuzumab
and trastuzumab dramatically increases the antitumor
activity compared with pertuzumab or trastuzumab alone
in HER2-positive human GC xenograft models[131].
In order to identify pertuzumab dose for clinical studies in HER2 positive GC and GEJ cancer, the JOSHUA
phase Ⅱ trial was conducted, evaluating the pharmacokinetics (PK) of two different dose of pertuzumab
in the fisrt metastatic setting. Patients will be randomized to receive pertuzumab 840 mg q3w for cycle 1 and
420 mg for cycles 2-6 (ARM A) or pertuzumab 840 mg
(ARM B) intravenously every 3 wk in combination with
trastuzumab (initial dose of 8 mg/kg iv followed by 6
mg/kg iv every 3 wk) and cisplatin and fluoropyrimidine
(capecitabine or 5-fluorouracil) for the first 6 treatment
cycles. Patients will continue to receive pertuzumab or
placebo and trastuzumab until disease progression or unacceptable toxicities. Primary endpoints were pertuzumab
trough concentration at day 43 and safety. Of 15 patients
randomized to each arm, 15 and 13 were evaluable for
pertuzumab at day 43 in Arm A e B respectively[132].
The mean concentration was higher in patients in
arm B than arm A at day 43 (57.9 μg/mL vs 40.0 μg/mL)
and so a dose of 840 mg 3 weekly was selected for an
ongoing phase Ⅲ trial JACOB, a double-blind, placebocontrolled, randomized, multicenter, international, parallel arm study that will evaluate the efficacy and safety of
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Table 5 Clinical trials with everolimus in previously treated patients with advance gastric cancer and gastroesophageal junction cancer
Phase

Setting

Regimen

Patients (n )

OS (mo)

PFS (mo)

NCT00985192[137], 2010
NCT00879333[138], 2013

Ⅱ
Ⅲ

Advanced
Advanced

53
656

NCT01248403[139], Ongoing

Ⅲ

Advanced

Eve
Eve + BSC
BSC
Eve + PTX
PTX

10.1
5.4
4.3
-

2.7
1.7
1.4
-

Trial

480

Eve: Everolimus; PTX: Paclitaxel; OS: Overall survival; PFS: Progression free survival.

actually evaluating the efficacy of the combination of
RAD001 (10 mg 2 × 5 mg tablets/d d1-d28 ) and paclitaxel vs paclitaxel alone (80 mg/m2 on day 1, day 8 and
day 15 of every 28-d cycle) in patients with advanced GC
and GEJ carcinoma relapsed after up to two prior treatment regimen containing a fluoropyrimidine (e.g., 5-FU,
S-1, capecitabine and other 5-FU prodrugs or derivatives)
with OS as primary endpoint. A total of 480 patients
(240 patients per treatment arm) will be enrolled in the
study[139]. Both of these studies (GRANITE-1 and RADPAC) include an exploratory biomarker research program
that will examine the predictive role of phosphorylated
S6K1, HER2, phosphorylated Akt, HIF-2a, PTEN, cyclin D1, Ki-67 frequency, p53 and CC3, as well as the
mutational status of PI3K catalytic subunit and PTEN,
with efficacy endpoints. Therefore, it will be possible to
identify potential markers of response to everolimus and
validate their role in future studies (Table 5).
Recently a phase Ⅰ trial of everolimus in combination
with mitomycin C (MMC) was conducted in 16 metastatic pretreated GC patients to assess the recommended
dose and the dose-limiting toxicity (DLT) of everolimus
in association with MMC. In this trial, patients received
escalated doses of oral everolimus (5, 7.5, and 10 mg/d)
in combination with intravenous MMC (5 mg/m2 every 3
wk). Endpoints were the DLT, safety, and response rates.
HER2-status, mutations in the PTEN, PIK3CA, AKT1,
CTNNB1, and E-cadherin type 1 genes were tested on
tumor tissue. Most frequent grade 3 toxicities were leukopenia (18.8%) and neutropenia (18.8%). Other grade
3 toxicities were lower than 10%. No grade 4 toxicities
occurred. 18.8% of patients experienced PR and four
patients achieved a SD. Antitumor activity, according to
RECIST-criteria, was highest in the 10 mg/d cohort. According to these results, recommended dose of everolimus combined with MMC is 10 mg/d[140] (Table 5).

upper gastrointestinal malignancies[143,144]. MET amplification was described in approximately 4%-10% of gastric
tumors[145,146] and MET protein overexpression assessed
by IHC in approximately 50% of advanced gastric cancers[147-149]. MET amplification and overexpression correlate with a worse clinical outcome, in particular with
increased invasiveness and increased potential of metastasization[147-149]. Recently, a MET amplification was confirmed in 10% of resected GC patients (21 out of 216)
who showed a significantly worse prognosis in terms of
DFS and OS[143].
The c-Met expression and activation in GC was
studied in preclinical trial in cell lines and tumor tissue
evidencing that c-Met activation was strongly related to
invasion and liver metastasis[150,151].
Therefore, several drugs playing an inhibitory role
against c-Met activity have been developed in recent years.

HGF-C-MET PATHWAY

Tivantinib
Tivantinib is a selective, non-ATP competitive, smallmolecule c-Met inhibitor. In a phase Ⅱ trial the activity
of single agent tivantinib was tested in 30 previously
treated metastatic GC subjects. Primary outcome was
DCR and secondary efficacy endpoints include antitumor effect (tumor response), PFS and OS. Also PK and
safety were evaluated. The results showed no objective

Foretinib
Foretinib is an oral multikinase inhibitor targeting MET,
RON, AXL, TIE-2, and VEGFR2 receptors. A phase Ⅱ
study evaluated safety, tolerability and ORR of 2 dosing
schedules (240 mg/d, for 5 d every 2 wk or 80 mg/d) of
oral foretinib (GSK1363089), in 74 patients with metastatic GC (93% previously treated). Best response was
SD in 23% of patients receiving intermittent dosing and
20% receiving daily dosing; SD duration was 1.9-7.2 mo
(median 3.2 mo). Of 67 patients with tumor samples, 3
showed a MET amplification, one of whom achieved a
SD. Treatment-related adverse events occurred in 91% of
patients. Rates of hypertension (35% vs 15%) and elevated aspartate aminotransferase (23% vs 8%) were higher
with intermittent dosing. In both patients with high baseline tumor phospho-Met (pMET), the pMet/total Met
protein ratio decreased with foretinib treatment. These
results indicate that single-agent foretinib lacked efficacy
in unselected patients with metastatic GC[152].

The receptor tyrosine kinase mesenchymal-epithelial
transition factor (c-Met) is the cell surface receptor for
hepatocyte growth factor (HGF) and leads to activation of different signalling pathway regulating the cancer
cell metastasization, proliferation, motility, invasion and
angiogenesis[141,142]. High c-Met expression is associated
with poor prognosis in several cancer types, including
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responses, a DCR of 36.7% with a median PFS of 43 d
(95%CI: 29.0-92.0). Grade 3 or 4 toxicities were observed
in 43.3% of patients[153].

preventing the link of HGF; the activation of the c-Met
signaling pathway results thus inhibited, inducing the
death of the cell in c-Met-expressing tumors. A randomized, multicenter, double-blind, placebo-controlled phase
Ⅲ study, evaluating the efficacy and safety of onartuzumab in combination with mFOLFOX6 in patients with
metastatic HER2-negative and MET positive adenocarcinoma of the stomach or gastroesophageal junction is
now ongoing. Patients are being randomized in a 1:1 ratio
to receive onartuzumab or placebo in combination with
mFOLFOX6[161]; the primary endpoint is OS and secondary endpoints include: PFS, TTP, ORR, and safety.

Crizotinib
Crizotinib (PF-02341066) was recently approved for the
treatment of non small-cell lung cancer positive for fusion of the echinoderm microtubule-associated proteinlike 4 and anaplastic lymphoma kinase genes. This agent
is also a potent MET inhibitor, playing at the ATPbinding sites of the MET kinase domain: therefore, it
represents a potential drug for the treatment of patients
with GC with MET amplification. In GC cellular lines,
the inhibition of MET activity with crizotinib resulted
in an inhibition of AKT and ERK signaling pathways as
well as in the induction of apoptosis by the upregulation
of BIM, a member of the Bcl-2 family with a proapoptotic activity[154].
It has been recently found that crizotinib has an antitumor activity in 2 of 4 patients with MET-amplified
gastroesophageal cancer, suggesting further analysis of
the molecular mechanism underlying its anticancer action
in this type of tumors[155].

TARGETING FIBROBLAST GROWTH
FACTOR RECEPTOR AGENTS
The fibroblast growth factor receptors (FGFR) bind
fibroblast growth factor (FGF), belonging to the largest family of growth factor ligands. Each receptor consists of a cellular ligand domain, composed of three
immunoglobulin-like domains, a single transmembrane
helix domain and an intracellular domain with tyrosine
kinase activity. The FGFR family comprises four different tyrosine kinase receptors: FGFR1, FGFR2, FGFR3
and FGFR4[162]. Recently it was discovered another receptor known as FGFR5 or FGFRL1, lacking the tyrosine
kinase domain and thus it can not signal by transautophosphorylation as other FGFRs, but it probably acts as
a decoy receptor that binds FGF ligands and sequesters
them away from the conventional FGFRs[163].
FGFR signaling starts by the binding of the receptors
to different FGFs ligands and the formation of various
complexes which lead to the signal transduction[164,165].
FGFRs are involved in many physiological processes,
including development, cellular proliferation, differentiation, motility, transforming activities, regulation of
angiogenesis and wound repair[166-169]. Furthermore, they
play leading roles in many types of neoplasms, because
mutations or gene amplification induce aberrant FGFR
activation, leading to carcinogenesis[170]. The most known
FGFR mutations related to tumors are: the gain of function mutation of FGFR1 kinase domain in glioblastoma;
chromosomal translocation of FGFR1 in the 8p11 myeloproliferative syndrome and alveolar rhabdomyosarcoma[171,172]; gene amplification of FGFR1 in lung cancer,
in oral squamous carcinoma and in about 10% of breast
cancer[173]; the FGFR2 mutations in 12% of endometrial
cancer[174]; the FGFR3 mutation in about 50% of bladder
cancer[165,169,175]. In a recent study, FGFR2 amplification
was evaluated by FISH in 313 resected GC samples and
correlated to clinicopathologic parameters and survival.
FGFR2 amplification was found in 4.5% (14 out of 313)
of samples and was associated with a higher T stage, a
higher N stage, and distant metastasis; furthermore it
was significantly associated with a worse survival, confirming the correlation among FGFR2 amplification,
advanced disease and poor prognosis[176]. On the other
hand, FGFR2 amplification was observed in 4.1% (11

Rilotumumab
Rilotumumab (AMG102) is a human IgG2 targeting human hepatocyte growth factor/scatter factor (SF) that
blocks the binding of HGF/SF to its receptor MET; it
results in inhibition of the MET signaling pathways as
shown in preclinical models[156,157]. In clinical trials, rilotumumab administered biweekly as single agent or in
combination with CT showed manageable toxicities and
a maximum tolerated dose was not reached[158]. The effectiveness of this agent was reported in a randomised
phase Ⅱ trial presented at 2011 ESMO congress. The
results showed an advantage in PFS for the arm treated
with rilotumumab plus chemotherapy compared to chemotherapy alone (PFS median 5.6 mo vs 4.2 mo, HR =
0.58) and more remarkable for c-Met overexpression
patients established by IHC. Recently, in 2012 ASCO annual meeting, the results of study were updated according
to c-Met expression analysis. Patients with c-Met overexpression who received rilotumumab plus chemotherapy,
had an OS of 11.1 mo with an absolute benefit of 5.4
mo over patients who received chemotherapy alone (HR
= 0.29, 95%CI: 0.11-0.76)[159]. Moving from these results,
a phase Ⅲ, randomized double-blind placebo controlled
study (RILOMET-1) is actually ongoing. This trial is
evaluating epirubicin (50 mg/mq), cisplatin (60 mg/mq),
capecitabine (625 mg/mq bid) with rilotumumab (15 mg/
kg) or placebo for untreated advanced MET-positive gastric or GEJ adenocarcinoma. OS is the primary outcome
while secondary outcomes are represented by PFS, TTP,
ORR, DCR, TTR and safety[160].
Onartuzumab
Onartuzumab is a monovalent, humanized anti-MET
antibody, that binds the extracellular domain of c-Met,
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out of 267) of patients who underwent surgery for a GC
in another retrospective study[166]. These data suggest that
FGFR2 may be a promising therapeutic target in GC.
Different small molecules such as PD173074, KI23057,
SU5402, cediranib (AZD2171), dovitinib (TKI258) and
ponatinib (AP24534) inhibit FGFR2 phosphorylation
and cell growth in FGFR2-amplified GC cell lines in preclinical trials[22,177-179].
Ponatinib (AP24534) is an oral multitarget tyrosine
kinase inhibitor with a pan-FGFR activity: exposure of
GC cell lines with high levels of FGFR2 activity due
to genomic amplification results in a potent inhibition
of cell growth[180]. Dovitinib is a multitarget tyrosine
kinase receptors inhibitor, including FGFR1, FGFR2,
FGFR3, VEGFR-1, VEGFR-2, VEGFR-3, PDGFRβ
and c-kit[181,182]. In preclinical model, a potent growth
inhibitory activity of dovitinib was observed in FGFR2amplified GC cell lines. AZD4547 is an oral, highly selective, and potent ATP-competitive small-molecule TKI
of FGFR1-3. GC cell lines with FGFR2 amplification,
were extremely sensitive to AZD4547 which effectively
inhibited phosphorylation of FGFR2 and its downstream
signaling molecules. Furthermore, an enhancement of
in vivo antitumor efficacy was seen combining AZD4547
with chemotherapy[183]. Actually the SHINE phase Ⅱ
study (NCT01457846) is evaluating the efficacy and safety of FGFR2 inhibitor AZD4547 in GC patients with
FGFR2 polysomy or gene amplification and one prior
chemotherapy. In this trial 160 patients will be randomized between paclitaxel or AZD4547 with PFS as primary
endpoint[184].

without achieving its primary endpoint. However at this
time various markers, including EGFR and VEGF overexpression, have not been validated to be predictive in
advanced GC patients, and HER-2 overexpression and
HER-2 amplification remain the only predictive biomarkers. Moreover, because the expression of different and
potential targets depends on the tumor site, histology and
ethnics differences, it seems important to design clinical
trials stratified according to these factors. The onset of
resistance to targeted therapy is an issue particularly relevant which involves mechanisms rather complex. A costitutive activation of the PI3K pathway through PIK3CA
mutation or PTEN loss may play a role in resistance to
receptor monoclonal antibodies, including trastuzumab.
In preclinical studies carried with the aim to identify pathway regulating the sensitivity of HER2-positive GC cells
to trastuzumab, the overexpression of micro-RNA gene
21 down-regulated PTEN expression and increased AKT
phosphorylation, significantly suppressing trastuzumabinduced apoptosis and finally decreasing the sensitivity of
GC cells to trastuzumab[185]. Taken together, these data
provide a support to evaluate the combination of mTOR
inhibitors with trastuzumab in HER2-positive GC. Several studies have shown that also activation of alternative
receptor tyrosine kinases may promote resistance to antiHER-2 therapy. For instance, activation of MET RTK
substantially reduces growth inhibition of HER2 positive
GC cell lines induced by lapatinib and is an example of
acquired resistance mediated by activation of secondary RTK restoring downstream signaling pathways[186].
Although only few studies (ToGA, REGARD) with targeted agents have obtained positive results at this time, it
is unquestionable that this is the only way that has shown
promising results in this setting. Nevertheless given that
only a small number of GC patients carries specific molecular alterations, it is paramount to identify emerging
molecular pathways that characterize cell growth, cell
cycle, apoptosis, angiogenesis and invasion so providing
rationally designed therapies aimed at specific novel molecular targets in selected patients to improve advanced
GC outcome.

CONCLUSION
The understanding of different molecular alterations
that could play a pivotal role in the pathogenesis of GC,
albeit still incomplete, is undoubtedly the main progress
recorded in recent years in the treatment of this disease.
In fact, if the outcome of patients with metastatic disease
under chemotherapy continues to remain particularly
disappointing, studies such as ToGA have indicated the
route to be followed over the coming years, providing
for the first time an algorithm of first-line treatment selection of GC based on a key molecular driver such as
HER-2. Based on this trial the addition of trastuzumab
to combination chemotherapy is now considered the
standard first-line treatment for HER2 positive advanced
GC patients. However, beside the need to improve our
biological knowledge concerning GC, several points
remain to be elucidate. First of all, the selection of patients based on the identification of specific predictive
biomarkers appears as a very crucial point. A paradigmatic example of this statement lies in the results of the
two randomized phase Ⅲ trials REAL-3 and EXPAND
with panitumumab and cetuximab that have recruited
over 1450 unselected patients with negative and inferior
results when compared to control arm with chemotherapy alone. Not different appear the considerations for
GRANITE-1 study that enrolled more than 600 patients
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are involved in gastric tumorigenesis. The aim of this
article is to review the growing literature on the mtDNA
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Abstract
Gastric cancer is the second most frequent cause of
cancer death worldwide. Patients infected with Helicobacter pylori (H. pylori ) are at increased risk of gastric
cancer. H. pylori induces genomic instability in both
nuclear and mitochondrial (mt) DNA of gastric epithelial cells. Changes in mtDNA represent an early event
during gastric tumorigenesis, and thus may serve as
potential biomarkers for early detection and prognosis
in gastric carcinoma.This review article summarizes the
mtDNA mutations that have been reported in gastric
carcinomas and their precancerous conditions. Unexplored research topics, such as the role of mtDNA
alterations in an alternative pathway of gastric carcinogenesis, are identified and directions for future research
are suggested.

INTRODUCTION
Mitochondria are cytoplasmic organelles that play an
essential role in numerous biological processes such as
ATP production, iron and calcium homeostasis, production of reactive oxygen species, autophagic cell death
and apoptosis[1]. Mitochondrial (mt) DNA was initially
considered to be naked, unprotected, and vulnerable to
injuries. However, recently several works have shown
that mtDNA is protein-coated and packaged into aggregates called nucleoids[2-3]. Nucleoids are also important
for the biogenesis of mtDNA, as they contain proteins
that mediate DNA replication, repair, and recombination[4-5]. Human mtDNA is a 16.6-kb double-stranded
closed-circular DNA molecule, and a few hundreds to
several thousand copies of mtDNA are present in each
cell[6-7]. It contains 37 genes, including the structural genes
for 13 polypeptides of the electron transport chain involved
in oxidative phosphorylation, two ribosomal RNAs, and a
complete set of 22 tRNAs that are required for translation
of the mtDNA-encoded mRNAs[8]. In addition, mtDNA
contains a non-coding region: the displacement loop (D-

© 2015 Baishideng Publishing Group Inc. All rights reserved.
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Figure 1 Intestinal-type adenocarcinoma. Intestinal metaplastic epithelium is adjacent to the carcinoma (A), diffuse-type carcinoma composed of signetring cells showing foamy cytoplasm and an eccentrically located nucleus (B).

loop) that controls both replication and transcription [9].
Generally, each human cell contains several hundred to
1000 mitochondria, and each mitochondrion has 2-10 copies of mtDNA. Somatic mtDNA mutations occur randomly, both in the non-coding D-loop region and the coding
genes, increase with age, and can affect all mtDNA copies
within a cell (homoplasmy) or only some (heteroplasmy)[10,11].
Homoplasmy or a high degree of heteroplasmy are needed
so that a mutation results in an observable mutated cellular
phenotype[10]. How mtDNA regulates the tumorigenesis
process has not been clearly defined, but current evidence
suggests that mutation, reduction, or deletion of mtDNA
lead to defective oxidative phosphorylation, increased reactive oxygen species production, induction of the glycolytic
pathway, and increased expression of prosurvival proteins,
which ultimately results in cancer proliferation and tumorigenesis[12]. Therefore, modulation of mtDNA content in
cancer is important for understanding the disease process.
Gastric cancer is the second leading cause of cancer
death and the fourth most common malignant tumour
in the world. The reason for fatality of gastric cancer is
mainly due to late diagnosis and lack of programs for early
detection; thus, identification of early events in gastric carcinomas is a challenging task[13,14]. Gastric carcinoma is a

addition, it summarizes the mtDNA changes that have
been reported in gastric carcinomas and their precancerous conditions. Future research directions on the role of
mtDNA in gastric carcinogenesis are suggested.

CLASSIFICATION AND PATHOLOGY OF
DISTAL GASTRIC ADENOCARCINOMAS
Based on histopathological features, several classification
systems of gastric cancer have been proposed. The two
most commonly used classifications are the Lauren’s[20]
and the World Health Organization (WHO) systems[25].
The WHO classification distinguishes five major types of
gastric carcinoma. This is based on the predominant morphologic component of the tumour and includes: papillary, tubular, mucinous, poorly cohesive (including signetring cells and other variants) and mixed carcinomas. In
Lauren’s classification, gastric adenocarcinomas are divided
into two main types: intestinal (Figure 1A) and diffuse
(Figure 1B). Intestinal adenocarcinomas usually arise in
an older population with an increased incidence in men
(male/female ratio of 2:1)[15]. These tumours have the gross
appearance of an exophytic mass, and histologically show a
glandular structure resembling the glandular pattern of the
intestine, although some solid or papillary areas are often
present. Diffuse-type carcinomas do not show gender
predominance, tend to develop in younger subjects, and
have a poorer prognosis than intestinal-type tumours.
Grossly, these tumours appear as ulcerative lesions or
involve the entire thickness of the stomach wall, causing the thickening and increased firmness that has been
called “linitis plastic”. Histologically, they are made up
either of separated single cells with or without signet
ring cell configuration or small aggregates of malignant
cells with little or no gland formation[15,26]. It is thought
that diffuse-type gastric carcinomas develop through the
loss of function of E-cadherin, as germline mutations of
the CDH1 gene (encoding E-cadherin) have been found in
30%-40% of hereditary diffuse gastric cancer cases. Furthermore, CDH1 is also frequently inactivated in sporadic
diffuse-type gastric cancers through genetic and epigenetic
alterations[27-33]. A neoplastic precursor lesion associated

heterogeneous disease with several epidemiological and
histopathological characteristics. This tumour is classified
anatomically as proximal (also known as cardia) and distal (also known as noncardia). This classification seems
to distinguish two clinicopathologic entities[15-17]. The
risk factors positively associated with cardial adenocarcinoma include obesity, hiatal hernia and reflux gastroesophagitis, whereas Helicobacter pylori (H. pylori) infection
appears to be the main causative agent for distal gastric
adenocarcinomas[15,18,19]. Pathologically, distal gastric carcinoma may be distinguished according to the Laurèn
classification[20] as intestinal or diffuse subtypes. Recently,
a gastric-type differentiation has been demonstrated in
some cases of intestinal-type adenocarcinomas[21-24], but
the introduction of these new terms may be a source of
semantic confusion, particularly with clinicians.
This review article discusses controversies regarding
histogenesis and classification of distal gastric cancer. In
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Class Ⅰ carcinogen by the WHO [38]. However, only a
subset, 1%-2% of infected individuals develop gastric
malignancies[15]. Clinical outcome of H. pylori infection
may be correlated with specific virulence-associated
bacterial genotypes such as cagA and VacA s1/m1. This
genetic variability of H. pylori has been extensively studied in numerous laboratories and results have been summarized in previous publications[39-41].
Experimental studies investigating the role of H.
pylori on the mitochondrial genome of gastric epithelial
cells have recently been reviewed by Strickertsson et al[42].
H. pylori infection has been associated with an increase of
mtDNA mutations both in the mitochondrial D-loop region and in several genes encoding subunits of the electron
transport chain [43,44]. Deletion/insertion mutations have
been described in the D-loop region[43,45,46]. The increase in
the number of mutations was mainly attributed to a rise of
transitions, possibly a consequence of oxidative damage,
and was correlated with bacterial virulence-associated cagA
and vacA s1/m1 genotypes[43]. mtDNA D-loop mutations
may provoke a decrease in the copy number of the mitochondrial genome and alteration in gene expression. mtDNA depletion is a common event in gastric cancers[47,48].
Over 55% of gastric cancers have a lower mtDNA copy
number than their corresponding non-tumoural gastric mucosa[47,48]. These results suggest that the mtDNA mutations
in the D-loop region, due to H. pylori infection, contribute
to the decrease in the mtDNA copy number in gastric
cancer. Recently, Zhang et al[49] demonstrated that variable
mtDNA content (either decreased or increased mtDNA
content) markedly increased the risk of lymph node
metastasis and high mortality in patients with advanced
gastric carcinomas. These observations suggest that copy
number variations of mtDNA may be involved in gastric
cancer progression. However, the disparity of these findings in the alteration of mtDNA copy number among
gastric carcinomas needs further study.

Figure 2 Gastric-type adenocarcinoma showing a papillary growth pattern admixed with a poorly differentiated component. Neoplastic glands are
lined by cuboidal to tall columnar cells showing clear mucinous cytoplasm and
basally oriented enlarged nuclei.

with the development of diffuse-type gastric cancer, and
familial gastric cancer related to E-cadherin mutations, is
usually referred to as “tubule neck dysplasia” and consists
of signet ring cells that line the deep foveolar pits in a pagetoid fashion without mucosal involvement[34-36]. However,

this lesion is rarely found and is not readily recognizable.
Distinctive clinicopathological features of intestinal and
diffuse type of gastric carcinoma are shown in Table 1.
Recently, a new classification of gastric carcinomas
based on mucin expression has been proposed[21-24]. Intestinal gastric carcinomas were reclassified as gastric or
intestinal phenotype on the basis of mucin expression
by surface mucous cells, glandular mucous cells, and intestinal columnar and goblet cells[21-24,37]. Histologically,
gastric-type adenocarcinoma shows a papillary growth
pattern in the upper portion and irregular branching/fusion in the deeper portion. Papillary projections are lined
by columnar cells with clear mucinous cytoplasm and
basally oriented enlarged vesicular nuclei with prominent
nucleoli (Figure 2). Tajima et al[22] showed that gastrictype adenocarcinomas were significantly associated with a
high risk of peritoneal recurrence and a poorer outcome
after surgical resection compared with those with intestinal phenotype adenocarcinoma. Immunohistochemically,
gastric type adenocarcinoma is positive for MUC5AC,
and negative for CD10 and MUC2. Instead, intestinaltype adenocarcinoma is positive for CD10 and MUC2
and negative for MUC5AC[23,24]. Diffuse-type carcinoma
shows a variable positivity for MUC1, MUC2, MUC5AC
and MUC6[26].
The main clinicopathologic features of gastric-type
adenocarcinoma compared to intestinal and diffuse type
carcinomas are shown in Table 1.

GASTRITIS CLASSIFICATION
The most widely used grading system for gastritis is the
Update Sydney System[50]. The system classifies chronic
gastritis on the basis of topography, morphology, and,
when possible, etiology. Topographic information provides further opportunities for assessing the risk of H.
pylori gastritis. These are: (1) the predominance or restriction of H pylori-related gastritis in the antrum strongly
correlates with an increased risk of peptic ulcer disease,
and of duodenal ulcer in particular; and (2) the occurrence of corpus-predominant or pangastritis is associated
with a high risk of gastric cancer[30]. In particular, patients
with pangastritis are at high risk of diffuse-type gastric cancer, whereas those with corpus-predominant gastritis are at
high risk of intestinal type gastric cancer (Table 1)[51].
An international group of gastroenterologists and
pathologists [the Operative Link for Gastritis Assessment
(OLGA)] has proposed a system for reporting gastritis
in terms of stage (the OLGA Staging System)[52]. The

H. PYLORI, MTDNA COPY NUMBER AND
GASTRIC CARCINOGENESIS
Several studies show that both intestinal and diffuse types
of gastric cancer are equally associated with H. pylori
infection[15]: a Gram-negative bacterium classified as a
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Table 1 Clinicopathologic features of intestinal, gastric and diffuse types of distal gastric adenocarcinomas

Age
Sex
(Male: Female)
Precancerous condition

Precancerous lesion
Gross feature
Microscopy

Immunohistochemistry
Liver metastasis
Peritoneal spread
Malignant potential

Intestinal-type adenocarcinoma

Gastric-type adenocarcinoma

Diffuse-type carcinoma

Old age

Old age

Young age

2:1
Corpus-predominant
gastritis with intestinal
metaplasia
Intestinal-type adenoma

Unknown data
Corpus-predominant
Gastritis with pseudopyloric
metaplasia
Pyloric-gland adenoma

1:1
Pangastritis

Exophytic lesion

Exophytic lesion

Tubulopapillary glands
lined by columnar cells
with eosinophilic cytoplasm
CD10 and MUC2
immunoreactivity
Frequent
Rare
Low

Tubulopapillary glands lined by columnar
cells with clear mucinous cytoplasm
MUC5AC
immunoreactivity
Rare
Frequent
High

OLGA system considers gastric atrophy as the lesion that
indicates disease progression. Atrophy is distinguished
in a non-metaplastic (shrinkage or complete disappearance of glandular units, replaced by expanded (fibrotic)
lamina propria) and a metaplastic form including intestinal metaplasia and pseudopyloric metaplasia also known
as spasmolytic polypeptide-expressing metaplasia . The
OLGA staging system ranks gastric cancer risk according to the extent and severity of gastric atrophy and includes 5 stages: 0, Ⅰ, and Ⅱ, or low-grade atrophy associated with a low risk of gastric cancer, and Ⅲ and Ⅳ, or
high-grade atrophy associated with a high risk of gastric
cancer[52]. The histopathological diagnosis of pseudopyloric metaplasia requires the endoscopist to communicate a correct identification of the location of the biopsy
specimen in the body mucosa otherwise the pathologist
considers antral-like mucosa as non-metaplastic[53]. As
atrophic gastritis and pseudopyloric metaplasia remain
difficult histopathologic diagnoses with low interobserver agreement, a gastritis staging system has recently
been proposed as an alternative to the OLGA (OLGIM
system)[54]. In the OLGIM system only intestinal metaplasia is considered as the key lesion to score for staging
purposes[54]. Although replacement of atrophic gastritis
by intestinal metaplasia in the staging of gastritis considerably increases interobserver agreement, the OLGIM
system disregards pseudopyloric metaplasia that is now
recognized as an important step in the tumorigenesis of
gastric-type adenocarcinoma. By focusing on intestinal
metaplasia only, the OLGIM system might be less sensitive in identifying patients with high-risk gastritis[55].

Variable positivity for MUC1, MUC2, MUC5AC,
MUC6
Rare
Frequent
High

type gastric cancer follows a pathway of chronic active
gastritis due to H. pylori infection leading to multifocal atrophy, intestinal metaplasia, followed by gastric dysplasia
and finally invasive adenocarcinoma[15]. Previous studies[56-58]
showed a sequential accumulation of mitochondrial microsatellite instability (MSI) in the histological progression
from chronic gastritis to cancer via intestinal metaplasia and
dysplasia. These findings suggested an important role of
mtMSI in the progression of gastric carcinogenesis. Recent
studies[59] using mtDNA mutations as a marker of clonal
expansion demonstrated that intestinal metaplastic epi-

thelium shares a common mtDNA mutation and spreads
by fission: a process characterized by a bud arising from
the isthmus/neck region that continues until a new gland
and foveolus is formed. Furthermore, they showed that
dysplasia can arise from a single clone of mutated intestinal metaplastic glands and expand to form the entire
dysplastic lesion[60]. These morphologic and mtDNA
findings strongly support Correa’s hypothesis of intestinal-type gastric carcinogenesis[15].

ALTERNATIVE PATHWAYS OF GASTRIC
CARCINOGENESIS
However, recent studies based on minute EGC less than
3 mm in diameter have not confirmed the association
between intestinal metaplasia and intestinal type gastric
cancer[61]. Some authors consider intestinal metaplasia a
paracancerous lesion rather than a precancerous condition,
a withered branch in the histogenetic evolution of gastric
carcinoma [62,63]. Detailed mapping studies of resected

stomachs from patients with intestinal-type gastric cancer have shown that atrophic gastritis, but not intestinal
metaplasia, is present in every case[64,65]. Gastric atrophy
therefore appears to be a better indicator of gastric cancer risk than intestinal metaplasia. Atrophy is generally
present as either a multifocal or a diffuse pattern in gastric

HISTOGENETIC PATHWAY OF
INTESTINAL-TYPE GASTRIC
CARCINOMA
According to the Correa model, histogenesis of intestinal
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Figure 3 Gastric adenoma of intestinal type (A), dysplastic epithelium shows mild architectural changes with little branching or irregularity (left, note
prominent lymphoid follicle in the adjacent non-neoplastic mucosa (right), alcian bleu- periodic acid Schiff; A few small goblet cells are scattered among
columnar cells showing elongated nuclei (B) (Alcian blue- periodic acid Schiff).

tissue and is, by definition, associated with the presence of
pseudopyloric metaplasia[66,67]. This type of metaplasia may
be a consequence not only of H. pylori corpus-dominant
gastritis, but also of autoimmune gastritis, where disruption
of oxyntic glands is due to lymphocytes. Pseudopyloric

D-loop mutations than group A and exhibited an intestinal
phenotype. Our data provide evidence for the morphologic
and mtDNA biomolecular heterogeneity of gastric adenomas[46]. Further studies confirmed clinical and morpho-

logic heterogeneity in gastric adenomas[37,70-76]. Phenotypically, the majority of gastric adenomas belong to the
intestinal type (containing goblet cells, absorptive cells,
Paneth cells, and/or columnar cells with various degrees
of differentiation) (Figure 3). Gastric-type adenomas are
predominantly composed of pyloric gland mucous cells
(pyloric gland adenomas) or foveolar-like cells (foveolartype adenomas)[37,70-75]. Pyloric gland adenomas occur predominantly in old women; they tend to arise in the corpus mucosa of the stomach, showing close association
with pseudopyloric metaplasia of fundic glands[70-75]. Histologically, pyloric gland adenomas are composed of pyloric glands-type tubules that are not fused and are lined
by a monolayer of cuboidal to low columnar epithelial
cells containing clear cytoplasm or pale eosinophilic cytoplasm (showing a ground glass appearance) without
an apical mucin cap[69-70,73-74]. The nuclei tend to be round
and usually lack prominent nucleoli. Immunohistochemically, pyloric gland adenomas are positive for MUC6 (pyloric gland marker) with variable MUC5AC (foveolar cell
marker) stain. MUC2 and CD10 are generally negative[74].
Taken together, these studies confirm that intestinaltype adenomas may represent a step towards malignant
transformation of intestinal-type adenocarcinoma, according to Correa’s cascade, but suggest that gastrictype adenomas represent a distinct evolutionary pathway
of gastric carcinogenesis. Thus, it is plausible that each
metaplasia gives rise to a distinct type of differentiated
gastric adenocarcinoma; e.g., classic intestinal metaplasia
could evolve into intestinal-type gastric adenocarcinoma,
according to Correa’s hypothesis, whereas it is possible
to suggest a histogenetic sequence: pseudopyloric metaplasiagastric-type adenoma -gastric-type adenocarcinoma.

metaplasia is more strongly associated with gastric cancer than intestinal metaplasia and might be the precursor
to the cancerous lesion[64-66]. In some mouse models of
gastric cancer, classic intestinal metaplasia seen in humans is not observed, whereas pseudopyloric metaplasia
clearly precedes and gives rise to gastric cancer[68]. The
precancerous condition of pseudopyloric metaplasia has
also been confirmed in patients who developed remnant
carcinomas 16-20 years after a previous gastrectomy[69].
In experimental models, where chronic inflammation
is absent, pseudopyloric metaplasia does not progress
to dysplasia or neoplasia, suggesting that pseudopyloric
metaplasia per se may not be precancerous in the absence
of inflammation. To our knowledge, there are no biomolecular studies regarding the role of mtDNA mutation in
pseudopyloric metaplasia.

GASTRIC ADENOMA:
RECLASSIFICATION BASED ON
CLINICAL, MORPHOLOGIC AND MTDNA
FINDINGS
To elucidate the role of mtDNA mutations in gastric carcinogenesis, we analyzed mutations in the D-loop region
of mtDNA in 24 paraffin-embedded gastric adenomas
from a high gastric cancer risk area in northern Italy[46].
H. pylori infection was assessed by histological examination (Giemsa staining). The gastric adenomas were divided
into two groups by their association with H. pylori gastritis.
Group A with lesions arising on a background of H. pyloripositive gastritis contained 7 patients, and group B with
lesions associated with H. pylori-negative gastritis contained
17 patients. Group A had a larger proportion of high-grade
lesions than group B and showed a foveolar phenotype.
Group B had a larger proportion of cases with mtDNA
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alternative pathways of carcinogenesis. This review article
reveals that most research efforts regarding mtDNA alterations focus on gastric carcinogenesis according to the
Correa model. Further studies are needed to define with

19

greater clarity the possible role of mtDNA mutations in
alternative pathways of gastric carcinogenesis, such as
pseudopyloric metaplasia-gastric type adenocarcinoma.

20
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MICROSATELLITE INSTABILITY AND THE
MISMATCH REPAIR SYSTEM

Abstract

Microsatellite instability (MSI) phenotype is characterized
by the accumulation of numerous mutations across the
genome mainly in repetitive sequences (microsatellites)
due to a defective DNA mismatch repair (MMR) system[1].
The MMR system is composed of at least seven
proteins, h-MLH1, h-MLH3, h-MSH2, h-MSH3,
h-MSH6, h-PMS1 and h-PMS2, which associate with
specific partners to form functional heterodimers that
recognize base-pair mismatches and small nucleotide
insertion/deletions (1-4 base pairs) that occur during
DNA replication[2,3]. h-MLH1 and h-MSH2 are essential components of the MMR machinery and form five

Loss of DNA mismatch repair (mmr) function, due to
somatic or germline epi/genetic alterations of mmr
genes leads to the accumulation of numerous mutations across the genome, creating a molecular phenotype known as microsatellite instability (MSI). In gastric
cancer (gc), MSI occurs in about 15% to 30% of the
cases. This review summarizes the current knowledge
on the molecular mechanisms underlying the acquisition of MSI in gc as well as on the clinic, pathologic
and molecular consequences of the MSI phenotype.
Additionally, current therapeutic strategies for gc and
their applicability in the MSI subset are also discussed.
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h-MSH2[16]. In these cases, a failure in transcriptional termination of EPCAM results in the generation of fusion
transcripts with the adjacent h-MSH2 gene, giving rise
to methylation of the h-MSH2 promoter, particularly in
epithelial tissues where EPCAM is expressed at high levels[16]. Constitutional epimutations of the h-MLH1 gene
have also been identified in mutation-negative individuals
with a clinical diagnosis of Lynch syndrome[17-22]. This
defect is characterized by soma-wide promoter methylation and transcriptional silencing of a single allele of the
h-MLH1 gene[19,20,22]. The frequencies of germline epimutations of h-MLH1 and h-MSH2 seem to be quite high
in the genetically proven Lynch-syndrome cases (about
16% of all mutations) although rather infrequent in a
cohort of Lynch-syndrome suspected patients (0.6% and
0.9%, respectively)[21]. Additionally, the 944C>T germline
mutation of TGFBRII has also been associated to Lynchsyndrome[23].
Somatic mutations in MMR genes have also been
described in sporadic MSI GC. However, in contrast to
Lynch syndrome-associated cancers, these mutations
were shown to constitute a molecular effect rather than a
cause of the mutator phenotype[24]. Epigenetic silencing
of h-MLH1 by promoter hypermethylation is the main
mechanism leading to MMR deficiency in both sporadic
and familial MSI GC cases[25-28]. In addition, Helicobacter
pylori (H. pylori) infection may have a role in the impairment of nuclear MMR activity, a subject that will be further discussed in this review[29,30].

functional heterodimeric complexes: the MutS complex
formed by h-MSH2/h-MSH3 (hMutSβ) or h-MSH2/
h-MSH6 (hMutSα) heterodimers, and the MutL complex
composed by h-MLH1/h-PMS2 (hMutLα), h-MLH1/
h-PMS1 (hMutLβ), or h-MLH1/h-MLH3 (hMutLγ) heterodimers[2]. DNA mmr initiates with the assembling of
hMutS complex to DNA. The type of MutS heterodimer
formed depends on the type of DNA alteration to be
corrected. h-MSH2/h-MSH6 heterodimer is required to
correct both base-base mispairs and small insertion/deletion loops whereas h-MSH2/h-MSH3 heterodimer works
to repair insertion-deletion loops only[4]. Following the
initiation of DNA MMR by the MutS complex, recruitment of MutL heterodimer occurs[5,6]. MutL proteins
function to connect the mismatch recognition complex
to other downstream effectors of the repair machinery
such as proliferating cell nuclear antigen, DNA polymerases δ and ε, single-stranded DNA-binding protein and
possibly helicase(s), which are needed to complete the repair process[4,7,8]. h-MLH1/PMS2 heterodimer is the only
hMutL complex shown to be linked to human MMR system and cancer. The role of the other two hMutL complexes is less well understood. In vitro studies showed that
h-MLH1/h-MLH3 heterodimer participates in the repair
of base-base mispairs and one-nucleotide insertion/deletion loops but the studies have failed to show the in vivo
functionality of the complex[5]. In addition, biochemical
studies support the existence of h-MLH1/h-PMS1 heterodimers in human cells, unlike in vitro and in vivo studies
that do not support their role in neither MMR and MSI
induction nor in cancer predisposition[5,9,10].

MSI AND H. PYLORI INFECTION
H. pylori is the most common chronic infection worldwide and the major etiologic factor for GC[31]. The fact
that only about 1% of all infected individuals develop
GC is explained by the interplay between environmental
factors, host-inflammatory genetic susceptibility and variations in the pathogenicity of the bacterial strains[32-35].
The molecular mechanisms by which H. pylori induces
GC are not fully elucidated, but the chronic inflammation
that accompanies the infection is an important trigger,
since it induces cellular and DNA damage, and creates
an environment rich in cytokines and growth factors
that contribute to carcinogenesis[36,37]. The persistence
and combination of bacterial virulence factors and inflammatory factors acting on host gastric epithelial cells
during the long-lasting H. pylori infection leads to epi/genetic mutations, microRNA (miRNA) gene expression
changes, and alterations in cell signaling pathways[29,37,38].
H. pylori infection generates an oxidative microenvironment due to an increased production of reactive oxygen
species and reactive nitrogen species, which leads to the
oxidative DNA damage of the host cells and thus to mutagenesis[39-45]. Moreover, H. pylori stimulates the production of pro-inflammatory mediators, either by epithelial
or immune cells, such as IL-1, IL-6, IL-8, TNF-α, IFN-γ,
RANTES, COX-2, 5-LOX, and growth factors such
as granulocyte-macrophage colony stimulating factors

TYPE OF MMR SYSTEM ALTERATIONS
UNDERLYING MSI IN GASTRIC CANCER
Genetic and epigenetic alterations occurring at the MMR
system effectors, namely in h-MLH1 and h-MSH2, and
less frequently in h-MSH6 and h-PMS2, are the main
mechanism by which MMR system failure occurs in MSI
gastrointestinal cancers[4].
In stomach cancer, MSI occurs in about 15%-30%
of the cases. MSI gastric cancer (GC) can occur in the
context of hereditary syndromes, such as in the Lynch
syndrome, but most of them arise in a sporadic form and
only a small fraction show familial clustering (10%)[11].
Lynch families are characterized by having an excess of
synchronous and metachronous colorectal cancer (CRC)
but frequently show extra-colonic tumours, including
GC[12,13]. Most of Lynch syndrome-associated cancers
have h-MLH1, h-MSH2 germline mutations as the causal
genetic event underlying MMR deficiency, and only a
small fraction of them harbor alterations in h-MSH6
and h-PMS2 genes[14,15]. In addition, loss of MMR system
function may also be caused by mechanisms other than
germline mutations in MMR genes. This is the case of
deletions of the terminal end of the EPCAM gene that
have been identified in a small number of families with
Lynch syndrome whose tumours demonstrate loss of
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Table 1 Target genes in gastric tumours with microsatellite
instability

MSI AND TARGET GENE MUTATIONS IN
GC

Gene pathway

As previously mentioned, cells with a deficient MMR
system accumulate mutations throughout the genome.
These mutations, typically insertions or deletions, occur
mainly in microsatellite-bearing genes, and affect both
coding and non-coding regions. When affecting microsatellites of coding genes, MSI-associated insertion/deletion mutations result in frameshift mutations leading to
truncated proteins with impaired or no function. If these
mutations affect genes that confer any tumorigenic advantage, they will likely appear at high frequency due to
selection during tumour development. In contrast, when
affecting non-coding intronic or intragenic regions, they
are likely silent and present at low frequencies, unless they
occur in gene regulatory regions (promoter regions and 3’
UTR region, for example) that may control gene expression[55-57]. Since MSI GCs show widespread somatic mutations, it is difficult to disclose which are the real target
genes whose mutations drive MSI gastric carcinogenesis
and which are the bystander genes whose mutations have
little or no contribution to malignancy. In this regard, the
frequency of mutations and their in vitro or in vivo functionality were proposed as relevant criteria to distinguish
between drivers from bystander mutant genes. Additionally, inactivation of the other repeat tract by other molecular mechanism, and the involvement of the candidate
MSI target gene in a bona fide growth suppressor pathway
should also be taken into consideration[55,58,59]. A database
that gathers all mononucleotide microsatellite mutations
in human MSI tumours of different organs, SelTarbase
(http://www.seltarbase.org/), was created, allowing the
identification of relevant genes for tumorigenesis based
on their mutation frequency[60]. Nevertheless, to date,
several genes have been identified to be critical targets of
the defective MMR and to be specifically altered in GC
displaying MSI as listed in Table 1. These comprise genes
involved in DNA repair, chromatin structure regulation,
apoptosis, cell cycle progression, transcription regulation
and signal transduction. A new class of target genes that
show frameshifts mutations in MSI GC has recently been
identified and include genes involved in the processing
machinery of miRNA, which harbor mononucleotide
repeats in their coding sequences[61]. More recently, whole
genome and exome sequencing of GC samples revealed
novel genes, ARID1A and RNF43, to be mutated in 83%
and 55%, of MSI cases, respectively[62,63].

DNA repair/chromatin structure regulation

Signal transduction

Transcriptional regulation
microRNA regulation

Cell death

Other

Target gene
ATR
BLM
CHK1
MED1
MRE11
MSH2
MSH3
MSH6
RAD50
DP2
IGFIIR
RIZ
TGF-β RII
TCF4
E2F4
AGO2
TNRC6A
APAF1
BAX
BCL10
CASPASES
FAS
UVRAG
BHD
PAI-1

(GM-CSF) which are well-known factors involved in the
different steps of tumorigenesis, such as cellular transformation, promotion, survival, proliferation, invasion,
angiogenesis, and metastasis[38,46,47].
Another mechanism through which H. pylori may contribute to neoplastic transformation of the gastric cells
is by inducing genomic instability[29]. It has been demonstrated that H. pylori induces an increased level of mutations in both the nuclear DNA (nDNA) and mitochondrial DNA (mtDNA)[30,43,48-50]. Genomic instability may
be mediated by an impairment of the MMR pathway. In
fact, it has been shown that H. pylori decreases the expression of MLH1, PMS1, PMS2, MSH2 and MSH6 in gc
cell lines and in a mouse model of infection[30,48,51,52], and
also decreases the MMR activity[30]. Concordantly, clinical studies have shown that MLH1 levels are lower in H.
pylori-infected individuals in comparison with those that
do not harbor the bacteria[53]. Furthermore, MLH1 and
MSH2 expression increases in the gastric mucosa after H.
pylori eradication treatment[51]. The H. pylori-induced defective nDNA repair might have repercussions in mtDNA repair, due to sharing of some components of the
nDNA repair that act in the mitochondria, partly explaining the increased level of mtDNA mutations in gastric
cells infected by H. pylori[30,49,50,54]. These data suggest that
H. pylori impairs central DNA repair mechanisms, inducing a transient mutator phenotype, which renders gastric
epithelial cells vulnerable to the accumulation of genetic
instability, thus contributing to gastric carcinogenesis in
infected individuals[29].
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ONCOGENIC MUTATIONS IN MSI GC
In recent years, a number of studies contributed to better
understand gastric tumour development demonstrating
that MSI tumours are more prone to exhibit mutations
in specific genes, in contrast to tumours with distinct
types of genomic instability[64-66]. Of particular relevance

997

February 8, 2015|First Edition|

Velho S et al . MSI in gastric cancer

KRAS, BRAF mutations are rarely observed in GC, as
demonstrated by others and our group[74,77-80]. PIK3CA,
a gene that encodes for the catalytic subunit p110-alpha
of PI3K, is frequently mutated in many human cancers
including GC leading to constitutive activation of the
PI3K-Akt signalling pathway[81]. More specifically, Samuels et al[81] initially described a high frequency of PIK3CA
mutations (25%) in GC, although that could be the result
of a small sample size. Further studies, including those
from our group, subsequently identified PIK3CA mutations in GC specimens that ranged from 4% to 16%[82-87].
As for KRAS, PIK3CA mutations were also demonstrated to occur preferentially in the MSI subset of GC[82-84].
Furthermore, PIK3CA and KRAS mutations were described as alternative oncogenic events in this subset of
MSI GC[83]. Our group also evaluated PIK3CA mutations
in a series of MSI GC samples and identified PIK3CA
mutations in about 14% of the samples[65]. More recently,
a meta-analysis evaluating PI3K aberrations identified
PIK3CA mutations in 7%-15% and PIK3CA amplification in 46% of the GC[88]. PIK3CA was also evaluated
by Shi et al[86] reporting that 67% of GC had amplification of the gene. In accordance with the role of PI3K
pathway in MSI GC alterations in other genes besides
PIK3CA have also been significantly associated with the
MSI subset of GC[66].
In addition to KRAS and BRAF genetic alterations,
mutations in MLK3, a gene also involved in the MAPK
pathway, were described to mainly occur in the MSI subset[89]. Indeed, our group investigated MLK3 mutations in
gastrointestinal tumours and described these mutations to
be functionally relevant[90]. In particular, in MSI GC samples MLK3 mutations were found in a range 3%-17%[65,90].
Overall, the incidence of mutations in members of
the EGFR-MAPK-PI3K signalling pathway could be
proved useful for prognostic and therapeutic strategies, a
subject that is discussed thereafter.

are members of the mitogen-activated protein kinase
(MAPK) and phosphatidylinositol 3-kinase (PI3K) pathways that have been found to be mutated and activated
in the progression of gastric carcinogenesis. Specifically, mutations in the epithelial growth factor receptor
(EGFR), KRAS, PIK3CA and mixed lineage kinase 3
(MLK3) have been described in a number of studies[64,65].
EGFR is a transmembrane tyrosine kinase receptor that in response to extracellular stimuli leads to the
activation of two major signalling cascades, the MAPK
and PI3K pathways, which are critical in controlling cellular proliferation, differentiation and survival[67]. Therefore, deregulation of this complex network of signalling
pathways is known to contribute to the development of
GC[64]. EGFR overexpression has been reported in GC
in several studies but the underlying mechanisms of aberrant expression remain poorly understood[64,68]. EGFR
structural alterations as amplifications and mutations have
been described by many as contributing to EGFR overexpression. For instance, Deng et al[69] reported EGFR
amplification in about 8% in a series of primary GC
samples analysed. EGFR increased copy number was also
observed in approximately 13% of 77 primary GC, which
was mainly attributed to polysomy of chromosome 7[70].
Somatic mutations of EGFR have also been described in
about 5% of a set of gastric adenocarcinomas[71]. However, other studies have shown EGFR mutations to rarely
occur in GC[70,72]. In the MSI subset of GC, however,
data is very limited. Our group has recently investigated
somatic hotspot mutations of the EGFR gene as well as
structural alterations on the A13 repeat within the 3’-untranslated region of EGFR (3’-UTR polyA repeat) in a
cohort of 63 MSI GC. Results revealed that although no
pathogenic mutations were found in the hotspot regions
of EGFR, deletions at the 3’-UTR polyA repeat were
found in a high proportion (48%) of MSI GC[65]. Mutations in the 3’-UTR polyA repeat of EGFR have been
found to be associated with EGFR overexpression in colon carcinomas through enhancement of EGFR mRNA
stability[73] suggesting a putative role for these mutations
also in GC development. Furthermore, these EGFR
alterations were found isolated or in concomitance with
mutations in KRAS and/or PIK3CA genes suggesting
a cumulative effect of both oncogenic events in MSI
GC[65].
Downstream of EGFR, KRAS, BRAF and PIK3CA
have also been investigated for mutations in GC. KRAS
mutations in codons 12 and 13 have been detected in
GC in several studies and frequencies were shown to be
around 4%[74,75]. In most cases, however, KRAS mutations are observed in the MSI subset of GC[65,74-76]. Indeed, our group has analysed a panel of GC samples and
KRAS mutations were detected in about 18% of the MSI
cases[65]. Furthermore, Brennetot et al[76] described KRAS
mutations in GC samples only in the MSI subset in about
30% of the cases. A recent large international multicentre study also corroborates the idea that KRAS mutations are related to DNA MMR in GC[75]. In contrast to
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MSI IN GC - PROGNOSIS AND
THERAPEUTIC APPROACHES
gc patients are often diagnosed at advanced stages of
the disease mostly due to the late onset of symptoms and
poor diagnostic tools. Therefore, patients diagnosed with
GC are usually associated with a poor prognosis[91]. In
recent years, however, efforts have been made to identify
better molecular prognostic markers as well as provide
novel and more specific targeted therapies to improve
overall survival of GC patients.
The different patterns of genomic instability are associated with specific subsets of GC patients having
distinct clinico-pathological and molecular characteristics
and subsequently have implications at the prognostic
and therapeutic levels as summarized in Figure 1[90,92]. Indeed, the overall survival of patients with GC displaying
MSI phenotype is better than that of patients with MSS
phenotype[11,93]. In particular, in respect to the clinic-pathological features of the MSI GC, most are of the intes-
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MMR mutations
(Lynch syndrome)

MLH1 methylation
(Sporadic)

overall survival and disease-free survival in patients with
GC[102,108,109]. Nonetheless, information is scarce as to the
prognostic value of EGFR, HER2 or VEGFA expression in the MSI subset of GC.
In addition to the clinico-pathologic characteristics
and molecular biomarkers, other inflammation-related
factors have been associated with GC prognosis[110].
Despite the many advances in the development of
new lines of therapy for cancer in general, GC patients
have had little benefit. The conventional therapies for GC
patients include surgery, radio- and chemo-therapy regimens but the overall outcome of GC patients remains
poor, in part due to the diagnosis at an advanced stage[91].
In addition, 5-fluorouracil (5-FU) and cisplatin-based
chemotherapy regimens are frequently used in patients at
an advanced stage of the disease[111]. Noteworthy, there
is still controversy as to the benefits of 5-FU based adjuvant therapy in the MSI subset of GC. Early studies using CRC cells have determined that, in contrast to MSS,
MSI cells were insensitive to 5-FU[112], suggesting the
same could be valid for GC cells. In fact, a recent largescale study in GC patients with stage Ⅱ and Ⅲ, revealed
that 5-FU-based adjuvant chemotherapy showed better
disease-free survival in the MSS/MSI-low group but
showed no benefits in the MSI-high group[113]. However,
conflicting data exist as other reports have shown that
the survival of GC patients after the administration of
5-FU did not correlate with MSI status[114].
In the past few years, novel targeted therapies have
been tested and approved for GC patients. Regrettably,
the successful rates in GC patients are not as encouraging as expected. At present, the only targeting agent approved for GC patients is trastuzumab, a recombinant
humanized monoclonal antibody that targets HER2,
which efficacy has been demonstrated in HER2 positive
GC patients in a phase Ⅲ large multicentric trial (ToGA
study)[115]. Several other targeted agents are currently being investigated or already in clinical trials, most of them
focusing on the EGFR pathway or angiogenesis[116]. More
specifically, antibodies against EGFR are been evaluated
in GC patients in clinical trials including cetuximab and
panitumumab, though with disappointing results. Data
from the phase Ⅲ trial EXPAND revealed that the addition of cetuximab to capecitabine-cisplatin provided no
additional benefit to chemotherapy alone in the first line
treatment of advanced gc[117]. Similarly, the addition of
panitumumab to epirubicin, oxaliplatin, and capecitabine
chemotherapy did not increase the overall survival of
oesophagogastric adenocarcinoma in the REAL3 phase
[118]
Ⅲ trial . Anti-VEGF and VEGFR agents as bevacizumab, ramucirumab, apatinib, sorafenib, sunitinib and
cediranib have also been evaluated in GC patients in clinical trials with variable outcomes[116]. Furthermore, examples of other targeting agents being tested in GC include
everolimus, an mTOR targeting agent; onartuzumab, an
antibody against HGFR; vorinostat, an HDAC inhibitor;
AZD4547, an FGFR inhibitor; and BYL719, a PIK3A
inhibitor[98,116]. Yet again, data on the effects of targeted

MMR downregulation
(H. pylori )

MSI GC

Oncogenes

EGFR
KRAS
PIK3CA
MLK3

Prognostic
Better overall survival
Less invasive
Intestinal histotype
Distal location
Older women

Therapies
Surgery
Radiotherapy
Chemotherapy (5-FU)
Trastuzumab

Figure 1 Summary of microsatellite instability gastric cancer associated
clinico-pathologic and molecular aspects. This figure summarizes the current knowledge on the molecular mechanisms underlying the acquisition of MSI
in GC as well as the clinic, pathologic and molecular consequences of the MSI
phenotype. MSI: Microsatellite instability; MMR: mismatch repair; GC: Gastric
cancer; H. pylori: Helicobacter pylori; 5-FU: 5-fluorouracil.

tinal histotype, located in the distal part of the stomach
and occur more frequently in older women[11,94-96]. More
interestingly, MSI tumours usually have an overall longterm prognosis that is favourable even in patients with
advanced disease due to the fact that these tumours have
a lower ability to invade serosal layers that preferentially
spread to the periphery of the stomach via the lymphatic
stream to the nodes[11,94-96]. In addition, analysis of long
term survival data of patients revealed higher survival
rates of patients with advanced MSI GC in comparison
to patients with other types of GC even if at the same
disease stage[97]. Further, evaluation of MSI and MSS GC
patients revealed a correlation of MSI at multiple loci
with long term survival in advanced GC suggesting that
this particular subset of MSI tumours are less aggressive
and subsequently associated to a favourable prognosis[11].
Interestingly, our group also found patients with MSI GC
with familial history and patients with sporadic MSI GC
to display similar clinico-pathologic characteristics[11,26].
Molecular biomarkers have also been put forward
as putative candidates with prognostic value, including
EGFR, HER2 and VEGFA as recently reviewed in Durães et al[98]. Indeed, EGFR has been throughout investigated, although its role as prognostic factor remains controversial. In several studies the expression of EGFR was
shown to be related with the survival of GC patients and
associated with an adverse prognostic value[99-102]. However, recent studies found that positive EGFR expression is
not prognostic of patient outcome in GC patients[103-105].
Similarly, the prognostic value of HER2, a tyrosine kinase receptor, is also uncertain as demonstrated through
the evaluation of HER2 expression by immunohistochemistry (IHC) and fluorescence in situ hybridization
(FISH)[106,107]. In contrast, VEGF-A over-expression was
suggested to be associated with a poor prognosis for
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therapies in the MSI subset of GC is scarce and warrant
further studies.

13
14

CONCLUsion
The subset of GC with MSI display specific clinic, pathologic and molecular features and therefore are associated to distinct molecular signalling pathways of tumour
development[90,92]. The available data indicates that MSI
status evaluation is critical for appropriate prognosis assessment in GC patients. Despite all the recent advances,
GC remains a challenging cancer. Thus, a better understanding of the molecular aspects of MSI GC is required
to further develop new diagnostic and prognostic tools as
well as novel therapeutic targets and strategies.
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Current status of function-preserving surgery for gastric
cancer
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endoscopic examinations for early detection and treatment of remnant gastric carcinoma. Oncologic safety
seems to be assured in both procedures, if the preoperative diagnosis is accurate. Patient selection should be
carefully considered. Although many retrospective studies have demonstrated the utility of function-preserving
surgery, no consensus on whether to adopt functionpreserving surgery as the standard of care has been
reached. Further prospective randomized controlled
trials are necessary to evaluate survival and postoperative quality of life associated with function-preserving
surgery.
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Abstract
Recent advances in diagnostic techniques have allowed
the diagnosis of gastric cancer (GC) at an early stage.
Due to the low incidence of lymph node metastasis and
favorable prognosis in early GC, function-preserving
surgery which improves postoperative quality of life
may be possible. Pylorus-preserving gastrectomy (PPG)
is one such function-preserving procedure, which is
expected to offer advantages with regards to dumping
syndrome, bile reflux gastritis, and the frequency of
flatus, although PPG may induce delayed gastric emptying. Proximal gastrectomy (PG) is another functionpreserving procedure, which is thought to be advantageous in terms of decreased duodenogastric reflux and
good food reservoir function in the remnant stomach,
although the incidence of heartburn or gastric fullness
associated with this procedure is high. However, these
disadvantages may be overcome by the reconstruction
method used. The other important problem after PG is
remnant GC, which was reported to occur in approximately 5% of patients. Therefore, the reconstruction
technique used with PG should facilitate postoperative
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Core tip: We reviewed the current status of two function-preserving surgeries for gastric cancer (GC), pylorus-preserving surgery and proximal gastrectomy (PG).
Although both procedures appear to be oncologically
safe for early GC, issues regarding postoperative quality of life remain, especially with PG. The effect of the
reconstruction method after PG on postoperative quality of life was analyzed, including the novel double tract
reconstruction method, which is expected to overcome
disadvantages associated with esophagogastrostomy
and jejunal interposition reconstruction. Although some
reports showed a benefit with function-preserving surgery, further randomized trials are needed.
Original sources: Saito T, Kurokawa Y, Takiguchi S, Mori M,
Doki Y. Current status of function-preserving surgery for gastric cancer. World J Gastroenterol 2014; 20(46): 17297-17304
Available from: URL: http://www.wjgnet.com/1007-9327/full/v20/
i46/17297.htm DOI: http://dx.doi.org/10.3748/wjg.v20.i46.17297
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INTRODUCTION
Recent developments in screening programs and endoscopic techniques have allowed the diagnosis of gastric
cancer (GC) at an early stage[1]. Early GC (EGC) makes
up 50% of the diagnosed cases and the five-year survival
rate of EGC treated with surgery is over 90% in Japan[2].
Due to the low incidence of lymph node metastasis and
the favorable prognosis of EGC, areas of gastric resection and lymph node dissection areas could be reduced
to preserve postoperative gastric function. Although the
Japanese GC treatment guidelines advocate resection
of at least two-thirds of the stomach with D2 node dissection as the standard treatment for most stages of advanced GC, the guidelines also describe less invasive procedures such as pylorus-preserving gastrectomy (PPG),
proximal gastrectomy (PG), and other minimally invasive
procedures as investigational treatments (Figure 1)[3].
Here we review PPG and PG as function-preserving
procedures for GC.

A

B

C

D

Ppg
PPG was initially used to treat peptic ulcers[4]. Starting in
the late 1980s, some surgeons performed PPG in selected
patients with EGC to improve postoperative gastric function and maintain patient quality of life[5]. PPG is generally thought to offer several advantages over conventional
distal gastrectomy (DG) with Billroth I reconstruction in
terms of the incidence of dumping syndrome, bile reflux
gastritis, and the frequency of flatus, although the operative duration of PPG is longer than that of DG.
During the procedure, the distal part of the stomach
is resected, but a pyloric cuff 2-3 cm wide is preserved[6,7].
The right gastric artery and the infrapyloric artery are
preserved to maintain the blood supply to the pyloric
cuff. In addition, the hepatic and pyloric branches of the
vagal nerves are preserved to maintain pyloric function.
The celiac branch of the posterior vagal trunk is sometimes preserved. All regional nodes except the suprapyloric nodes (No. 5) should be dissected as in the standard
D2 procedure. However, there are technical challenges
associated with completing all of these procedures. Shibata et al[8] conducted a questionnaire survey on the PPG
procedure in Japanese institutions. According to their
report, the vagus nerve was preserved at 73.5% of the institutions, the infrapyloric artery was preserved in 49.4%,
and partial dissection of the suprapyloric lymph nodes
was performed in 56.2%. These differences in the procedure may affect postoperative gastric function after PPG,
leading to postoperative symptoms.

Figure 1 extent of D1+ lymph node dissection in pylorus-preserving gastrectomy and proximal gastrectomy. A: Total gastrectomy; B: Distal gastrectomy; C: Pylorus-preserving gastrectomy; D: Proximal gastrectomy. The number
of lymph node stations is according to the classification of the Japanese Gastric
Cancer Association.

safety. In particular, in order to maintain pyloric cuff
function with PPG, lymph nodes at the suprapyloric and
infrapyloric stations may be incompletely dissected due
to preservation of the right gastric artery, the infrapyloric
artery, and the hepatic and pyloric branches of the vagus
nerves[9-11].
In general, PPG is performed in patients who are
preoperatively diagnosed with cT1N0M0 primary GC in
the middle third of the stomach when the distal border
of the tumor is approximately 4-5 cm away from the
pylorus[9-12]. This indication is based on the incidence of
lymph node metastasis in patients who have undergone
conventional gastrectomy[13-16].
Kim et al[17] reported that the incidence of lymph node
metastasis at the suprapyloric and infrapyloric stations
in EGC located in the middle third of the stomach after
PPG and conventional DG was 0.45% (1/220) and 0.45%
(1/220), respectively. In addition, Kong et al[18] showed
that the incidence of lymph node metastasis at the suprapyloric and infrapyloric stations in EGC located ≥ 5 cm
from the pylorus was 0.46% (1/219) and 0.90% (2/221),
respectively. Both studies also found that the mean number of suprapyloric lymph nodes dissected was significantly lower after PPG than that with conventional DG,
but no significant difference was found for infrapyloric
lymph nodes. However, incomplete dissection of lymph
nodes at the suprapyloric station is considered acceptable
because of the low incidence of metastasis. Therefore,
patients who are clinically diagnosed with T1N0 disease

Indications and oncologic safety
of PPG
Since function-preserving surgeries such as PPG are usually less extensive, patient selection for these procedures
should be carefully considered in terms of oncologic
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Table 1 Postoperative symptomatic outcomes after pylorus-preserving surgery
Ref.

Procedure

No. of
patients

Endoscopic findings (%)

Symptom (%)

Esophagitis

Food residue

Bile reflux

Gastritis

Reflux

Fullness Dumping

Change of body
weight (%)

Matsuki et al[21], 2012

PPG

433

11

19

3

11

6

2

Morita et al[24], 2013

PPG

408

6

28

12

10

6

9

4

92

PPG
DG-B1
PPG
DG-B1
PPG
DG-B1
PPG
DG-B1
PPG
DG-B1
PPG
DG-B1

24
30
22
17
194
203
10
22
28
58
25
25

35
26

71
16

4
10
32
40
10
13
40
18
44
36
35
0

0
10

97
90

0
17
12
8
10
64
28
57
8
68

0
3
32
46
7
6
0
68
20
27
4
0

0
23
12
36
0
4

93.9
90.2
94.3
91.3
94.6
91.3
90
93

Ikeguchi et al[25], 2010
Park do et al[26], 2008
Nunobe et al[27], 2007
Tomita et al[28], 2003
Yamaguchi et al[29], 2004
Nakane et al[30], 2000

6
2
0
23

4
8

0
25
7
8

22
13
60
18
61
33
56
36

4
40

94

PPG: Pylorus-preserving surgery; DG: Distal gastrectomy; B1: Billroth-I reconstruction.

could be candidates for PPG without suprapyloric lymph
node dissection.
The five-year survival rate after PPG with modified D2 lymph node dissection ranges from 95% to
98%[10,11,19-21]. This rate is comparable to the five-year survival rate after gastric resection for EGC, which ranges
from 90% to 98%[2,22,23]. In terms of oncologic safety,
PPG seems reasonably safe for EGC when the accuracy
of preoperative diagnosis can be assured.

stasis compared to retaining a pyloric cuff of 1.5 cm as
severe postoperative edema of the pyloric cuff might affect gastric wall motility after PPG. Morita et al[24] showed
that retaining a pyloric cuff over 3 cm did not affect the
incidence of postoperative stasis compared to retaining
a pyloric cuff of less than 3 cm. At Japanese institutions, the retained pyloric cuff is usually between 2 and 4
cm[8,35]. Moreover, Hiki et al[6] argued that the infrapyloric
and right gastric veins should be preserved to maintain
blood flow in order to prevent postoperative edema of
the pyloric cuff. Complete dissection of both veins could
induce severe edema of the pyloric cuff, resulting in
long-term postoperative retention of food in the residual
stomach.

Postoperative symptomatic
outcomes after PPG
The advantage of PPG is the prevention of postgastrectomy symptoms such as dumping syndrome and
bile reflux gastritis, as well as reduced frequency of flatus.
As shown in Table 1, the ratio of dumping syndrome
and bile reflux gastritis was quite low in PPG compared
to DG. However, delayed gastric emptying (DGE) after
PPG resulting in patient-reported gastric fullness could
be a disadvantage of PPG[21,24-30], which make PPG inappropriate in elderly patients and those with hiatus hernia
or esophagitis[29,30]. The incidence of gastric stasis after
PPG based on endoscopic studies ranges from 19% to
70%, compared to 13% to 36% after DG. Michiura et
al[31] showed that food intake along with DGE was improved with time. Moreover, the reservoir function of
the remnant stomach may promote better body weight
(BW) recovery after PPG than after DG with Billroth I
reconstruction[21,24,25,27,28].
Preserving the vagal nerve and the infrapyloric artery
is thought to prevent gastric stasis[10,32,33], although these
techniques have not been evaluated in randomized clinical trials. The length of the pyloric cuff is another important factor with regards to preservation of pyloric function. Nakane et al[34] reported that retaining a pyloric cuff
of 2.5 cm results in a lower incidence of postoperative

WCGO|www.wjgnet.com

Pg
The incidence of proximal GC has increased in recent
years[36]. Total gastrectomy (TG) and PG with lymph
node dissection are both performed for EGC located in
the upper third of the stomach (U-EGC). In a retrospective study of Japanese institutions, Takiguchi et al[37] found
that a quarter of the 586 patients with U-EGC underwent PG.
PG is generally thought to offer advantages over conventional TG with Roux-en-Y reconstruction in terms of
retention of food in the remnant stomach. On the other
hand, heartburn or gastric fullness due to esophageal reflux or gastric stasis is a potential disadvantage. However,
these advantages and disadvantages depend on the reconstruction method used.
During the procedure, all regional nodes except the
splenic hilar nodes (No. 10), the distal splenic nodes (No.
11d), the suprapyloric nodes (No. 5), and the infrapyloric
nodes (No. 6) are dissected, although the dissection of
the distal lesser curvature nodes (No. 3) and the right
gastroepiploic artery (No. 4d) is incomplete. The hepatic
and pyloric branches of the vagal nerve are preserved to
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Table 2 Postoperative symptomatic outcomes after proximal gastrectomy
Ref.

Procedure

Masuzawa et al[41], 2014

Nozaki et al[42], 2013
Katai et al[43], 2010
Katai et al[44], 2003
Tokunaga et al[45], 2008

Ahn et al[46], 2013
An et al[47], 2008
Yoo et al[48], 2004
Tokunaga et al[50], 2009
Ahn et al[52], 2013
Nomura et al[53], 2014

PG-EG
PG-JI
TG-RY
PG-JI
TG-RY
PG-JI
PG-JI
PG-EG
short-PG-JI
long-PG-JI
LAPG-EG
LATG-RY
PG-EG
TG-RY
PG-EG
TG-RY
PG-EG
PG-JI
LAPG-EG
LAPG-DT
PG-JI
PG-DT

No. of
patients
49
32
122
102
49
128
45
36
18
22
50
81
89
334
74
185
38
45
50
43
10
10

Endoscopic findings (%)
Esophagitis

3
2
2
0
30
9
0
32
4
29
2
16
1

Stenosis

Symptom (%)

Food residue

Reflux

Fullness

Dumping

18
16
12

16
0
3

0
0
8

Change of body
weight (%)

32
9

6
4

3
9

12
5
38
7
35
8

8
5
10
10

87
86
85
88
86
88.9
88.5

86.4
87.4

49

8
9
32
5
0
10

3
22
12
30
20

86
86
94
96.3
91.2
87.1

LAPG: Laparoscopy-assisted proximal gastrectomy; LATG: Laparoscopy-assisted total gastrectomy; PG: Proximal gastrectomy; TG: Total gastrectomy; EG:
Esophagogastrostomy reconstruction; RY: Roux-en-Y reconstruction; JI: Jejunal interposition reconstruction; DT: Double tract reconstruction.

90.5% to 98.5%[41-47]. Some studies have demonstrated
that PG confers a survival benefit comparable to that of
TG, the standard procedure for GC located in the upper
third of the stomach[41,46-48]. Therefore, PG seems oncologically safe for EGC.

maintain the function of the remnant stomach and pylorus as in PPG[7].

Indications and oncologic safety
of PG
In general, to maintain both curability and functional
capacity of the remnant stomach, PG is performed in patients who are preoperatively diagnosed with cT1N0M0
primary GC in the upper third of the stomach when at
least half of the stomach can be preserved[38].
In patients undergoing PG, the lymph nodes in the
lesser curvature (No. 3) and near the right gastroepiploic
artery (No. 4d) are incompletely dissected. Thus, the surgical curability of GC may be lower with PG than with
TG. However, Ooki et al[39] reported that proximal GC
confined to the muscularis propria (mp) is not associated
with lymph node metastasis at the right gastroepiploic
artery (No. 4d), suprapyloric (No. 5), or infrapyloric (No.
6) stations. Sasako et al[40] reported that after curative gastrectomy, lymph node metastasis occurs at the suprapyloric and infrapyloric stations in patients with GC located
in the upper third of the stomach in approximately 3%
and 7% of cases, respectively. Although these percentages
seem high, approximately half of the patients had T2 or
more advanced GC and the incidence of metastasis may
be lower in patients with EGC. Therefore, patients who
are clinically diagnosed with T1N0 disease could be candidates for PG without dissection of the right gastroepiploic artery, suprapyloric, and infrapyloric lymph nodes.
The five-year survival rate after PG ranges from

WCGO|www.wjgnet.com

Postoperative symptomatic
outcomes after PG
PG is generally thought to offer several advantages over
conventional TG with Roux-en-Y reconstruction (Table
2). Ichikawa et al[49] reported that reduced food intake
volume occurred less often in patients who underwent
PG compared to TG. Masuzawa et al[41] reported that
postoperative nutritional status as analyzed by blood
tests such as serum albumin and hemoglobin was better
after PG than TG. However, no studies have shown a
superior outcome with PG as compared to TG in terms
of postoperative BW, with the exception of one study
which compared PG with jejunal interposition (JI) for
reconstruction and TG at one year after surgery[41,42,47].
Moreover, compared to TG, PG was associated with a
much higher rate of complications such as heartburn
and anastomotic stenosis, which led An et al[47] to conclude that PG is not a better option for U-EGC than
TG[46]. However, the reconstruction method was limited
to esophagogastrostomy (EG) in these reports which
did not demonstrate that PG was better. Therefore, the
evaluation of other reconstruction methods is necessary.
Currently, three procedures, TG with Roux-en-Y
reconstruction (TG-RY), PG-EG, and PG-JI, are widely
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A

B

C

Figure 2 Reconstruction methods after proximal gastrectomy. A: Esophagogastrostomy; B: Jejunum interposition; C: Double tract.

Table 3 Comparison of the reconstruction methods after proximal gastrectomy

Advantage
Disadvantage

PG-EG

PG-JI

PG-DT

Short operation time

Low incidence of reflux esophagitis

High incidence of reflux esophagitis
High incidence of anastomotic stenosis

Long operation time
High incidence of DGE

Low incidence of reflux esophagitis
Low incidence of DGE
Long operation time
Sometimes difficult for endoscopic evaluation of
remnant stomach

PG: Proximal gastrectomy; EG: Esophagogastrostomy reconstruction; JI: Jejunal interposition reconstruction; DT: Double tract reconstruction; DGE:
Delayed gastric emptying.

used to treat U-EGC in Japan (Figure 2, Table 3) [37].
Double tract (DT) reconstruction and jejunal pouch
reconstruction have also been used in a small number
of patients. A survey of Japanese institutions regarding
reconstruction methods after PG showed that the most
frequently used method was EG (48%), followed by JI
(28%), DT (13%), and pouch reconstruction (7%)[35].
PG-EG is the simplest procedure since there is a
single anastomotic site, but it is associated with a high
incidence of reflux esophagitis[46,47]. PG-JI may prevent
regurgitation of the gastric contents, resulting in a lower
incidence of reflux esophagitis, but the procedure is
slightly complicated. Several studies have compared the
postoperative outcomes of PG-EG and PG-JI. The incidence of esophageal reflux as evaluated by endoscopic
findings and symptoms was reported to be lower after
PG-JI compared to PG-EG[41,45]. However, the questionnaire conducted by Tokunaga et al[50] showed that
abdominal fullness was more frequently observed after
PG-JI than after PG-EG, because the interposed jejunum
may prevent the smooth passage of food. The length of
interposed jejunum is important in preventing esophageal
reflux, but a longer length may induce abdominal fullness.
The other important problem after PG is remnant
GC (RGC). Ohyama et al[51] reported that RGC was observed in 5% of 316 patients after PG. They also showed
that advanced RGC was more likely in patients after PGJI with a longer length of interposed jejunum (> 15 cm)
or PG-DT, and cancer-related death was only observed

WCGO|www.wjgnet.com

in patients who underwent these reconstruction methods.
Tokunaga et al[45] reported that endoscopic evaluation of
the remnant stomach could not be performed in 50% of
patients after PG-JI with interposed jejunum > 10 cm,
compared to 22% in patients after PG-JI with interposed
jejunum ≤ 10 cm. They concluded that a length of 10
cm or shorter is preferable for endoscopic evaluation of
the remnant stomach. The type of reconstruction chosen
after PG should facilitate postoperative endoscopic examinations for early detection and treatment of RGC.
PG-DT has been attempted to improve postoperative
outcomes after PG. PG-DT has three anastomotic sites;
esophagojejunostomy, jejunogastrostomy and jejunojejunostomy. The length of interposed jejunum is from 10
to 20 cm between esophagojejunostomy and jejunogastrostomy, and about 20 cm between jejunogastrostomy
and jejunojejunostomy. Food passes through the remnant
stomach or the jejunum by two routes in PG-DT. PG-DT
is thought to offer the same advantages as PG-JI, including the prevention of esophageal reflux, but it is expected
to be better than PG-JI with regards to DGE, because an
alternative route for food exists if DGE occurs. Only a
few studies have analyzed postoperative outcomes after
PG-DT. Ahn et al[52] evaluated postoperative complications after PG-DT compared to PG-EG; they concluded
that PG-DT is a feasible, simple, and novel method. They
showed that the incidence of anastomotic stenosis and
reflux symptoms was lower after PG-DT than PG-EG
and BW was better maintained. Nomura et al[53] evaluated

1009

February 8, 2015|First Edition|

Saito T et al . Function preserving gastrectomy

postoperative outcomes after PG-DT vs PG-JI. Although
their study had a small sample size, they showed that the
BW ratio was significantly higher in the PG-JI group than
in the PG-DT group. The incidence of esophageal reflux
was 10% in both groups. Further studies are needed to
assess the clinical utility of PG-DT.

9

CONCLUSION

10

Function-preserving surgery has already been performed
in some of the high volume institutions in Japan and
South Korea, and it seems to be useful in terms of postoperative quality of life and oncologic safety. However,
indications should be carefully considered, because
function-preserving surgery usually involves less extensive procedures, resulting in the possibility of inadequate
treatment for more deeply invasive tumors. Preoperative
evaluation is very important in selecting the appropriate
candidates for function-preserving surgery.
Laparoscopy-assisted PPG and PG has several advantages over conventional PPG and PG in terms of
reduced intraoperative blood loss, postoperative pain
and fast recovery from invasive surgery[54,55]. Since some
studies reported that the oncological curability was assured[33,56,57], laparoscopic function-preserving gastrectomy is considered to be feasible by surgeons with sufficient experience in laparoscopic gastrectomy.
Many retrospective studies have shown the usefulness of function-preserving surgery, but there has been
no consensus to adopt function-preserving surgery as
the standard of surgery. To establish function-preserving
surgery as the gold standard for patients with EGC, prospective randomized controlled trials that compare PPG
or PG with conventional gastrectomy and evaluate survival and postoperative quality of life are necessary.
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Core tip: Alternative splicing is a fundamental process
of gene regulation in eukaryotes. Alternative splicing
of DNA damage repair proteins is a significant cause
of gene mutations, and those mutations in turn affect
alternative splicing in cancer. Alternative splicing is associated with tumorigenesis by contributing to genetic
instability. Therefore, alternative splicing of DNA damage response-related genes has an important role in
tumorigenesis, survival, and growth of gastrointestinal
cancers. In summary, the alternative splicing variants
of these genes could be potential targets for both diagnosis and treatment of gastrointestinal cancers.
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Abstract
Alternative splicing, which is a common phenomenon
in mammalian genomes, is a fundamental process of
gene regulation and contributes to great protein diversity. Alternative splicing events not only occur in the
normal gene regulation process but are also closely
related to certain diseases including cancer. In this review, we briefly demonstrate the concept of alternative
splicing and DNA damage and describe the association
of alternative splicing and cancer pathogenesis, focusing on the potential relationship of alternative splicing,
DNA damage, and gastrointestinal cancers. We will also
discuss whether alternative splicing leads to genetic
instability, which is considered to be a driving force for
tumorigenesis. Better understanding of the role and
mechanism of alternative splicing in tumorigenesis may
provide new directions for future cancer studies.

INTRODUCTION
Alternative splicing is a fundamental process of gene
regulation, which results in a single gene that codes for
multiple proteins by excluding and/or including particular
exons from pre-mRNA produced from that gene[1]. The
process is performed by the spliceosome composed of
five small nuclear ribonucleoproteins (snRNPs; U1, U2,
U4, U5, and U6) and more than 100 different polypeptides[2]. In this process, many different types of proteins
are translated from mRNA of the same gene origin and
contribute to protein diversity. For example, at least 60%
of human gene products undergo alternative splicing[3],
approximately 100000 alternative splicing events have
been identified in the human genome, and up to 95%
of human multi-exonic genes have been alternatively
spliced[4]. There are approximately 20000-35000 protein-
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coding genes in a mammalian genome[5], but the number
of proteins generated by alternative splicing is much
higher[6] because many of these genes have multiple splicing patterns compensate up to thousands[7]. Thus, alternative splicing is a common phenomenon in the process
of mammalian gene regulation and generation of protein
diversity.

dromes, leukemias, and ovarian and gastric cancers[29-33].
Pre-mRNA processing factor 6 (PRPF6), a member of
the tri-snRNP spliceosome complex, is required for alternative splicing of a number of genes, including ZAK
kinase, and splicing activity of PRPF6 is important for
colon cancer cell growth[34,35]. In addition to the associations shown in the above examples, many studies have
suggested that alternative splicing is indeed closely related
to certain diseases such as gastrointestinal cancers[18,36-48].

DISTURBED ALTERNATIVE SPLICING IN
HUMAN DISEASES

ABERRANT SPLICING OF DNA
DAMAGE REPAIR GENES CAUSES
GASTROINTESTINAL CANCERS

Alternative splicing events may occur in both normal and
disease-related gene regulation processes. The frequency
of alternative splicing is higher in cancerous tissues than
in normal tissues[8]. Occasionally, alternative splicing
variants are expressed in cancer cells but not in normal
cells. For example, far upstream element-binding protein
(FBP)-interacting repressor (FIR) splice variants lacking
or containing exon 2 and/or exon 5 are expressed in the
majority of hepatocellular carcinomas (HCCs) but not in
normal hepatocytes[9]. A well-known tumor suppressor
gene p53 is alternatively spliced to produce at least twelve
protein isoforms, which have important roles in cancer
formation and progression[10]. It has been suggested that
missense or silent mutations affect splicing[11-15]. According to the human gene mutation database, approximately
84% of hereditary diseases are associated with point
mutations[16]. Teraoka et al[17] suggested that 48% of these
mutations result in defective splicing in the ATM gene
in patients with ataxia-telangiectasia, and ATM has also
been reported to be alternatively spliced in several types
of cancer[18-20]. López-Bigas et al[11] estimated that more
than 60% of all human disease-related mutations affect
splicing. Lim et al[21] suggested that 22% of disease alleles
that were originally classified as missense mutations may
also affect splicing and approximately one third of all
disease-causing mutations alter pre-mRNA splicing. Alternative splicing variants of many genes and some wellknown splicing factors have been reported to be associated with numerous cancers. For example, Ikaros family
genes include Ikaros, Helios, and Aiolos. The Ikaros gene
(ZNFN1A1) is a member of the Kruppel transcription
factor family characterized by the presence of zinc-finger
domains located at their N- and C-termini and is alternatively spliced to give a number of variants[22]. Ikaros itself
acts as a tumor suppressor in the lymphoid lineage[23], but
alternative splicing variants, such as Ik11, are aberrantly
expressed in B-cell lymphoproliferative disorders and involved in tumor pathogenesis[24]. Helios was found to be
abnormally spliced in adult T-cell leukemia, and deregulation of Helios expression promotes T-cell growth[25].
The splicing factor SRSF6 is an oncoprotein reported to
be over-expressed in lung and colon cancers[26]. Another
splicing factor hnRNP has been suggested to be an oncogenic driver in glioblastoma[27,28]. Recurrent somatic
mutations of splicing machinery genes, such as SF3B1,
U2AF1, ZRSR2, and SRSF2, have been reported in
numerous malignancies, including myelodysplastic syn-
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Impaired DNA damage responses induce genetic instability. DNA double-stranded breaks represent one of the
most severe types of DNA damage and promote genetic
instability that is lethal to cells if left unrepaired[49,50].
Genetic instability includes two major categories: one is
microsatellite instability, which involves subtle changes
in DNA sequences (faulty DNA repair), and the other is
chromosomal instability (CIN), which is characterized by
gains and losses of whole or parts of chromosomes, and
CIN is considered to be a driving force for tumorigenesis[51,52]. Single-stranded or double-stranded DNA breaks
increase the susceptibility of chromosomal gross structural alterations that lead to CIN[51]. CIN is closely associated with the intrinsic multidrug resistance of cancer[51,53].
The possible association of DNA damage, alternative
splicing, and genetic instability is schematically shown in
Figure 1.
Chromosomal alterations are found in nearly all human cancers[54]. As mentioned above, severe types of
DNA damage promote genetic instability and are an integral component of human neoplasia[55]. Alternative splicing affects the stability of transcripts by introducing premature STOP codons and directing mRNA degradation
through the nonsense-mediated mRNA decay pathway[56].
Alternative splicing of DNA damage response genes
promotes genetic instability. Therefore, alternative splicing is closely associated with DNA damage and tumorigenesis. Previous studies have shown that gastrointestinal
cancers are closely associated with alternative splicing of
DNA damage-related genes that cause genetic instability.
For example, ATM is involved in the homologous recombination (HR) pathway of DNA repair, and MRE11
is a component of the DNA damage sensor MRN; these
genes are found to be alternatively spliced in colon cancer cells[18,36]. Germline mutations in the DNA mismatch
repair genes, MSH2, MLH1, MSH6 and PMS2, are the
cause of colon cancer, called Lynch syndrome[44,45] and
they are reported to be spliced in a number of gastrointestinal cancers[37-39,57]. Splicing factor 3b (SF3b) is a subcomplex of the U2 snRNP in the spliceosome[58]. SAP155
(a subunit of SF3b) is required for proper FIR expression
and vice versa, and SAP155 knockdown or SF3b inhibition disrupts alternative splicing of FIR pre-mRNA and
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Alternative splicing
Changes structure, function as dominant negative, loss-of-function,
gain-of-function, protein-protein interactions etc …

Activation of DDR

Mutations of DDR
related Genes

Genetic instability

DNA damage

Tumorigenesis

Figure 1 Schematic view of the possible connection between alternative splicing and DNA damage. When DNA damage occurs, DNA damage response (DDR)
is activated, which then activates alternative splicing that leads to mutations and splicing alteration of DDR-related genes. This process leads to the accumulation of
DNA damage. DNA damage is a major cause of genetic instability. On the other hand, alternative splicing directly or indirectly causes genetic instability via mutations
of related genes including DDR-related genes. Genetic instability is one of the major causes of tumorigenesis.

generates FIRΔexon2[59]. FIR also acts as a molecular sensor for bleomycin-induced DNA damage by potentially
interacting with DNA-PKcs and Ku-86/XRCC5[60] and
has been reported to be alternatively spliced in colorectal
cancer[40] as well as in HCCs[9]. Multifunctional splicing
factor U2AF65, which has biotinylated triplex DNA affinity, has been reported to be associated with colorectal
cancers[61]. Poly (ADP-ribose) polymerase (PARP)-1 is
involved in single- stranded DNA damage repair and has
a control role in the HR pathway[62]. PARP-1 is activated
by Helicobacter pylori in the development and proliferation
of gastric cancer[63]. The tumor suppressor genes, BRCA1
and BRCA2, are involved in DNA damage repair through
their association with the HR mediator, RAD51, and
their mutations are usually known to contribute to the
tumorigenesis of hereditary breast and ovarian cancers[64].
Recent studies have further suggested that BRCA1 mutations in females below the age of 50 years increase the
risk of colorectal cancer[65], and BRCA2 mutations are
closely associated with pancreatic carcinogenesis[66,67].
RING finger protein 43, which is an E3-type ubiquitin
ligase, has been reported to be mutated in pancreatic cancer[46] and gastric cancer[47] and was recently reported to
act as a regulator of ATM-ATR DNA damage response;
its mutation is associated with a high risk of developing
sessile-serrated adenomas[48], which are believed to lead to
colorectal cancer. The genes reported to have alternative
splicing mutations in gastrointestinal cancers are summarized in Table 1. From the above examples, we can conclude that alternative splicing mutations in DNA damage
response genes are closely associated with gastrointestinal
carcinogenesis.

WCGO|www.wjgnet.com

OTHER ALTERNATIVELY SPLICED GENES
THAT RELATE TO GASTROINTESTINAL
CANCERS
As mentioned above, alternative splicing is closely associated with gastrointestinal cancers and has an important
role in their tumorigenesis. Gastrointestinal cancers are
malignancies of the gastrointestinal tract and accessory
organs of digestion, including the esophagus, stomach,
biliary system, pancreas, small intestine, large intestine,
rectum, and anus. They account for a large proportion of
human malignancies and are a major cause of morbidity
and mortality worldwide[68]. Among the gastrointestinal
cancers, colorectal cancer is the third most frequently
diagnosed cancer worldwide after lung and breast cancers, with 1.23 million diagnosed cases (9.7% of cancer
diagnoses) in 2008[69]. There are many genetic and epigenetic changes that occur during colorectal carcinogenesis,
including mutations of oncogenes, tumor suppressor
genes, and mismatch repair genes; genetic instability; allelic losses in specific chromosomal arms; and methylation changes in gene promoters[70]. In addition, alternative
splicing mutations have an important role in gastrointestinal carcinogenesis. In particular, alternatively spliced
CD44 variants promote intestinal tumorigenesis induced
by the activation of Wnt signaling[41]. Osteopontin splice
variant (OPN-b) is found to be dominantly elevated in
gastric cancer cell lines, and OPN-b has been shown to
promote gastric cancer cell survival by regulation of Bcl-2
family proteins and CD44v expressions[71]. The cyclindependent kinase inhibitor gene, which encodes P27, has
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Table 1 List of alternatively spliced genes in gastrointestinal cancers
Genes

Role in DDR

Gastrointestinal Cancers

DDR-related genes in gastrointestinal cancers
ATM
DNA damage response kinase involved in HR pathway of DNA repair
MSH2, MLH1, Involved in DNA mismatch repair
MHS6, PMS2
MRE11
Component of DNA damage sensor complex MRN
PARP-1
Involved in single stranded DNA damage repair
Plays role in controlling HR pathway
RNF43
Function as a regulator of ATM/ATR/DNA damage response

AP4

Activation by cellular stresses result in DNA damage inducer of EMT

BRCA1
BRCA2
U2AF65
FIR (PUF60)

Involved in HR
Involved in HR
With biotinylated triplex DNA affinity
Originally a transcriptional facor, also reported as a molecular
sensor for bleomycin-induced DNA damage pathway
Other genes in gastrointestinal cancers
P53
Tumor suppressor, guardian of the genome
CD44
Class I transmembrane glycoprotein involved in cell adhesion, cell-cell
interactions, migration and important player in stem cells and cancer
OPN-b
Osteopontin splice variant, contributed to gastric cancer cell survival
by regulation of Bcl-2 family proteins and CD44v expressions
p27 (CDKN1B) Cell cycle regulatory gene
c-KIT
Stem cell growth factor receptor, also known as CD117
Prrx1
Paired related homoeobox 1, a newly reported EMT inducer
HDM2
PKM2

Human double minute 2, negative regulator of p53
Pyruvate kinase M2 gene, inactive state is associated with tumor cell
proliferation, could switch between PKM2 to PKM1
BRAF
Raf kinase family member BRAF is a proto-oncogen replays a role in
regulating the MAP kinase/ERKs signaling pathway
BMP
Bone morphogenetic proteins, are a group of growth factors, function
in the formation of bone and cartilage,constitute morphogenetic signals
etc.
PRPF6
Pre-mRNA processing factor 6, a member of the tri-snRNP spliceosome
complex
Dystrophin
Cause of Duchenne muscular dystrophy
FGFR2
The fibroblast growth factor receptor 2, encodes for a fibroblast
growth factor-activated transmembrane receptor tyrosine kinase
Splicing factors in other cancers
SRSF6
Splicing facor
hnRNP
Splicing facor
SF3B1, U2AF1 Splicing factors
ZRSR2, SRSF2
Ik11 (Ikaros)
Alternative splicing variant of Ikaros, a member of Ikaros family genes
Helios
A member of Ikaros family genes
PUF60 (FIR)
FIR lacks exon5 of PUF60. FIR/PUF60 interacts with SF3B1
hnRNPM
RNA-binding protein heterogeneous nuclear ribonucleoprotein M

Colon cancer cells
Colorectal cancer and gastric cancers
Colorectal cancer
Gastric cancer

Reference papers
[18]
[37-39,44,45,57]
[36]
[63]

Pancreatic cancer
Gastric cancer
Sessile serrated adenomas
Mediates EMT in colorectal cancer lines
cancer
Colorectal cancer
Pancreatic cancer
Colorectal cancer
Colorectal cancer
Hepatocellular carcinoma

[46]
[47]
[48]
[84,85]
[65]
[66,67]
[61]
[40,96,97]
[9]

Colon cancer, head and neck cancer
Intestinal tumorigenesis

[10]
[41]

Gastric cancer

[71]

Small intestine neuroendocrine tumors
Gastrointestinal stromal tumors
Pancreatic cancer
Colorectal cancer
Colorectal cancer
Impaired colorectal cancer growth

[72]
[75]
[94]
[95]
[79]
[82]

Malignant melanomas
Colorectal cancer
Gastric cancer

[77]
[42]

Colon cancer

[34,35]

Metastatic GIST
Pancreatic ductal adenocarcinoma
Hepatic cancer metastasis
Lung and colon cancers
Glioblastoma
Associated with numerous malignancies
B-cell lympho-proliferative disorders
T-cell leukemia
Colon cancer, leukemia
Breast cancer metastasis

[76]
[91]

[26]
[27,28]
[29-33]
[24]
[25]
[40,80,97]
[92]

HR: Homologous recombination; DDR: DNA damage response; EMT: Epithelial-mesenchymal transition; GIST: Gastrointestinal stromal tumors.

formation and metastasis[76]. Mutations in the bone morphogenetic protein signaling pathway led to the development of juvenile polyposis syndrome, which increases
the risk of gastric cancer development[42]. The Raf kinase
family member, BRAF, is a proto-oncogene that has
been reported to be frequently mutated in numerous
human cancers, such as somatic missense mutations, in
66% of malignant melanomas and at lower frequency in
colorectal cancers[77]. Murine double minute 2, which is
a negative regulator of the tumor suppressor gene p53,
was shown to be alternatively spliced under DNA dam-

been reported to have recurrent somatic mutations in
small intestinal neuroendocrine tumors[72]. P27 was shown
to be associated with proliferative activity of gastric cancer[73,74]. Approximately 85%-95% of gastrointestinal stromal tumors (GIST) have mutations in the c-KIT gene[75].
Dystrophin is expressed in the nonneoplastic and benign
counterparts of GIST, but inactivation of dystrophin was
observed in 96% of metastatic GIST. Deletion of the
dystrophin-encoding and muscular dystrophy-associated
DMD gene through alternative splicing led to inactivation
of larger dystrophin isoforms and contributed to tumor
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age and contributed to numerous tumorigenesis, and its
alternative splicing is mediated by FBP1 (FUBP1)[78]. The
human counterpart is the negative regulator of p53, human double minute 2, which is frequently mutated by
alternative splicing in colorectal cancer[79]. FUBP1 is a
c-myc transcriptional activator[80]. Coupling of splicing and
transcription should be considered and analyzed for better understanding of carcinogenesis. The pyruvate kinase
muscle (PKM) gene is alternatively spliced to either M1
(PKM1) or M2 (PKM2) isoforms. PKM2 mostly promotes cancer cell growth, and PKM1 is usually expressed
in normal differentiated tissues[81,82]. PKM2 itself is not
necessary for tumor cell proliferation, and the inactive
state of PKM2 has been shown to be associated with
tumor cell proliferation, whereas nonproliferating tumor
cells require activation of PKM[83]. MicroRNAs, such as
miR-124, miR-137, and miR-340, have been shown to
regulate alternative splicing of the PKM gene to switch
PKM expression from PKM2 to PKM1 and contribute
to impaired colorectal cancer growth[82]. Studies have suggested many alternative splicing isoforms of genes, such
as VEGFA, UGT1A, PXR, cyclin D1, BIRC5 (survivin),
DPD, K-RAS, SOX9, and SLC39A14, are potential therapeutic targets of colorectal cancers[43]. In brief, alternative
splicing variants are potential targets for both diagnosis
and treatment of gastrointestinal cancers.

M promotes breast cancer metastasis by activating the
switch of alternative splicing that occurs during EMT[92].
Recently, splicing of paired related homoeobox 1 (Prrx1)
has been reported to be a novel EMT-MET switch. Alternative splicing of Prrx1 results in two variants, Prrx1a
and Prrx1b, and the ratio of Prrx1a (with inhibition
domain)/Prrx1b (lack of inhibition domain)[93] switches
EMT-MET of cells and controls migration and invasion
of pancreatic cancer[94]. Notably, Prrx1 is involved in metastasis and poor prognosis in colorectal cancer[95].

CLINICAL APPLICATION OF
ALTERNATIVE SPLICING TO CANCER
DIAGNOSIS AND TREATMENT
Alternative splicing variants can be potential targets for
the diagnosis and treatment of many cancers, including
gastrointestinal cancers (Figure 2)[43,96]. Novel splicing variants of FIR were generated by SAP155 siRNA, and these
variants were also found to be activated in human colorectal cancer tissues[97]. Circulating FIR and FIRΔexon2
mRNAs are potential novel screening markers for colorectal cancer testing with conventional carcino-embryonic
antigen and carbohydrate antigen 19-9. Given the central
role of c-Myc in the development of many cancers, one
direction toward the development of cancer gene therapies directed against c-Myc may go through FIR and its
variants. The Sendai virus vector of FIR has shown strong
tumor growth suppression with no significant side effects
in an animal xenograft model and is potentially applicable
to future clinical cancer treatment[98].

ALTERNATIVE SPLICING IS CLOSELY
ASSOCIATED WITH CANCER
METASTASIS
Alternative splicing variants of certain genes not only
have important roles in tumorigenesis but also significantly contribute to cancer metastasis. For example, the
transcription factor, AP4, is encoded by the p53 tumorsuppressor gene and activated by numerous cellular
stresses, which generally result in DNA damage[84]. AP4
is an inducer of epithelial-mesenchymal transition (EMT)
and mediates c-MYC-induced EMT in colorectal cancer
cell lines[85]. EMT of tumor cells contributes to metastasis[86,87]. Mesenchymal-epithelial transition (MET), which
presumably contributes to tumor suppression [88], has
been shown to be induced by p53 activation. Most recently, Peng et al[89] summarized the role of EMT in gastric cancer and suggested that loss of E-cadherin via its
transcriptional repressors, such as Snail, ZEB, and Twist,
is a key step in EMT activation, which significantly contributes to gastric carcinogenesis. Fibroblast growth factor receptor 2 (FGFR2) encodes for a fibroblast growth
factor-activated transmembrane receptor tyrosine kinase
and has been shown to be associated with EMT-related
alternative splicing[90]; its alternative splicing generates
the Ⅲb and Ⅲc isoforms. FGFR-2 Ⅲb expression correlates with venous invasion of pancreatic ductal adenocarcinoma, whereas FGFR-2 Ⅲc expression correlates
with faster development of liver metastasis[91]. RNAbinding protein heterogeneous nuclear ribonucleoprotein
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CONCLUSION
Alternative splicing is a fundamental process of gene
regulation in eukaryotes. It is a common phenomenon
in mammalian genomes because most human genes undergo this process[4]. Alternative splicing leads to genetic
instability, such as CIN, which drives tumorigenesis.
DNA damage is one of the major reasons for genetic
instabilities, and major components of the DNA damage
repair pathway are alternatively spliced in certain cancers.
Therefore, alternative splicing is closely associated with
tumorigenesis by contributing to genetic instability. Alternative splicing of DNA damage repair proteins is a
significant cause of gene mutations, which reciprocally
affects alternative splicing in cancer. DNA damage promotes genetic instability, and genetic instability further
promotes tumorigenesis (Figure 1). Genetic instability
caused by certain types of DNA damage may be critical
for the development of all colorectal cancers[55]. Many
genes involved in the DNA damage repair pathway are
alternatively spliced in gastrointestinal cancers (Table 1).
Thus, the alternative splicing in DNA damage responserelated genes has an important role in the tumorigenesis,
survival, and growth of gastrointestinal cancers. Establishing a well-organized database of alternative splicing
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Figure 2 A model of cancer diagnosis and treatment targeting alternatively spliced variant forms. c-Myc has a critical role in cell proliferation and tumorigenesis. An far upstream element binding protein-interacting repressor (FIR) splice variant that lacks exon 2 (FIRΔexon2) activates c-myc transcription by disabling authentic FIR repression of c-myc in cancer cells[40]. FIR gene therapy is a potential cancer treatment[98]. FIRΔexon2 protein inhibition of transport into the nucleus and/or
FIRΔexon2 mRNA inhibition of export into the cytoplasm may be potential molecular targets for future cancer therapy for suppression of c-Myc. FIR and/or FIRΔexon2
mRNAs in peripheral blood are potent biomarkers for cancer detection[97].

would be helpful for facilitation of the process of considering a set of splice isoforms or their common regulatory network as targets of diagnostic or therapeutic strategies. Better understanding of the role and mechanism
of alternative splicing in tumorigenesis may lead to novel
directions for future cancer studies.
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is still the mainstay, novel approaches could serve as
practical complementary diagnostics to cytology in
near future.
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Core tip: For patients with gastric cancer, cytological
detection of cancer cells in the peritoneal cavity is important to predict future manifestation of peritoneal recurrence. However, its improvement has been a matter
of research, because of its low sensitivity and specificity. The new diagnostic modalities have been investigated along with the development of modern molecular biology. The recent innovative challenges regarding
molecular diagnosis of intra-peritoneal gastric cancer
cells have been thoroughly covered and summarized.
The new therapies for gastric cancer with peritoneal
spreads were also referred.

Abstract

Original sources: Kagawa S, Shigeyasu K, Ishida M, Watanabe
M, Tazawa H, Nagasaka T, Shirakawa Y, Fujiwara T. Molecular
diagnosis and therapy for occult peritoneal metastasis in
gastric cancer patients. World J Gastroenterol 2014; 20(47):
17796-17803 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i47/17796.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i47.17796

To apply an individualized oncological approach to gastric cancer patients, the accurate diagnosis of disease
entities is required. Peritoneal metastasis is the most
frequent mode of metastasis in gastric cancer, and the
tumor-node-metastasis classification includes cytological detection of intraperitoneal cancer cells as part
of the staging process, denoting metastatic disease.
The accuracy of cytological diagnosis leaves room for
improvement; therefore, highly sensitive molecular
diagnostics, such as an enzyme immunoassay, reverse
transcription polymerase chain reaction, and virusguided imaging, have been developed to detect minute
cancer cells in the peritoneal cavity. Molecular targeting therapy has also been spun off from basic research
in the past decade. Although conventional cytology
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INTRODUCTION
Gastric cancer is one the leading causes of death in the
world[1], and the most prevalent cancer in Eastern Asia[2].
Although the radical resection of cancerous lesions is the
only cure for gastric cancer, multi-disciplinary therapy
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for advanced disease can palliate the disease and even
prolong life[3,4]. Therefore, the accurate and appropriate
diagnosis of the disease entity is required so that an individualized oncological approach can be used. The tumornode-metastasis (TNM) staging system is the universally
accepted method to describe the degree of cancer advancement[5,6]. As with other cancers, gastric cancer has
disease-specific factors in its staging. One of them is the
cytology of a peritoneal wash or ascites because peritoneal metastasis is the most frequent mode of distant
metastasis and post-surgical recurrence. However, it is
often difficult to diagnose peritoneal metastasis by conventional imaging modalities, such as computed tomography and positron emission tomography. The cytological
detection of free cancer cells in the peritoneal cavity is a
very important finding in gastric cancer. Positive cytology
means that peritoneal metastasis exists anywhere in the
peritoneal cavity even if it is invisible, so it implies a high
probability of future manifestations of peritoneal metastasis[7-12]. Therefore, peritoneal lavage cytology findings as
well as peritoneal metastasis are factors in gastric cancer
staging in Japan as stage 4 disease[13]. The most recent
TNM classification system includes intraperitoneal cancer
cell detection as part of the staging process, denoting
metastatic disease[5].
Peritoneal carcinomatosis is an incurable disease with
poor prognosis. In cases of peritoneal carcinomatosis,
although debate about surgical application still remains,
palliative chemotherapy would be preferred[14-17]. From
this point of view, peritoneal carcinomatosis needs to be
precisely diagnosed before surgery or at the beginning of
surgery for surgeons to determine the most appropriate
therapeutic approach[18]. However, in reality, the uneven
shape of the peritoneal cavity makes it impossible for the
entire cavity to be thoroughly inspected and difficult for
the surgeon to definitively judge whether the peritoneal
cavity is completely free of metastatic foci. Consequently,
peritoneal lavage cytology is needed for the indirect diagnosis or prediction of peritoneal metastasis, and it must
be as accurate as possible. The accuracy in peritoneal
lavage cytology depends greatly upon the experience
of the cytopathologist; therefore, the diagnosis remains
inevitably subjective. In addition, several studies indicate
that the sensitivity and specificity of peritoneal lavage
cytology is unsatisfactory and that there is still room for
improvement[19]. Over the past decade, several new diagnostic approaches have been studied. As an alternative to
conventional cytology by Papanicolaou staining, immunocytochemistry or PCR-based genetic detection of epithelial or malignant cells in the peritoneal fluid has emerged
(Table 1). There are advantages and shortcomings of
each approach[20]. In this review, we examine recent studies, summarize findings on the molecular biology-based
diagnosis of peritoneal cancer cell existence, and discuss
recent advances in the treatment of peritoneal carcinomatosis.
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CONVENTIONAL CYTOLOGY
Since the method of lavage cytology was described by
Moore et al[21] in 1961, several clinical studies have demonstrated the prognostic significance of intraperitoneal
free cancer cells at the time of surgery[7,10,12,16,17,22-25]. The
Japanese Classification of Gastric Carcinoma (2nd English
edition) first included the result of peritoneal cytology as
one of the staging parameters in 1999[26]; since then, the
Japanese Gastric Cancer Association includes peritoneal
cytology in their staging system[14]. Although the most
recent TNM classification has included the detection of
intraperitoneal free cancer cells as part of the staging process, denoting M1 disease[5], the application of peritoneal
cytology in preoperative staging is still controversial. The
European Society for Medical Oncology practice guidelines recommend laparoscopy, but regard cytology as optional, and the current National Comprehensive Cancer
Network (NCCN) guidelines also do not include cytology
in the treatment algorithm[27]. Nevertheless, peritoneal cytology has important clinical implications in the management of advanced gastric cancer[7,28].
In gastric cancer surgery, by either laparotomy or laparoscopic approach, about 100-200 mL of saline is usually
instilled into the Douglas pouch (and occasionally into
the left subphrenic space) and gently stirred. A washing
sample is then aspirated and subjected to cytology. Traditionally, Papanicolaou or Giemsa stainings are employed,
and specimens are diagnosed by experienced cytopathologists. The accuracy, sensitivity, and specificity of conventional cytology in predicting peritoneal recurrence was
73.0%-91.9%, 11.1%-80.0%, and 86.4%-100.0%, respectively[20]. Thus, sensitivity had a particularly wide range,
which indicated the need for further advanced techniques.

CARCINOEMBRYONIC ANTIGEN IN
PERITONEAL LAVAGE
Kanetaka et al[29] recently reported that the measurement
of carcinoembryonic antigen (CEA) level in peritoneal
lavage (pCEA) by an enzyme immunoassay can predict
poor prognosis and may help to elucidate a cohort who
need more intensive adjuvant chemotherapy to improve
their prognosis. Since Asao et al[30] first reported that the
CEA antigen level in peritoneal lavage could reflect the
presence of peritoneal metastasis more accurately than
conventional cytology in 1991, other investigators have
demonstrated the clinical significance of pCEA levels[31-35]. Most of these reports showed a significant correlation between pCEA level and survival after surgery, implying that pCEA could be a potential predictor of poor
prognosis. However, the pCEA level may reflect both
the production of CEA in the peritoneal cavity and the
serum CEA level and may not be specific as a marker for
the existence of intraperitoneal free cancer cells or occult
peritoneal metastasis.
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Table 1 List of published studies regarding the molecular diagnosis of peritoneal fluid in gastric cancer
Ref.

Molecule

Technique

Number of
patients

Results

CEA
CEA, sialyl-Tn antigen
CEA

Enzyme immunoassay
Enzyme immunoassay
Enzyme immunoassay

120
96
56

Cetin et al[34]

CEA

Enzyme immunoassay

70

Kanetaka et al[29]

CEA

Enzyme immunoassay

597

Yamamoto et al[33]
Li et al[35]
Kodera et al[38]

CEA, CA125
CEA
CEA

Enzyme immunoassay
Radioimmunoassay
RT-PCR

229
64
189

Wang et al[36]
Sugita et al[41]

CEA
CEA, CK20

RT-PCR
RT-PCR

40
129

Dalal et al[37]

CEA, CK20, survivin, MUC2

RT-PCR

40

CEA, CK20
CK20
MMP-7

RT-PCR
RT-PCR
RT-PCR

104
195
152

Multiple marker

Microarray

179

Aberrant gene methylation

Methylation-specific PCR

107

Telomerase activity
Telomerase activity

TRAP assay
TRAP assay

46
60

Viral tropism
EpCAM

NDV-GFP imaging
Flow cytometry

30
195

Correlation with 2-yr survival rate
Correlation with peritoneal metastasis and prognosis
Correlation with peritoneal metastasis and overall
survival
Correlation with peritoneal metastasis and overall
survival
Correlation with overall survival and peritoneal
recurrence free survival
Correlation with overall survival and recurrent cites
Correlation with overall survival
Correlation with overall survival and peritoneal
recurrence-free survival
Correlation with peritoneal recurrence
Correlation with overall survival and peritoneal
recurrence-free survival
CEA had high sensitivity and specificity, while CK20,
survivin, and MUC2 showed high false-positive rates
Predict peritoneal recurrence
Not sufficiently sensitive as CEA
Improved the sensitivity for peritoneal dissemination
in combination with cytology
Correlation with disease-free survival and immunocytochemical cytology
Correlation between positive methylation and peritoneal recurrence
Some concordance with cytology
Correlation with high proliferating activity of gastric
cancer
Higher sensitivity and lower specificity than cytology
Tumor cell/leukocyte ratio reflects peritoneal spread

Asao et al[30]
Irinoda et al[32]
Abe et al[31]

Takata et al[42]
Kodera et al[40]
Yonemura et al[39]
Mori et al[43]
Hiraki et al[52]
Mori et al[56]
Da et al[57]
Wong et al[62]
Kitayama et al[58]

CEA: Carcino-embryonic antigen; CA125: Cancer antigen 125; CK20: Cytokeratin 20; TRAP assay: Telomeric repeat amplification protocol assay; NDV-GFP:
Newcastle disease virus-green fluorescent protein; MUC2: Mucin 2; RT-PCR: Reverse transcription polymerase chain reaction.

intraperitoneal free cancer cells[41-43].
Mori et al[44] tried to select marker candidates out of
tens of thousands of genes with microarray analysis, and
they identified the genes specific to cytology-positive
samples. They further manufactured a microarray chip
containing 10 marker genes as a “MiniChip” and demonstrated that the MiniChip assay has a sensitivity and
specificity equal to or better than conventional cytology in detecting minimal free cancer cells in peritoneal
fluid[43].
Recently, a new rapid genetic diagnostic technique to
detect minute cancer cells has been developed and applied
in the sentinel node navigation surgery as surgical decision
making[45-48]. One-step nucleic acid amplification (OSNA)
uses reverse transcription loop-mediated isothermal
amplification (RT-LAMP) to detect mRNA expression
of target sequences from crude samples without RNA
purification[49]. The reaction can be completed in a single
test tube and within 1 h. Kumagai et al[50] reported a multicenter study evaluating the clinical performance of the
OSNA assay that detects cytokeratin 19 (CK19) mRNA
in detecting lymph node (LN) metastases in gastric cancer
patients, and this method showed high concordance rate
to pathology. Although the OSNA assay is useful in the
intraoperative rapid diagnosis of LN metastasis for gastric
cancer, it remains unproven if this technique could be ap-

GENETIC DETECTION OF
INTRAPERITONEAL GASTRIC CANCER
CELLS
Molecular diagnosis with reverse transcriptase-polymerase
chain reaction (RT-PCR) has been employed for the detection of minimal cancer cells due to its high sensitivity.
Among the messenger RNA (mRNA) specific to cancer
cells or epithelial cells, the most common target molecule
is CEA mRNA. PCR evaluation of CEA mRNA in peritoneal fluid has increased sensitivity for the detection of
peritoneal cancer cells as compared to cytology[36,37], and
positive results have been associated with poor survival.
Kodera et al[38] demonstrated that CEA PCR-positive patients had significantly worse overall survival and recurrence-free survival as compared to PCR-negative patients,
independently of cytology. PCR appears to increase the
accuracy of detection of occult disease.
In addition, molecular targets for PCR other than
CEA have been investigated and include metalloprotease-7[39] and cytokeratin 20[40,41]. The expression level of a
single gene was heterogeneous, so limited sensitivity hinders its use alone. To further improve the sensitivity and
specificity of the mRNA detection approach, multiplex
PCR may prove to be more clinically useful in capturing
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plied to detect intra-peritoneal free cancer cells. It needs
to be determined how the different properties of cells in
the peritoneal cavity interfere with the reaction and what
the minimal number of cancer cells is for detection by this
method.
DNA methylation is an important epigenetic change
in cancer that leads to the recruitment of transcription
repressors and chromatin changes, so methylation analysis has been used as a diagnostic modality for various cancers[51]. Hiraki et al[52,53] assessed whether gene methylation
in peritoneal ﬂuid from gastric cancer patients is clinically feasible for determining the peritoneal metastasis in
gastric cancer. By using quantitative methylation-specific
PCR to compare aberrant methylation status in gastric
cancer, they isolated 6 genes (BNIP3, CHFR, CYP1B1,
MINT25, RASSF2 and SFRP2) as having cancer-speciﬁc
DNA methylation, and they observed that there was a
significant correlation between positive methylation in
any of these 6 genes and peritoneal recurrence[52]. Thus,
methylation analysis might improve the positive detection
of gastric cancer cells in peritoneal lavage.

recovered from ascites or peritoneal lavage fluid from
gastric cancer patients by conventional flow cytometry.
The peritoneal lavage fluid from gastric cancer patients
contains erythrocytes, leukocytes, dissociated peritoneal
mesothelium, and a small number of cancer cells. Therefore, molecular detection needs to distinguish cancer
cells from normal cells co-existing in the peritoneal cavity. Kitayama et al[58] stained the cells with monoclonal
antibodies to CD45 and CD326 (EpCAM), and CD326positive and CD45-positive cells were classified as either
cancer cell or leukocytes. Instead of using the total
number of cancer cells, they calculated the cancer cell/
leukocyte ratio and demonstrated that the ratio was significantly higher in the patients with peritoneal metastasis and positive cytology than in those without peritoneal
spread. They further showed the ratio to reflect well the
effect of intraperitoneal chemotherapy. They thus proposed that the flow cytometry-based measurement of
the intraperitoneal CD326(+)/CD45(+) ratio could be a
diagnostic marker that reflects the severity of peritoneal
metastasis as well as the effectiveness of intraperitoneal
chemotherapy.
Besides gastric cancer, ovarian cancer also often forms
excess ascites due to peritoneal metastasis, which is routinely drained and discarded for symptomatic relief. Peterson et al[59] regard the ascites as a source of cancer cells
for monitoring the treatment response of ovarian cancer.
Miniaturizing and advancing flow cytometric technology, they developed and tested a new microfluidic chip to
capture, enrich and analyze ascites tumor cells in ovarian
cancer patients. This technology allows the detection of
occult cancer cells and enables the molecular profiling of
individual cells. The microfluidic chip might be applicable
to the diagnostic and molecular analysis of peritoneal fluid
from gastric cancer patients.

TELOMERASE ACTIVITY IN THE
PERITONEAL FLUID
Telomerase activity in cancer cells has been examined as a
tag to detect cancer cells in the peritoneal cavity. Telomerase activity is one of the hallmarks of cancer and can be
used to discriminate malignant cells from normal ones[54,55].
Mori et al[56] analyzed peritoneal lavage fluid employing a
TRAP assay that reflects telomerase activity. To improve
the efficacy of the assay, they enriched cancer cells with
immunomagnetic beads coated with anti-Ber-EP4 antibody. Then, they successfully detected telomerase activity
in the samples from gastric cancer patients with serosal
or subserosal invasions, and they found some concordance with the results of cytology[56]. Da et al[57] have also
investigated the telomerase activity in peritoneal lavage
from gastric cancer patients without enrichment of cancer cells. Although the sample size was relatively small,
their data demonstrated that all patients with peritoneal
metastasis had detectable telomerase activity in peritoneal lavage fluid, and they found significant correlations
between positive rate of telomerase activity and invasion depth, serosa-involved areas, and the presence and
extent of peritoneal metastasis. While these methods
were unique and appeared to be sensitive, they were not
significantly superior to conventional cytology by itself.
Nevertheless, telomerase activity analysis in peritoneal
lavage fluid might be a helpful adjunct for the cytology
in the diagnosis of occult peritoneal metastasis of gastric
cancer.

DIAGNOSTIC POTENTIAL OF THE
VISUAL DETECTION OF CANCER CELLS
IN PERITONEAL CYTOLOGY SAMPLES
As a unique approach, several groups examined virusmediated fluorescent gene expression to visually detect
rare cancer cells in the body fluid or the cytology samples against millions of normal cells[55,60,61]. Wong et al[62]
evaluated a novel detection technique for intraperitoneal
free cancer cells by using Newcastle disease virus-green
fluorescent protein (NDV-GFP), which is genetically
modified NDV that expresses the green fluorescent protein gene. Newcastle disease virus has been studied since
the 1950s for its ability to infect and replicate specifically
in tumors. NDV-GFP targets and infects specifically
cancer cells, resulting in specific GFP expression. Wong
et al[62] evaluated peritoneal lavage samples from 30 gastric cancer patients undergoing staging laparoscopy with
NDV-GFP. They found that NDV-GFP-mediated detection offers a more sensitive method of identifying free
peritoneal gastric cancer cells in peritoneal lavage fluid as
compared to conventional Pap staining cytology to dem-

FLOW CYTOMETRIC ANALYSIS OF FREE
CANCER CELLS IN PERITONEAL LAVAGE
FLUID
Kitayama et al[58] tried to quantify the free cancer cells
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onstrate that NDV-GFP could be used diagnostically.

A NEW MOLECULAR-TARGETING
THERAPY FOR INTRAPERITONEAL
SPREAD OF GASTRIC CANCER

WHAT IS NEXT FOR THE IMPROVEMENT
OF INTRAPERITONEAL DIAGNOSIS?

Along with the research for the improvement in detection of intraperitoneal cancer cells, molecular targeting
therapies might be derived from the results of basic
research. One of the molecular targets is epithelial cell
adhesion molecule (EpCAM), a type Ⅰ transmembrane
glycoprotein functioning as a homotypic intercellular adhesion molecule[67]. High-level EpCAM expression was
observed in 90.7% of gastric cancer[68]. Catumaxomab is
an artificially engineered, tri-functional bispecific monoclonal antibody; Fab binding sites bind to EpCAM on
cancer cells and CD3 on T cells, and the Fc region binds
and activates accessory immune cells. The tri-cell complex of T-cells, tumor cells and accessory cells induces
MHC-unrestricted but specific efficient tumor cell killing.
The therapeutic benefit of Catumaxomab for patients
with malignant ascites including gastric cancer patients
has been reported in a pivotal clinical trial[69], which led to
approval of Catumaxomab by the European Medicines
Agency (EMA) in 2009. Intraperitoneal Catumaxomab
treatment has been shown to trigger the activation of immune effector cells in the peritoneal cavity resulting in the
depletion of EpCAM-positive tumor cells[70]. Thus, local
strategies with molecular targeting agents might represent
the appropriate option for treatment of the peritoneal
spread of gastric cancer.

As described above, numerous efforts have been made
to improve the detection of intraperitoneal free cancer
cells. The purpose of most of these studies appeared to
primarily be an improvement of the accuracy in cytology.
The secondary purpose will be to make diagnosis more
convenient and automatic than subjective conventional
cytology. Once the accuracy and procedure is essentially
improved over the conventional cytology, what should we
do next? The identification of intraperitoneal free cancer
cells confers poor prognosis. In patients with positive
cytology without macroscopic peritoneal metastasis, the
benefit of radical or aggressive surgery is still a matter of
debate. While some of these patients are palliated, others may undergo more aggressive therapies. Along with
the improved diagnostic modality, the treatment strategy
would also have to be a coupled issue.

MULTIMODAL CLINICAL APPROACH
FOR PERITONEAL SPREAD OF GASTRIC
CANCER
Surgeons have witnessed some patients with peritoneal
spread of gastric cancer who underwent radical surgery
and experienced cures due to the recent improvements
in multimodal treatment. A phase Ⅱ study of whether
gastrectomy with curative intent would be beneficial for
patients with positive cytology but absence of macroscopic peritoneal seeding has been conducted[63,64]. The
study showed that median overall survival time was 705
d, and the 5-year survival rate was 26% in the patients
with positive cytology with no other non-curative factors,
suggesting that surgery with curative intent could be indicated even for patients with positive cytology[63,64]. For
gastric cancer patients with macroscopic peritoneal metastasis, Yamaguchi et al[65] evaluated intraperitoneal chemotherapy along with systemic chemotherapy as a phase
Ⅱ study. They reported a 1-year survival rate of 77.1%,
which is surprisingly high. The same group also reported
salvage gastrectomy after intravenous and intraperitoneal
chemotherapy for the patients who had peritoneal metastasis but showed apparent shrinkage of their peritoneal
nodules as well as negative cytology by the treatment[66].
Those patients who underwent salvage gastrectomy exhibited a 26.4-mo median survival period and 82% of
1-year overall survival. Those results suggested that the
more sensitive and specific peritoneal diagnosis with the
molecular approach might allow gastric cancer patients to
receive more suitable individualized multimodal therapies.
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CONCLUSION
In the past decade, enormous strides have been made in
the research for molecular detection of intraperitoneal
free gastric cancer cells, and many new strategies have
been clinically tested in gastric cancer patients. As with
the conventional cytology, none of the candidate alternatives to conventional cytology are a perfect modality yet,
whereas most of them would potentially be conducive
to improve the conventional diagnosis and to predict
prognosis. The uncertainty of a definition of positivity
in these novel approaches and their clinical relevance
remain potential limitations to the practical clinical use
of these technologies. Too highly sensitive techniques
such as PCR may result in the detection of clinically irrelevant metastatic disease, which could lead to either
overtreatment with unnecessary chemotherapy, or worse,
the withdrawal of potentially curative surgical treatment.
Nevertheless, the development of more sensitive and
rapid diagnostics in evaluating minimal peritoneal disease
is needed for patients to be properly treated. Since peritoneal lavage cytology has recently been included in the
staging criteria of gastric cancer, the cytology diagnosis
has been focused on as having an important predictive
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role in gastric cancer treatment, and the molecular diagnosis has undergone tremendous challenges. With the
accumulated evidence, the molecular diagnosis of peritoneal cytology may be a reality in future gastric cancer
practice.
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a benefit in the metastatic setting. Given the poor response rate of this difficult disease to various treatment
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an attempt to define a more effective therapy, some of
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Gastric adenocarcinoma
Core tip: Gastric adenocarcinoma is a difficult disease
to treat. Surgical resection is the definitive therapy but
recurrences are frequent. The use of a multidisciplinary
approach to treatment decision-making is imperative.
Surgical resection should be an R0 resection (with clear
macroscopic and microscopic margins) and at least a
D1 lymphadenectomy with a minimum of 15 lymph
nodes sampled in the United States and a D2 lymphadenectomy elsewhere. Perioperative chemotherapy
is a reasonable option based on the Medical Research
Council Adjuvant Gastric Infusional Chemotherapy trial.
In patients who are evaluated after resection, adjuvant chemoradiation adds important survival benefit.
Other options include adjuvant S-1 in Asian patients,
capecitabine/oxaliplatin, and capecitabine/cisplatin.

Abstract
Adenocarcinoma of the stomach carries a poor prognosis and is the second most common cause of cancer
death worldwide. It is recommended that surgical resection with a D1 or a modified D2 gastrectomy (with
at least 15 lymph nodes removed for examination) be
performed in the United States, though D2 lymphadenectomies should be performed at experienced centers.
A D2 lymphadenectomy is the recommended procedure in Asia. Although surgical resection is considered
the definitive treatment, rates of recurrences are high,
necessitating the need for neoadjuvant or adjuvant
therapy. This review article aims to outline and summarize some of the pivotal trials that have defined optimal
treatment options for non-metastatic non-cardia gastric
cancer. Some of the most notable trials include the
INT-0116 trial, which established a benefit in concurrent chemoradiation and adjuvant chemotherapy. This
was again confirmed in the ARTIST trial, especially in
patients with nodal involvement. Later, the Medical Research Council Adjuvant Gastric Infusional Chemotherapy trial provided evidence for the use of perioperative
chemotherapy. Targeted agents such as ramucirumab
and trastuzumab are also being investigated for use in
locally advanced gastric cancers after demonstrating
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INTRODUCTION
Adenocarcinoma of the stomach is one of the most
common malignancies in the world, ranking fifth after
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lung, breast, colorectal, and prostate. According to the
World Health Organization, 952000 new cases were diagnosed in 2012 alone, with more than 70% of all cases
occurring in developing countries[1]. In the United States,
an analysis using the Surveillance Epidemiology and End
Results database of the National Cancer Institute found
an increase in overall incidence of adenocarcinoma of
the esophagus and the gastric cardia from 13.4 per million in 1973 to 51.4 per million in 2009[2]. It is also the
second most common cause of cancer death as of 2010.
There is a significant disparity in the incidence and survival rates between the Asian and Western countries. For
example, the overall 5-year survival worldwide was about
20% according to a report in 2008 but more than 70% in
Japan for resectable disease. Such a dramatic difference
maybe due to the implementation of screening programs
in Japan where there is a higher incidence of gastriccancer resulting in detection of disease at earlier stages. In
contrast, patients in the United States are usually diagnosed later in stage as routine screening for gastric cancer
is not recommended owing to cost ineffectiveness[3]. The
survival benefit may also be related to a more frequent
use of second-line chemotherapy in Asian countries,
most commonly irinotecans and taxanes, compared to
the West[4, 5].
While gastric adenocarcinoma obviously includes
tumors arising from the stomach, the classification of
tumors of the gastroesophageal junction (GEJ) has
been a topic of debate. The most widely used classification was proposed by Rüdiger Siewert et al[6] in 2000:
type Ⅰ tumors are tumors in the distal esophagus and
may extend to the GEJ from above, type Ⅱ tumors are
adenocarcinomas of the cardia, arising at the GEJ, and
type Ⅲ tumors are cancers that originated from below the
cardia and extend to the GEJ and distal esophagus from
below. It is also noted that the biologies of these distinct
types of GEJ tumors are very different. Type Ⅰ cancers
are mostly associated with intestinal metaplasia and history of gastroesophageal reflux disease. On the other
hand, types Ⅱ and Ⅲ cancers resemble proximal gastric
cancer and have lymphatic spread preferentially to the
celiac axis[6,7]. The American Joint Committee on Cancer
(AJCC) updated the staging of stomach adenocarcinoma
in the 7th edition to include cancers of the GEJ arising
more than 5 cm distally of the GEJ or within 5 cm of the
GEJ but without extension to the esophagus or GEJ[8].
This distinction is important because many of the clinical
trials included cancers of the GEJ in addition to cancers
of the stomach. More importantly, cancers of the GEJ
as described above behave similarly compared to gastric
cancer and are treated as such.
Currently, surgical resection is the only curative mode
of treatment for non-metastatic gastric adenocarcinoma.
However, median survival with surgery alone, historically, was poor. Patients who had undergone resection are
prone to suffer from locoregional or distant recurrences
of their disease. As a result, neoadjuvant and adjuvant
therapies aimed at the eradication of micrometastases
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were studied in an attempt to reduce recurrence and prolong survival. This review article aims to outline some
of the pivotal data that led to current clinical practices in
resectable gastric cancer. It also briefly introduces ongoing trials in a global effort to improve overall survival for
this difficult disease. Data presented in this review article
were retrieved using a PubMed search with the key words
“adjuvant,” “neoadjuvant,” “perioperative therapy,” and
“resectable gastric cancer.”

CURATIVE RESECTION
Though this review aims to summarize available data in
medical treatment of resectable gastric cancer, it is important to discuss surgical management given its central
role in overall management. Controversies surround the
surgical management of gastric cancer. In 1999, Bozzetti
et al[9] found no difference in survival between total and
subtotal gastrectomies but that subtotal gastrectomy was
associated with improved nutritional status and quality of
life. With the advancement of laparoscopic techniques,
laparoscopic gastrectomy was found to have similar outcomes but with fewer complications compared to open
gastrectomy in meta-analyses and case-control studies[10-13]. Furthermore, a resection margin of 1 mm was
found to be sufficient as long as the resection margins
were free of tumor[12].
The depth of lymphadenectomy has been a topic of
debate as well. A D1 dissection involves a gastrectomy
and the removal of the greater and lesser omental lymph
nodes. A D2 dissection involves the above plus the removal of all lymph nodes along the left gastric artery,
common hepatic artery, celiac artery, splenic hilum and
splenic artery. The D1 dissection was traditionally favored
in the West, specifically in the United States, whereas D2
resection was preferred in the East[14] and Europe. This
discrepancy was based on early randomized trials that
failed to show a survival benefit with D2 lymphadenectomy[15,16]. Subsequent studies showed that D2 resection
indeed offered a survival benefit, prompting a change
in practice. Recently, Shrikhande et al[17] established the
non-inferiority of perioperative gastrectomy with D2
lymphadenectomy for locally advanced resectable gastric adenocarcinoma when combined with neaoadjuvant
chemotherapy. More importantly, half of those patients
who achieved a pathologic response were found to have
lymph node involvements, arguing for the necessity of
D2 gastrectomy[17]. A randomized trial comparing D1
and D2 dissections found that there was no difference in
overall 5-year survival between the two practices. However, subgroup analyses suggest that D1 resection may
be beneficial for those with pT1 disease while a trend
towards improved survival was seen with D2 lymphadenectomy in patients with nodal involvement[18]. Based on
some of these trials in addition to other clinical data, the
National Comprehensive Cancer Network guidelines currently recommends a D1 or a modified D2 gastrectomy
with at least 15 lymph nodes removed for examination in
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the United States, though noting that D2 lymphadenectomies should be performed at experienced centers[19].

was performed investigating the effectiveness of 5-fluorouracil-based chemotherapy in the neoadjuvant setting.
Seven randomized controlled trials were included for
analysis with a total of 1249 patients. The results showed
that neoadjuvant chemotherapy improved overall survival with an odds ratio of 1.40 (95%CI: 1.11 to 1.76, P
= 0.0005). The 3-year progression-free survival was also
higher in the chemotherapy group at 37.7% compared
to 27.3% in the control group, odds ratio of which was
1.62 (95%CI: 1.21 to 2.15, P = 0.001). There was no difference in perioperative mortality or complication rates
between the two groups. Combination chemotherapy
was superior to monotherapy. Additionally, intravenous
administration of chemotherapy was found to have a
greater impact than oral administration. Finally, it demonstrated a preference in Western countries for neoadjuvant
treatment compared to Asian countries[24].
On the other hand, Liao et al[25] did not find an improvement in overall survival or R0 resection with use
of neoadjuvant therapy. A meta-analysis of 6 randomized, controlled trials with 781 patients was conducted.
The odds ratio was 1.16 for overall survival with use of
neoadjuvant chemotherapy (95%CI: 0.85 to 1.58, P =
0.36) and 1.24 for R0 resection (95%CI: 0.78 to 1.96, P
= 0.36)[25], neither of which were statistically significant.
Currently, available data further illustrates the controversy
in defining the optimal neoadjuvant treatment.

NEOADJUVANT CHEMOTHERAPY
Neoadjuvant treatment has the appeal of allowing for
a more complete surgical resection while assessing for
response to chemotherapy and risk for recurrence. However, robust data to support use of neoadjuvant therapy
are limited at this time. Schuhmacher et al[20] reported
data from the European Organisation for Research and
Treatment of Cancer 40954 trial comparing neoadjuvant
cisplatin, folinic acid, and infusional fluorouracil with surgery alone. A total of 144 patients with locally advanced
adenocarcinoma of the stomach and GEJ were recruited
and randomized. Those assigned to chemotherapy received 48-d cycles of neoadjuvant biweekly cisplatin,
weekly L-folinic acid and fluorouracil for 2 cycles. The
study was closed prematurely due to poor accrural. Only
62.5% of patients assigned to the chemotherapy arm
completed 2 cycles of treatment.
Median follow-up was about 4 years. Preoperative
chemotherapy reduced tumor size and nodal involvement
compared to surgery alone. Given the low accrural, this
study was ultimately underpowered at 25%. Progressionfree survival had a hazard ratio of 0.76 but was not statistically significant (95%CI: 0.49 to 1.16, P = 0.2). The
2-year survival rates were 72.7% in the chemotherapy
arm and 69.9% in the surgery only arm. The hazard ratio
for overall survival was 0.84 in favor of chemotherapy,
though it was not a statistically significant finding (95%CI:
0.52 to 1.35, P = 0.466). The authors noted that while
this was a negative study with a small sample size, the
rate of R0 resection was higher in the group that received
neoadjuvant chemotherapy at 81.9%, compared to 66.7%
in the group that did not (P = 0.036)[20]. Whether this difference would have translated into a benefit in progression-free survival or overall survival remains unanswered.
Additional albeit limited trial data emerged recently
in attempts to further characterize the use and benefits
of neoadjuvant chemotherapy. A small randomized,
double-blinded controlled trial from Tehran found
similar survival rates after a follow-up period of about
10 mo when comparing use of preoperative docetaxel,
cisplatin, and 5-fluorouracil (DCF) followed by surgery
with surgery alone[21]. In a recent phase Ⅱ study, the use
of neoadjuvant paclitaxel and cisplatin was found to provide a pathologic response of 34.6% and a 3-year overall
survival of 41.5% (95%CI: 27.4% to 55.0%)[22]. A small
non-randomized study from China compared the use
of epirubicin, oxaliplatin, and capecitabine (EOX) with
5-fluorouracil, leucovorin, and oxaliplatin (FOLFOX).
An improved pathologic response was found with use
of EOX. This study, however, enrolled 87 patients in the
FOLFOX arm and only 26 patients in the EOX arm[23].
Given the paucity and variability of information,
systemic reviews were conducted to attempt to clarify
the role of neoadjuvant chemotherapy. A meta-analysis

WCGO|www.wjgnet.com

PERIOPERATIVE CHEMOTHERAPY
The Medical Research Council Adjuvant Gastric Infusional Chemotherapy (MAGIC) Trial in 2006 established
the role of perioperative chemotherapy for resectable
gastroesophageal cancer as the standard of care. A total
of 503 treatment-naïve patients with adenocarcinoma of
the stomach or lower third of the esophagus were randomized to receive perioperative epirubicin, cisplatin, and
infused fluorouracil (ECF) or surgery alone. The trial was
initially designed to recruit gastric adenocarcinomas but
was extended to include tumors of the GEJ due to its increased incidence. Patients had stage Ⅱ and Ⅲ disease or
locally advanced but inoperable disease.
Two hundred and fifty patients were randomized to
receive 3 cycles of preoperative epirubicin (50 mg/m2 on
day 1), cisplatin (60 mg/m2 on day 1), and fluorouracil
(200 mg/m2 daily) for 21 d, followed by surgical resection
and 3 additional cycles of ECF. A total of 215 patients,
86% of those randomized to the perioperative chemotherapy arm, completed chemotherapy; 41.6% of these
patients completed all 6 cycles of chemotherapy. Median
follow-up was about 4 years. Preoperative chemotherapy
significantly reduced tumor size at time of resection with
a median maximum diameter of 3 cm (compared to 5
cm in those without chemotherapy, P < 0.001). There
was also more T1 and T2 tumors as well as N0 and N1
disease in the group exposed to chemotherapy. Five-year
survival rates were 36.3% in the perioperative chemotherapy arm and 23% in the surgery arm with an overall sur-
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vival hazard ratio of 0.75 (95%CI: 0.60 to 0.93, P = 0.009).
Progression-free survival was also improved with chemotherapy with a hazard ratio of 0.66 (95%CI: 0.53 to 0.81,
P < 0.0019). Local recurrence was noted in 14.4% of
patients in the perioperative chemotherapy group and in
20.6% in the surgery group. Distant metastases were also
less frequent in those who received chemotherapy (24.4%
vs 36.8%)[26]. The benefits of this regimen was confirmed
in 2013 when Mirza et al[27] found an improvement in survival when patients completed both the pre- and postoperative cycles.
In 2007, the results for the FNLCC ACCORD07FFCD 9703 trial were presented at the annual American
Society of Clinical Oncology meeting and later published
in 2011. A total of 224 patients with adenocarcinoma
of the stomach or GEJ were randomized to receive 2-3
cycles of fluorouracil at 800 mg/m2 for days 1-5 and
cisplatin 100 mg/m2 on day 1, for a 28-d cycle followed
by surgery and postoperative chemotherapy for an additional 3-4 cycles or surgery alone. The planned maximum
cycles were set at 6. The trial was closed early as a result
of accrural difficulties.
The median follow-up was 5.7 years. In the chemotherapy arm, 97% of patients received at least 1 cycle of
preoperative chemotherapy, 87% received at least 2 cycles.
Of these, 50% went on to receive post-operative chemotherapy. R0 resection rate was 84% in the chemotherapy
group compared to 74% in the surgery group (P = 0.04).
There was a trend towards less nodal involvement at time
of surgery in the chemotherapy group (67% vs 80%, P =
0.054) but the sizes of tumors at resection were similar in
both groups. Five-year survival was 38% (95%CI: 29% to
47%) in the chemotherapy group and 24% (95%CI: 17%
to 33%) in the surgery group. Five-year disease-free survival was also significantly improved with chemotherapy
at a rate of 34% (95%CI: 26% to 44%) compared to 19%
(95%CI: 13% to 28%). Furthermore, the chemotherapy
arm also offered improved overall survival with a hazard
ratio of 0.69 (95%CI: 0.50 to 0.95, P = 0.02) and diseasefree survival with a hazard ratio of 0.65 (95%CI: 0.48 to
0.89, P = 0.003).
It is important to note, however, that this study was
originally designed to include patients with cancer of the
esophagus and was only extended to include cancer of
the stomach in 1998. Consequently, 64% of accrued patients had disease of the GEJ while only 25% had gastric
carcinoma. In a multivariate analysis, it was noted that
preoperative chemotherapy and tumor site at the GEJ
were significant prognostic factors for overall survival, P
= 0.01 and P < 0.01, respectively. The other pathologies
were not noted to have a statistically significant benefit
when analyzed separately because of small sample sizes[28,29].
In a small non-randomized study, the use of perioperative FOLFOX was compared with adjuvant FOLFOX.
A total of 73 patients with resectable T3 and T4 gastric
adenocarcinoma were recruited between December 2001
and September 2005, 33 of which were assigned to the
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perioperative arm while 37 patients were assigned to
the adjuvant arm. Those receiving perioperative chemotherapy received 3-wk cycles of FOLFOX for 2-4 cycles,
followed by surgery and further chemotherapy for a total
of 6 cycles. Those allocated to the adjuvant arm received
the same FOLFOX regimen for a total of 6 cycles. The
median follow-up duration was 53 mo. The 4-year overall
survival was 78% (95%CI: 64% to 92%) in the perioperative chemotherapy group compared to 51% (95%CI:
35% to 67%, P = 0.031) in the adjuvant group. The 4-year
disease-free survival was 78% (95%CI: 64% to 92%) and
48% (95%CI: 32% to 64%, P = 0.022), respectively[30].
While this was a very small, non-randomized study, it
provided evidence for further investigational efforts to
evaluate the role of FOLFOX in a perioperative setting.
Finally, the use of perioperative chemotherapy, with
or without radiation, was confirmed as advantageous
compared to surgery alone in a Cochrane database metaanalysis of randomized controlled trials. The hazard ratio
with use of chemotherapy was 0.81 (95%CI: 0.73 to 0.89),
which corresponded to a 5-year relative survival increase
of 19% and an absolute increase of 9%[31].

ADJUVANT CHEMORADIATION
In 2001, Macdonald et al[32] published clinical results
from the INT-0116 (Intergroup 0116) study evaluating
effects of adjuvant chemoradiation using concurrent
fluorouracil and leucovorin followed by 2 cycles of fluorouracil and leucovorin after completion of radiation as
compared to surgery alone. The regimen used is now
commonly known as the Macdonald regimen. This study
also changed the standard of care for gastric adenocarcinoma. It recruited 603 patients between 1991 and 1998
with stages IB to IV(M0) gastric or gastroesophageal
adenocarcinoma. Gastric primaries comprised of about
80% of total recruited patients. Sixty-four percent of
those randomized to chemoradiation completed treatment. Median follow-up was 5 years with median survival
of 36 mo in the chemoradiation group and 27 mo in the
control group. Three-year survival rates were 50% in the
chemoradiation arm and 41% in the surgery arm, with a
hazard ratio of 1.35 (95%CI: 1.09 to 1.66, P = 0.005) in
the surgery arm. The median progression-free survival
was 30 mo with adjuvant treatment compared to 19 mo
without, which translated to three-year rate of progression-free survival of 48% and 31%, respectively. One of
the criticisms of this trial was that more than half of the
patients had less than D1 resections. It was possible that
the adjuvant treatment acted to compensate for the suboptimal surgery. The effect of adjuvant radiotherapy in
setting of D2 resections remains unclear from this data
set[32].
After median follow-up of 10.3 years, an update to
the INT-0116 trial was presented in 2012. The hazard
ratio for progression-free survival was 1.51 (95%CI:
1.25 to 1.83, P < 0.001) and 1.32 (95%CI: 1.10 to 1.60,
P = 0.0046) for overall survival without the addition of
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tion of the primary tumor GEJ vs proximal versus distal
stomach did not have any effect on treatment outcome.
A meta-analysis also confirmed the utility of adjuvant
chemoradiation in resectable gastric adenocarcinoma after an R0 resection[36].

chemoradiation. Median progression-free survival was 27
mo for adjuvant therapy compared to 19 mo without (P
< 0.001). Median overall survival was 35 mo with additional treatment compared to 27 mo without (P = 0.0046).
There was no notable long term adverse effect found.
This update confirmed earlier findings that additional
adjuvant chemoradiation offered significant benefit in
gastric cancer[33].
With the approval of capecitabine in 1998 for breast
cancer and subsequently colorectal cancer, a new oral
option became available. Using this new oral fluorouracil
prodrug, the ARTIST (Adjuvant Chemoradiation Therapy in Stomach Cancer) trial expanded on the idea of adjuvant chemoradiation. It compared adjuvant capecitabine
and cisplatin with capecitabine, cisplatin and concurrent
capecitabine chemoradiation. From 2004 to 2008, 458
patients with adenocarcinoma of the stomach who had
undergone an R0 gastrectomy with at least D2 lymph
node dissection were randomized. Those assigned to the
chemotherapy arm received 6 cycles of capecitabine (1000
mg/m2 twice daily on days 1-14) and cisplatin (60 mg/m2
on day 1) every 3 wk. Those assigned to the chemoradiation received 2 cycles of the same doses of capecitabine
and cisplatin, followed by concurrent capecitabine (825
mg/m2 twice daily) and radiation, followed by 2 additional cycles of capecitabine and cisplatin in 3-wk cycles.
Median duration of follow-up was 53.2 mo. Treatments were completed by 75.4% of those randomized
to the chemotherapy arm and 81.7% of those assigned
to the chemoradiation arm. Three-year disease-free survival rates were 78.2% in the concurrent chemoradiation
group and 74.2% in the chemotherapy alone group (P =
0.0862). While this was not statistically significant, a subgroup analysis found a statistically significant improvement in 3-year disease-free survival in patients with nodal
involvement using chemoradiation (77.5% vs 72.3%, P =
0.0365), which corresponded to a hazard ratio of 0.6865
(95%CI: 0.4735 to 0.9952, P = 0.0471). Overall survival
data had not matured at time of publication. It should be
noted that while disease-free survival was improved with
the addition of radiation, the rate of locoregional recurrence and distant metastases were not different between
the two study groups[34].
CALGB 80101, a US Intergroup study, compared the
INT-0116 protocol regimen (bolus FU and leucovorin
with FU plus concurrent RT) versus postoperative ECF
before and after FU plus concurrent RT in 546 patients
with completely resected gastric or GEJ tumors that extended beyond the muscularis propria or were node positive[35]. The fraction of enrolled patients with GEJ versus
gastric primary tumors was not reported. In a preliminary
report presented at the 2011 meeting of the American
Society of Clinical Oncology, patients receiving ECF had
lower rates of diarrhea, mucositis, and grade 4 or worse
neutropenia. Overall survival, the primary endpoint, was
not significantly better with ECF (at three years, 52% vs
50% for ECF and FU/LV, respectively). The trial was not
adequately powered to assess non-inferiority. The loca-
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ADJUVANT CHEMOTHERAPY
As perioperative and adjuvant chemoradiation became
widely accepted, the benefit of adjuvant chemotherapy
was also investigated. The Adjuvant Chemotherapy Trial
of S-1 for Gastric Cancer (ACTS-GC) trial sought to
answer this question. S-1 is an oral dihydropyrimidine
dehydrogenase inhibitory fluoropyrimidine combination
of tegafur, gimeracil, and oteracil. Once ingested, tegafur
is converted in vivo to fluorouracil. This was a phase Ⅲ,
randomized study that recruited 1059 patients with stage
Ⅱ or Ⅲ adenocarcinoma of the stomach from 2001 to
2004. All patients underwent a D2 gastrectomy with an
R0 resection. Those patients assigned to adjuvant therapy
received S-1 in 80, 100, or 120 mg daily doses, estimated
based on body surface area, for 4 wk with 2 wk of rest
for 1 year.
The study initially found, after a median follow up of
3 years, that the 3-year overall survival was 80.1% in the
S-1 group compared to 70.1% in the surgery alone group.
The hazard ratio was 0.68 (95%CI: 0.52 to 0.87, P =
0.003). The investigators performed an updated analysis
of the results after 5 years of follow-up in 2011, which
found a hazard ratio of 0.669 (95%CI: 0.54 to 0.828).
Overall survival was 71.7% (95%CI: 67.8% to 75.7%) and
61.1% (95%CI: 56.8% to 65.3%) in the chemotherapy
and observation groups, respectively. The 5-year relapsefree survival was 65.4% (95%CI: 61.2% to 69.5%) in the
treatment arm compared to 53.1% (95%CI: 48.7% to
57.4%) in the surgery alone arm; hazard ratio was 0.653
(95%CI: 0.537 to 0.793). This reduction in hazard ratio
was seen across all disease stages in subgroup analyses[37].
S-1, or tegafur, is not approved for use in the United
States by the FDA. Based on pharmacokinetics studies, it
has been documented that the drug is metabolized differently between Asians and Caucasians. The difference lies
in the presence of CYP2A6, which occurs at a higher frequency in Eastern Asians. This enzyme is associated with
reduced activity and subsequently reduced conversion of
the prodrug in vivo to fluorouracil. Chuah et al[38] found
that given the same dosing, the exposure to fluorouracil
was similar in both ethnic groups. This was suggested by
the investigators to be a result of increased renal clearance
in Caucasians. Despite the same degree of exposure to
the active metabolite, Caucasians were noted to have more
grades 3 and 4 gastrointestinal toxicities compared to
Asians (21% vs 0%)[38]. As a result of this difference, there
is concern that tegafur use in the United States population
may require dose reductions and efficacy of lower doses
for resectable gastric cancer has not been addressed.
The First-Line Advanced Gastric Cancer Study evaluated an international cohort of patients with unresectable,
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locally advanced or metastatic gastric and gastroesophageal adenocarcinoma using a protocol that compared S-1
and cisplatin with fluorouracil and cisplatin. It did not
find significant differences in efficacy or toxicity profiles
between the various ethnic groups[39]. This phase Ⅲ,
randomized trial suggests that tegafur can be effective
in Caucasians with advanced gastric cancer; however,
further studies for resectable gastric carcinoma are warranted.
In 2012, a Korean group published results of the
Capecitabine and Oxaliplatin Adjuvant Study in Stomach Cancer (CLASSIC) trial, which compared adjuvant
capecitabine and oxaliplatin after D2 gastrectomy with
R0 resection with surgery alone in stage Ⅱ and Ⅲ gastric
adenocarcinomas. A total of 1035 patients were recruited
between 2006 and 2009 in centers in South Korea, China,
and Taiwan. Patients were randomized to either adjuvant
chemotherapy or observation alone. Those assigned to
chemotherapy received capecitabine (1000 mg/m2 twice
daily on days 1-14) and oxaliplatin (130 mg/m2 on day 1)
of a 3-wk cycle for a total of 8 cycles.
Median duration of follow-up was about 34 mo in
both arms and 67% of those receiving chemotherapy
completed 8 cycles of treatment. The 3-year diseasefree survival was 74% (95%CI: 69% to 79%) and 59%
(95%CI: 53% to 64%) in the chemotherapy and surgery
alone groups, respectively, with a hazard ratio for chemotherapy of 0.56 (95%CI: 0.44 to 0.72, P < 0.0001).
The 3-year overall survival was 83% (95%CI: 79% to
87%) in the treatment group compared to 78% (95%CI:
74% to 83%) in the observation group. The hazard ratio
for overall survival was 0.72 (95%CI: 0.52 to 1.00, P =
0.0493). Estimation of median overall survival was not
available at time of publication. In the subgroup analyses,
survival benefit was seen in all disease stages and N1 and
N2 diseases. There was no significant benefit for those
with N0 disease[40].
A small randomized, double-blinded study was conducted to evaluate use of adjuvant FOLFOX4 vs fluorouracil/leucovorin in resectable gastric adenocarcinoma.
A total of 80 patients were recruited from 2005 to 2009
after D2 gastrectomy with an R0 resection. Median duration of follow-up was about 36 mo. The 3-year overall
survival was 36 mo in the FOLFOX4 group compared to
28 mo in the control group (P < 0.05). Similarly, the 3-year
recurrence-free survival was 30 mo with the addition of
oxaliplatin compared to 16 mo without (P < 0.05)[41].
Most recently, a phase Ⅲ study conducted by Kang
et al[42] found an advantage using adjuvant cisplatin, mitomycin-C, and doxifluridine (iceMFP). Known as AMC
0101 trial, 521 patients were randomly assigned to receive
mitomycin-C and doxifluridine (Mf, control) or the study
arm, which included use of intraperitoneal cisplatin. The
hazard ratio for recurrence in the iceMFP group was
0.70 (95%CI: 0.54 to 0.90, P = 0.006) with a 30% risk
reduction for recurrence. The recurrence-free survival
at 3 years was 60% (95%CI: 54% to 67%) in the study
group compared to 50% (95%CI: 43% to 57%) in the
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control group. Median recurrence-free survival was not
yet reached in the iceMFP arm but was 34.5 mo (95%CI:
24.2 to 63.8) in the Mf arm. Three-year overall survival
rates were 71% (95%CI: 65% to 77%) and 60% (95%CI:
53% to 66%) for iceMFP and Mf, respectively[42]. Doxifluridine is another oral prodrug of 5-fluorouracil. Though
doxifluridine is not FDA-approved for use in the United
States, it is approved for use in Asia, calling into question
the efficacy of cisplatin, mitomycin, and 5-fluorouracil (or
its equivalent) in the United States.

ONGOING TRIALS AND FUTURE
DIRECTIONS
Given the tenacious natural history of gastric cancer,
many trials are currently ongoing to define more optimal
treatments. Early phase Ⅰ and Ⅱ data found promise
in some new regimens, such as perioperative docetaxel,
cisplatin, and capecitabine (DCX) and DCF[43,44], neoadjuvant S-1 and cisplatin or paclitaxel and cisplatin[45], and
neoadjuvant docetaxel with S-1[46].
Of note, one highly anticipated trial, known as the
Chemoradiotherapy after Induction Chemotherapy in
Cancer of the Stomach trial, is a phase Ⅲ, randomized,
multicenter trial designed to compare overall survival
in patients with resectable gastric cancer when treated
with 3 cycles of preoperative epirubicin, cisplatin, and
capecitabine (ECC) followed by surgery and either an additional 3 cycles of ECC or concurrent chemoradiation
with cisplatin, capecitabine, and 45 Gy. Accrural started
in 2007 with results last updated in 2011, having enrolled
350 patients at that time[47].
In the United Kingdom, the MAGICB/ST03 study
is exploring epirubicin, cisplatin and capecitabine (ECX)
with or without bevacizumab followed by surgery, and
adjuvant ECX with and without maintenance bevacizumab.
Neoadjuvant therapy is under study in a European
trial comparing preoperative FU and cisplatin vs surgery alone and a joint Swiss/Italian trial of preoperative
docetaxel, cisplatin and FU compared to surgery alone.
Similarly, a Japanese study is evaluating preoperative cisplatin plus S-1 (an oral fluoropyrimidine) followed by surgery and postoperative S-1 vs surgery and postoperative
S-1 alone (KYUH-UHA-GC04-03).
The Korean ARTIST Ⅱ trial is comparing adjuvant
chemotherapy (S-1 vs S-1/oxaliplatin) with or without radiotherapy for completely resected gastric adenocarcinoma.
A randomized trial, the TOPGEAR trial, is underway
in Europe and Canada to directly compare preoperative
chemotherapy alone (ECF) vs chemoradiotherapy (two
cycles of ECF followed by concurrent fluoropyrimidinebased chemoradiotherapy) in patients with resectable adenocarcinoma of the stomach and GEJ; both groups will
receive three further cycles of ECF postoperatively
Uses of targeted agents are also being actively investigated. Recently, the REGARD trial, which was a random-
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Table 1 Notable trial data for neoadjuvant and adjuvant therapies for gastric (or gastroesophageal) adenocarcinoma
Trial
Neoadjuvant chemotherapy
EORTC 40954[20]
5FU, cisplatin, folinic acid
Surgery alone
Perioperative chemotherapy
MAGIC Trial[26]
ECF
Surgery alone
Fnlcc accord07/ffcd 9703[29]
5FU, cisplatin
Surgery alone
Adjuvant chemoradiation
INT-0116 trial[32]
5FU, CRT
Surgery alone
Artist trial[34]
Capecitabine, cisplatin, CRT
Capecitabine, cisplatin
Adjuvant chemotherapy
ACTS-GC Trial[37]
S-1
Surgery alone
Classic trial[40]
Capecitabine, oxaliplatin
Surgery alone

No. of patients

Median survival (mo)

Overall survival

Progression-free survival

72
72

64.62
52.53

(2 yr)
72.70%
69.90%

NR
NR

250
253

NR
NR

113
111

NR
NR

(5 yr)
36.30%
23%
(5 yr)
38%
24%

NR
NR
(5 yr)
34%
19%

281
275

36
27

(3 yr)
50%
41%

230
228

NR
NR

NR
NR

(3 yr)
48%
31%
(3 yr)
78.20%
74.20%

529
530

NR
NR

520
515

NR
NR

(3, 5 yr)
80.1%, 71.7%
70.1%, 61.1%
(3 yr)
83%
78%

(5 yr)
65.40%
53.10%
(3 yr)
74%
59%

NR: Not reported; 5FU: 5-fluorouracil; ECF: Epirubicin/cisplatin/5-fluorouracil; CRT: Chemoradiation therapy.

ized, double-blinded, placebo-controlled, international
study, established ramucirumab as an active biologic agent
in advanced gastric cancer. Ramucirumab is a fully human
IgG monoclonal antibody. It functions as a VEGFR-2
antagonist by preventing ligand binding and subsequent
receptor-mediated pathway activation in endothelial cells,
thus causing a decrease in tumor growth. Eligible patients
had unresectable locally advanced recurrent or metastatic
gastric or GEJ adenocarcinoma that progressed after
first-line therapy. The majority population in both arms
(approximately 75%) were patients with gastric adenocarcinoma. Median overall survival was 5.2 mo with ramucirumab and 3.8 mo with placebo. Hazard ratio was 0.776
(95%CI: 0.603 to 0.998, P = 0.047). Estimated overall survival and progression free survival were also improved[48].
This pivotal study established the role of ramucirumab
as a single agent in advanced or metastatic gastric cancer.
Further studies are sure to follow.
In the United Kingdom, the MAGICB/ST03 study
is exploring epirubicin, cisplatin and capecitabine (ECX)
with or without bevacizumab followed by surgery, and adjuvant ECX with and without maintenance bevacizumab.
The ToGA trial established use of trastuzumab in
HER2-positive metastatic gastric cancer[49]. Similar promise was found with the use of trastuzumab in combination with chemotherapy[50-53] and additional clinical trials
are currently underway. For instance, the TOXAG study
is a phase Ⅱ clinical trial looking at the safety profile of
adjuvant oxaliplatin, capecitabine, and trastuzumab with
radiation. It is currently recruiting patients.
With respect to surgical interventions, new modes of
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treatment are being reviewed. A randomized trial known
as CCOG 1102 has been planned to study the efficacy of
extensive intraoperative peritoneal lavage compared to
traditional surgery in resectable advanced gastric cancer
with a primary end point of disease-free survival. A total
of 300 patients are planned for accrual[54]. And finally,
in regards to the controversy surrounding the extent of
lymphadenectomy, a prospective randomized trial has
been planned to compare D1 and D2 lymphadenectomy
with a primary endpoint of 5-year overall survival.

CONCLUSION
Adenocarcinoma of the stomach, unfortunately, carries
a poor prognosis and has a high mortality rate despite
current available therapies. Most clinicians now treat GEJ
and proximal gastric (i.e., cardia) cancers as esophageal
cancers, using preoperative chemoradiotherapy. However,
it is important to note that tumors arising from within 5
cm of the GEJ without extension into the esophagus are
classified in the same category as gastric cancer according to the updated AJCC Staging Manual and should be
treated as such. This review outlines evidence-based approaches in the management of this difficult disease.
For patients with non-cardia gastric cancer, randomized trials and meta-analyses provide support for a
number of approaches including adjuvant chemoradiotherapy, as shown in the INT-0116 trial, perioperative
chemotherapy (preoperative plus postoperative), as was
used in the MAGIC trial. Few studies have compared
these approaches; however, the optimal way to integrate
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combined modality therapy has not been definitively established. Decisions are often made based on institutional
and/or patient preference. A major problem, at least in
the United States, is that some patients with gastric cancer undergo surgery prior to consultation by medical or
radiation oncologists.
Currently, a multidisciplinary approach and definitive
surgical resection are recommended for locally advanced,
early stage cancer. The gastrectomy should be performed
laparoscopically if possible. It should be with negative
margins and accompanied by a D1 lymphadenectomy
with at least 15 lymph nodes sampled. A D2 lymphadenectomy should be performed in well-experienced centers.
For patients who have already undergone potentially
curative gastric resection, we suggest adjuvant chemoradiotherapy rather than surgery alone for patients with N1
disease (which would include T1N1 stage IB), and for
patients with T3N0 (stage ⅡA) disease and above, based
upon the results of US Intergroup trial INT-0116[22].
For the subgroup of patients with T2N0 disease, either
observation or adjuvant treatment is acceptable, and the
decision can be based upon individualized patient (such
as age, performance status, and motivation for treatment)
and disease risk factor (e.g., histologic grade or the presence of lymphovascular or perineural invasion) considerations.
An acceptable alternative approach for patients who
are seen prior to resection is perioperative chemotherapy
alone (ECF). It is reasonable to select patients utilizing
the eligibility criteria for the MAGIC trial (patients of
any age with a performance status of 0 or 1), a histologically proven adenocarcinoma of the stomach that was
considered to invade through the submucosa (stage T2 or
higher), with no evidence of distant metastases or locally
advanced inoperable disease, as evaluated by CT, ultrasonography or laparoscopy[17].
East Asian patients with resected node-positive
disease or T3N0 (stage ⅡA) disease and above, may
take one year of postoperative S-1 chemotherapy.
It is difficult to know whether the benefit of adjuvant
therapy with S-1, as demonstrated in the Japanese ACTSGC trial[26], can be extrapolated to other populations, given
the markedly better outcomes seen in both the treated and
the surgery alone control groups, stage for stage, when
compared to outcomes in other non-Japanese populations.
Until further information becomes available, we suggest
that this approach be limited to East Asian patients. Other
alternative chemotherapy regimens for adjuvant therapy
include capecitabine plus oxaliplatin, as was used in the
CLASSIC trial[29], or capecitabine plus cisplatin, as was
used in the ARTIST trial[24]. Table 1 summarizes the available data from pivotal trials.
As technology moves increasingly toward molecular
targeted therapy, biologic agents such as trastuzumab and
ramucirumab hold great promise in the treatment of this
disease as well. Their roles have not yet been defined in
locally advanced gastric cancer but they are important
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new advances in the era of personalized medicine.
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Core tip: It is necessary to consider multimodality treatment, including chemotherapy, radiotherapy and surgery, to improve current results of gastric cancer treatment. Recent clinical trials have shown survival benefit
combining different neoadjuvant or adjuvant protocols
compared with curative surgery. Furthermore, the
implementation of chemotherapy with novel targeted
agents could play an important role in the multimodal
management of advanced gastric cancer. In this paper,
we focus on a multidisciplinary approach in the treatment of gastric cancer and discuss future strategies to
improve the outcome for these patients.
Original sources: Proserpio I, Rausei S, Barzaghi S, Frattini F,
Galli F, Iovino D, Rovera F, Boni L, Dionigi G, Pinotti G. Multimodal treatment of gastric cancer. World J Gastrointest Surg
2014; 6(4): 55-58 Available from: URL: http://www.wjgnet.
com/1948-9366/full/v6/i4/55.htm DOI: http://dx.doi.org/10.4240/
wjgs.v6.i4.55

Abstract
Gastric cancer is the second leading cause of death
from malignant disease worldwide. Although complete
surgical resection remains the only curative modality for
early stage gastric cancer, surgery alone only provides
long-term survival in 20% of patients with advancedstage disease. To improve current results, it is necessary to consider multimodality treatment, including
chemotherapy, radiotherapy and surgery. Recent clinical
trials have shown survival benefit of combining different neoadjuvant or adjuvant protocols compared with
surgery with curative intent. Furthermore, the implementation of chemotherapy with novel targeted agents
could play an important role in the multimodal management of advanced gastric cancer. In this paper, we focus on a multidisciplinary approach in the treatment of
gastric cancer and discuss future strategies to improve
the outcome for these patients.

WCGO|www.wjgnet.com

INTRODUCTION
Gastric cancer is one of the most common cancers
worldwide and the second leading cause of death from
malignant disease. This mortality data is explained by a
late diagnosis. The incidence justifies screening programs
only in Asia; in other parts of the world, gastric cancer
remains a healthcare dilemma. In fact, in Japan and South
Korea, the diffusion of endoscopy for gastric cancer
resulted in 50% of patients with early disease (i.e., T1 tumors). Conversely, in Europe and the United States, more
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than two thirds of gastric cancers are found in advanced
stages and most of these patients have a locally advanced
resectable disease. Surgery with D2 nodal dissection is
the primary treatment for patients with resectable cancer, with only a-5-year survival rate of 25.7% in locally
advanced disease in these countries. To improve survival
multimodal treatment has been used as an adjunct to
surgery in recent years. In this review, we present a short
analysis of high evidence level contributions published in
the literature (phase-Ⅲ randomized controlled trials) on
this topic.

The role of adjuvant chemoradiotherapy (CRT) was
established by the SWOG 9008/INT-0116 trial [1]. In
this study, patients with completely resected gastric and
esophagogastric junction (EGJ) adenocarcinoma were
randomized to receive surgery alone or surgery plus postoperative chemoradiation [bolus 5-fluorouracil (5-FU)
and leucovorin before and after chemoradiation with
the same combination]. Overall survival was 27 mo in
the group that received surgery alone and 36 mo in the
group that received adjuvant CRT. After ten years followup, overall survival advantage is confirmed in favor of
adjuvant CRT[2]. This trial has been criticized because the
surgical procedure was considered inadequate since only
10% of patients had the recommended extended lymph
node dissection (D2) and the combined modality arm
reported a high rate of acute toxicity, probably due to the
large field of irradiation and to the RTX technique used.
In the CALGB 80101 trial[3], postoperative CRT with
epirubicin, cisplatin and 5fluorouracil (ECF) before and
after CRT with concurrent infusional fluorouracil did not
improve survival compared to bolus 5-FU-LV before and
after 5-FU-RT (INT regimen).
More recently, the role of adjuvant CRT has not
been confirmed. In the ARTIST trial[4], the authors investigated the role of postoperative CRT in addition to
chemotherapy (cisplatin, capecitabine) in patients with
curatively resected gastric cancer with D2 lymph node
dissection. In this study, CTR did not significantly reduce
recurrence compared to chemotherapy alone. Stratified
analysis showed that the 3 year disease free survival rate
was better in the CRT group in patients with positive
lymph nodes.
Pending the results of ongoing clinical trials, we can
conclude that while postoperative CRT is considered a
standard therapy in the United States, in Europe it remains
an effective and preferred treatment after D0 or D1 dissection and R1 resection, but not after D2 dissection[5], when
the role of adjuvant chemotherapy is demonstrated.

during the past three decades in an attempt to improve
the prognosis of patients who have undergone curative
surgery. A recent meta-analysis[6] suggested a survival
benefit with adjuvant chemotherapy based on fluorouracil regimens (HR = 0.82, 95%CI: 0.75-0.9, P < 0.001).
These results were recently confirmed by the CLASSIC and the ACTC-GC trial. The ACTS-GC study conducted in Japan demonstrated that adjuvant chemotherapy
with 1 year treatment of S-1, an oral fluoropyrimidine,
showed a significant benefit for gastric cancer with stage II
and III who underwent gastrectomy with extended (D2)
lymph node dissection, with a 3-year-overall survival (OS)
for S-1 group of 80.1% compared with 70.1% for controls.
The study was prematurely stopped by the Data and Safety
Monitoring Committee because active treatment exceeded
the efficacy threshold. The comparison of this study with
those done in Western countries is difficult because of differences in survival rates, early detection rates and surgical
techniques between Western and Asian countries.
Furthermore, S-1 remains an investigational agent in
North America due to biological differences of how the
drug is metabolized between patient populations[7].
In the CLASSIC trial[8] conducted in South Korea,
China and Taiwan, patients with stage Ⅱ-ⅢB gastric cancer who underwent curative gastrectomy (D2 dissection)
were randomized to surgery alone or postoperative chemotherapy with capecitabine and oxaliplatin (XELOX).
The primary endpoint of the 3 year disease free survival
(DSF) rate was 74% in the XELOX group and 59% in
the surgery only group (HR = 0.56); stratified analysis revealed a significant difference between the two groups in
stage Ⅲ disease.
However, there is no currently recognized standard
regimen, particularly in countries where D2 dissection is
a routine procedure.
The ITACA-S trial[9] was published during the last
year in which the authors assessed whether a more intensive postoperative chemotherapy than fluoropyrimidine
improves effectiveness. Patients radically resected for
gastric or GEJ (≥ D1 node dissection) pN0 with pT >
2b or pN+ were randomized to receive CPT-11, LV, 5-FU
for 4 cycles (FOLFIRI regimen) followed by docetaxel,
cisplatin for 3 cycles or to LV, 5-FU (De-Gramont regimen) for 9 cycles. With a median follow-up of 49 mo,
the use of an intensive treatment did not result in a significant prolongation of DFS and OS when compared to
the De-Gramont regimen.
In conclusion, adjuvant chemotherapy with fluoropyrimidine is associated with improvement in overall survival
and is recommended after complete resection in patients
with stage ≥ ⅠB who have not received perioperative
treatment. The data seem to also confirm this benefit in
patients treated with extended lymph node dissection.

POSTOPERATIVE THERAPY:
CHEMOTHERAPY

PERIOPERATIVE THERAPY:
NEOADJUVANT CHEMOTHERAPY

The role of adjuvant therapy in GC has been studied

Neo-adjuvant chemotherapy (CHT) has been shown to

POSTOPERATIVE THERAPY:
CHEMORADIOTHERAPY

WCGO|www.wjgnet.com

1041

February 8, 2015|First Edition|

Proserpio I et al . Multimodal treatment of gastric cancer

studied in gastric cancer. The ToGA trial[12] randomised
594 patients with HER2 positive locally advanced, recurrent and metastatic gastric and EGJ cancer to receive
trastuzumab, plus chemotherapy (cisplatin and fluorouracil or capecitabine) or CHT alone. Overall survival was
11.1 mo in patients who received chemotherapy alone
and 13.8 mo in patients who received chemotherapy plus
trastuzumab. This result established trastuzumab in combination with chemotherapy as the standard of care for
first line treatment of HER2 positive advanced gastric
cancer. According to the results obtained in metastatic
settings, further clinical trials should be undertaken to
evaluate the role of MTA in the perioperative setting.
Conversely, anti epidermal growth factor receptor
and vascular endothelial growth factor antibodies that
are widely used in advanced colon cancer have failed to
improve overall survival of patients in association with
chemotherapy.

increase the rate of complete tumor resection, to reduce
the incidence of systemic metastases and, probably, to
prolong survival. Overall, the data indicate that neo-adjuvant CHT is feasible, does not increase post-operative
morbidity and mortality, and is able to increase the rate
of R0 resection.
The MAGIC trial[10] evaluated the efficacy of a perioperative CHT. Five hundred and three patients with
potentially resectable GC were randomly assigned to
both preoperative and postoperative cisplatin, epirubicin
and 5-FU (ECF) CHT versus surgery alone. The results
evidenced a statistically significant improvement of the
ECF arm in progression free survival (PFS) (HR = 0.66;
95%CI 0.53-0.81) and OS (HR = 0.75; 95%CI: 0.60-0.93;
5 year OS 36% vs 23%). The resected tumors were significantly smaller and less advanced in the perioperative
CHT group.
The two groups had a similar incidence of postoperative complications and mortality rates and, additionally,
the completion rate of 3 course preoperative CHT was
86%, while only 42% of the patients completed postoperative ECF therapy.
Recently, in the FNCLCC/FFCD TRIAL [11], 224
patients with resectable adenocarcinoma of the lower
esophagus, GEJ or stomach were randomized to either
perioperative chemotherapy with cisplatin and 5fluorouracil continuous intravenous infusion plus surgery or
surgery alone. The multimodal treatment significantly
increased the curative resection (84% vs 74%; P = 0.04),
disease free (5 year rate: 34% vs 19%; P = 0.003) and
overall survival (5 year rate: 38% vs 24%; P = 0.02) rates.
We are awaiting the results of the ongoing CRITICS
trial that compares three cycles of preoperative polychemotherapy followed by surgery and then randomised
between adjuvant chemotherapy and CRT.
In our institution, we are involved in the multicentric
randomized phase Ⅲ study ITACA-S-2 that compares
the efficacy of a perioperative versus a postoperative
CHT treatment in patients with operable gastric cancer
and assesses the benefit of a postoperative CRT.
According to published data, perioperative chemotherapy is considered the preferred option in most of
Europe and the United Kingdom, but we believe that
each patient should be assessed within a multidisciplinary
team, waiting the pending data of ongoing trials.

CONCLUSION
The management of gastric cancer has been evolving
during the last years. Clinical data demonstrated that a
multimodal approach is mandatory to achieve maximum
clinical benefit; therefore, it is desirable that each center
has a multidisciplinary team which should include a surgeon, gastroenterologist, medical and radiation oncologist
and pathologist. An adequate selection of the patients is
mandatory to optimize clinical results. To obtain this endpoint, it is critical to make an accurate and strict patient
selection by a correct staging of the disease, which has to
take laparoscopy into account.
We recognize that increasing numbers of patients in
controlled clinical trials is essential to improve our knowledge about the best clinical practice.
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Sentinel node navigation surgery in gastric cancer: Current
status
Dimitrios Symeonidis, George Koukoulis, Konstantinos Tepetes
for further conventional lymph node dissection. Thus,
laparoscopic resection of the gastric primary tumor
combined with the appropriate lymph node dissection
as determined by the process of sentinel lymph node
status characterization represents an option for early
gastric cancer. Patients with T3 or more advanced disease should still be managed conventionally with resection plus standard lymph node dissection.
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Core tip: Sentinel node navigation surgery can change
the current surgical treatment of gastric cancer expanding the indications of minimally invasive surgical options
such laparoscopic techniques. However, the complex
lymphatic drainage of the stomach and the ubiquitous
fear of skip metastasis make the selection of patients
extremely important. Currently, laparoscopic resection
of the tumor from the stomach with lymph node dissection navigated by sentinel lymph node identification represents an option only for early gastric cancer
patients. Unfortunately, patients with T3 or more advanced disease should still be managed conventionally
with resection plus lymph node dissection.

Abstract
The theory behind using sentinel node mapping and
biopsy in gastric cancer surgery, the so-called sentinel
node navigation surgery, is to limit the extent of surgical tissue dissection around the affected organ and
subsequently the accompanied morbidity. However, obstacles on the clinical correspondence of sentinel node
navigation surgery in everyday practice have occasionally alleviated researchers’ interest on the topic. Only
recently with the widespread use of minimally invasive
surgical techniques, i.e. , laparoscopic gastric cancer
resections, surgical community’s interest on the topic
have been unavoidably reflated. Double tracer methods
appear superior compared to single tracer techniques.
Ongoing research is now focused on the invention of
new lymph node detection methods utilizing sophisticated technology such as infrared ray endoscopy, florescence imaging and near-infrared technology. Despite
its notable limitations, hematoxylin/eosin is still the
mainstay staining for assessing the metastatic status of
an identified lymph node. An intra-operatively verified
metastatic sentinel lymph node will dictate the need
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INTRODUCTION
Melanoma was the first malignancy that the concept of
sentinel node found application for. However, the indications and uses of this attractive procedure have been
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tinct anatomic lymph node stations. Further grouping of
these lymph node stations took place, i.e., N1, N2, N3 and
N4 to achieve correspondence with respective lymph node
dissection extents, i.e., D1, D2, D3 and D4[1] (Table 1).

Table 1 Lymph node stations of the stomach
Lymph node
stations
1
2
3
4
4a
4b
4c
5
6
7
8
9
10
11
12
13
14
14A
14V
15
16

Anatomic location

Group

Lymphadenectomy

Right cardia
Left cardia
Lesser curvature
Greater curvature
Short gastric vessels
Left gastroepiploic vessels
Right gastroepiploic vessels
Suprapyloric
Infrapyloric
Left gastric artery
Common hepatic artery
Celiac trunk
Splenic hilus
Splenic artery
Hepatoduodenal ligament
Posterior surface of the
head of the pancreas
Root of the mesentery
Superior mesenteric artery
Superior mesenteric vein
Para-aortic
Paracolic

N1

D1

LYMPHATIC STREAM IN GASTRIC
CANCER

N2

D2
(N1 + N2)

N3

D3
(N1 + N2 + N3)

N4

D4
(N1 +N2 + N3 +N4)

Trying to decipher the lymph route out of a malignant lesion within the stomach, a few anatomical considerations
are of paramount importance. Briefly, from the anatomic
viewpoint, lymph from the gastric wall is drained via
lymphatic vessels which form a complex sub-peritoneal
plexus surrounding the stomach both anteriorly and
posteriorly. Depending on the location, the lymph of
the upper left part of the stomach is routed to the left
gastric and pericardial nodes. Lymph originated from the
pylorus is filtered through the supra-pyloric and the right
supra-pancreatic nodes. The region of the fundus filters
lymph along the gastrosplenic ligament and splits with
lymph flowing to the left supra-pancreatic nodes and the
left gastroepiploic nodes via the splenic nodes. Lymph
from the pyloric and the distal portion of the corpus collects in the right gastroepiploic nodes and then flows to
the sub-pyloric nodes. From all regions, the lymph stream
continues to the celiac nodes[1].
When dealing with malignant lesions, clarifying the
lymphatic drainage pattern is crucial for performing
proper lymph node dissections especially from sites
“susceptible” to metastasis. However, as briefly discussed above, the lymphatic stream of the stomach appears particularly complex and multidirectional and in
many occasions ill-investigated. Certainly, having even a
rough idea of how lymph drains out of the stomach will
render upper gastrointestinal (GI) surgeons capable of
performing effective and, up to a point, targeted lymph
node dissections[2]. Nevertheless, tumors at any location within the stomach have a non-negligible chance
of atypical metastasis. Tumors located longitudinally or
circumferentially in the lower part of the lesser curvature
appear to be of higher chance for an atypical metastasis
compared to other locations[3]. It becomes obvious that
the efficiency of the sentinel node concept is compromised when dealing with tumors at these locations as an
unacceptable increase of false-negative results should be
anticipated. Studies raise the incidence of skip metastasis
up to 29%[3]. Apart from the location, the degree of tumor differentiation has been inconsistently implicated as
to increase skip metastasis potential[4].
Generally, the severity of gastric malignancy, i.e., tumor size and depth of invasion is positively correlated
with the lymph node metastasis rate[5]. In addition, studies using a retrospective methodology and including patients with sole lymph node involvement have shown that
the majority of sentinel lymph nodes are located in the
regional area at a close proximity to the tumor[6]. It is recommended, that if nodes are not identified in the usual
locations, then No. 7, 8 and 9 lymph node stations should

recently expanded in many fields of surgical oncology
such as breast cancer, thyroid cancer, gynecological malignancies, colorectal and, recently, gastric cancer. Sentinel
node mapping and biopsy in gastric cancer surgery, the
so-called sentinel node navigation surgery, aimed to limit
the extent of surgical tissue dissection around the affected organ. By convection, any unnecessary dissection,
i.e., dissection of virgin-tumor free areas unrelentingly increase morbidity without always respective survival benefits. Within this context, sentinel lymph node navigation
surgery could, at least theoretically, facilitate precise and
sufficient resections. However, in some instances, insurmountable obstacles on the clinical correspondence of
the sentinel node navigation surgery concept in everyday
practice have occasionally alleviated researchers’ interest
on the topic. Only recently with the widespread use of
minimally invasive surgical techniques, i.e., laparoscopic
gastric cancer resections, surgical community’s interest on
the topic have been unavoidably reflated.
Nowadays, the following questions regarding the utility of sentinel lymph node mapping and biopsy in clinical
practice need to be precisely answered: (1) which are the
available techniques for sentinel lymph node mapping? (2)
which is the best way to administer the tracer? (3) which
is the optimal method to verify the presence of metastasis in the identified sentinel lymph node? (4) which is the
gastric cancer patient subgroup suitable for sentinel node
mapping and biopsy? and (5) which are the available options for primary tumor control?

LYMPH NODE STATIONS
In 1973, the Japanese Research Society for the study of
gastric cancer published a manual standardizing lymph
node dissections in gastric cancer by recognizing 16 dis-
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be investigated as well[7].

this finding[31,32]. In addition, pre-clinical research is in
progress for inventing the optimal tracer and visualization
system. It seems pretty likely at this point that research
will overcome the traditional dye-based techniques and it
will open new perspectives in sentinel node mapping.

WHICH ARE THE AVAILABLE
TECHNIQUES FOR SENTINEL LYMPH
NODE MAPPING?

WHICH IS THE BEST WAY TO
ADMINISTER THE TRACER?

Numerous methods in order to increase the usefulness
and effectiveness of sentinel node mapping have been
proposed to date[8-18]. The clinical evaluation and assessment of these modalities within studies have led to
a breathtaking progress in the field rendering sentinel
lymph node tracking techniques familiar to surgeons.
However, the main problem is on the logistics of each
technique. Identifying sentinel lymph nodes intraoperatively in a timely and effective pattern is by definition a challenging process. The tracer used should meet
the minimum requirements of (1) non-toxicity; (2) easy
availability; and (3) cost-effectiveness. Ideally, the tracer
should accumulate within the sentinel nodes for a period
of time long enough to render detection possible. Furthermore, it should be readily identifiable without the
need for using sophisticated and unfamiliar to surgeons
equipment. As no single tracer to date incorporates all of
the above characteristics, the quest for the optimal compound seems to be ongoing.
Dye-based and radioisotope-based techniques have
been the mainstay for lymph node detection so far[8-18].
Dye agents include isosulfan blue, patent blue and indocyanine green (currently, the most commonly used dye).
On the other hand, technetium 99 m represents the most
commonly used radioisotope. The use of infrared ray
beam via endoscopy can, at least theoretically, facilitate
the visualization of the used tracer increasing the accuracy of the detection[19,20]. Similarly, fluorescence imaging
is another available adjunct which is suggested to increase
the detection rates of traditional dye agents such as indocyanine green[21,22].
However, sentinel lymph node mapping of the GI
tract by using available techniques is often limited by various factors. The multidirectional lymph drainage patterns
and, practically, the inability to image surgical anatomy in
real time in relation to the used tracer can compromise
the whole process. In this direction, the use of invisible
near-infrared light might have the answers. In this technique, an intraoperative near-infrared fluorescence imaging system that simultaneously displays surgical anatomy
is utilized. Near-infrared fluorescence images of the surgical field are generated to illustrate intra-parenchymally
injected near-infrared fluorescent quantum dots. The final
result is the visualization of the draining lymphatic tree
and of the nodes as well. The technique promises dissection under real time vision[23].
Generally, there is a trend for combining tracers in
order to increase the detection accuracy. Double tracer
techniques (dye plus isotope), almost consistently, seem
to increase the rate of sentinel lymph node identification[24-30], however there are indeed studies which question
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Traditionally, endoscopy has been used in order to inject
the tracer sub-mucosally around the primary tumor. The
administration was carried out either preoperatively in
case of isotopes and intra-operatively in case where a dye
was the used tracer. Sub-serosal injection of dye has been
tested, as well, without however notably superior results
compared to the standard sub-mucosal injection[33,34].

WHICH IS THE OPTIMAL METHOD TO
VERIFY THE PRESENCE OF METASTASIS
IN THE IDENTIFIED SENTINEL LYMPH
NODE?
The traditional practice of sentinel node biopsy for gastric cancer has been largely based on the use of hematoxylin and eosin (HE) staining for histological examination
of frozen section slices. As the accuracy of intraoperative
diagnosis of metastasis based on Hematoxylin/Eosin
staining ranges significantly in the literature (74%-100%),
the issue of whether this certain staining is efficient as a
standalone modality remains controversial[35-42]. Because
of this controversy, efforts have been directed towards
identifying more reliable histopathological methods. Immunohistochemical staining and reverse transcriptionpolymerase chain reaction have been both tested in this
direction yielding a significantly higher metastasis detection rate than the standard staining technique.
Having this comparative principles, Arigami et al[43]
reported the following metastatic detection rates: 8.2%
for hematoxylin/eosin, 13.1% for immunohistological
staining and 36.1% for reverse transcriptase polymerase
chain reaction. These major differences in the detection
rates can be explained by the fact that the more sensitive
and sophisticated the technique used is, the more likely
the detection of micrometastasis is. As the prognostic
significance of micrometastasis in gastric cancer has yet
to be confirmed, the aforementioned differences require
careful interpretation. However, whatever the natural history of gastric cancer micrometastasis is, the widespread
use of these sophisticated techniques is quite problematic. Firstly, the penetrability of these techniques among
institutions is still poor because of the unavailability of
the technical equipment. Secondly, due to the logistics,
obtaining a definite result in a timely manner, i.e., before
the end of the procedure is still mainly futile. Thus, despite its limitations hematoxylin/eosin staining remains
the standard method for examining the detected sentinel
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lymph nodes.

is still in a developing stage, hematoxylin/eosin remains
the standard staining for assessing the metastatic status
of a detected lymph node.
An intraoperatively detected metastasis of a sentinel
lymph node is the factor that will determine whether a
patient will proceed with conventional lymph node dissection or not. Laparoscopic resection of the tumor
from the stomach with lymph node dissection navigated
by sentinel lymph node identification represents an option only for early gastric cancer patients. Unfortunately,
patients with T3 or more advanced disease should still be
managed conventionally with resection plus lymph node
dissection.

WHICH IS THE GASTRIC CANCER
PATIENT SUBGROUP SUITABLE FOR
SENTINEL NODE MAPPING AND BIOPSY?
Although attractive as a concept, sentinel node biopsy
is indicated only for a strict subgroup of gastric cancer
patients. Depending on the geographic distribution of
each study’s institution, eligibility ranges from 3% to
50% of all gastric cancer patient population[44-47]. Eastern
studies have included clinically node-negative T1 and T2
patients[48-51]. On the other hand, studies originating from
Western institutions have included T3 tumors as well[52].
The complex lymphatic drainage of the stomach and the
ubiquitous fear of skip metastasis make the selection of
patients extremely important. Fortunately, skip metastasis
is encountered usually within the same group of nodes
as the identified sentinel lymph node. An approach of
removing the entire group of nodes rather than focusing
on the identified represents the safest choice[28,53].
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Core tip: Recent advances in endoscopic modalities and
treatment devices may make endoscopic treatment,
such as endoscopic submucosal dissection, a therapeutic option for early gastric cancer (EGC). Consequently,
short-term outcomes of endoscopic resection (ER) for
EGC have improved. Therefore, surveillance with endoscopy after ER for EGC is becoming more important,
but how to perform endoscopic surveillance after ER
has not been established, even though the follow-up
strategy for more advanced gastric cancer has been
outlined. In this review, we discuss clinical problems in
surveillance after ER for EGC.

Abstract

Original sources: Nishida T, Tsujii M, Kato M, Hayashi Y,
Akasaka T, Iijima H, Takehara T. Endoscopic surveillance
strategy after endoscopic resection for early gastric cancer. World
J Gastrointest Pathophysiol 2014; 5(2): 100-106 Available from:
URL: http://www.wjgnet.com/2150-5330/full/v5/i2/100.htm
DOI: http://dx.doi.org/10.4291/wjgp.v5.i2.100

Early detection of early gastric cancer (EGC) is important to improve the prognosis of patients with gastric
cancer. Recent advances in endoscopic modalities and
treatment devices, such as image-enhanced endoscopy
and high-frequency generators, may make endoscopic
treatment, such as endoscopic submucosal dissection,
a therapeutic option for gastric intraepithelial neoplasia. Consequently, short-term outcomes of endoscopic
resection (ER) for EGC have improved. Therefore,
surveillance with endoscopy after ER for EGC is becoming more important, but how to perform endoscopic
surveillance after ER has not been established, even
though the follow-up strategy for more advanced gastric cancer has been outlined. Therefore, a surveillance
strategy for patients with EGC after ER is needed.

INTRODUCTION
Gastric cancer is the second most common cause of
death from cancer worldwide[1,2], and more than half
of the world’s gastric cancer cases arise in Eastern Asia.
Early gastric cancer (EGC) is typically small and asymptomatic and has a good prognosis[3,4], but advanced gastric cancer has a higher mortality rate[5]. Therefore, early
detection and treatment could contribute to improved
prognoses for patients with gastric cancer. Screening with
endoscopy and biopsy sampling is important for patients
with premalignant lesions and may lead to early cancer
detection[6,7]. In Japan, a mass-screening program for gastric cancer is conducted on a nationwide scale because of
the high prevalence of gastric cancer. Such a screening
program may help to detect EGC that is treated by endo-
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mucosa caused by Helicobacter pylori (H. pylori) infection,
followed in an ideal model by atrophy, intestinal metaplasia and dysplasia or adenoma, some of which eventually
develop into gastric adenocarcinomas[15]. The incidence
range of gastric adenocarcinoma in patients with atrophic
gastritis or intestinal metaplasia is 0.1%-0.5%[7,16]. In particular, elderly persons often have multiple gastric cancers
because individuals older than 65 have advanced degrees
of intestinal metaplasia, a high risk for developing gastric
cancer[17]. Yoshida et al[18] indicated that a high serum pepsinogen level and a high H. pylori antibody titer were risk
factors for developing cancer in H. pylori-infected subjects
from a large cohort of 4655 healthy subjects. The risk
of developing gastric cancer cannot be abolished even if
H. pylori is successfully eradicated[19]. However, the prevalence of gastric cancer in subjects who have not been infected with H. pylori is very low. Matsuo et al[20] calculated
a gastric cancer prevalence of 0.66% (95%CI: 0.41-1.01)
in the Japanese population without H. pylori.

Multiple gastric cancer
development

Observation period
Synchronous

Metachronous

ESD
0

1
2
Time course (yr)

3

Figure 1 Definition of multiple gastric cancer development. Synchronous
(within 1 year) or metachronous cancer (□) according to the time at which
the multiple cancers developed. Synchronous cancer is also classified as
“concomitant cancer” (●) or “missed cancer” ( ). : Primary gastric cancer.

scopic resection (ER).
Japanese guidelines classify EGC into the following
three groups, as proposed by Gotoda et al[8], when considering the indication of ER for EGC: the “guideline
group”, the “expanded guideline group” and the “noncurative group”. Based on the tumor characteristics,
the guideline group is defined as mucosal differentiated
cancer with the largest diameter measuring < 20 mm. In
Japan, ER is definitely indicated for this group. If the lesion meets Japanese guideline criteria and R0 resection is
achieved, it is classified as a curative tumor, which does
not require need further intense follow-up because it
has a negligible risk for lymph node or distant metastasis[9-11]. Moreover, with the advancement of endoscopy
and high-frequency generators, endoscopic submucosal
dissection (ESD) has been developed. Consequently,
the short-term outcomes of ER for EGC have improved[12,13].
However, patients who have undergone ER for
EGC are considered at high risk for having other gastric
cancer lesions. The incidence of local recurrence is decreasing because of ESD, which enables the evaluation
of the horizontal and vertical margins of the resected
specimen. Therefore, the risk of secondary gastric neoplasms developing during the follow-up period after ER
has become a serious problem. In this review, we discuss
clinical problems in developing a secondary gastric cancer after ER in patients with EGC, except for patients
with non-curative resection based on Japanese gastric
cancer treatment guidelines[14], with the goal of targeting
synchronous and metachronous multiple gastric cancer
development after ER.

DEFINITIONS OF SYNCHRONOUS AND
METACHRONOUS MULTIPLE GASTRIC
CANCER DEVELOPMENT
Even patients after curative ER for EGC have higher
risks of multiple cancer development than patients with
atrophic gastritis or intestinal metaplasia without past
EGC. The doubling time of EGC is relatively long, ranging from 1.6 to 9.5 years[21]. Therefore, some occult lesions in the stomach might be observed when detecting
a first EGC. Moreover, detecting secondary cancer after
initial ER depends on how often the surveillance endoscopy is performed, which can include a lead-time bias.
It is difficult to determine whether a secondary cancer is
synchronous and metachronous gastric cancer. Until now,
there have not been strict definitions of these lesions after ER.
In this review, we define multiple gastric cancer development as synchronous (within 1 year) or metachronous cancer according to the time at which the multiple
cancers develop. Moreover, synchronous cancer is classified as “concomitant cancer” or “missed cancer”. Concomitant cancer is defined as multiple cancers that had
already been detected and diagnosed before the initial
ESD. In recent reports, there is a consensus that cancers
detected within 1 year after the initial ER should be regarded as ‘missed’ synchronous cancers[22,23]. We define
missed cancer as cancer that is detected within 1 year,
except for concomitant cancer (Figure 1).

CONCOMITANT AND MISSED
SYNCHRONOUS GASTRIC CANCER
AFTER ER

GASTRIC CANCER RISK IN PATIENTS
WITH HELICOBACTER PYLORI
INFECTION

There are many reports about synchronous gastric cancer in surgically resected stomachs, with an incidence
ranging from 4.8% to 14.6%[24-27] (Table 1). In addition,

Stomach carcinogenesis is generally considered to originate from chronic active inflammation of the stomach
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Table 1 Incidence of synchronous gastric cancers in the surgically resected stomach

Table 3 Metachronous cancer rate after endoscopic resection

Ref.

Arima et al[23], 1999
Nasu et al[10], 2005
Nakajima et al[9], 2006
Kim et al[48], 2007
Kobayashi et al[28], 2010
Lee et al[49], 2011
Kato et al[19], 2013
Total

Ref.
Overall

Noguchi et al[42], 1985
Ezaki et al[24], 1987
Honmyo et al[43], 1989
Mitsudomi et al[44], 1989
Kosaka et al[25], 1990
Kodera et al[26], 1995
Kodama et al[45], 1996
Fujita et al[46], 2009
Lee et al[27], 2010
Total

6.50%
14.60%
4.80%
8.30%
5.80%
5.70%
6.80%
8.70%
5.20%
6.90%

468/7220
75/512
40/839
83/997
49/852
160/2790
107/1458
266/3042
51/986
1299/18696

Missed lesion

53%
23%

21/40
42/182

53%
64%

85/160
69/107

28%
39%

14/51
210/540

Ref.

Overall
6.60%
11%
9.20%
19.20%
4%
8.70%
2%
8.10%

5/76
16/143
581/633
45/234
7/176
110/1258
122/602
253/3122

6/76
20/143
53/633
13/479
30/234
15/458
65/1258
202/3281

71
4.8 (median)
4.4 (mean)
3.3 (median)
5 (median)
2.2 (median)
2.2 (mean)

All patients were followed up for 7 yr.

endoscopy and magnifying endoscopy. Therefore, we
should pay special attention to the possibility of missed
cancers, not only initially detected lesions at the first
evaluation, and the first surveillance EGD should be
performed soon after the ESD so as not to miss cancers.

Missed lesion
NA
NA
NA
NA
NA
19% (21/110)
NA

METACHRONOUS GASTRIC CANCER
AFTER ER
In reports conducted on patients with surgically resected
stomachs in the remnant stomach after surgery for gastric
cancer, the rate of metachronous gastric cancer ranges
from 1.8% to 5%[30-32]. Therefore, the remnant stomach
is at high risk for developing metachronous gastric cancer. ER contributes to preserving the stomach compared
with surgically resected stomach and maximizing quality
of life. Therefore, patients with EGC resected by ER are
considered at higher risk for developing metachronous
gastric cancer than surgically resected patients because
the former have more remnant stomach and tend to survive longer. The metachronous cancer rate after ER ranges from 2.7% to 14% (Table 3). Nakajima et al[9] reported
that metachronous gastric cancer had an overall incidence
of 8.2% (52 out of 633 patients) and that the annual incidence was constant (cumulative 3-year incidence 5.9%).
The average time to detect a first metachronous gastric
tumor after the initial ER was 3.1 ± 1.7 years (range, 1-8.6
years)[9]. We also found that the cumulative incidence
curve revealed a linear increase. The cumulative incidence
rates of metachronous cancers at 2, 3, 4 and 5 years were
3.7%, 6.9%, 10% and 16%, respectively. Based on these
data, the metachronous gastric cancer incidence curve,
except for synchronous cancer, seems to increase linearly
by 3%-3.5%[9,19,33].

1

Including 14 adenomas; 2Including 5 adenomas. NA: Not available.

the incidence of synchronous multiple gastric cancers
among the patients treated by ER ranges from 1.2% to
19.2%[10,19,28,29] (Table 2). In our large cohort, synchronous
cancer was detected in 110 patients within 1 year after
ESD [8.7% (110/1258 patients)]. Twenty-one out of 110
patients (19%) were considered to have missed cancers
because these lesions were not detected at the preoperative endoscopic evaluation before initial ESD. The overall
rate of missed cancer was 1.7% (21/1258)[19]. In surgically
resected cases, missed synchronous cancer cases range
from 23% to 64% of gastric cancers (Table 1). Compared
with surgical cases, our missed rate was lower because it
makes a difference whether a gastric cancer is in the early
or advanced stage. Therefore, we should keep in mind
that the missed rate was not negligible and that we need
an endoscopic surveillance strategy that addresses the
problem of missed cancer.
Four of 21 missed lesions (19%) were massively invading cancers (including one advanced cancer) in our
study[19], which suggests that we should perform preoperative screening carefully and should consider missed
cancer as a problem because we tend to focus on the
initial lesion. To predict missed cancers, we found that
the endoscopist’s experience was an independent predictor of missed cancer. However, Lee et al[27] reported that
expert endoscopists can miss other lesions in as many as
27.5% of patients and that smaller size was correlated
with missed lesions. It might be difficult to decrease
the number of missed lesions in the near future despite
recent endoscopic advances, such as image-enhanced
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Follow up period (yr)

7.90%
14%
8.40%
2.70%
12.80%
3.30%
5.20%
6.70%

1

Table 2 Incidence of synchronous gastric cancers in the endoscopically resected stomach within 1 yr of the initial endoscopic resection

Arima et al[23], 1999
Nasu et al[10], 2005
Nakajima et al[9], 2006
Kobayashi et al[28], 2010
Han et al[29], 2011
Kato et al[19], 2013
Kim et al[47], 2013
Total

Rate

LOCAL RECURRENCE AFTER ER
Conventional endoscopic mucosal resection (EMR) techniques are associated with the risk of local recurrence
because it is difficult to achieve en bloc resection, in particular with larger lesions. Until recently, EMR was widely
accepted as a useful, standard treatment for gastrointestinal tract neoplasms, but EMR has been replaced by ESD
because en bloc resection of specimens larger than 20
mm is difficult to perform with EMR. Local recurrence
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up without additional treatment. Of the remaining five
lesions, two were diagnosed as mucosal undifferentiated adenocarcinomas, and three were diagnosed as
submucosal cancers after ESD; these patients then underwent additional gastrectomies. In addition, six lesions
were treated by gastrectomy. Of these cases, four were
pathologically diagnosed as belonging to the guideline
or expanded guideline group after gastrectomy, and the
remaining two were pathologically diagnosed as noncurative. Altogether, seven lesions were diagnosed as
non-curative: three were intramucosal undifferentiated
cancers, and four were massively invading cancers. Nakajima et al[9] concluded that frequent follow-up examinations negatively affect a patient’s quality of life and result
in an increase in overall medical expenses. Similarly, we
also found that almost all secondary cancers after ESD
were treatable by re-ESD[19]. Nakajima et al[9] reported
that almost all first metachronous gastric cancers (96.2%)
were treated curatively with re-ER. Considering those reER rates for metachronous cancer (96.2%, 97%), most
metachronous secondary cancers can be non-surgically
treated after the follow-up endoscopy.

Table 4 Local recurrence rate after endoscopic resection
Ref.

Local recurrence rate
EMR

Oka et al[50],
2006
Kim et al[48],
20071
Park et al[11],
2010
Lee et al[49],
2011

ESD

Curative

Not
curative

Curative

Not curative

2.90%

4.40%

0%

0%

6.0% (24/399) 15% (10/68)
18% (9/50, not en bloc; 18) 3.7% (7/189, not en bloc: 25)

Kato et al[19],
2013
Tanabe et al[51],
20134

NA

NA

0.7% (2/276, not en bloc: 3)2

NA
NA

NA
NA

0% (0/182, not en bloc: 22)3
0.4% (5/1258)

4.2%(15/359)5

0.2% (1/421)

“Not curative” includes piecemeal resection or marginal positive resection. 1Including 34 lesions treated by ESD (6.6%); 2Guideline group; 3Expanded guideline group; 4For lesions meeting the JGCA criteria, the local
recurrence rates were 2.9% in the EAM group and 0% in the ESD group;
5
Treated by endoscopic aspiration mucosectomy (EAM). EMR: Endoscopic
mucosal resection; ESD: Endoscopic submucosal dissection; NA: Not
available.

HANDLING OF GASTRIC HIGH- AND
LOW-GRADE INTRAEPITHELIAL NEO
PLASMS

strongly depends on whether the initial lesion is completely resected. With piecemeal resection or marginalpositive resection (not curative), local recurrence ranges
from 4.4% to 18% (Table 4). Using ESD, en bloc marginalnegative resection can be performed with larger specimens. Developing local recurrence after complete en bloc
resection in mucosal gastric cancers occurs rarely. In fact,
our study revealed that local recurrence was seen in only
0.40% of patients (5/1258)[19]. This rate was quite low,
but not zero. Park et al[11] also reported complete en bloc
resection in one patient who developed local recurrence
after complete resection by ESD. It is speculated that it
is difficult to detect a very small concomitant lesion or
precancerous lesion near the initial ESD site at initial
evaluation or that detection depends on the status of
the resected specimen reviewed by pathologists or each
pathologist’s experience. To evaluate resected specimens
properly, the ER specimen should be cut parallel to the
closest margin direction. When the negative margin is obvious, the specimens are step-sectioned along the minor
axis of the specimen to obtain more information. The
Japanese Gastric Cancer Association recommended that
a section width of 2 mm allows for a more accurate diagnosis. We should remember that complete resection does
not exclude the possibility of local recurrence in cases
where R0 resection is achieved.

Gastric intraepithelial neoplasia, also called dysplasia or
adenoma, is considered to be a precancerous lesion with
a variable clinical course. The natural course of gastric
intraepithelial neoplasia remains unclear. In particular,
it is difficult to differentiate dysplasia/adenoma and adenocarcinoma using biopsy specimens because of the
inaccuracy of obtaining a biopsy specimen from a malignant region of an adenoma[34,35]. Previous prospective
long-term follow-up studies indicated that the gastric
cancer-developing incidence in low-grade intraepithelial
neoplasms (LGIN) is approximately 10%[35]. This low
risk of malignant transformation compared to highgrade intraepithelial neoplasia (HGIN) may be due to
the slowly progressive natural course of LGIN and
supports a follow-up strategy. Once developing HGIN
is diagnosed from biopsy specimens, 90% of them are
ultimately diagnosed as adenocarcinoma after ER[36].
Generally, it is recommended that category 4 lesions
(based on the Vienna classification: high-grade dysplasia
and intramucosal cancer) be resected because they have a
high potential for progression to adenocarcinoma[35]. Our
current knowledge based on initial endoscopic intervention - not follow-up - indicates that over 40% of LGINs
are diagnosed as adenocarcinoma after ER. Considering
the high incidence of adenocarcinoma in HGIN, it could
be recommended that ER be considered an indication for
HGIN detected as a secondary lesion after ER. We are
currently evaluating whether ESD is a valid strategy for
gastric intraepithelial neoplasms with regard to safety and
cost-effectiveness (UMIN Clinical Trials Registry: http://
www.umiNAc.jp/ctr/, number UMIN000007476).

INTERVENTION FOR SECONDARY
CANCER AFTER ER OF GASTRIC CANCER
In a study by our group, 169 of 175 secondary cancers
(97%) after ESD were treated by re-ESD [19]. Among
these cancers, 164 lesions were diagnosed as fitting the
guideline or expanded guideline group and were followed
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the lesions meet the Japanese guideline criteria and R0
resection is achieved, the lesion is classified as a curative
group and does not require further intense follow-up
because it has a negligible risk for lymph node or distant
metastasis[9-11].
Therefore, we recommend the following surveillance
strategies: (1) an endoscopist who has performed at least
500 esophagogastroduodenoscopies should perform the
preoperative screening; (2) intensive (every 6 mo) surveillance is preferred in the first year after ER to detect
missed concomitant invasive cancers; and (3) annual surveillance should be performed for at least 5 years after
the ER. From the viewpoint of avoiding gastrectomy
and preserving most of the stomach and quality of life,
it might not be important to strictly define the difference
between synchronous and metachronous gastric cancer.
At this time, it is unclear whether the developing
metachronous cancer is self-limiting or permanent. In
report by Kobayashi et al[28], which included a followup longer than 10 years, showed that the metachronous
recurrence curve reached a plateau and that the risk was
not continuous after 10 years. In the future, the validity
of our recommendations should be confirmed with a
prospective study, and it is necessary to evaluate whether
metachronous cancer is self-limiting.

H. PYLORI ERADICATION
Extensive epidemiologic studies have shown that H. pylori
infection is a major risk factor for developing gastric cancer[37]. According to most retrospective case-control and
prospective epidemiologic studies, the risk of developing gastric cancer is two- to six-fold higher in patients
with H. pylori infection than in patients without H. pylori
infection[38]. Furthermore, some of the trials eradicating
H. pylori have shown that successful eradication reduces
the frequency of gastric cancer in high-risk populations, but H. pylori eradication may not completely abolish the risk for gastric carcinogenesis[39]. Therefore, H.
pylori eradication might reduce secondary cancer after
ER. Fukase et al[33] prospectively reported that prophylactic eradication of H. pylori after ER of EGC reduced
secondary metachronous cancer by approximately onethird (OR = 0.353). Therefore, it is highly recommended
that H. pylori be eradicated after ER for EGC. Based on
Fukase’s report, as of 2010, Japanese health insurance is
allowed to cover H. pylori eradication therapy after ER
for EGC. However, some retrospective cohort studies
report no difference in the rate of metachronous cancer between patients who undergo successful H. pylori
eradication and those who do not receive eradication
treatment[19,40,41]. Therefore, because of the short 3-year
observation of Fukase’s report, whether H. pylori eradication reduces metachronous recurrence after ER for EGC
is considered controversial. We speculate that the requirement for H. pylori eradication depends on how many
high-risk patients have synchronous or metachronous
recurrence. Therefore, it is important to conduct annual
surveillance endoscopies after ER in patients with or
without successful eradication, though patients with successful eradication will require longer surveillance until it
is clear how long and how often surveillance endoscopy
needs to be performed.

CONCLUSION
It has not yet been established how endoscopic surveillance after curative ER should be performed. The rate
of synchronous multiple gastric cancers among patients
treated by ER is < 20%. After 1 year, the metachronous
gastric cancer incidence increases linearly at an approximate rate of 3% per year. However, approximately 96%
of patients with developing metachronous cancer were
treated curatively with re-ER. Considered together with
the population of ESD and advances in endoscopy, local
recurrence or missed cancer may be negligible. Therefore,
it might not be necessary to perform intensive endoscopy surveillance within 1 year to detect local recurrence.
Surveillance endoscopies can permit the endoscopic
treatment of cancers that may have been missed or that
develop later.
In conclusion, skilled endoscopists should perform
preoperative screening before initial ESD. We recommend that intensive (every 6 mo) surveillance be performed in the first year after ER to detect missed concomitant invasive cancers, and then annual surveillance
should be performed for at least 5 years. In the future, it
should be clarified whether longer surveillance is necessary.

SURVEILLANCE STRATEGY FOR
SECONDARY CANCER AFTER ER OF
GASTRIC CANCER
There are no randomized trials to guide surveillance strategies after curative EGC resection. The 2013 consensusbased guidelines from the National Comprehensive
Cancer Network (NCCN) suggest the same follow-up
strategy that is used for more advanced disease, regardless of treatment type (NCCN Guideline version 2, 2013,
http://www.nccn.org/professionals/physician_gls/
f_guidelines.asp). The guidelines state that even for Tis or
T1 with N0 lesions achieving R0, all patients should be
followed up systematically, and follow-up should include
a complete history and physical examination every 3 to
6 mo for 1 to 2 years, every 6 to 12 mo for 3 to 5 years
and annually thereafter, along with other advanced stages.
However, it is important to consider the curability of the
initial ER. In Japan, ER is definitely indicated for guideline groups according to Japanese guideline criteria[14]. If
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Advances in radiotherapy and targeted therapies for rectal
cancer
Alexandra Sermeus, Wim Leonard, Benedikt Engels, Mark De Ridder
nome alone is so far hindered by high cost techniques
and pharmaceuticals, hence hardly justifying rather
modest improvements in patient outcomes. On the
other hand, the immune landscape of colorectal cancer
is now better clarified with regard to the immunosuppressive network that promotes immune escape. Both
N2 neutrophils and myeloid-derived suppressor cells
(MDSC) emerge as useful clinical biomarkers of poor
prognosis, while the growing list of anti-MDSC agents
shows promising ability to boost antitumor T-cell immunity in preclinical settings. Therefore, integration of
genetic and immune biomarkers is the next logical step
towards effective targeted therapies in the context of
personalized cancer treatment.
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Core tip: The stepwise implementation of intensitymodulated and image-guided radiation therapy enabled
us to anatomically sculpt dose delivery and prescribe a
simultaneous integrated boost, thus reducing treatment
related toxicity. However, distant control remains unsatisfactory and indicates an urgent need for biomarkers
of tumor spread. The immune landscape of colorectal
cancer is now better clarified with regard to protumor
N2 neutrophils and myeloid-derived suppressor cells
(MDSC) that emerge as useful prognostic biomarkers.
The growing list of anti-MDSC agents shows promising
ability to boost antitumor T-cell immunity. Therefore,
integration of genetic and immune biomarkers is the
next logical step towards effective targeted therapies in
the context of personalized cancer treatment.

Abstract
The last decade witnessed a significant progress in understanding the biology and immunology of colorectal
cancer alongside with the technical innovations in radiotherapy. The stepwise implementation of intensitymodulated and image-guided radiation therapy by
means of megavolt computed tomography and helical
tomotherapy enabled us to anatomically sculpt dose
delivery, reducing treatment related toxicity. In addition, the administration of a simultaneous integrated
boost offers excellent local control rates. The novel
challenge is the development of treatment strategies
for medically inoperable patient and organ preserving
approaches. However, distant control remains unsatisfactory and indicates an urgent need for biomarkers
that predict the risk of tumor spread. The expected
benefit of targeted therapies that exploit the tumor ge-
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55.2 Gy or 120% of the prescription dose (46 Gy in daily
fractions of 2 Gy, Figure 1). With a median follow-up of
60 mo a local recurrence rate of less than 3% was documented in this population at high risk for local failure[10].
The use of preoperative IMRT-IGRT with a simultaneous
integrated boost is currently being compared to standard
preoperative chemoradiotherapy in a multicenter phase
Ⅲ trial (NCT 01224392). The aim of this study is demonstrating non-inferiority of a higher radiation dose compared to concomitant chemotherapy, with tumor response
as primary endpoint. An interim analysis after the first 80
patients, shows that patients receiving a higher radiation
dose experience less acute grade 2 enteritis compared to
the chemoradiotherapy arm (22% vs 44%). A comparable
rate of major histomorphologic regression (Dworak grade
3-4) were recorded in both treatment arms.
With these excellent results for both local control and
toxicity in the preoperative setting in mind, the research
program of the UZ Brussel focuses on treatments for
medically inoperable patients and organ preserving approaches. Besides improved radiation techniques and
concomitant systemic treatments schemes, the identification of biomarkers for individualized-targeted therapies
will become increasingly important.

http://www.wjgnet.com/1007-9327/full/v20/i1/1.htm DOI: http://
dx.doi.org/10.3748/wjg.v20.i1.1

INNOVATIONS IN RADIOTHERAPY
The addition of concomitant 5-fluorouracil (5-FU) or
its prodrug capecitabine to preoperative radiotherapy is
standard of care in patients with locally advanced rectal
cancer. According to randomized trials, the combined
treatment modality increases the pathologic complete
remission rate and local control over radiotherapy alone,
but has no impact on survival or the incidence of distant
metastases[1,2]. However, this treatment is associated with
significant acute and late digestive toxicity, when using
3D conformal radiotherapy. Current strategies mainly aim
improving the outcome by addition of oxaliplatin and biologic agents such as cetuximab. The role of those agents
in addition to 5-FU chemoradiotherapy is questionable
as so far the results from phase Ⅲ trials do not show improvement in local control or survival, nevertheless an increased toxicity[3-6]. Considering the excellent local control
rates in rectal cancer in patients with a circumferential
resection margin (CRM) > 1 mm, decreasing radiation
enteritis should be an absolute priority in our opinion.
In an attempt to decrease treatment related toxicity
we introduced the concept of intensity-modulated and
image-guided RT (IMRT-IGRT) in the preoperative
treatment of rectal cancer. The TomoTherapy Hi-Art Ⅱ
System is a linac that fully integrates IGRT by means of
megavolt computed tomography and IMRT by means of
helical tomotherapy. A pilot study explored the potential
of the integrated megavolt computed tomography in decreasing the margin from the clinical target volume (CTV)
to the planning target volume (PTV) compared to classic
laser-skin marks, by measuring the setup error and internal organ motion. The CTV-PTV margin can be reduced
from 15 mm isotropically to 8 mm in both lateral, 11
mm in the anterior and 7 mm in the posterior direction[7]. As a next step, we investigated to what extent the
integration of IMRT and IGRT can reduce the irradiated
volume of small bowel, which is the major predictor of
radiation enteritis. To do so, 3D-conformal radiotherapy,
IMRT (helical tomotherapy) and IMRT-IGRT (helical
tomotherapy with reduced CTV-PTV margins) were
compared in a dosimetric evaluation. This study demonstrated an additive effect between IMRT and IGRT in
decreasing the probability for developing grade 2 + diarrhea to 18%, as opposed to a calculated risk of 27% and
40% for IMRT and 3D-CRT, respectively[8]. The clinical
implementation of preoperative IMRT-IGRT in a phase
II trial in 108 patients with locally advanced rectal cancer
resulted in a favourable toxicity profile, with < 1% acute
and < 10% late grade 3 + toxicity[9-10].
As alternative strategy to the administration of concomitant 5-FU, we decided exploring a simultaneous integrated boost in patients with a CRM < 2 mm on MRI, till

WCGO|www.wjgnet.com

PROSPECTS FOR TARGETED THERAPIES
For decades, the prognosis for patients with colorectal
cancer was mainly determined by the timing of diagnosis and metastatic spread since the standard route of
therapeutic practice had no tools to deal with the genetic
landscape of individual tumors. Despite that the Human
Genome Project was successfully accomplished in 2003,
genetic testing remained to be limited keeping in mind
that cancer mutations are rather unique (than heritable)
and reflect an escalating heterogeneity along cancer progression. As a result, the American Society of Clinical
Oncology considered only few prognostic biomarkers
for gastrointestinal cancer, like, the chromosome arm
18q deletion, microsatellite instability, TP53 inactivation
and EGFR/KRAS mutations (Figure 2). Thymidine synthase and other enzymes relevant to 5FU chemosensitivity were suggested as additional options in the context
of predictive biomarkers[11].
With the recent advance of next-generation DNA sequencing, the concept of personalized targeted therapy is
one step closer to prospectively tailor medical care based
on tumor profiling. Since 2009, the major role of KRAS
mutations in colon carcinogenesis has been acknowledged
in standard practice[12-14]. These developments emphasized
the use of cetuximab and panitumumab predominantly
in KRAS wild-type cases, and explained the importance
of specific codon 12 mutations in downstream signalling
through the RAF/MEK/ERK and PI3K/Akt pathways.
Despite this evident progress toward personalized antiEGFR treatments, the increase in survival of relapsed
patients remains modest due to the outgrowth of resistant
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Figure 1 Dose distribution of helical tomotherapy. The left image shows a classic treatment of 46 Gy in daily fractions of 2 Gy. Note the horseshoe shaped distribution of the dose to spare the small bowel. On the right image a simultaneous integrated boost till 55.2 Gy is prescribed on the tumor.
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Figure 2 The genetic/immune landscape of colorectal cancer and therapeutic implications. The concept of personalized treatments in colorectal cancer should
be based on integral knowledge of both tumor and immune cell signatures that would ideally provide therapeutic targets as well. A: As a result of genome profiling, epidermal growth factor receptor (EGFR) and vascular endothelial growth factor (VEGF) have been identified as promising targets for personalized therapies, while other
biomarkers, like p53 mutations, 18q loss and microsatellite instability, lack prognostic/predictive value. The immune profile of colorectal cancer is rather unique with
regard to macrophages (and Tregs), which unexpectedly point to favourable prognosis, yet being immunosuppressive in the most tumor types. Hence, the monocyte
lineage of myeloid cells may reveal antitumor M1-like polarization within the compartment of tumor-associated macrophages. The granulocyte lineage of myeloid cells,
comprising undifferentiated myeloid-derived suppressor cells (MDSC), feature clear protumor N2-like polarization and contribute to poor prognosis. Those cells overexpress Arg that causes L-arginine depletion and thereby suppresses antitumor T-cell immunity; B: We hypothesize that Arg+ neutrophils and MDSC may also display
radioprotective properties, as L-arginine deficiency would neutralize the radiosensitizing potential of M1 macrophages. Indeed, classically activated M1 macrophages
are known to produce the radiosensitizing molecule nitric oxide (NO) through the iNOS/L-arginine pathway. Therefore, Arg+ neutrofils and MDSC emerge as promising
biomarkers and candidates for future targeted therapies, aiming at reversing impaired immune and radiation responses.

clones. Conversely, biomarkers that predict sensitivity to
anti-angiogenic agents, like bevacizumab, are still lacking.
Finally, the current difficulties to extract meaningful clinical results for the majority of patients, while facing adverse effects, provide a strong motivation to further look
into the tumor genomic signatures.
In this context, the cyclooxygenase-2 (COX-2)/PGE2
pathway has been extensively revisited since a seminal
observation that the anti-inflammatory drug aspirin
significantly reduces the risk of colorectal cancer[15]. In
addition, the selective COX-2 inhibitor celecoxib was
shown to inhibit adenomatous polyposis, pointing to a
key role of PGE2 in the pathogenesis of colorectal cancer. Recently, the multifaceted effects of PGE2 on cell
proliferation and motility have been linked to G-protein

WCGO|www.wjgnet.com

coupled receptors (GPCR) that initiate or/and modulate
a cascade of intracellular events including the transactivation of EGFR[16]. These findings led to an explosion of
cancer-relevant research on GPCR and their therapeutic
targeting, while the PGE2 receptor EP4 was established
as a critical link to EGFR (and downstream P13K/Akt
and RAS/MAPK/ERK pathways) through the betaarrestin 1/c-Src signalling complex. Thus, next to their
known GPCR-desensitizing functions, arrestins may act
as adaptors that facilitate signalling events responsible for
metastases. Indeed, the PGE2-induced transactivation of
EGFR and metastatic spread to the liver was accelerated
in the case of arrestin-expressing colorectal cancer cells,
as compared with mutant counterparts[17]. Since existing
COX-2 inhibitors cause cardiovascular toxicity, a further
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downstream targeting of EP4 by specific ligand antagonists may be more beneficial for cancer treatment, and
could be combined with anti-EGFR agents.
Another on-going area of biomedical cancer research,
with a clear focus on targeted therapies, addresses tumor
immunotolerance at the level of myeloid-derived suppressor cells (MDSC). MDSC were originally identified in tumor-bearing mice as the CD11b+GR1+ set of
poorly differentiated myeloid cells, both monocytes and
granulocytes, which reveal a strong potency to suppress
T-cell immunity through the production of reactive
oxygen and nitrogen species[18]. In addition, the dominant polymorphonuclear subset of MDSC appeared to
inhibit Th1 lymphocytes through profound L-arginine
depletion due to overexpressed arginase-1 (Arg). This
enzyme is currently considered as a surrogate marker of
tumor immunosuppression, while MDSC emerge as a
biomarker of tumor progression and as a novel therapeutic target. The list of screened MDSC inhibitors has
recently extended from cytotoxic anticancer drugs (5FU,
gemcitabine) to other classes that suppress MDSC functions (PDE and COX2 inhibitors) and sustain their differentiation (vitamin A, CpG ODNs), or disrupt their
signalling pathways [JAK2/STAT3 and vascular endothelial growth factor (VEGF)], thereby illuminating a
possibility to restore antitumor immunity[18,19].
In many human malignancies, a similar though much
more heterogeneous type of undifferentiated granulocytic MDSC (Lin-HLA-DR-CD33+) has been documented as well, and elevated levels of MDSC seem to compromise both prognosis and therapy outcomes[19,20]. In
renal cell carcinoma, the significance of Arg (in plasma)
and immunosuppressive MDSC (in blood) is already established[21], and their sensitivity to the VEGF inhibitor
sunitinib was explained by targeting the STAT3 signalling[22]. The immunosuppressive signature of colorectal
cancer remains to be the matter of debate. First, patient
prognosis is favoured by an intensive pro-inflammatory
infiltrate suggesting a possible antitumor (M1-like) polarization of tumor-associated macrophages[23]. Unlike,
other malignancies mostly feature a protumor (M2) phenotype, which thought to promote tumor growth and
contribute to poor prognosis[24]. Next, the immunosuppressive FoxP3+ Tregs generally point to good prognosis in colorectal cancer, contrasting to other tumor
types[25]. However, the neutrophil lineage of myeloid
cells in colorectal cancer reveals a clear protumor (N2)
rather than antitumor (N1) polarization[26], as both increased neutrophil-to-lymphocyte ratios and granulocytic
MDSC contribute to poor prognosis [20,27,28].
In line, our pilot clinical study suggests that the levels of circulating Arg+ (N2-like) neutrophils and their
MDSC subset (Lin-HLA-DR-CD33+CD15+CD16low) are
significantly higher in colorectal cancer patients, as compared with healthy donors (unpublished data). Of note,
immunosuppressive MDSC comprise only a minor part
of abundant neutrophils that overexpress Arg and hence
are capable of L-arginine depletion. This paradigm of
N1-to-N2 shift in colorectal cancer suggests not only a
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rationale for interrogating the tumor immune landscape by
FACS analysis of blood neutrophils but illuminates also a
possible mechanistic link between immunosuppression and
radioprotection. Indeed, our recent studies demonstrated
that classically activated M1 macrophages produce a high
output of nitric oxide (NO) by inducible nitric oxide synthase (iNOS), sufficient to block oxygen consumption and
reverse impaired radioresponse of hypoxic tumor cells[29,30].
The radiosensitizing effect through the iNOS pathway
is however critically dependent on the bioavailability of
L-arginine, an essential substrate for NO synthesis[31].
Therefore, we hypothesize that Arg+ neutrophils/
MDSC may neutralize the radiosensitizing potential of
M1 macrophages through the same mechanism of accelerated L-arginine depletion that suppresses T-cell immunity on the first place. As such, the balance of Arg+
myeloid cells vs iNOS+ macrophages within the tumor
microenvironment may determine radiotherapy responses through competitive L-arginine turnover. The myeloid
signature and a possible cross-talk between macrophages
and Arg+ neutrophils with regard to the L-arginine
metabolism in colorectal cancer are schematically summarized in Figure 2. Future studies will clarify whether
scoring of N2 neutrophils and MDSC is predictive for
identifying patients at increased risk of tumor relapse/
spread following radiotherapy. Those patients would
need MDSC-targeted therapies to reverse the functional
deficiency of Th1 lymphocytes and M1 macrophages,
and to fully benefit from radiotherapy. Remarkably, 5FUbased chemotherapy at reduced doses may be an option
to eliminate MDSC while sparing T cells, as recently reported in experimental studies[19].
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Core tip: Computed tomography (CT) scans are increasingly used in the followup of patients with colorectal
cancer. As multimodality treatments have become more
successful in treating patients with metastatic disease
follow up regimes have become more intensive. However current published treatment guidelines do not give
a clear indication of the optimal frequency of follow up
imaging. This review summarises the adverse effects
associated with frequent use of CT scans in patient follow up.

Abstract
To provide an overview of the radiation related cancer
risk associated with multiple computed tomographic
scans required for follow up in colorectal cancer patients. A literature search of the PubMed and Cochrane
Library databases was carried out and limited to the
last 10 years from December 2012. Inclusion criteria
were studies where computed tomographic scans or
radiation from other medical imaging modalities were
used and the risks associated with ionizing radiation
reported. Thirty-six studies were included for appraisal
with no randomized controlled trials. Thirty-four of the
thirty-six studies showed a positive association between
medical imaging radiation and increased risk of cancer.
The radiation dose absorbed and cancer risk was greater in children and young adults than in older patients.
Most studies included in the review used a linear, nothreshold model to calculate cancer risks and this may
not be applicable at low radiation doses. Many studies
are retrospective and ensuring complete follow up on
thousands of patients is difficult. There was a minor
increased risk of cancer from ionizing radiation in medical imaging studies. The radiation risks of low dose
exposure (< 50 milli-Sieverts) are uncertain. A clinically
justified scan in the context of colorectal cancer is likely
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INTRODUCTION
Colorectal cancer is a common cancer worldwide with
one million new cases diagnosed annually [1]. Patients
presenting with a confirmed diagnosis of colorectal carcinoma are first clinically and radiologically staged before
multidisciplinary management encompassing surgical resection, systemic therapy and radiation is instituted.
Over the last 15 years, the management algorithm for
colorectal carcinoma has become more complex as more
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options have become available to treat patients with both
primary and metastatic disease[2]. Consequently, more
patients are now being followed more intensively after
their initial diagnosis than in the past in order to detect
metastatic disease and to institute appropriate treatment
strategies. In most cases, follow up is based on clinical
examination, regular determination of plasma carcinoembryonic antigen levels and serial imaging, usually with
computed tomography (CT).
A number of recent guidelines for follow up recommend an annual CT scans of the chest, abdomen and
pelvis for at least three years after initial treatment and
in some cases longer (Table 1)[3-11]. However, in many
institutions, follow up protocols are more comprehensive
with 6 mo CT scans for the first two years after treatment when the risk of recurrence is highest and then annual scans until five years are reached. For the increasing
number of patients reaching five years of follow up, the
dilemma remains regarding the most optimal form of
surveillance. Many authorities recommend discharge at
this point but the risk of recurrent disease remains and
this option is often not palatable for patients, especially
for younger patients. Consequently, many continue with
annual or biannual follow up and imaging.
Thus, in a patient surviving ten years after a diagnosis
of colorectal cancer, there is the potential for them to
undergo up to 13 CT scans of the chest, abdomen and
pelvis (one scan at diagnosis, four scans in the first two
years and annual scans from years three to ten). Since the
average radiation dose for a chest CT chest, abdomen
and pelvis with intravenous contrast is approximately
27 millisievert (mSv), where 1 mSv is equal to the dose
produced by exposure to 1 milligray (mGy), this equates
to a potential dose of 270 mSv over 10 years or over 100
times the average background radiation dose of 2.4 mSv
per year[12]. This number can further increase if recurrent
disease is detected and a further episode of staging and
treatment instituted.
However, there are potential risks associated with our
reliance on serial CT scans for patient surveillance. The
delivered dose of ionizing radiation is associated with an
increased risk of adverse health outcomes, particularly, a
greater risk of carcinogenesis[13]. This concern is elevated
in the paediatric population, who are more radiosensitive
than their adult counterparts[13]. The aim of this investigation was to review the evidence for the risk of carcinogenesis associated with serial CT scans and, using this, to
comment on currently recommended follow up regimens
for colorectal cancer patients.

Ionizing” (Mesh) or “Tomography, X-Ray Computed”
(Mesh) and “Neoplasms, Radiation-Induced” (Mesh) and
“humans” (MeSH Terms) and English (lang) and “loattrfull text” (sb) and “2002/12/13” (PDat): “2012/12/09”
(PDat) and “humans” (MeSH Terms) and English (lang)].
The search was limited to studies carried out in the
previous 10 years, written in English, involving human
subjects only and where the full text could be retrieved.
The search was restricted to papers published within the
last 10 years since this period includes the introduction
of rapid phase spiral CT scanning and a more aggressive
approach to the management of metastatic colorectal
cancer. The last search was carried out on December 9th,
2012. The Board of Radiation Effects Research (BEIR Ⅶ)
report[15] was also reviewed.
The eligible criteria included studies where CT scans
or other ionizing radiation derived from medical imaging were used and the risks associated with the ionizing
radiation were reported. Dose estimations derived from
simulations such as those through the use of Monte
Carlo simulation software and the ImPACT CT Patient
Dosimetry calculator were included - they have been validated and used in several research articles[16-19].
Publications of reviews, letters or case reports, studies which had no data on risk assessment and participants
receiving occupational radiation exposure were excluded.
Studies were initially screened on title and abstract according to the inclusion criteria above. The papers were
independently reviewed by both investigators. The full
text of these articles were retrieved and further evaluated.
The principal summary measures included relative risk
and lifetime attributable risk (LAR) of cancer. Quality assessment was carried out according to guidelines set out
by Fowkes et al[20].

RESULTS
The search of PubMed and Cochrane Library yielded
344 citations. Of these, 302 studies were excluded in the
initial screen of title and abstract according to the inclusion/exclusion criteria set above (Figure 1). The full text
of 42 studies were assessed for eligibility. Six studies were
excluded as per inclusion/exclusion criteria above. A total
of 36 studies[19,21-56] and the BEIR Ⅶ report[15] were included for review. There were no randomized controlled
trials. The characteristics of the studies included for review are shown in Table 2.
Radiation associated cancer risk
Thirty-four of the thirty six studies included for review
showed a positive association between ionizing radiation from
medical imaging and increased risk of cancer[19,21-27,29-51,53-56].
A recent direct study of CT scan use and cancer risk
by Pearce et al[21] showed a leukaemia relative risk of 3.18
(95%CI: 1.46-6.94) for children and young adults who
received a cumulative dose of > 30 mGy and a brain
tumour relative risk of 2.82 (95%CI: 1.33-6.03) for children and young adults who received a cumulative dose of

SEARCH STRATEGY
A literature review was carried out using PubMed and
Cochrane Library databases using the preferred reporting
items for systematic reviews and meta-analyses (PRISMA) guidelines[14]. The keywords “ionizing radiation”,
radiation induced neoplasms” and “CT” were used in
PubMed [“Case-Control Studies” (Mesh) and “Radiation,
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Table 1 Summary of follow up recommendations including imaging for patients with colorectal cancer
Ref.

History and
physical

NCCN 2010[3]

CEA

Abdominal
imaging

Q3-6m for 2 yr
Q3-6m for 2 yr CT annual 3-5
then Q6m for 3 yr then Q6m for 3 yr
yr

PEBC 2010[4] Stage Ⅱb-Ⅲ Q6m for 3 yr then Q6m for 3 yr then US Q6m for 3
annual for 2 yr
annual for 2 yr yr then annual
for 2 yr
ESMO 2010[5]

Colon Q3-6m for
3 yr then Q6-12m
for 2 yr
Rectal Q6m for 2
yr

Pelvic CT

Chest imaging

Colonoscopy

Annually 3-5 yr
for rectal cancer
patients

CT annually
3-5 yr

1 yr then as
clinically indicated

CXR Q6m for 3 Yearly as long as
yr then annual polyps are found.
for 5 yr
If no polyps repeat
3-5 yr
Colon CT Q6- Colon Q1 yr then Rectal Q3-6m for
12m for 3 yr
Q3-5 yr
1 yr then Q6-12m
Rectal CT 1
Rectal Q5 yr
and 3 yr after
surgery

Colon CT
or contrast
enhanced US
Q6-12m for 3
yr
Rectal CT 1
and 3 yr
CT within 2 yr

BSG/ACGBI 2010[6]
ACS 2006[7] Stage Ⅱ or Ⅲ
ASCO 2005[8]
Stage Ⅱ or Ⅲ

Australia NHMRC 2005[9]

ASCRS/SPTF 2004[10]

NZGG 2011[11]

Q3-6m for 3 yr
then at physicians
discretion

Q3m for at
least 3 yr

Q3-6m for 2 yr
then Q6-12m
thereafter
Q4m for 2 yr

Q3-6m with
clinical review
Q4m for 2 yr

CT annual for
3 yr

Consider for
rectal cancer
patients

CT annual for
3 yr
CXR not
recommended

CT
CT recommended
CT
recommended
No schedule
recommended
No schedule
No schedule
Not
CXR:
recommended
insufficient
evidence

Q6m for 2 yr then
yearly to 5 yr

Sigmoidoscopy

5 yr after surgery
then 5 yr intervals
12m, then at 3 yr
and 5 yr
At 3 yr, if normal
then Q5 yr

Q3-5 yr initially
then Q3-5 yr

Q6m for rectal
cancer patients
who have not
received pelvic
radiation
Rectal Q3-6m
then Q6-12m

3 yr after surgery
then Q3 yr
3-5 yr after surgery Rectal Q6m for
then Q3-5 yr
2 yr then yearly
to 5 yr

CEA: Carcinoembryonic antigen; CT: Computed tomography.

in the van Walraven et al[28] study were assessed for secondary abdomino-pelvic malignancies associated with
abdomino-pelvic CT scans use in the follow up of previous testicular cancer. Patients received a median radiation
dose of 110 mSv (IQR 44-190) from medical radiation
imaging at 5 years follow up, a dose which was associated
with increased risk of cancer in other studies included for
review[22-26,31,33,35,38,41,46].
A study of 18-35 years old participants by Zondervan
et al[27] suggested that the majority of CT-induced cancers
were from sporadic rather than frequent scanning. Whilst
frequent scanning is associated with a significant cancer
risk, it is usually reserved for the very ill, a population
where a large proportion die before any radiation induced
cancer may factor into their health[27].

50-74 mGy. This corresponded to an estimated absolute
risk of about 1 excess leukaemia case and one excess
brain tumour case for every 10000 patients who undergo
one head CT scan before the age of 10[21].
Another large retrospective study in the United
States[23] reported a modest increase in cancer risk secondary to low dose (50-100 mSv) and high dose (> 100
mSv) radiation from CT scans in the elderly. In this study,
an estimated 1659 (0.03%) and 2185 (0.04%) cancers
were related to ionizing radiation from two cohort populations of over five million patients each[23]. Berrington
de González et al[31] reported that an extra 29000 (95%UL
15000-45000) cancer cases could be attributable to the
57 million CT scans performed in the United States during 2007. Nearly 30% of the scans were estimated to be
performed in patients aged 35-54 years, 13% in those
aged 18-34 years and 7% in persons aged 18 or less[41].
The projected risks in females were higher for scans that
exposed the chest due to the additional risk of breast
cancer and higher lung cancer coefficients[41].
Two studies, Blettner et al[52] and van Walraven et al[28]
reported no statistically significant increased risk of brain
tumours and secondary abdomino-pelvic malignancies
following medical ionizing radiation respectively. Patients

WCGO|www.wjgnet.com

Cancer risk in the paediatric population
Several studies assessed the risk of radiation exposure in
children and young adults[21,24,27,29,32,41,42,44,49,51]. An Israeli
study by Chodick et al[49] reported an absorbed brain dose
(from a head CT) of 130 mGy for children aged < 3 years
old to 30 mGy at age 16-18 years and a stomach dose (from
an abdominal CT) of 51 mGy at age < 3-24 years mGy at
age 16-18 years. Increasing age was associated with a re-
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Table 2 Characteristics of studies included for qualitative analysis
Ref.

Study year

BEIR Ⅶ report[15]
Pearce et al[21]

2006
2012

Woo et al[22]
Meer et al[23]

2012
2012

Muchow et al[24]
Huda et al[25]
Perisinakis et al[26]
Zondervan et al[27]
van Walraven et al[28]
Kuhns et al[29]
Davis et al[30]
Berrington de González et al[31]
Li et al[32]
Huda et al[33]
Adams et al[34]

2012
2012
2012
2012
2011
2011
2011
2011
2011
2011
2010

Noor et al[35]

2011

Perisinakis et al[19]
Faletra et al[36]
Feng et al[37]
Richards et al[38]

2010
2010
2010
2010

Kim et al[39]
Smith-Bindman et al[40]
Berrington de González et al[41]
Raelson et al[42]
Kim et al[43]
King et al[44]

2010
2009
2009
2009
2009
2009

Sodickson et al[45]
Griffey et al[46]
Huang et al[47]
Einstein et al[48]
Chodick et al[49]
Beyan et al[50]

2009
2009
2009
2008
2007
2007

Berrington de González et al[51]
Blettner et al[52]

2007
2007

Einstein et al[53]
de Jong et al[54]
Brenner et al[55]
Berrington de González et al[56]

2007
2006
2004
2004

Country

Study size

Intervention

Study type

United States Comprehensive review of all relevant biological, physical and epidemiological radiation data
United
178604 for leukaemia and
CT scan
Retrospective
Kingdom
176587 for brain tumour analysis
respectively
Canada
1424
Pulmonary CT angiography
Retrospective
United States Two 4-yr cohorts of 5267230 and
CT scan
Retrospective
5555345
United States
617
Cervical spine multidirectional CT
Retrospective
United States
CT scan simulation
Greece
Triple-rule-out 256-slice CT angiography simulation
United States
25104
Chest and abdomino-pelvic CT scan
Retrospective
Canada
2569
Abdomino-pelvic CT scan
Retrospective
United States
CT scan simulation
United States
205 cases, 333 controls
Survey asking ionizing radiation exposure Case-control
United States
CT colonography simulation
United States
CT scan simulation
United States
Cardiac CT angiography simulation
United States
7490
Chest radiotherapy
Prospective
cohort
United
202
Plain X-ray, CT scan, nuclear medicine Retrospective
Kingdom
procedures, cardiac procedures
Greece
Coronary CT angiography simulation
Switzerland
729
64-slice coronary CT angiography
Prospective
China
CT scan simulation
United
Spine CT simulation
Kingdom
United States
Cone beam CT simulation in a paediatric population
United States
1119
CT scan
Retrospective
United States
57 million CT scans
CT scan
Retrospective
United States
68
Neuroangiography
Retrospective
United States
Multi-detector CT scan simulation
United States Two cohorts of 240 participants
CT scan
Retrospective
respectively
United States
31462
CT scan
Retrospective
United States
130
CT scan
Retrospective
Hong Kong
Fluorine 18-fluorodeoxyglucose PET/CT scan simulation
United States
16-slice CT coronary angiography simulation
Israel
17686 CT scans
CT scan
Retrospective
Turkey
15
Radiologic imaging studies in diagnosis Retrospective
and follow-up of Hodgkin’s lymphoma
United States
CT scan simulation
Germany
Glioma and meningioma-747 cases, 1535 controls. Acoustic neuroma-97 cases, 202 controls
Interviews collecting data on diagnostic X-ray examinations, radiotherapy, CT scans,
scintigrams and angiographies
Case-control
United States
64-slice CT coronary angiography simulation
Netherlands
CT scan simulation
United States
CT scan simulation
United
Frequency of X-ray exposure
Diagnostic X-rays
Retrospective
Kingdom
estimated using worldwide
survey of medical radiation use
between 1991-1996

CT: Computed tomography.

Medical imaging uses for screening
CT colonography is regarded as sensitive as optical colonoscopy and is sometimes used to detect large adenocarcinomas of the colon[57]. A CT colonography screening
study estimated, using standard protocols, that patients
would receive a dose of 8 mSv and 7 mSv for women
and men respectively[31]. Assuming a CT colonography
screen every 5 years from the age of 50-80 years, 150

duction in cancer risk with the highest excess risk of 0.52%
estimated for children aged < 3 years and 0.21% at age
16-18 years[49]. Berrington de González et al[41] estimated
a mean lifetime cancer risk of 1 for every 1000 head CT
scans at age 3 years and 1 year every 2000 head CT scans
at age 15. For abdomino-pelvic CT scans, a lifetime cancer
risk of 1 for every 500 scans was predicted at ages 3 and
15 and 1 every 1000 scans at age 30[41].
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344 records identified through
database search
Pubmed n = 344
Cochrane library n = 0

risks associated with the use of CT scans for surveillance
in patients diagnosed with colorectal cancer.
The majority of studies included for review showed a
positive association between ionizing radiation from medical imaging and increased cancer risk[21-27,29-51,53-56]. As with
all medical procedures the dilemma lies in balancing the
potential harm vs the benefit medical imaging provides.
Meer et al[23] suggested that despite using conservative estimates and worst-case scenario methodology, the cancer
risk was low in the elderly United States population even
in patients who received dosages over 100 mSv. Whilst
the risks are apparent, they need to be taken in context
and two studies[22,31], which assessed the use of CT scans
to detect potentially life-threatening illnesses (colorectal
cancer and pulmonary embolism), showed a clear positive benefit-risk ratio. Instances in which medical imaging
may not be justified include the use of full-body CT examination as a “screening” tool, where there is potential
radiation associated cancer risk[55] but poor evidence regarding its effectiveness and life-prolonging benefits[58-60].
A typical dose from a single full-body CT scan was estimated to be 16, 14 and 10 mGy to the lung, GI tract and
bone marrow respectively but subject to variability due to
differences in CT scanners and protocols[55]. This equates
to an effective dose (weighted average dose to all oragns)
of around 12 mSv and an excess lifetime cancer mortality risk of 1.9% if 30 such scans were undertaken over a
lifetime[55].
In children and young adults, an age dependent cancer risk was reported, with the risk decreasing as the patients became older, particularly for head CT scans[41-49]. A
recent direct study investigating CT scan use and cancer
risk in patients less than 22-year-old also showed a leukaemia and brain tumour risk approximately three times
higher when receiving a cumulative dose of > 30 mGy
and 50-74 mGy respectively[21]. This approximates to 5-10
and 2-3 head CT scans in children < 15 years for the
corresponding leukaemia and brain tumour risks stated
above, respectively[21]. Children are considered more radiosensitive to the oncogenic effects[61-74], may have a longer lifetime risk to develop cancer (particularly sarcoma,
lymphoma and breast carcinoma)[49] and receive higher
doses relative to adults due to their smaller body size and
relative attenuation[75].
Two studies[28,52] did not show a statistically significant
association between medical imaging radiation and increased cancer risk. There could be several explanations
for this. The results may be of face-value and there may
be no association between medical imaging radiation and
brain tumours[52] or secondary abdomino-pelvic malignancies[28]. Self-reported information and recall bias may
under or overestimate radiation dose received in the study
carried out by Blettner et al[52]. The number of diagnostic
procedures is also a crude estimate of actual radiation
exposure due to the variability in radiation dose, even for
the same procedure[40,52]. Van Walraven et al[28] suggested
that the relationship between radiation and cancer risk
may not be linear, rather requiring a particular threshold

0 additional records identified
through other sources

Screening

344 records identified through
database search
Pubmed n = 344
Cochrane library n = 0

302 articles excluded on initial
screen of title and abstract

Included

42 full text articles assessed
for eligibility

6 full text articles excluded
according to inclusion/
exclusion criteria stated in the
methods section

Eligibility

0 duplicates
n = 344

36 studies (and the BEIR Ⅶ
report) included in the qualitative
analysis

[15]

Figure 1 Preferred reporting items for systematic reviews and metaanalyses flow diagram summary of study selection process.

radiation-related cancers resulted for every 100000 patients screened (95% CT uncertainty interval, 80-280)[31].
The number of colorectal cancers prevented from CT
colonography, based on three microsimulation models,
varied between 3580 to 5190 cases per 100000 patients
screened, resulting in a benefit-risk ratio of 24:1 (95%
CT uncertainty interval, 13:1-45:1) to 35:1 (95% CT
uncertainty interval, 19:1-65:1)[31]. The benefit-risk ratio
was higher for patients aged 65-80 relative to those aged
50-64[31].
A retrospective cohort study of 1424 patients by
Woo et al[22] also showed a positive benefit-risk ratio
when examining the mortality benefit from preventing
a pulmonary embolism vs mortality risk from radiation
induced cancer (benefit-risk ratio of 25 for patients in the
emergency department or outpatient setting and 187 for
inpatients).
Brenner et al[55] investigated the effects of full-body
CT examinations which have become more popular in
private independent radiology clinics. This study showed
a single full-body CT scan in a 45-year-old adult would
result in an estimated lifetime attributable cancer mortality risk of around 0.08% with 95% credibility limits being
a factor of 3.2 in either direction[55]. An annual examination up till age 75 (30 examinations in total) was reported
to increase the lifetime risk to 1.9% with 95% CT credibility limits being a factor of 2 in either direction[55].
Summary of evidence
The main objectives of this review was to provide an
overview of the radiation risks involved with medical
imaging and use this as a framework to better understand
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rate at which cellular repair mechanisms are overwhelmed
and start carcinogenesis[76-85].

disease in either liver, lung or peritoneum can be associated with long term disease control or cure[2]. The outcomes are also improved with long disease free interval
from primary diagnosis making the case for ongoing follow up, even when the patients have reached 5 years post
treatment.
Using data from the study of Berrington de González
et al[41] a crude estimate of 0.013 and 0.015 lifetime excess
cancers was determined for 10 CT scans to the chest,
abdomen and pelvis in a 50-year-old male and female
respectively. In the New Zealand context, this would
equate to 39.6 excess cancers if the 1463 males and 1374
females in the 2009 New Zealand colorectal cancer registry received a conservative measure of 10 CT scans each,
in the context of 1244 colorectal cancer deaths[94]. While
these numbers are low and primarily include elderly
patients in whom the adverse effects of radiation are reduced, ten percent of patients presenting with colorectal
carcinoma are under the age of 40 years and in these
patients, therapy is often most intensive and as results
improve, prolonged follow up will be routine with an aggressive approach taken to treat metastatic disease. Eventually, this will require that guidelines for post-treatment
surveillance address the need for more intensive surveillance strategies and make comment on extending surveillance beyond 5 years.
It may be possible to utilize non-radiation methods
including magnetic resonance imaging to assess the abdomen and pelvis and contrast enhanced ultrasound for
the liver although currently CT of the chest remains the
gold standard for detecting pulmonary disease. A study
by Schmidt et al[95] comparing the use whole body MRI
in the follow up of 24 patients with colorectal cancer
showed MRI was less sensitive (sensitivity 63%) at detecting lymph node metastases relative to FDG-PET-CT
(sensitivity 93%) and had a similar sensitivity for detecting
organ metastases (sensitivity 80% and 78% for PET-CT
and MRI respectively). Despite the great soft-tissue resolution MRI provides for detection of pelvic recurrences
of colorectal cancer[96-100], its use for routine surveillance
of the pelvis after curative surgery was “not justified”[101]
on the basis that there were no differences in detection
of possible cases suitable for surgical resection compared
to conventional follow up protocols, rather suggesting
MRI be selectively used for imaging patients following
clinical, biochemical or colonocopic assessment. The
other possibility is to restrict intensive follow up to patients with adverse prognostic factors and higher risk of
recurrence. However recent evidence suggests that after
3 years of survival conventional clinicopathologic factors
have limited ability to predict long-term survival[102].
Whilst nothing can be definitively concluded from the
crude approximations above, clinicians should be aware
of the possible risks associated with ionizing radiation
when imaging patients with colorectal cancer. As with
any medical intervention, the clinician needs to balance
the risks and benefits, particularly more so in the younger
population due to the increased radiosensitivity in this

Limitations
Most studies included in the review used a linear, nothreshold (LNT) model as proposed in the BEIR Ⅶ report[15] to calculate cancer risks. The LNT model is based
on atomic bomb survivors in the Japanese population (the
Life Span study) and proposes that any radiation dose increases the risk of developing cancer[15,21]. Therefore, it is
perhaps unsurprising that a majority of studies included
in the review showed a positive association between medical imaging radiation and increased cancer risk.
The LNT model is not full proof, particularly with
regard to application of data to non-Japanese populations
and at low doses (< 50 mSv) of radiation where there is
no convincing epidemiological evidence of a linear model[86]. The LNT model is still debated and a review by Pauwels and Bourguignon discusses these issues in detail[86].
Another limitation may involve the retrospective
nature of many studies and a number of authors have
commented on the practicality of following up hundreds
of thousands patients for their entire lifetime[31,43]. These
difficulties have also been noted in another study[87]. As
described above, recall bias and under or overestimation
of radiation dose received may also be another limitation
in case-control studies[30,52].
With regard to the review itself, failure to identify
relevant studies in the literature may have resulted in
bias[14,88]. Limits were set to search for English language
articles in the last 10 years only. In addition, omission
of studies where the full-text could not be retrieved may
have contributed to the bias[14,88,89]. As studies were not
selected in an independent blinded manner, there could
also have been some unjustified exclusion of eligible
studies[14,88,89].
Implications for patient follow up
On the basis of the available literature, there is a small,
but increased risk of cancer from medical radiation imaging with the risk increasing in the younger population.
Many studies calculated risk using risk projection models
mainly derived from atomic bomb survivors in Japan and
there is a debate about the applicability of such models
in low dose radiation exposure[21,90-93]. The only cohort
study to date which directly assessed the risk of cancer
and CT scans reported risk estimates which were broadly
consistent with data from the atomic bomb survivors in
the paediatric population[21]. Whether these data can be
applied in the adult population is still unknown[21].
For patients with colorectal cancer who have undergone curative resection, the current guidelines are variable with ASCO[7,8] NCCN[3] and ESMO[5] guidelines
recommending annual CT scans for at least three years
following diagnosis and initial treatment. However, all of
the published guidelines underestimate the frequency of
imaging currently employed in many cancer centres since
it is now recognised that resection of localized, recurrent
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group[61-74]. A clinically justified CT scan in the context of
colorectal cancer is likely to be of benefit due to the fatal
nature of the disease. Further studies of medical imaging
risks in the adult population, based on empirical data using direct studies, and epidemiological data of radiation
risks at low doses, would be beneficial in assessing the
potential benefits and risks associated with multiple imaging in colorectal cancer patients.
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Core tip: This article reviews the underlying factors for
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Abstract
Colorectal cancer (CRC) is the second leading cause of
cancer related deaths in the United States. There are
significant differences in CRC incidence and mortality by race with the highest burden occurring among
blacks. The underlying factors contributing to CRC
disparities are multiple and complex. Studies have
suggested that a higher prevalence of putative risk
factors for CRC, limited access to healthcare services,
lower utilization of healthcare resources and increased
biological susceptibilities contribute to this disparity by
race. This article reviews the factors associated with
the disproportionally higher burden of CRC among
blacks; addresses the controversies regarding the age
to begin CRC screening and the screening modality to
use for blacks; and proffers solutions to eliminate CRC
disparity by race.

DISPARITIES IN COLORECTAL CANCER
INCIDENCE AND MORTALITY BY RACE
Widening racial disparities in cancer burden continues to be recognized[1-5]. Since 1960, colorectal cancer
(CRC) mortality has declined by 39% among whites, but
increased by 28% among blacks[5]. The incidence and
mortality from CRC is higher among blacks when compared with other race-ethnicities[2]. An estimated 142820
new cases of CRC and 50830 CRC related deaths were
expected in 2013. The incidence of CRC among black
males is 65.1 per 100000 population but 52.8 per 100000
among white males. The incidence of CRC among black
females is 48 per 100000 as compared to 39.2 per 100000
among white females. Similar pattern has been observed
with mortality rates from the disease. The CRC mortality
rate among black males is 29.8 per 100000 as compared
to 19.5 per 100000 among white males. The mortality
rate from CRC is 19.8 per 100000 among black females
but 13.6 per 100000 among white females.

© 2015 Baishideng Publishing Group Inc. All rights reserved.
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have lower burden of CRC when compared to blacks
and whites in the United States[2,9]. The incidence of CRC
among Hispanic males and Hispanic females are 46.9 and
33.3 per 100000 population and the corresponding mortality rates are 15.3 and 10.2 per 100000 population.

POSTULATED FACTORS UNDERLYING
RACIAL DISPARITY IN CRC BURDEN
Differences in the prevalence of putative diet and
lifestyle risk factors
Studies have suggested that alcohol ingestion, cigarette
smoking, obesity, and meat consumption increases the
risk of CRC whereas physical activity decreases the
risk[6,7]. The prevalence of obesity and cigarette smoking is higher and physical activity is lower among blacks
when compared to whites[8,9]. In South Africa, blacks
have lower incidence of CRC (< 5 per 100000 ) as compared to South African whites (40 per 100000) who
consumed a typical “western’’ diet[10]. When compared to
South African blacks, American blacks exhibit a higher
CRC risk and mucosal proliferation rates which is associated with higher dietary intakes of animal products and
higher colonic populations of potentially toxic hydrogen
and secondary bile-salt-producing bacteria[10]. Higher
consumption of animal fat including beef, pork and lamb
has been associated with an increased risk for CRC[11,12].
The consumption of red meat and pork is higher among
blacks than other race-ethnicities in the United States[12].
Some studies have suggested an inverse association
between micronutrients (Vitamin E, β carotene, vitamin
C, Calcium) intake and CRC risk[13,14]. However, there
are differences in the intake of micronutrients between
blacks and whites with higher intake among whites primarily due to higher dietary supplements use. A possible
basis of this association is that high concentrations of
hydrogen (a byproduct of bacterial metabolism) in the
colon can interfere with cellular metabolism[15]. Hydrogen
concentration has been reported to be higher among
blacks than among whites[10] and hydrogen is toxic to
colonic epithelium. Although the exact mechanisms of
action of micronutrients are not well established, they are
postulated to have anti-oxidant effects, exert some effect
on cell growth regulation and enhance immune response.
Although these dietary and lifestyle factors have been
associated with CRC risk and may play a role in the observed disparity among blacks versus whites, the actual
differential contributions of these factors to the overall
CRC burden is not well established. For instance, while it
has been suggested that high fat and low fiber diet are associated with increased susceptibility to CRC, reversal or
adoption of the “healthy” lifestyle has not been proven
to reduce CRC susceptibility in randomized trials. For
instance, the adoption of low fat, high fiber, high fruits
and vegetable diet in the Polyp Prevention Trial and fiber
supplementation in the Wheat Bran Fiber Trial did not
reduce the recurrence of adenoma[16,17]. Similarly, weight
loss within 4 years did not reduce the risk of adenoma
recurrence[18].
Furthermore, using the Behavioral Risk Factor Surveillance System, the prevalence of these putative risk
factors such as obesity, cigarette smoking, alcohol consumption, lack of physical activities, low socioeconomic
status and low health literacy are comparable among
blacks and Hispanic population, yet Hispanic Americans

WCGO|www.wjgnet.com

Differences in tumor biology
Blacks tend to be diagnosed with CRC at younger ages,
are more likely to present with proximal tumors and be
diagnosed with more advanced diseases than whites[19-26].
This suggests that stage at presentation may account for
some of the observed racial differences in survival after
CRC diagnosis. Tumor grade is an independent prognostic predictor of CRC even after adjusting the effects of
stage of disease at the time of diagnosis[3,27-31]. Studies
have suggested that blacks suffer worse outcomes when
they present with similar tumor characteristics as whites.
Alexander et al[31] reported that blacks with high grade
tumors were three times (HR = 3.05, 95%CI: 1.32-7.05)
more likely to die of CRC within 5 years after surgery
when compared with whites with high grade tumors.
Blacks with lymph node-negative CRC have more than
40% excess mortality when compared to whites with
the same disease[5,26,27]. It is noteworthy that approximately 30% of patients with lymph node negative CRC
(stages Ⅰ and Ⅱ) develop recurrent disease, probably
reflecting the presence of occult tumor in those lymph
nodes[32-34]. Hyslop et al[35] suggested that blacks exhibited 4-fold greater occult metastases in individual lymph
nodes compared with whites. Thus, occult tumor burden
may be playing an important role in racial disparities in
CRC outcomes between blacks and whites. However,
in a systematic review of published studies, Bach et al[36]
reported that there were no appreciable differences in
cancer-specific survival between blacks and whites when
treatment was comparable for similar stage cancers. The
authors concluded that differences in cancer biology between racial groups are unlikely to be responsible for a
substantial portion of the observed discrepancy in stagespecific CRC survival if blacks and whites receive similar
treatments.
Differences in healthcare access, utilization and
treatment
Blacks are more likely to be uninsured, have a fatalistic
attitude towards medical illness, experience stigma, exhibit fear and denial related to a cancer diagnosis, have
an aversion to health care treatments such as surgery,
mistrust the healthcare system, and have misperceptions
about cancer that ultimately interfere with treatment[9,37,38].
Although the efficacy of treatment for CRC appeared to
be similar between blacks and whites in equal access systems and among participants in adjuvant chemotherapy
trials[21,23] there are differences in the treatment received
after CRC diagnosis among blacks and whites in general[25,26,39-45].
Blacks received surgery less often than whites for
CRC[26,42-45]. Demissie et al[44] reported that the odds of
non-receipt of surgical treatment was higher among
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blacks as compared with whites for stage Ⅰ (OR = 2.08,
95%CI: 1.41-3.03 among males; OR = 2.38; 95%CI:
1.69-3.45 among females) and stage Ⅳ colon cancer
(OR = 1.25, 95%CI: 1.01-1.56 among males; OR = 1.41,
95%CI: 1.14-1.72 among females). Similar results were
reported by Le et al[26]. The authors reported that a higher
percentage of blacks did not undergo surgical resection
for stage Ⅰ disease (5.4% vs 3.7%, P < 0.001) and stage
Ⅳ disease (30.3% vs 23.3%, P < 0.001) when compared
with whites. In general, the reasons for not receiving surgery among blacks included that it was less often recommended, refused by black patients, and because of higher
prevalence of comorbid conditions among blacks[26].
While disparity in surgical treatment of CRC between
blacks and whites is evident from above, studies have
shown mixed results regarding chemotherapy and radiation therapy use for CRC management by race. Some
studies suggest that blacks were less likely to undergo
chemotherapy and radiation therapy even when they
had undergone consultations with oncologists[25,40,46].
The reason for this is unclear but it is unknown if blacks
are more fearful of the effects of chemotherapy even
though blacks were less likely to develop chemotherapy
related toxicity in a clinical trial[47]. However, it has been
suggested that a higher proportion of black patients with
CRC lived in census tracts with low high school graduation rates and these areas had lower chemotherapy use[48].
Blacks also tend to have less supplemental coverage when
compared to whites which could affect co-payment for
outpatient chemotherapy, and this can affect the initiation of chemotherapy among blacks[41]. Conversely, other
studies did not find an association between race and
chemotherapy use[26,49]. It is noteworthy that studies have
reported that disparity in survival after CRC diagnosis are
attenuated or eliminated with the receipt of similar treatments by blacks and whites[21,23,47,50,51].

healthcare are introduced for reasons that are not well
understood.
Disparities in screening have been cited as one of
the reasons for high incidence and mortality from CRC
among blacks as compared with whites. Lansdorp-Vogelaar et al[62] reported that differences in CRC screening accounted for 42% of disparity in CRC incidence and 19%
of disparity in CRC mortality between blacks and whites.
There are many barriers to CRC screening uptake
among blacks. These are due to a complex combination
of socioeconomic disadvantages from lower education
and income, place of residence, inadequate insurance
and mistrust of the medical system[63-65]. People in lower
socioeconomic neighborhoods are less likely to undergo
a colonoscopy, even among insured subjects receiving
care in integrated healthcare systems[64]. Physician recommendation is important for completing CRC screening[66,67]. However, increasing availability of primary care
physicians and colonoscopy providers did not narrow the
racial gaps in CRC screening disparities. Rather, colonoscopy rates increased among whites but decreased among
minorities[59]. Therefore, there is an urgent need to increase the participation of minorities as care providers in
biomedical fields and improve cultural competencies of
all care providers[68,69].

Disparities in colorectal cancer screening
There has been growing evidence that CRC screening
reduces mortality[52-54]. There are multiple acceptable options for CRC screening including fecal occult blood and
fecal DNA testing, double contrast barium enema, CT
colonography, flexible sigmoidoscopy, and colonoscopy[55]. Identified significant predictors of CRC screening
include older age, having a regular doctor and participating in general medical examinations[56]. Screening rates
are low among racial and ethnic minorities and persons
from socioeconomically disadvantaged population[57-59].
Doubeni et al[60] reported that the screening rate for white
Medicare beneficiaries improved from 49% in 2000 to
56.6% in 2005. During the same study period, the screening rates among blacks improved from 41% to 52% suggesting that screening rates for CRC are improving, but
disparity in the screening rates still persists. Tehranifar et al[61]
also reported that cancer survival disparities between blacks
and whites widened as cancers become more amenable
to medical interventions. This suggests that blacks lag
behind when medical technologies that improve cancer

Should we begin CRC screening earlier among blacks?
Studies have suggested that when compared to whites,
blacks are more likely to be diagnosed with CRC at
younger ages, present with proximal tumors and be diagnosed with advanced diseases[19-26]. The widely adopted
recommendation is to begin CRC screening from 50
years of age for average risk individuals in the United
States[55,70]. Some experts have expressed the opinion
that race-based recommendation for CRC screening will
create more confusion for patients and their healthcare
providers amidst a crowded field of recommendations
based on age, family history of colorectal cancer and
polyps, and colonic diseases such as inflammatory bowel
disease. They argue for increasing efforts to boost participation in CRC screening by blacks and that it is not cost
effective to lower the age of screening[71]. In contrast to
this opinion, the American College of Physicians recommended that CRC screening should start at 40 years of
age[72] while the American College of Gastroenterology
(ACG)[73] and American Society for Gastrointestinal Endoscopy recommended CRC screening beginning at age
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CONTROVERSIES IN COLORECTAL
CANCER SCREENING BY RACE
Although it is well known that blacks suffer the highest
burden from CRC and increasing CRC screening uptake among blacks is at the core of the solution, there is
no consensus regarding the screening strategy to adopt
in eliminating this disparity. In particular, it is unclear
whether there should be different CRC screening recommendations based on race-ethnicity.
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45 years[74]. In our opinion, blacks should begin screening
at age 45 years as part of a comprehensive intervention
to improve screening uptake, ensure adequate followup and resolution of abnormal screening results, and
enhance access and utilization of good quality treatment
of patients diagnosed with CRC in a timely fashion. This
is because of the well documented earlier presentation
with CRC among blacks and the proximal location of
their tumors which raises the possibility of genetic predisposition such as Lynch syndrome. However, genetic
predisposition to CRC is raised based on family history
of CRC. It is well known that blacks tend not to know
their family medical history due to lower health literacy
and lack of knowledge of their family ancestry. There is
a lack of information among African Americans with regards to the prevalence of inherited conditions that predispose to CRC. Murff et al[75] reported that blacks who
have first-degree relatives (FDRs) with CRC are less likely
to undergo colonoscopy screening compared with whites
(27.3% vs 43.1%) who have affected relatives. Therefore,
screening blacks earlier will serve as a “reset” that has the
potential of early identification of those at increased risk of
CRC in the next generation. Future studies should focus on
quantifying genetic susceptibility to CRC among blacks.

studies have shown that blacks who receive medical care
and cancer treatment similar to those of whites experience similar outcomes, enabling blacks to achieve equal
access to care as whites could substantially reduce the
racial disparities in CRC burden[36]. It is imperative to improve health insurance coverage and health education of
the population. The implementation of the Affordable
Care Act has a potential to ensure coverage for millions
of previously uninsured persons and provide the necessary access to CRC screening. However, White et al[79] reported that despite the expansion of Medicare coverage
for CRC screening tests, racial/ethnic differences in CRC
screening persisted over time among this insured population. Hence, health care access by provision of health
insurance is necessary but not sufficient to improve CRC
screening and reduce CRC disparity by race.
In a meta analysis by Naylor et al[80] provider-directed
multi-modal interventions which comprised of education
sessions and reminders and pure educational interventions were found to be effective in raising CRC screening
rates in minorities by 10%-15%. A median improvement
of 16% in endoscopic CRC screening completion was
noted with the patient navigator model. Tailored patient
education combined with patient navigation services, and
physician training in communicating with patients of low
health literacy, can modestly improve adherence to CRC
screening.
The New York City Department of Health and Mental Hygiene has started a program called The Citywide
Colon Cancer Control Coalition (C5) to help New York
City attain CRC control goals through advocacy, resource
development, and policy initiatives. They launched public
campaigns and implemented patient navigation systems
in many of the New York City area hospitals in an effort to increase colonoscopy screening rates and reduce
racial/ethnic disparities. In 2003, low rates of screening
as well as screening disparities were noted with only 36%
of blacks, 38% Latinos and 48% of whites having had a
colonoscopy. After this concerted citywide effort, screening colonoscopy rates had increased to approximately
62 percent by 2009 with virtual elimination of screening
disparities among these ethnic groups[81].
In Delaware, a “Village approach” was implemented
which involved a 3-step process to reduce CRC disparities by increasing CRC screening rates, providing quality
treatment and resolution of abnormalities and by using
an extensive patient navigation services. The program led
to increased CRC screening rates among all race-ethnicities, reduction in CRC incidence, reduction in CRC mortality and narrowing of the CRC survival differences[82].
Figure 1 shows the leading causes of CRC disparities
and proffer solutions to reduce the observed disparities.

What CRC screening modality should be recommended
for blacks?
The predisposition to proximal CRC among blacks is a
potent argument to support the recommendation of the
ACG that colonoscopy should be the preferred screening modality. Furthermore, colonoscopy is the diagnostic
procedure after an abnormal screening from the other
modalities and polyps can be removed during the same
procedure. However, it is the most invasive, most expensive and presents the most difficult logistic challenge
in terms of bowel preparation, co-pays, missed work
days and the need for an escort due to moderate sedation. Studies have suggested a higher completion rate of
screening when the underserved are offered fecal occult
blood tests[76,77]. It appears that there are wide geographic
variations in availability of colonoscopy to the population and in the acceptability of fecal based tests to the
underserved. We observed that blacks were less likely to
undergo diagnostic colonoscopy following an abnormal
flexible sigmoidoscopy screening in the Prostate, Lung,
Colorectal and Ovarian Cancer Screening Trial[78]. This
raises a concern that follow-up of abnormal screening
may be a challenge for blacks and a screening modality
that can permit intervention may be better. Notwithstanding, we are of the opinion that healthcare providers
should discuss CRC screening options with their patients,
but should make a specific recommendation for a screening modality based on the patient’s preferences, comorbidities, social situation, and locally available resources.

CONCLUSION
There are several important factors contributing to differential CRC mortality rates among blacks and whites. A
comprehensive approach that increases access and utilization of CRC screening, timely follow-up of abnormal

THE WAY FORWARD
It will require a comprehensive patient, provider, and
policy-maker partnership to reduce CRC disparity. As
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Differences in
Surgical resection
Chemotherapy
Radiation therapy

Differences in tumor biology
More proximal location of CRC in blacks
Young age at CRC diagnosis
More metastatic disease
High grade tumors
More occult metastasis
Lesser screening rates among
patients with family history
of CRC

Differences in
Obesity
Physical activity
Diet
Micronutrient intake

Differences in
Screening
Colonoscopy usage
Follow up after screen
detected abnormalities
Lower healthcare utilization

CRC
Disparity
by race

Solutions

Improve diet and lifestyle choices
Decrease obesity rates
Increase physical activities
Increase CRC screening rates
Earlier age of screening
Increase use of colonoscopy
Similar treatment for CRC
Community outreach
Patient navigation
Universal healthcare access

Figure 1 Leading causes of colorectal cancer disparities and potential solutions to reduce the observed disparities. CRC: Colorectal cancer.

results and treatment of CRC will be needed to reduce or
eliminate disparity.
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Core tip: Rectal cancer management is currently a multidisciplinary effort, which incorporates new concepts
and technologies, resulting in significant improvement
in patients’ oncological and functional outcomes. Despite the evolution reported in the last decades, there
are still many unanswered questions about treatment
of rectal cancer. In this article, we critically analyzed
the main controversial matters in current rectal cancer
management.
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Abstract
Management of rectal cancer has markedly evolved
over the last two decades. New technologies of staging
have allowed a more precise definition of tumor extension. Refinements in surgical concepts and techniques
have resulted in higher rates of sphincter preservation
and better functional outcome for patients with this
malignancy. Although, preoperative chemoradiotherapy
followed by total mesorectal excision has become the
standard of care for locally advanced tumors, many
controversial matters in management of rectal cancer
still need to be defined. These include the feasibility of a
non-surgical approach after a favorable response to neoadjuvant therapy, the ideal margins of surgical resection
for sphincter preservation and the adequacy of minimally
invasive techniques of tumor resection. In this article,
after an extensive search in PubMed and Embase databases, we critically review the current strategies and the
most debatable matters in treatment of rectal cancer.

INTRODUCTION
In the last two decades there have been significant changes
in evaluation and management of rectal cancer. Incorporation of new technologies of staging and new therapeutic
concepts has improved oncologic and functional results
in patients with this malignancy. Treatment of the disease
has become a multidisciplinary effort, which depends
upon the integration between oncologists and colorectal
surgeons. The goal of this article is to analyze the main
controversial matters in current rectal cancer management.

LITERATURE SEARCH
We performed a literature search using PubMed and
Embase databases up to September 2013. The following MeSH search terms were used: rectal cancer, tumor

© 2015 Baishideng Publishing Group Inc. All rights reserved.

WCGO|www.wjgnet.com

1080

February 8, 2015|First Edition|

Damin DC et al . Evolving treatment strategies for CRC
Mesorectum

Table 1 Tumor node metastasis clinical classification (colon
and rectum cancer)

Peritoneal reflection

TX
T0
Tis
T1
T2
T3

Mesorectal
lymph nodes
Bladder

T4

Rectum

T4a
T4b
Nx
N0
N1
N1a
N1b
N1c

Prostate gland
Dentate line
Denonvilliers' fascia Anal canal

Figure 1 Rectal anatomy.

staging, total mesorectal excision, radiotherapy, chemoradiotherapy, neoadjuvant chemo-radiotherapy, ‘‘watch and
wait’’, surgery and sphincter preservation. These terms
were applied in various combinations to maximize the
search. Only articles written in English were included.
Additional searches of the embedded references from
primary articles were performed to further improve the
review.

N2
N2a
N2b
M0
M1
M1a
M1b

AJCC: American joint committee on cancer[4].

ANATOMIC DEFINITIONS

preoperative staging a complete colonoscopy should be
performed, if the tumor is not obstructive, for histologic
confirmation of the diagnosis and to rule out proximal
synchronous lesions. In cases in which a full colonoscopy cannot be performed, a preoperative doublecontrast barium enema or a computed tomography (CT)
colonography may be used. Alternatively, for patients
with incomplete preoperative colonoscopy, intraoperative colonoscopy may be used as an effective method to
detect synchronous lesions[3].
In order to complete pretreatment staging, a CT scan
of the thorax and abdomen and pelvis, and the measurement of serum carcinoembryonic antigen are recommended[2]. Once distant metastases have been ruled out,
the most important factor to define the strategy of treatment to be adopted is the locoregional staging. Tumor
node metastasis (TNM) system, as recommended by the
American Joint Committee on Cancer, is currently the
most widely used system for staging rectal adenocarcinomas (Tables 1 and 2)[4].
There is considerable controversy on what is the ideal
method to evaluate local extent of the tumor. Although
CT scan is no longer considered the modality of choice,
it can be used in patients with primarily advanced T-stage
tumors (accuracy of 79% to 94%). Accuracy fells to
52% to 74% when smaller and less advanced tumors are
analyzed[5-9]. Endorectal ultrasound (EUS) and magnetic
resonance imaging (MRI) with either endorectal or increasingly phase array coils are currently the modalities

Some anatomic concepts are essential for planning rectal
cancer therapy (Figure 1). The rectum is the segment of
the large bowel located between the sigmoid colon and
the anal canal. Its upper limit is generally located at the
level of the sacral promontory, roughly corresponding to
a point where the taeniae coli spread out and can no longer be distinguished. For practical purposes, it is accepted
that malignant tumors located within 15 cm from the anal
verge (using a rigid proctoscope) should be diagnosed as
rectal cancers. Below the peritoneal reflection, the rectum
has no serosal layer and is surrounded by a circumferential fatty sheath known as mesorectum. It contains the
perirectal lymph nodes, which usually represent the first
sites to which rectal tumors disseminate[1,2].

PRETREATMENT EVALUATION AND
STAGING
The process of staging a rectal cancer starts with a careful physical examination. Digital examination of the
rectum, along with proctoscopy, should determine degree of tumor fixation, percentage of the circumference
involved, distance of the tumor form the anal verge and
likelihood of sphincter preservation. Vaginal exam may
reveal direct tumoral invasion. Inguinal lymph nodes
should be examined if tumor arises from the lower third
of the rectum. According to the the American Society
of Colon and Rectal Surgeons 2013 guidelines [2], for

WCGO|www.wjgnet.com

Primary tumor cannot be assessed
No evidence of primary tumor
Carcinoma in situ: intraepithelial or invasion of lamina propria
Tumor invades submucosa
Tumor invades muscularis propria
Tumor invades subserosa or into non-peritonealized pericolic or
perirectal tissues
Tumor directly invades other organs or structures and/or
perforates visceral peritoneum
Tumor perforates visceral peritoneum
Tumor directly invades other organs or structures
Regional lymph nodes cannot be assessed
No regional lymph node metastasis
Metastasis in 1-3 regional lymph nodes
Metastasis in 1 regional lymph node
Metastasis in 2-3 regional lymph nodes
Tumor deposit(s), i.e., satellites, in the subserosa, or in nonperitonealized pericolic or perirectal soft tissue without regional
lymph node metastasis
Metastasis in 4 or more regional lymph nodes
Metastasis in 4-6 regional lymph nodes
Metastasis in 7 or more regional lymph nodes
No distant metastasis
Distant metastasis
Metastasis confined to one organ [liver, lung, ovary, non-regional
lymph node(s)]
Metastasis in more than one organ or the peritoneum
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of endoscopic surgical instruments that permit resection
of tumors located up to 20 cm from the anal verge. To
this moment, there are few studies comparing TEM with
transanal resection or with radical surgery[20,21]. However,
the published trials have suggested the technique is relatively safe, usually with minor complications.
It is important to take into account that even in wellselected patients (cT1N0), the risk of lymph nodes metastases can reach 10%. The most challenging aspect in
selecting patients for that sort of treatment is that the
preoperative staging remains limited in defining precisely
tumor invasion and nodal involvement. Considering that
the local recurrence rate may vary from 26% to 47% for
T2 lesions, a radical resection must be indicated for patients with these lesions. However, if the patient is a poor
surgical candidate, we could alternatively recommend
complementary chemoradiation to reduce the risk of local
recurrence[18].

Table 2 Tumor node metastasis stage grouping (colon and
rectum cancer)
Stage 0
Stage Ⅰ
Stage Ⅱ
Stage ⅡA
Stage ⅡB
Stage ⅡC
Stage Ⅲ
Stage ⅢA
Stage ⅢB

Stage ⅢC

Stage ⅣA
Stage ⅣB

Tis
T1, T2
T3, T4
T3
T4a
T4b
Any T
T1, T2
T1
T3, T4a
T2, T3
T1, T2
T4a
T3, T4a
T4b
Any T
Any T

N0
N0
N0
N0
N0
N0
N1, N2
N1
N2a
N1
N2a
N2b
N2a
N2b
N1, N2
any N
any N

M0
M0
M0
M0
M0
M0
M0
M0
M0
M0
M0
M0
M0
M0
M0
M1a
M1b

AJCC: American joint committee on cancer[4].

NEOADJUVANT TREATMENT

of choice for the local staging. EUS is considered more
precise (T-stage accuracy ranging from 75% to 95%), as
compared to MRI (T-stage accuracy ranging from 59% to
95%). However, the efficacy of EUS is limited in stenotic
or large bulky lesions which cannot be traversed by the
probe[10-12].
Evaluation of perirectal lymph nodes is still a major
controversial matter, particularly because metastases can
be found in normal-sized lymph nodes[13,14]. According
to a meta-analysis of 90 studies[15], none of the three
imaging modalities were significantly superior in defining
lymph node involvement. Sensitivities and specificities of
the exams were as follows: CT (55% to 74%), EUS (67%
to 78%), and MRI (66% to 76%).

According to the current evidence, tumors classified as
TNM stage Ⅱ or Ⅲ (T3/T4, N1/N2) should receive
neoadjuvant treatment before radical resection[22]. Two
main options of preoperative therapy have been proposed. The first is short-course radiotherapy, which is
considered the treatment of choice in North-European
countries and Scandinavia. The second option is the
so-called long-course preoperative chemoradiotherapy,
which is the favored treatment in most European countries and in the United States. Characteristics and results
of the main trials investigating the neoadjuvant strategies
in rectal carcinoma are presented in Table 3.
Recently, the German Rectal Cancer Study Group
published results of their trial after a median follow-up
of 11 years[31]. Overall survival at 10 years was 59.6% in
the preoperative arm and 59.9% in the postoperative arm
(P = 0.85). The 10-year cumulative incidence of local relapse was 7.1% and 10.1% in the preoperative and postoperative groups, respectively (P = 0.048), representing
a small absolute reduction of long-term local recurrence
(3%). No significant differences were detected for 10-year
incidence of distant metastases (29.8% and 29.6%) and
disease-free survival.
A recently published meta-analysis[32] assessed effectiveness and safety of neoadjuvant radiotherapy in rectal
cancer. The authors searched several database, analyzing
randomized controlled trials comparing either neoadjuvant therapy vs surgery alone (17 trials including 8568 patients) or neoadjuvant chemoradiotherapy vs neoadjuvant
radiotherapy (5 trials including 2.393 patients). Neoadjuvant radiotherapy decrease local recurrence (HR = 0.59;
95%CI: 0.48-0.72) compared to surgery alone even after
total mesorectal excision. It has marginal benefit in overall survival (HR = 0.93; 95%CI: 0.85-1.00), but was associated with increased perioperative mortality (HR = 1.48;
95%CI: 1.08-2.03). Neoadjuvant chemoradiation improved local control as compared to radiotherapy alone
(HR = 0.53; 95%CI: 0.39-0.72), but both treatments had

TREATMENT CONTROVERSIES
Local excision
Despite limitations of the imaging exams, they are essential to define the strategy of treatment to be adopted. Tumors classified as T1 with no evidence of nodal involvement may be amenable to local excision, depending upon
some specific criteria. These include: well to moderately
differentiated carcinomas, measuring less than 3 cm in
diameter, occupying less than a third of the circumference of the rectal lumen, with no lymphatic, vascular or
perineural invasion[16,17]. Using these selection criteria, it
can be achieved 10-year overall survival rates of 84% and
disease-free survival of 75%[18].
There are currently two main techniques for local excision. The first one is transanal resection which consists of
excision of all layers of the bowel wall, including perirectal fat, with disease-free margins of at least one centimeter. It is a procedure that colorectal surgeons are familiar
with, however its indication is limited to tumors located
within 8 cm from the anal verge[19]. The second method is
transanal endoscopic microsurgery (TEM), which utilizes
a special proctoscope with a 3D binocular optic and a set
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Table 3 Major neoadjuvant therapy trials
n

Ref.
Upsala Trial[23]

471

Treatment arms

Local recurrence rate

Arm 1 (236): preoperative RT (25.5 Gy delivered
in 5-7 d)
Arm 2 (235): postoperative RT (60 Gy delivered
in 8 wk)
Arm 1 (423 patients): 25 Gy during 5-7 d
followed by surgery
Arm 2 (421 patients): surgery alone

5 yr of follow-up
Arm 1: 12%
Arm 2: 21%
P = 0.02
Median follow-up time
Stockholm Ⅰ Trial[24] 849
of 107 mo
Arm 1: 14%
Arm 2: 28%
P < 0.01
Swedish Rectal
1168 Arm 1 (553 patients): preoperative RT - 25 Gy delivered in 5 yr of follow-up
Cancer Trial[25]
five fractions in 1 wk, followed by surgery
Arm 1: 11%
Arm 2 (557 patients): Surgery alone
Arm 2: 27%
P < 0.001
Dutch TME Trial[26] 1861 Arm 1 (924 patients): preoperative RT (5 Gy × 5 d)
2 yr of follow-up
followed by TME
Arm 1: 2.4%
Arm 2 (937): TME alone
Arm 2: 8.2%
P < 0.001
Stockholm Ⅱ Trial[27] 557 Arm 1 (272): preoperative radiotherapy (25 Gy
Median follow-up was
in one week) followed by surgery within a week
8.8 yr
Arm 2 (285): surgery alone
Arm 1: 12%
Arm 2: 25%
P < 0.001
German Rectal
823 Arm 1 (421 patients): preoperative CHRT:
5 yr of follow-up
Cancer Study
50.4 Gy/28 fractions/5 fractions weekly
Arm 1: 6.0%
Group[28]
and fluorouracil (continuous infusion) in first
Arm 2: 13%
and fifth week of RT. TME after 6 wk
P = 0.006
Additional 4 cycles of FU every 4 wk
Arm 2 (402 patients): postoperative CHRT
(same as in Arm 1 except a 5.4 Gy boost in RT)
Polish Rectal Cancer 312 Arm 1 (155 patients): preoperative RT
4 yr of follow-up
Trial[29]
(5 Gy × 5 d) followed by TME at 7 d after RT
Arm 1: 9%
Arm 2 (157 patients): preoperative RT (45 Gy/25
Arm 2: 14.2%
fractions/5 wk) + 2 cycles of chemotherapy on weeks
P = 0.170
1 and 5 of RT followed by TME 4-6 wk later. The cycle
consisted of leucovorin + fluorouracil both administered
as rapid infusion on 5 consecutive days
MRC CR07 and
1350 Arm 1 (674 patients): short-course radiotherapy
3 yr of follow-up
NCIC CTG C016[30]
(25 Gy/5 fractions) followed by surgery.
Arm 1: 4.0%
Arm 2 (676 patients): initial surgery with selective postArm 2: 10.6%
operative chemoradiotherapy (45 Gy in 25 fractions plus
P < 0. 01
5-fluorouracil) restricted to patients with involvement of
the circumferential resection margin.

Overall survival rate
5-yr survival rate
Arm 1: 42%
Arm 2: 38%
P = 0.42
Median follow-up time of 107 mo
No significant difference between groups

5-yr survival rate
Arm 1: 58.0%
Arm 2: 48.0%
P = 0.004
2-yr survival rate
Arm 1: 82.0%
Arm 2: 81.8%
P = 0.84
Median follow-up 8.8 yr
Arm 1: 39%
Arm 2: 36%
P = 0.2
5-yr survival rate
Arm 1: 76.0%
Arm 2: 74.0%
P = 0.80

4-yr survival rate
Arm 1: 67.2%
Arm 2: 66.2%
P = 0.960

Estimated 5-yr survival rate
Arm 1: 70.3%
Arm 2: 67.9%
P = 0.40

RT: Radiotherapy; TME: Total mesorectal excision; CHRT: Chemoradiotherapy; FU: Fluorouracil.

no influence in long-term survival.
One of the potential advantages of the neoadjuvant
treatments is the possibility of tumor shrinkage, which,
in theory, could increase the chance of performing a
sphincter saving surgery. This hypothesis has been investigated in several trials using different regimens of preoperative treatment[30,33]. Recently, Gerard et al[34] published
the results of a well-conducted systematic review on the
impact of the neoadjuvant treatments in sphincter preservation. Seventeen randomized trials published between
1988 and 2009 were analyzed. The rate of sphincter saving surgery increased from 30% for the patients operated
in the 80’s[18] up to 77% in 2008[15]. However, in none of
the main trials analyzed (except three trials with low number of patients) it was possible to demonstrate a significant benefit of the neoadjuvant treatment on the rate of
sphincter preserving surgery. According to the authors,

WCGO|www.wjgnet.com

this increase in sphincter preservation appears to be the
result of new technologies and changes in surgical concepts, such as incorporation of total mesorectal excision
(TME) and the techniques for very low anastomosis.
These findings are in line with a previous study by Bujko et al[35] in which 10 randomized trials were reviewed.
These studies included 4596 patients in whom preoperative chemoradiotherapy resulted in tumor shrinkage in
the neoadjuvant arm as compared with the control arm.
As acknowledged by the authors, there were several difficulties in comparing the studies, including different
preoperative radiochemotherapy schemes, duration of
the interval between radiotherapy and surgery and patient
populations. Despite these limitations, it was concluded
that preoperative radiotherapy does not have a positive
impact on the rate of anterior resection and sphincter
preservation.
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Table 4 Locoregional recurrence in patients with complete clinical response who did not proceed to rectal resection n (%)
Ref.
Nakagawa et al[41]
Habr-Gama et al[42]
Lim et al[43]
Hughes et al[44]
Dalton et al[45]
Maas et al[46]

No. of patients

T2

Radiotherapy

Chemotherapy

52
360
48
58
49
192

No
Yes (14%)
T1/t2 (33%)
No
No
Yes (24%)

45-50.4 Gy, 28 fractions, 38 d
50.4 Gy, 28 fractions, 5-6 wk
Mean 50 Gy, 25 fractions
45 Gy, 25 fractions, 33 d
45 Gy, 25 fractions, 33 d
50.4 Gy, 28 fractions, 6 wk

Fluorouracil + leucovorin
Fluorouracil + leucovorin
Fluorouracil
Fluorouracil + leucovorin
Capecitabine
Capecitabine

10 (19.2)
99 (27.5)
27 (56)
10 (17)
12 (24)
21 (10.9)

Locoregional
recurrence
8 (80)
6 (6)
11 (23)
6 (60)
6 (50)
1 (5)

Such good results, however, could not be reproduced
by other groups. Nyasavajjala et al[40] reviewed pathologic
results of patients operated on for rectal cancer after long
course neoadjuvant chemoradiotherapy in two different
tertiary British hospitals. One hundred and thirty-two
consecutive patients were treated between 2002 and 2007.
Only 13 out of 132 (10%) of patients had a complete
pathological response, representing one-third of the cCR
previously reported. They concluded that nonsurgical
therapy for rectal cancer according to Habr-Gama algorithm of treatment may only be effective in a very small
proportion of patients and could not be recommended.
As shown in Table 4, there is a wide variation among
studies in the rates of local recurrence for patients with
cCR to chemoradiation who were not submitted to a
subsequent rectal resection.
Recently, Glynne-Jones et al[36] conducted a systematic
review of studies evaluating non-operative treatments
and the “wait and see” strategy in rectal cancer. Most
studies were retrospective and there were no randomized phase Ⅱ or phase Ⅲ trials. In all they could evaluate nine series, including 650 patients: 361 patients from
the Habr-Gama series and 289 patients from the eight
remaining series. The results in terms of cCR and local
recurrence reported in the Brazilian series were clearly
superior. However, there were significant heterogeneity
among studies in terms of treatment regimen, methods
of assessment used to define a cCR (digital exam, biopsy
or imaging tests) and the follow-up strategy used. The
authors concluded that evidence for the “wait and see”
policy comes mainly from a single retrospective series,
which included highly selected cases. Results obtained in
patients with small rectal cancers cannot be extrapolated
at this moment to patients with more advanced tumors
where nodal involvement can be anticipated.
The main obstacle to implement the “wait-and-see”
policy is the current lack of accuracy of the tests in
determining whether there has really been a complete
pathological response[36]. Due to changes in pelvic tissues after radiotherapy (edema, inflammation, fibrosis)
it is very difficult to assess whether an apparent clinical
response will eventually translate into a complete pathological response. Digital exam, proctoscopy and imaging
tests (endoanal ultrasound, MRI or positron emission
tomography-CT) are still imprecise for detecting microscopic tumor deposits within the rectum and perirectal
lymph nodes[47]. Thus, the non-surgical approach remains experimental at this moment. Prospective multi-

“WAIT AND SEE” APPROACH
In about 10%-20% of patients with rectal cancer who
receive preoperative chemoradiation, a pathological
complete response (pCR), characterized by absence of
viable tumor cells within the surgical specimen, can be
expected[36]. According to a systematic review and metaanalysis of the literature, patients with pCR have better
oncologic outcomes as compared with those presenting a
less marked response to chemoradiation, including better
rates of local recurrence, distant metastases, disease-free
and overall survival at 5 years[37].
According to some authors, it is therefore valid to
think that patients whose tumors have been sterilized by
chemoradiation would have no additional benefit from
a subsequent radical resection. In 1998, Habr-Gama et
al[38] from Brazil proposed the “wait and see” policy for
patients who achieve what they called complete clinical
response (cCR) after neoadjuvant treatment. They evaluated 118 patients treated by preoperative CRT (50.4 Gy
and concurrent 5-FU and leucovorin for 3 consecutive
days on the first and last 3 d of radiotherapy). All patients
underwent repeat evaluation and biopsy of any suspected
residual lesions or scar tissue. Thirty-six patients (30.5%)
were classified as being complete responders. In only
six of these patients, complete response was confirmed
by the absence of tumor in the surgical specimen. In
the other 30 patients, a complete response was assumed
by the absence of symptoms and negative findings on
physical examination, biopsy and imaging tests during
a median follow-up of 36 mo. Out of the later group,
eight patients presented local failure, demanding salvage
resection. The outcome for patients without recurrence
was similar to that of patients found at surgery to have
achieved a pCR. The authors concluded that about 26%
of their patients could be spared from surgical resection
using that conservative strategy of management.
In subsequent publications Habr-Gama et al[39] repeatedly reported favorable results. In 2006, they reported
the outcome of 361 patients with distal rectal cancer
managed by neoadjuvant chemoradiation. One hundred
twenty-two patients were considered to have complete
clinical response and were not immediately operated on.
Of them, 99 patients sustained complete clinical response
for at least 12 mo and were considered stage c0 (27.4%).
There were 13 recurrences, but only six of these cases
had local recurrent disease. Overall and disease-free 5-year
survivals were 93% and 85% respectively.
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institutional controlled studies based on uniform inclusion criteria are needed to define the efficacy and risks
of this form of treatment.

DISTAL MARGIN OF RESECTION
At present, a distal mural margin of 2cm is considered
the standard for rectal cancer resections[2]. One cm distal
margin is accepted for low rectal tumors, if it is necessary
to avoid an APR[2,53-56], because distal intramural spread
occurs over 1 cm in only 4%-10% of the cases[57,58]. Ueno
et al[59] demonstrated in a retrospective analysis of 80 patients who underwent APR that intra-mural distal spread
occurs in 10.6% of the patients. In only 2.3% of the
cases tumor cells can be found more than 1cm from the
tumor, mainly in poor differentiated carcinomas. There
are some authors that accept margins even shorter than
the 1 cm[60]. In a recent meta-analysis evaluating 17 studies including 7097 patients the local recurrence rate was
only 1% higher in the group of patients with distal margins less than 1 cm when compared to the group with
distal margins measuring more than 1 cm (95%CI: 0.6-2.7,
P = 0.175). They were not able to find a statistically significant difference in either local control or survival with
margins of less than 1 cm. Analysis of a subgroup of
patients with negative margins as close as 5 mm to the
lower tumor border suggests it can be safely adopted in
histologically favorable tumors[60]. To this date, however,
there is no study establishing valid criteria for selecting
patients to resection with less than 1 cm distal margin.

RADICAL SURGICAL APPROACH
Surgery remains as the cornerstone curative treatment
for rectal cancer. Sphincter preservation must be seen
as a secondary objective, which should not compromise
oncological adequacy of resection. Radical surgical treatment for rectal cancer, which consists of the resection
of the rectum and lymphadenectomy, includes two main
procedures: low anterior resection (LAR) and abdominoperineal resection (APR). In LAR, the anal sphincter
complex is preserved and it is possible to restore intestinal continuity. In APR, the anal sphincters are resected en
bloc and it is necessary to construct a definitive colostomy.
Currently, LAR is the most commonly used surgery for
the rectal cancer, while APR is applied in cases where it
is not possible to get free margins without resecting the
anal sphincter complex[48].
As a rule, the lower is the level of a rectal cancer,
the worse is its prognosis. In a series[49] in which 2136
patients underwent radical surgeries with TME, the local
recurrence rate was 15%, 13% and 9% for tumors located in inferior, medium and superior rectum, respectively.
The correspondent five-year survival rates were 59%,
62% and 69%. The rate of local recurrence was 10% in
patients submitted to LAR compared with 15% for patients submitted to APR. In addition, the five-year survival rate was 68% for LAR and 55% for APR. A similar
study[50] analyze patients who underwent radical surgeries
without any adjuvant therapy. The mean rate of local
recurrence rate was 18.5% (19.3% for APR and 16.2%
for LAR). There is currently strong evidence in literature
showing that LAR and APR have similar long-term oncological results when appropriate surgical margins can
be assured.
A diverting ostomy is strongly recommended for
patients undergoing a LAR, particularly when a low
anastomosis is constructed. A meta-analysis [51] of 4
randomized controlled trials and 21 non-randomized
studies, including 11429 patients, showed more favorable
results in patients with a diverting ostomy as compared
with those without a protective stoma. Meta-analysis
of the randomized trials showed lower rates of clinical
anastomotic leak (RR = 0.39; P < 0.001) and reoperation
(RR = 0.29; P < 0.001) in the stoma group. Similarly,
meta-analysis of the non-randomized studies demonstrated lower rates of clinical anastomotic leak (RR =
0.74; P < 0.001), reoperation (RR = 0.28; P < 0.001) and
mortality (RR = 0.42; P < 0.001) in the stoma group. A
protective ostomy may be either a colostomy (usually in
the transverse colon) or an ileostomy. The latter is more
frequently used because it is technically easier to reverse
and less associated with stoma prolapse. Usually, the
ileostomy reversal is undertaken within 8 to 12 wk after
the primary rectal resection[52].

WCGO|www.wjgnet.com

TOTAL MESORECTAL EXCISION
TME was proposed and made popular by Heald et al[61]
in 1982, being recommended for tumors of the mid and
lower rectum. It consists of complete excision of all the
mesorectal tissue evolved by the visceral layer of endopelvic fascia, which must be kept intact and the circumferential margins not compromised. TME is based on the
observation that viable tumor cells can be found within
the mesorectum as far as 3 to 4 cm from the tumor lower
border[62,63]. The technique consists of sharp dissection
without the use of blunt instruments (including fingers)
on the natural avascular plane between visceral and the
parietal endopelvic fascia layers. That dissection requires
the removal of the Denonvilliers fascia, especially when
the tumor is anterior. The hypogastric and parasympathetic pelvic nerves must be preserved, avoiding urinary
and sexual disfunction. Circumferential margins should be
widely resected to reduce rates of local recurrence[64,65].
Since the introduction of TME, the five-year survival
rates increased from 45%-50% to 75% and the local recurrence rates decreased from 30% to 5%-8%[66]. It is not
necessary, however, to perform a TME in upper rectal tumors. Resecting a 5 cm distal margin of the mesorectum
below the inferior tumor edge (partial mesorectal excision) is enough in those cases[62].

SPHINCTER PRESERVATION IN ULTRALOW RECTAL TUMORS
Sphincter preservation remains a challenge in low rectal
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tumors. Whenever safe distal margins cannot be achieved,
an APR is still the treatment of choice. However, for
tumors located within 6 cm from the anal verge some
conservative surgical procedures may be attempted[67,68].
In the ultra-LAR (uLAR), the rectal transection is performed transanally, with straight view to the inferior
tumor board, and a manual coloanal anastomosis (CAA).
Another alternative is the intersphincteric resection (ISR),
in which the internal anal sphincter is partially or totally
resected in order to obtain appropriate longitudinal and
radial margins[68].
Recently, Rullier et al[68] have tried to standardize surgical treatment for the inferior rectal tumors, proposing a
new classification of these tumors according its location
and degree of sphincter invasion. They subdivided low
rectal tumors into four categories: Type Ⅰ (supra-anal tumor): inferior tumor board located more than 1 cm from
the anal ring; Type Ⅱ (juxta-anal tumor): inferior tumor
board is located ≤ 1 cm distant from the anal ring; Type
Ⅲ (intra-anal tumor): there is internal sphincter invasion;
and Type Ⅳ (transanal tumor): when there is external
sphincter or levator ani muscle invasion. In this study,
Type Ⅰ cancers were treated through a conventional
CAA, that was a Park procedure, including anal mucosectomy above the dentate line and preservation of the anal
internal sphincter. Type Ⅱ tumors underwent partial ISR
to achieve sphincter-preserving surgery with 1 cm distal
resection margin. Type Ⅲ lesions had a total ISR removing the whole of the internal sphincter. Type Ⅳ lesions
were treated through APR. Using that classification, the
authors operated 404 cases, with local recurrence rates of
6%, 5%, 9% and 17% respectively for the types Ⅰ, Ⅱ, Ⅲ
and Ⅳ (P = 0.186). Only 50% of the patients had good
fecal continence while 11% had a severe fecal incontinence. Besides, 6% of their patients needed definitive colostomy due to postoperative fecal incontinence. As the
authors recognized, results of their retrospective series
need to be confirmed in prospective clinical trials.
Whenever a very low colorectal anastomosis is performed, the rectal reservoir is lost and it can result in the
so-called anterior resection syndrome (soiling, urgency,
multiple defecation). In this context, it is interesting to
observe that some studies demonstrated that the quality
of life of patients who have undergone uLAR may be
inferior when compared to the one of patients submitted to APR[69]. Functional results of ISR are recognizably
suboptimum[68,70], with only 50% of patients maintaining
fecal continence after two years[68,71]. Thus, ISR must be
considered for patients with adequate sphincteric function, as demonstrated by manometric evaluation of anal
sphincters, and for those that can accept that functional
results may be suboptimum.

cancer, some studies confirm the influence of surgical
specialization on the prognosis. In a population based audit[73] with 8219 cases, patients who have undergone elective proctectomy by colorectal surgeons obtained higher
sphincter preservation rates as compared to the ones
operated by general surgeons (OR = 1.42; P = 0.018). In
a historical cohort study[74] involving five general hospitals with 683 patients operated on with curative intent,
cancer-free five-year survival rate was significantly higher
in the group operated by colorectal surgeons (HR = 1.5;
P = 0.03). Similarly, a recent review and meta-analysis[75]
demonstrated that patients operated by colorectal surgeons presented a lower rate of permanent ostomy (RR
= 0.7; 95%CI: 0.53-0.94). In addition, in a retrospective
study[76] with 384 consecutive rectal cancer patients, the
results were significantly better when patients were operated by colorectal surgeons. After multivariate analysis,
the five-year survival was 77% for patients operated by
specialists and 68% for the patients operated by general
surgeons. There was also a better local control as well as a
higher rate of sphincter preservation in patients operated
by specialists.

MINIMALLY INVASIVE SURGERY
Current evidence indicates that laparoscopic TME has
equivalent oncological results as compared to open TME,
when performed by experienced laparoscopic surgeons[2].
Most studies reported similar oncological results when
comparing both techniques[77-81]. In a meta-analysis[82]
involving 17 trials with 3158 patients with rectal cancer
submitted to curative operations there was a statistically
significant difference in the average number of recovered
lymph nodes (laparoscopy = 10, open = 12, P = 0.001).
However, it had no impact on the clinical outcome of the
patients. Furthermore, there was no difference in the radial, proximal or distal margin status between the groups.
In the CLASICC Trial[83], a single-institution clinical trial
with 253 patients, the incidence of positive radial margins
was 12% in the laparoscopic LAR group vs 6% for the
open LAR one. That difference, however, was not statistically significant and there was no difference regarding
local recurrence within five years.
Four prospective trials including 886 patients have
reported no significant difference in disease-free or overall survival between the laparoscopic and open groups
with a follow-up ranging from 37 to 113 mo[77-80]. In the
COLOR Ⅱ trial[84], a multicenter randomized clinical trial
with 1103 patients, there was no significant difference between the open surgery group and the laparoscopy group
in relation to radial and distal margin status and in the
number of recovered lymph nodes. A definitive answer
regarding the safety and effectiveness of the rectal cancer
laparoscopic surgery, however, still depends on the results
of multicenter studies such as ACOSOG-Z6051 trial[85],
currently conducted in the United States.
The recent introduction of the robotic surgical system has revolutionized the field of minimally invasive
surgery. It provides several technical advances in relation

SURGICAL SPECIALIZATION
The specialization degree of the surgeon is an important
prognostic factor for the treatment of colorectal cancer.
Patients operated by surgeons specialized in colorectal
surgery have better outcome[72]. Regarding the rectal
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to laparoscopic surgery: better ergonomics, stable camera
control, high-definition three-dimensional vision, filter of
physiologic tremor and human wrist-like motion of robotic instruments[86]. Robotic technology also eliminates
the fatigue associated with conventional laparoscopy and
offers more comfort to the surgeon[87]. Another advantage of robotic surgery is a shorter learning curve when
compared to laparoscopy, although cost of robotic surgery is significantly higher[88].
Several technical issues of the robotic surgery, however, should be carefully taken into account. There is a
loss of tactile sensation with the robotic approach, which
results in lack of tensile feedback to the surgeon. It can
cause excessive traction of tissues and damage to anatomic structures, particularly during the initial experiences
with the technique. Operative time is usually longer using
the robotic system as compared with the laparoscopic
approach, particularly because docking and separation of
the robotic instruments from patient is a time consuming procedure. The patient’s surgical position cannot be
modified without undocking the robotic instruments,
which may result in prolonged operative time and potential delay in conversion to open surgery if it is eventually
necessary[88,89].
Recent studies have compared robotic surgery to
laparoscopy for the treatment of rectal cancer. A metaanalysis[89] with 854 patients has demonstrated that the
conversion rate to open surgery was significantly lower
in the robotic approach when compared to the laparoscopic surgery (OR = 0.26; 95%CI: 0.12-0.57, P =
0.0007). In that study, there was no significant difference
between the groups regarding operative length, hospital
stay, postoperative complications, number of recovered
lymph nodes and positive radial/distal margin status.
In another study [90] including 84 patients who have
undergone uLAR, the robotic surgery showed a lower
conversion rate to the open procedure (robot, 2.1% vs
laparoscopy, 16.2%, P = 0.02) and shorter hospital stay
(robot, 9 d vs laparoscopy, 11 d, P = 0.011). There was
no significant difference between the groups in rates of
local recurrence and overall survival within 3 years. The
robotic system has been improving rapidly and has been
successfully used even in complex surgical procedures
such as uLAR with CAA and ISR[91]. Even showing some
potential advantages in relation to laparoscopy, the role
of the robotic surgery for the rectal cancer treatment has
not been defined yet, still requiring further studies with
longer follow-up period.

versial points, such as safety and efficacy of the “wait and
see” approach and the definitive role of laparoscopic and
robotic surgery in rectal cancer.
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by a lack of suitable non-invasive biomarkers that are
clinically or economically acceptable for populationbased screening. New blood-based protein biomarkers
for early detection of CRC are therefore urgently required. The success of clinical biomarker discovery and
validation studies is critically dependent on understanding and adjusting for potential experimental, analytical,
and biological factors that can interfere with the robust
interpretation of results. In this review we outline some
important considerations for research groups undertaking biomarker research with exemplars from our
studies. Implementation of experimental strategies to
minimise the potential effects of these problems will
facilitate the identification of panels of biomarkers with
the sensitivity and specificity required for the development of successful tests for the early detection and
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Core tip: The identification of sensitive and specific
biomarkers for the early diagnosis and surveillance of
colorectal cancer is recognised as being fundamental
to improve survival for this disease. Studies involving
analyses of multiple biomarkers require consideration
of many potential confounding issues, some of which
are impossible or difficult to control for. Implementation of strategies which can overcome and account for
potentially confounding variables is essential to ensure
robust verification and validation of potential biomarkers and their successful evaluation in large and meaningful clinical cohorts that are representative of the
target population, ultimately with successful translation
into the clinic.

Abstract
Colorectal cancer (CRC) is the second most common
cause of cancer-related death worldwide and places a
major economic burden on the global health care system. The time frame for development from premalignant to malignant disease typically spans 10-15 years,
and this latent period provides an ideal opportunity for
early detection and intervention to improve patient outcomes. Currently, early diagnosis of CRC is hampered
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septin 9 (mSEPT9)[22]. The most promising test to date is
a stool DNA test comprised of a panel of four methylated genes (BMP3, NDRG4, vimentin, TFPI2), a mutant
form of KRAS and α-actin as the internal reference
control[21]. In a recent blinded multicentre trial, this panel
was able to accurately detect Stage Ⅰ-Ⅲ CRC patients
with 87% sensitivity at 90% specificity in a training set
and with 78% sensitivity at 85% specificity in a test set
(combined sensitivity of 85% at 90% specificity). More
importantly, this test was also able to detect large polyps
with a detection rate of 54% and 92% for polyps ≥ 1 cm
and > 4 cm, respectively. This test is currently awaiting
FDA approval.
Recently, mSEPT9 has emerged as a promising diagnostic marker for CRC[22-25]. mSEPT measured in plasma
is reported to have higher sensitivity and specificity
than either the guaiac faecal occult blood test (gFOBT)
or carcinoembryonic antigen (CEA)[24]. Tóth et al[24] reported a sensitivity of 79.3% for mSEPT9 vs 68.2% and
51.8% for gFOBT and CEA, respectively (specificity of
84.8%, 70.6% and 85.2%, respectively). Warren et al[25]
also recently reported 90% sensitivity at 88% specificity
for all disease stages for mSEPT9, 87% for Stage Ⅰ-Ⅱ
disease and a detection rate of 12% for adenomas. Based
on these studies, a prospective study was conducted in
an asymptomatic screening population aged 50 years
and older and this study determined that the sensitivity
for mSEPT9 was 48% at 91% specificity, indicating that
performance of this test in a screening population may
not be optimal[26]. Furthermore, when compared with the
stool DNA test mentioned above, the sensitivity for CRC
was 87% for the stool DNA panel vs 60% for plasma
mSEPT9 and the authors also reported that the stool
DNA test was markedly more sensitive for early stage
disease and proximal cancers than mSEPT9[27]. Although
mSEPT9 is considered highly promising, a recent costeffectiveness study conducted by Ladabaum et al[28] revealed that current established screening modalities were
still more effective than mSEPT9 and that testing of
mSEPT9 yielded only an incremental benefit. This study
highlights that in addition to high sensitivity and specificity, a diagnostic test must fulfil additional criteria to be
successfully adopted by the community.
Amongst the many proteins that have been proposed as potential diagnostic biomarkers for CRC, two
protein biomarkers have been extensively investigated:
the tumour specific M2 isoform of pyruvate kinase
(PKM2) and tissue inhibitor of matrix metalloproteinase
1 (TIMP1). PKM2 measured in plasma and stool show
relatively high sensitivity for CRC diagnosis, with reported sensitivity of over 90% in stool in some studies[29-31].
Plasma TIMP1 is reportedly elevated in CRC in comparison to control populations, and prospective studies have
been conducted to determine its utility as a biomarker for
CRC[32,33] based on published data of retrospective studies reporting sensitivity and specificity of TIMP1 of 63%
at 98%, respectively, for CRC overall, and 56% sensitivity
for early stage disease (Dukes Stages A and B)[34]. The re-

Original sources: Fung KYC, Nice E, Priebe I, Belobrajdic D,
Phatak A, Purins L, Tabor B, Pompeia C, Lockett T, Adams TE,
Burgess A, Cosgrove L. Colorectal cancer biomarkers: To be or
not to be? Cautionary tales from a road well travelled. World J
Gastroenterol 2014; 20(4): 888-898 Available from: URL: http://
www.wjgnet.com/1007-9327/full/v20/i4/888.htm DOI: http://
dx.doi.org/10.3748/wjg.v20.i4.888

INTRODUCTION
Worldwide, colorectal cancer (CRC) is one of the most
prevalent cancers representing approximately 10% of all
cancer diagnoses[1]. This places a major economic burden
on the global health care system[2]. CRC is, however, regarded as one of the most preventable diseases as lifestyle
and diet are believed to be major causative factors in disease development[3]. Epidemiological studies have shown
that smoking, excess body weight, physical inactivity and
low consumption of dietary fibre are risk factors for
CRC[3]. Early detection of CRC is especially important as
patients who are diagnosed early (TNM Stage Ⅰ disease)
have a 5-year survival rate of 90%-95% following surgical
resection[4]. In contrast, when diagnosed at the later stages (i.e., Stage Ⅳ), the 5-year survival rate is only 5%-10%.
Currently, the faecal occult blood test (FOBT) and faecal
immune test are the only clinically accepted non-invasive
diagnostic tests for CRC[5]. These tests detect the presence of haem or blood in stool, but have low sensitivity
for CRC (61%-79% sensitivity at 86%-95% specificity)[6-8]
and perform poorly for early disease detection (sensitivity of 27% and 50% for advanced neoplasia and Dukes
Stage A, respectively)[7]. While colonoscopy and sigmoidoscopy have high specificity for CRC and are capable of
early detection, they are highly invasive and costly procedures. Early stages of the disease (premalignant or Stage
1) are asymptomatic and it is estimated that up to 50%
of patients already have invasive cancer or metastasis at
presentation. Consequently, to reduce mortality from this
disease, an improved sensitive and specific non-invasive
screening test for CRC is urgently needed.
Early diagnosis, including detection of adenomas, is
considered to be a key aspect for improving patient survival and prognostic or predictive biomarkers are essential for guiding patient therapy or monitoring treatment
efficacy. However, the success of biomarker translation
into the clinic has been limited and very few biomarkers
have passed the steps necessary for routine clinical utility. The US Food and Drug Administration (FDA) has
approved less than 30 cancer biomarkers, primarily to
monitor response to therapy, over recent years despite the
thousands of research papers published every year[9]. As
yet, a diagnostic panel has not been identified for CRC
despite extensive research efforts and numerous reports
of potential multi-marker protein panels or gene signatures. These include multiple gene biomarker panels[10-15],
individual protein biomarkers[16-19], metabolic markers[20],
a stool DNA test[21], and the DNA methylation marker,
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sults of prospective studies to date have been disappointing. Based on the results of the recent study by Neilson et
al[33] which included 4509 individuals who undertook sigmoidoscopy or colonoscopy, TIMP1 measured in plasma
was not demonstrably better than CEA at detecting CRC.
Another prospective study by the same group also determined that no difference in plasma TIMP1 levels was
detectable between patients with adenomas, polyps or no
colon pathology, indicating that TIMP1 is not suitable
for detection of premalignant lesions[35]. Accordingly,
plasma TIMP1 is believed to be more sensitive for late
stage disease (Stage D) in comparison to Stages A, B or C,
and higher pre-operative levels are associated with poor
prognosis[36-39]. Additionally, when compared to FOBT,
both PKM2 and TIMP1 are less sensitive for disease detection[18,40].
CEA measured in serum and carbohydrate antigen
19-9 (CA19-9), a gastrointestinal tumour marker, are two
well documented blood-based protein biomarkers used
for cancer detection[41,42]. Serum CEA is widely used as
a cancer biomarker to monitor recurrence, however, it
is not recommended for use as a diagnostic marker as
it is not specific for CRC or cancer, can be elevated in
response to other physiological conditions, and has low
sensitivity for diagnosis of CRC[43]. The sensitivity of
CEA for early stage disease is relatively low and is higher
in the later stages of disease. Wang et al[44] reported elevated pre-operative CEA levels in less than 40% of patients diagnosed with Stage A and B disease, and in 70%
of patients with Stage C disease. Similar to CEA, CA19-9
is non-specific for cancer and elevated levels are detected
in benign inflammatory diseases, especially benign intestinal and liver disease[45]. The measurement of CA19-9 in
serum has lower sensitivity than CEA for CRC diagnosis
and like CEA, its greatest clinical utility is to monitor
disease progression and prognosis once cancer has been
diagnosed[43-47].
For detection of disease recurrence, genomic signatures have been most successful, e.g., MammaPrint, a
70-gene panel, has been approved by the US FDA as an in
vitro diagnostic platform for breast cancer[48,49]. The clinical performance of platforms based on gene transcript
signatures is still being evaluated for detection of recurrence for CRC but these appear to hold better promise
as a stratification tool for Stage Ⅱ or Ⅲ CRC patients to
determine those who are most likely to benefit from chemotherapy[10,12,14,50,51]. ColoGuideEx, a 13-gene classifier
that appears more promising for stratification of Stage
Ⅱ patients and ColoGuidePro, which utilises the expression of 7 genes to predict prognosis of Stage Ⅲ patients,
are still in the research phase[10,51]. OncotypeDx, available
commercially but as yet not assessed for clinical utility,
is a 7-gene classifier developed from analysis of paraffin
embedded CRC tissue[50] and ColoPrint, a test based on
an 18-gene classifier in fresh frozen tissue, is currently recruiting patients for a Stage Ⅲ clinical trial[12,14].
Identification of novel biomarkers requires knowledge of disease heterogeneity and pathophysiology and
basic research is initially required to determine if specific
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Table 1 Factors that can affect the outcome of biomarker
studies
Analytical variables Use of standard operating procedures for sample
collection and processing
Sample storage conditions
(e.g., liquid nitrogen, -80  ℃, aliquot size)
Assay performance and reproducibility
Biomarker/
Biomarker stability
biological variables (e.g., over time, under different storage conditions)
Diurnal variation, fasting vs non-fasting
Comorbidities, medications, diet
Variability within a normal population
Cohort composition Number of patients
Inclusion/exclusion criteria for controls and
patient selection
Cohort balancing (e.g., age, gender matching)

biomolecules are differentially expressed between disease
and non-disease tissues/biofluids. The ready availability
of sequencing and array technologies (e.g., for DNA and
RNA) and proteomic platforms enables many potential
biomarker candidates to be identified using small numbers of samples and/or patients. Accordingly, once potential biomarkers are identified, robust validation studies
on independent cohorts need to be performed to ensure
only relevant biomarkers are carried forward into larger
and more extensive case controlled studies using wellcharacterised cohorts. At this stage of the pipeline, major
challenges remain where many factors need to be considered to determine the likely clinical success of candidate
biomarkers including analytical variables, biomarker and
biological variables and cohort composition (Table 1). It
has been recognised that bias can be easily introduced in
these early stages of the pipeline that may overestimate
the likely performance of the biomarker being investigated[52]. Other factors to consider include invasiveness
of the test, privacy, patient compliance and cost.
In this review, we provide examples from initial pilot
and case-controlled studies we have conducted as part
of our efforts to identify novel blood-based protein biomarkers for CRC diagnosis. Our primary objective is to
define a panel of protein biomarkers in blood, with better specificity and selectivity than the current FOBT, that
can be used in a non-invasive test to diagnose early stage
CRC. Additionally, the number of unnecessary colonoscopies currently being performed due to false positive
results would be greatly reduced. We will use data for two
potential protein biomarkers for CRC [insulin-like growth
factor binding protein 2 (IGFBP2) and matrix metalloproteinase 9 (MMP9)] to demonstrate the potential
impact of experimental, analytical and biological variables
on the interpretation of biomarker results.

BIOMARKER STABILITY UNDER
DIFFERENT STORAGE CONDITIONS
Sample collection, processing and storage of clinical
samples have been identified as a potential source of bias
that can confound the results of biomarker studies[53-56].
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Although it is impossible to control for all variables in
these procedures, standard operating procedures are
absolutely essential to standardise sample collection and
processing[55]. As part of our studies we have implemented stringent standard operating procedures for
sample collection, processing and storage[57,58], based on
the Human Proteome Organisation and Early Detection
Research Network guidelines[54,55]. In many cases, decisions regarding storage conditions, however, are usually
based on practical considerations such as cost, type of
collection (i.e., retrospective or prospective collection),
number of patient samples and laboratory facilities available. For biomarker studies, patient samples are typically collected and stored for a period of time (months
or years) prior to analysis. In addition to collection and
handling procedures, possible degradation of biomarkers over time due to factors such as storage conditions,
aliquot size, or freeze/thaw cycles need to be considered.
This is particularly important when measuring proteins
that are present at low abundance in biological fluids and
to ensure that experimental artefacts are not erroneously
reported as specific to the disease[59]. Despite the general
awareness of the potential impact of these confounders,
there are few case-controlled protein biomarker studies
reported in the literature that include assessment of these
factors. Although necessary to ensure that the integrity
of the protein is maintained, these studies are difficult
to perform due to resource limitations and because each
protein must be assessed independently due to the unique
physiochemical properties of each protein that will govern its interactions with other biomolecules or surfaces,
and affect its stability in biological matrices.
As part of our procedures, we determined the most
suitable sample matrix for each biomarker (i.e., serum or
plasma) based on the literature, manufacturers recommendations and our own preliminary investigations. We
also assessed the stability of the biomarkers over an 18
mo period when stored in either liquid nitrogen or at
-80 ℃. Data for MMP9 and IGFBP2 are shown as exemplars (Figure 1). Protein levels in clinical samples were
quantified using commercially available enzyme linked
immunosorbent assay (ELISA) kits or reagents according
to the manufacturers’ instructions. IGFBP2 was measured using ELISA kits from DSL Inc. (Texas, United
States) or Mediagnost (Kiel, Germany). MMP9 was measured using ELISA kits purchased from Quantikine (R&D
Systems, Minneapolis, United States). The Prism software
package (version 5.04, Graphpad Software Inc., San Diego, United States) was used for statistical analysis.
Figure 1 shows the stability of IGFBP2 and MMP9
(n = 10 patients) following 18 months storage at both
-80 ℃ and in liquid nitrogen and the effect of multiple
freeze/thaw cycles (n = 3). The assays themselves proved
remarkably stable over this time period (Figure 1A). The
concentration of IGFBP2 in serum samples was found
to be stable over 18 mo, regardless of the storage conditions used (Figure 1B). The concentration of MMP9,
however, decreased significantly when stored in liquid ni-

WCGO|www.wjgnet.com

trogen, both overnight (13% ± 2%) and after 18 months
(16% ± 3%) when compared to MMP9 measured immediately (P < 0.05) (Figure 1B). Both markers were found
to be stable over multiple freeze/thaw cycles (Figure 1C).
This suggests that for accurate measurement of MMP9,
samples should be stored at -80 ℃ as storage in liquid
nitrogen, both short and long term, resulted in protein
losses.
We also determined the stability of markers in plasma
or serum when using alternative collection tubes, to investigate possible losses by non-specific binding. Figure 2
shows the effect of these variables on IGFBP2 measurements. These data showed that IGFBP2 is best measured
in serum following collection into serum separator tubes
as this resulted in consistent measurements and also
provided the highest yields for this biomarker. When
measured in plasma with collection into either EDTA or
citrate, IGFBP2 levels were significantly lower. Furthermore, this trend was consistent when IGFBP2 was measured immediately, or following overnight storage at 4 ℃
and -80 ℃ (Figure 2).
Whilst actual clinical measurements are typically made
on fresh samples soon after collection, biomarker stability under different sample collection and storage conditions is becoming increasingly important as large multisite and/or multi-institutional specimen biobanks are
established as a resource for the scientific community
for discovery and evaluation of biomarkers[60,61]. These
biobanks have been established with the intention of
providing very large numbers of biospecimens (from >
100000 participants) which have been collected under
stringent standard operating protocols and that are wellcharacterised in terms of clinical data and patient history
with the potential for obtaining follow-up information
for prospective studies[60,61]. The primary rationale is that
the performance of biomarkers identified by different
research groups can be directly compared using a standard reference set to eliminate variability associated with
sample collection, handling and storage procedures and
to facilitate clinical and translational research. Although
these resources are clearly valuable, researchers must also
use caution when accessing these samples. For example,
based on our initial investigations, analysis of IGFBP2 in
serum is preferred while degradation of MMP9 following short or long term storage in liquid nitrogen indicates
that sourcing samples from biobanks such as the European Prospective Investigation into Cancer and Nutrition
Biobank for further validation studies might be less appropriate as these blood samples (plasma and serum) are
stored in liquid nitrogen[61].

COHORT COMPOSITION AND THE
“CONTROL” POPULATION
Biomarker studies are often case controlled studies that
compare the concentrations of an analyte(s) in nondiseased (i.e., normal or control) vs diseased populations.
Clearly the results must be reproducible across indepen-
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Figure 1 Stability of insulin-like growth factor binding protein 2 and matrix metalloproteinase 9. A: Standard curves for insulin-like growth factor binding protein
2 (IGFBP2) and matrix metalloproteinase 9 (MMP9) over an 18 mo period indicates that the assays were stable over time; B: IGFBP2 and MMP9 stability after storage
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dent cohorts. Also of importance are age/gender balance, and an accurate representation and understanding
of what comprises the normal or control population for
the disease being studied. It is recognised that cohort se-
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lection, in both control and disease cohorts, is a potential
source of bias that can invalidate results of biomarker
studies[52,62-64]. In many cases the choice of the control
population is obvious. For example, to investigate bio-
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Figure 2 Comparison of insulin-like growth factor binding protein 2
measurements after collection into serum separator tubes, plasma/EDTA
tubes and plasma/citrate tubes. Data are represented as average ± SE of the
mean for triplicate measurements. aP < 0.05; bP < 0.01.
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markers for breast cancer, the control cohort should be
predominantly female, for prostate cancer the control
cohort should be male, and when studying childhood
diseases, the control cohort should consist of children
of the appropriate age range. However, Ransohoff and
Gourlay[64] have highlighted numerous examples in the
literature where inappropriate selection of patients in the
control cohort resulted in identification of biomarkers
that were incorrectly associated with the disease conditions. In our own studies on CRC biomarkers, our target
control population consists of males and females over
the age of 50 years with no previous history of cancer.
Additionally, we are also aiming to recruit a control cohort of people that have undergone colonoscopy and
who do not have adenomas or colorectal polyps. This is
consistent with the clinical distribution of sporadic disease where men and women > 50 years of age represent
approximately 80% of all CRC diagnoses[5]. However,
this group of aging patients will frequently be taking a
number of medications and may have other underlying
medical conditions. Indeed, it could be argued that a better control group would be younger patients where CRC
itself is uncommon. Longitudinal studies, which involves
repeated observations on the same person over long periods of time have been proposed as a better approach
as they eliminate confounding invariant personal factors
which may be found in cross-sectional studies[4,65]. The
Aspirin in Reducing Events in the Elderly study, in which
samples from 19000 healthy participants, both males and
females, aged 65 years or older are being collected and
followed for an average of 5 years may provide an invaluable resource for such studies[66].
An example of difficulties in assigning the correct
control levels is shown in Figure 3, where variations between data for IGFBP2 levels in two independent control
cohorts that were recruited from different sources was
apparent. Cohort 1 (n = 52) consisted of two groups:
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Figure 3 Insulin-like growth factor binding protein 2 measured in different
control cohorts and compared to the colorectal cancer patient group.
A: Insulin-like growth factor binding protein 2 (IGFBP2) levels in the sera of
patients from two different control cohorts and in a colorectal cancer cohort;
B: IGFBP2 levels in the sera of control patients recruited from pre-admission
clinics (n = 27) and the Red Cross Blood Donation Centre (n = 25). CRC:
Colorectal cancer. aP < 0.05, bP < 0.01 between the median values.

staff, relatives and visitors of patients attending preadmission clinical centres (n = 40) and patients who were
diagnosed with minor medical conditions (orthopaedic
clinic or vascular clinic, n = 12) and who did not have
a previous history of gastrointestinal disease or cancer.
For cohort 2 (n = 50), volunteers were blood donors recruited from Red Cross Blood Donation Centres. Each
cohort was balanced for age and gender. Although both
cohorts could be considered as representative of the normal population, the median IGFBP2 concentration and
the concentration range differed significantly between
these two control cohorts (348 ng/mL vs 491 ng/mL
in cohort 1 and cohort 2, respectively, P < 0.002). This
difference could not be ascribed to the 12 patients with
medical conditions (P > 0.05 between patients and staff/
visitors) and this result was not reproduced in a smaller
independent study we conducted comparing volunteers
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a significant difference in IGFBP2 expression was found
with cohort 1 only (P < 0.05).
Factors such as time of day sampling (i.e., diurnal
variation), fasting vs non-fasting states, comorbities,
medications, supplements, hormones, sampling methods
and storage have also been identified as factors that can
potentially affect biomarker concentrations. For example,
there is evidence to indicate that IGFBP2 levels are not
likely to be affected by fasting[67], but might be affected by
diet[68] and may be a marker for metabolic syndrome[69].
Additionally, in a study investigating biomarkers for ovarian cancer, Thorpe et al[70] identified that prolactin levels
were significantly affected by blood collection procedures
where levels were elevated in patients who had blood
collected at time of surgery vs those who did not (i.e., collected up to 39 d prior to surgery). After adjusting for the
collection procedure, they determined that any difference
in prolactin levels could be attributed entirely to blood
sampling processes and not to malignancy. Similarly,
Lomholt et al[71] identified that the temperature at which
samples were handled and cellular contamination of plasma samples influenced TIMP1 levels in plasma. Although
we were not able to definitively determine the source of
variation in our control cohort, our data highlights the
importance of using multiple control groups to identify
possible factors that can affect biomarker measurements
leading to potential erroneous results.
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ANALYTICAL VARIABLES ASSOCIATED
WITH COMMERCIALLY AVAILABLE
REAGENTS

10

For our initial analyses, commercially available ELISA
kits were sourced, and where possible, identical batch
lots from the same manufacturer were used. Figure 4
demonstrates a potential problem associated with reliance on commercial kits for long term studies. ELISA
kits for IGFBP2 were purchased from DSL Inc. until the
manufacturer discontinued supply. Accordingly, kits were
sourced from an alternate vendor (Mediagnost). To determine the potential impact of a change in supplier on the
reproducibility of our preliminary results, we conducted a
small study comparing the results obtained from identical
patient samples (n = 8) and a quality control sample that
was included in each assay (QC) using the two alternative
kits (Figure 4). The QC sample consisted of pooled normal samples (n = 10). For six of these patient samples,
there was a significant difference (DSL Inc. vs Mediagnost, P < 0.05) in the measurements obtained using the
two different kits (Figure 4B). Although the correlation
between the measured values reached 0.62, this was not
significant (Spearman correlation, P > 0.05; Figure 4C). It
should be noted, however, that the sample size was small
(n = 9).
Studies by Basuyau et al[72], Hauffa et al[73], and Rymer
et al[74] have demonstrated the potential impact of technical problems, such as that described above for IGFBP2,
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Figure 4 Insulin-like growth factor binding protein 2 measured in patient
sera using enzyme-linked immunosorbent assay kits sourced from two
different manufacturers. A: Standard curves for insulin-like growth factor
binding protein 2 (IGFBP2) enzyme-linked immunosorbent assays sourced
from DSL Inc (Texas, United States) and Mediagnost (Kiel, Germany); B:
Comparison of IGFBP2 levels in three colorectal cancer patients (P1-P3),
five control patients (N1-N5) and a quality control sample consisting of 10
pooled samples; C: Correlation of measured values of IGFBP2 between the
two different manufacturers. The correlation coefficient was 0.62 (Spearman
correlation, P > 0.05). Data are represented as average ± standard deviation of
three replicate measurements. aP < 0.05.

recruited from the Red Cross Blood Donation Centres
(n = 25) and patients from pre-admission clinical centres
(n = 27, P > 0.05, Figure 3B). Furthermore, when we
compared cohort 1 and 2 with the CRC group (n = 55),
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other non-malignant pathologies, it is now recognized
that the paradigm of a single biomarker to detect an individual cancer may not be realistic, and that panels of
biomarkers, which reflect different aspects of the cancer
biology, will be required[43,76]. Multiplexed analyses (e.g.,
Luminex, www.luminex.com) offer significant advantages
in terms of overall assay time, reagent costs and, most
importantly, reduced sample requirements[77]. To generate panels of monoclonal antibodies in mice or rats for
ELISA development, soluble proteins are expressed in
mammalian host cell lines to ensure the corresponding
post-translational modifications found in endogenous
proteins are present. The recombinant target proteins are
rigorously analysed using tools such as mass spectrometry
and amino acid analysis for protein sequence verification.
The monoclonal antibodies generated are validated by
ELISA, microarray Western blotting and surface plasmon
resonance based technology [e.g., Biacore (www.biacore.
com), Proteon (www.bio-rad.com)] for antibody/antigen
selectivity, binding kinetics and epitope binding. Once established, the immunoassays are compared and assessed
against the commercial kits that were used as part of the
original analysis. Figure 5 shows the comparison between
the calibration curves derived from commercial kits and
from our own reagents for two of our markers. It can be
seen that, in both cases, the assay sensitivity and standard
curves generated are similar.
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In-house ELISA

A

1.5

1.0

0.5

0.0

B

0

2.0

5
10
15
2
Concentration × 10 (pg/mL)

20

Commercial ELISA kit
In-house ELISA

A

1.5

1.0

0.5

0.0

0

20
40
60
Concentration (ng/mL)

80

CONCLUSION

Figure 5 Comparison of calibration curves between commercially
available enzyme-linked immunosorbent assay kits and reagents
developed in-house for two protein biomarkers. Data are represented as
average ± SE of the mean for two replicate measurements.

The identification of panels of sensitive and specific
blood-based protein markers for the early diagnosis and
surveillance of CRC is recognised as being fundamental
to improve survival for this disease. It is widely accepted
that a panel of biomarkers that reflects the heterogeneity
of the disease will be more successful at diagnosing CRC
than a single biomarker. This is supported by the inability
of the currently tested biomarkers to diagnose CRC with
the sensitivity and specificity required for routine clinical
use. Studies involving analyses of multiple biomarkers,
such as that undertaken by us and other research groups
worldwide, require consideration of many potential confounding issues, some of which unfortunately are impossible or difficult to control for. Of equal importance,
and not discussed here, is the need for robust statistical
analysis of the data. Implementation of strategies which
can overcome and account for potentially confounding
variables is essential to ensure robust verification and
validation of potential biomarkers and their successful
evaluation in large and meaningful clinical cohorts that
are representative of the target population, ultimately
with successful translation into the clinic.

on the clinical utility of biomarkers. These authors highlight how discrepancies in the values obtained for clinical measurement of prostate specific antigen, CEA, and
IGF1/IGFBP3 using different immunoassay methodologies can lead to misdiagnosis of patients[73,74]. Although
the source(s) of the discrepancies could not be definitively determined, differences in calibration curves, calibrator
standard used (“gold standard”) and antibody immunoreactivity were highlighted as potential causes. To understand the impact of changes in methodology, Basuyau et
al[72] recommended that “known” patient samples be reevaluated and Hauffa et al[73] discussed the importance
of a common and well characterised “gold standard” for
assay calibration between diagnostic laboratories.
To overcome technical variation due to unforeseen
problems such as reproducibility of results between commercially available kits, we have established a pipeline
to generate reagents (recombinant protein antigens and
renewable high-affinity monoclonal antibodies[75]) for
use in multiplexed sandwich ELISA assays for panels of
biomarkers that appear to be promising in the initial preliminary phases of our studies. Due to the heterogeneous
nature of CRC, and a signiﬁcant overlap of cancer with
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Core tip: Selection of the optimal first line treatment
for metastatic colorectal cancer is a complex issue influencing course of disease and most likely survival of
the individual patient. Available data will be analyzed
to allow for a patient and disease specific, molecularly
stratified treatment approach, applying systemic treatment (chemotherapy and antibodies) and locally ablative measures (surgery and radiofrequency ablation).
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Abstract
Choice of first line treatment for patients with metastatic colorectal cancer (mCRC) is based on tumour
and patient related factors and molecular information
for determination of individual treatment aim and thus
treatment intensity. Recent advances (e.g. , extended
RAS testing) enable tailored patient assignment to the
most beneficial treatment approach. Besides fluoropyrimidines, irinotecan and oxaliplatin, a broad variety of
molecular targeting agents are currently available, e.g. ,
anti-angiogenic agents (bevacizumab) and epidermal
growth factor receptor (EGFR) antibodies (cetuximab,
panitumumab) for first line treatment of mCRC. Although some combinations should be avoided (e.g. ,
oral or bolus fluoropyrimidines, oxaliplatin and EGFR
antibodies), treatment options range from single agent
to highly effective four-drug regimen. Preliminary data
comparing EGFR antibodies and bevacizumab, both
with chemotherapy, seem to favour EGFR antibodies
in RAS wildtype disease. However, choosing the most
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INTRODUCTION
After lung (1.61 million cases) and breast cancer (1.38
million), colorectal cancer (CRC, 1.23 million) is one of
the most commonly diagnosed malignancies worldwide[1].
Moreover, after lung cancer, CRC is the second most
common cause of cancer deaths[2]. Around one quarter
of patients with CRC present with metastatic disease at
time of diagnosis (synchronous disease), and up to 40%
of patients will develop metastases during the course of
their disease, resulting in a relatively high overall mortality
rate associated with CRC.
As a result of recent advances in the treatment of
metastatic colorectal cancer (mCRC), median overall
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cocytes, haemoglobin, alkaline phosphatase, albumine) or
molecular factors (e.g., KRAS or NRAS mutations, BRAF
mutation)[10]. Whereas BRAF mutation is associated with
shorter survival, prognostic value of KRAS mutation
is not clarified yet[11,12]. Some factors are combined to
scores, which might be useful for stratification of patients
within clinical trials and in daily clinical practise (Table
1)[13-15]. Determination of patients’ individual prognoses
might be useful for choice of treatment, particularly in
regard of intensity of systemic treatment and integration
of local ablation into the overall therapeutic concept.
Besides the above-mentioned factors prognostic information can be derived from a broad variety of tissue
or blood markers, e.g., circulating tumour cells, levels of
growth factor receptor-ligands, mutations or amplifications within the relevant signalling pathways or receptors,
or epigenetic alterations[16,17]. These prognostic factors
might gain relevance in the future, but are currently neither broadly available nor relevant for clinical decisions[10].

Table 1 Prognostic scores/health assessments
Score

Risk category

“Kohne”
score[13]

Low risk
Intermediate risk

High risk

FOCUS 2[15]

Factors
ECOG 0/1 and only one tumour site
ECOG 0/1, ALP < 300 U/L and more
than one tumour site or
ECOG > 1 and WBC < 1 × 1010/L and
only one tumour site
ECOG 0/1 and more than one tumour
site and ALP ≥ 300 U/L or ECOG >

1 and more than one tumour site or
ECOG > 1 and WBC > 1 × 1010/L
Comprehensive
Weight change
health assessment
Timed 20 metre walk
at baseline limited
MMSE
health
CCI
Assessment during Patient completed questionnaire (social
course of treatment activity, physical fitness, symptoms,
(excluding MMSE overall quality of life and depression)
and CCI)

ECOG: Eastern collaborative oncology group performance status; ALP:
Alkaline phosphatase; WBC: White blood cells; MMSE: Mini mental state
examination; CCI: Charlson comorbidity index.

PREDICTIVE FACTORS FOR TREATMENT
EFFICACY OR TOXICITY

survival (OS) can now be as long as 30 mo in selected
patient groups and up to 70% of patients will receive at
least two lines of treatment[3-7]. Several drugs as single
agent or in various combinations are available for mCRC,
including fluoropyrimidines (5FU, capecitabine), irinotecan, oxaliplatin, the vascular endothelial growth factor
(VEGF) antibody bevacizumab, the epidermal growth
factor receptor (EGFR) antibodies cetuximab and panitumumab for RAS wildtype patients, the VEGF receptors
1 and 2 fusion protein aflibercept and the multitarget tyrosine kinase inhibitor regorafenib. Moreover, secondary
resection and/or ablation e.g., by surgery or radiofrequency may contribute to long-term survival and even cure, or
at least allow a relevant chemotherapy free interval[8,9].
According to recent data, choice of first line treatment seems to be relevant for further course of disease,
despite available efficacious second, third and if applicable fourth line regimen and the cross over use of all
available drugs in later lines. The aim of this article is to
review the available data on choice of first line treatment
in mCRC. Pertinent data from published trials and reports
and abstracts presented at selected oncology association
meetings [American Society of Clinical Oncology and European Society for Medical Oncology (ESMO)/European
cancer organisation] until September 2013 were reviewed.

Despite tremendous efforts in searching for predictive
markers in mCRC, only RAS mutation have been established, precluding treatment with EGFR antibodies. Initially KRAS mutations in exon 2 (codon 12 and 13) have
been found to be predictive for non-response to cetuximab or panitumumab[18,19]. Although data are conflicting,
KRAS codon G13D mutation (16% of KRAS mutated
tumours) seems not to preclude efficacy of cetuximab in
patients with KRAS mutations[20,21]. However, neither in
the COIN trial, combining oxaliplatin with different fluoropyrimidine schedules and cetuximab, nor in the available
panitumumab trials KRAS G13D mutated tumours seem
to derive relevant benefit from anti-EGFR treatment[22-24].
Recently, retrospective analyses of the PRIME study
demonstrated the negative predictive value of KRAS mutation in exon 3 and 4 and NRAS mutations in exon 2,3
and 4 for treatment with 5FU/leucovorin and oxaliplatin
(FOLFOX) and panitumumab[25]. In patients with any
RAS mutation the addition of panitumumab to FOLFOX had a detrimental effect on progression free survival
(PFS) (HR = 1.31; 95%CI: 1.07-1.60) and OS (HR = 1.21;
95%CI: 1.01-1.45). In contrast, median OS was 25.8 mo
vs 20.2 mo (HR = 0.77; 95%CI: 0.64-0.94, P = 0.009) in
the all RAS wild-type population in favour of the combination of panitumumab and FOLFOX. Although data
from the cetuximab containing trials (CRYSTAL, OPUS)
are not yet available, RAS mutational status will likely be
of similar impact for cetuximab treatment[26].
Despite the strong adverse prognostic effect of BRAF
mutation (8% of RAS wild-type patients), the predictive
value for treatment with EGFR antibodies is still unclear,
with some analysis indicating a lack of benefit, particularly
in advanced treatment situations[24,26,27], whereas data from
first line trials (CRYSTAL, PRIME and OPUS) show

PROGNOSTIC FACTORS FOR PATIENT
STRATIFICATION
Prognosis of mCRC depends on several patient related
(e.g., age, performance status, co-morbidity), tumour
related (e.g., spread of disease, growth dynamics, symptoms, localization in particular liver and/or extrahepatic
metastases), biochemical (e.g., baseline values of carcinoembryonic antigen, lactate dehydrogenase, platelets, leu-
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symptoms, patients´ preferences, localisations of metastases, and the general treatment aim. Current ESMO guidelines stratify patients according to these factors in clinical
groups with different treatment intensities (Table 2)[10].
Four groups are defined: ESMO group 0 comprising
patients with clearly resectable liver metastases, group 1
with potentially resectable disease after achieving tumour
response, group 2 symptomatic patients or high tumour
load with risk of rapid deterioration and finally group 3
with asymptomatic, low tumour burden and severe comorbidity.
For ESMO group 0 patients with clearly R0 resectable colorectal liver metastases surgery is the treatment
of choice due to the proven chance of cure, whereas the
sequence and intensity of perioperative chemotherapy
is controversial. Based on the current ESMO consensus
these patients should be managed preferably by perioperative FOLFOX for 3 mo before and 3 mo after
resection[10,47,48]. Alternatively upfront resection with or
without postoperative chemotherapy might be applied,
particularly in metachronous, small and single liver metastasis[10]. Although intensification of perioperative treatment with antibodies has shown feasibility in single arm
phase Ⅱ trials (e.g., for bevacizumab), recently reported
preliminary results of the New EPOC trial, evaluating
chemotherapy and cetuximab in the perioperative setting,
have raised strong scepticism[49,50]. Therefore, FOLFOX
currently remains the standard treatment for clearly resectable liver metastases.
Patients with unresectable disease (ESMO groups 1, 2
or 3) should receive upfront systemic chemotherapy, apart
from the small group of asymptomatic patients with low
tumour burden eligible for and complying with a watch
and wait approach[51,52]. Whereas groups 1 and 2 patients
urge for intensive upfront chemotherapy to either ensure
secondary resectability or allow for rapid symptom control, group 3 could be treated with a sequential treatment
approach, starting with a low toxic single agent or twodrug combination regimen. Patients with asymptomatic,
but surely unresectable disease due to location or overall
extent and without relevant co-morbidity may not be
ideally stratified in ESMO group 3, but rather treated
with upfront intensive chemotherapy. Moreover, current
available phase Ⅲ trials included patients irrespective of
ESMO grouping, thus limiting the potential prognostic
or predictive value of upfront patient stratification. Although grouping patients might be helpful for guidance
of treatment strategy beyond induction treatment, e.g.,
secondary resection, main systemic treatment options are
either intensive three to four drug regimens or “sequential” one to two drugs regimens (Table 3).

Table 2 European Society for Medical Oncology clinical
[10]
groups for first line treatment stratification
ESMO
group
0

1

2

3

Clinical presentation

Treatment aim

Treatment
intensity

Clearly R0-resectable
liver and/or lung
metastases
Liver and/or lung
metastases only which:
Might become resectable
after induction
chemotherapy
Multiple metastases/sites,
with:
Rapid progression and/or
Tumour-related
symptoms/risk of rapid
deterioration
Multiple metastases/sites
without option for resection
and no major symptoms or
severe comorbidity

Decrease risk of or
delay relapse

FOLFOX

Maximum tumour
shrinkage

Three or
four drug
combination

Immediate
clinically relevant
response or at least
tumour control

Three or
four drug
combination

Abrogation of
Consider
further progression
sequential
Tumour shrinkage approach: start
less relevant
with
Low toxicity
Single agent, or
essential
Doublet with
low toxicity

ESMO: European Society for Medical Oncology.

some benefit[25,28].
There is no baseline predictive marker for the available anti-angiogenic drugs e.g., bevacizumab or aflibercept. Changes in levels of angiogenic factors (e.g., basic
fibroblast, placental, or hepatocyte growth factor) during
treatment with bevacizumab might indicate development
of resistance and predict progression[29,30]. However, as
recently shown in two randomized phase Ⅲ trials resistance to chemotherapy occurs before resistance to bevacizumab[31,32].
Beside the prediction of treatment toxicity (dihydropyrimidine-dehydrogenase deficiency for fluoropyrimidines
or uridine-glucuronosyltransferase (UGT1A1) polymorphism for irinotecan), drug efficacy (e.g., by topoisomerase-1 overexpression for irinotecan, or excision repair
cross-complementing gene 1 polymorphisms for oxaliplatin) cannot be reliably predicted[33-37].
Current research focuses on distinct subsets of CRC
patients defined by gene arrays, epigenetic alterations, or
cancer stem cells, which might allow for a better treatment stratification[38-42]. Moreover, liquid biopsies (either
by analysis of circulating DNA or tumour cells) obtained
during course of treatment might give insights into tumour changes and development of resistance[43-46].

STRATIFICATION OF FIRST LINE
MANAGEMENT FOR MCRC

SELECTION OF AN INTENSIVE FIRST
LINE REGIMEN FOR MCRC

Decision of treatment intensity for first line treatment
should be based on clinical presentation at diagnosis, considering factors like patients’ characteristics independent
from the malignant disease, (if given) tumour-related

WCGO|www.wjgnet.com

With respect to the increasing awareness of secondary
surgery and developments in surgical and locally ablative
measures, there is a growing group of patients that might
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of 4.8 mo vs 5.3 mo for all drugs and 6.8 mo vs 8 mo for
any drug compared to the bevacizumab arm respectively.
Although the primary endpoint of the FIRE 3 trial (ORR)
was not reached and results of both trials are not fully
published, the similar trend in the FIRE 3 and the PEAK
study suggest a beneficial impact for EGFR antibodies
and chemotherapy in first line RAS wildtype mCRC. Further data will soon be available from the large Intergroup
trial (CALGB/SWOG 80405).
Feasibility and efficacy of a maximum intensive treatment with a four-drug regimen has been preliminarily
shown in the phase Ⅲ TRIBE trial comparing FOLFIRI/bevacizumab and FOLFOXIRI/bevaciumab [7].
Overall response rate 53% vs 65% (P = 0.006), PFS
9.7 mo vs 12.1 mo (HR = 0.75; 95%CI: 0.62-0.90, P =
0.003) and OS 25.8 mo vs 31.0 mo (HR = 0.79; 95%CI:
0.63-1.00, P = 0.054) favoured the FOLFOXIRI and
bevacizumab arm. Secondary surgery was applied at
similar rates in both arms (12% vs 15% with the fourdrug regimen). Treatment was generally well tolerated.
Although rates of distinct grade 3/4 toxicity, particular,
diarrhoea (11% vs 19%), stomatitis (4% vs 9%) and neutropenia (20% vs 50%) were significantly higher with the
four-drug regimen, rates of febrile neutropenia, severe
adverse events and treatment related death were similar.
Efficacy of FOLFOXIRI and bevacizumab was independent of KRAS mutational status. Interestingly, patients
with BRAF mutations seem to have better outcome with
the four-drug regimen, despite their poor prognosis. In
regard of similar outcomes in non-randomized phase Ⅱ
trials FOLFOXIRI/bevacizumab should be considered
for BRAF mutated patients[63,64].
According to the most recently presented preliminary
trial results, the choice of first line regimen, e.g., FOLFIRI + cetuximab (or FOLFOX + panitumumab) for
RAS wildtype patients or FOLFOXIRI + bevacizumab
for patients with good performance status seems to be
relevant for the achievement of an OS of about 2.5
years[3,7]. Available treatment options are summarized in
Table 4.

Table 3 Available treatment regimens for first-line metastatic
colorectal cancer
Treatment intensity
Single agent
Two-drug

Three-drug

Four-drug

Molecular
factor

Regimens

5FU/LV
Capecitabin
Capecitabin/bevacizumab
FOLFOX/XELOX
FOLFIRI/XELIRI
RAS wt
FOLFOX + panitumumab
FOLFIRI + cetuximab
Independent FOLFOX/XELOX + bevacizumab
of RAS status FOLFIRI/XELIRI + bevacizumab
FOLFOXIRI
FOLFOXIRI + bevacizumab

Combination chemotherapy with 5-fluorouracil, folinic acid (5FU/LV),
and oxaliplatin (FOLFOX), or irinotecan (FOLFIRI) or both (FOLFOXIRI),
or capecitabine and oxaliplatin (XELOX) or irinotecan (XELIRI).

be converted to resectability or at least achieve a “no evidence of disease” status after integration of other ablative techniques, and thus benefit from intensive upfront
treatment. Therefore, either a chemotherapy doublet in
combination with the VEGF antibody (bevacizumab)
or an EGFR antibody [only RAS wild-type patients],
or a chemo triplet (FOLFOXIRI) and more recently
the highly active four drug regimen [FOLFOXIRI and
bevacizumab or similar combinations (e.g., FOLFIRINOX with a 5FU Bolus and slightly different doses) with
EGFR antibodies] are available treatment options in this
situation[4,22,53-59]. Comparative quantity, quality and celerity of response of these regimens are a matter of debate
and currently only limited randomized data are available.
Preliminary data of the phase Ⅱ PEAK study comparing FOLFOX in combination with either panitumumab or bevacizumab in 285 previously untreated,
KRAS wild-type mCRC patients indicated similar overall
response rate (ORR)[60]. In the all RAS wildtype (KRAS/
NRAS exon 2, 3 and 4) population panitumumab and
FOLFOX significantly prolonged PFS (13.1 mo vs 9.5
mo, HR = 0.63; 95%CI: 0.43-0.94, P = 0.02) and showed
a favourable trend in OS (HR = 0.55; P = 0.06) compared to bevacizumab and FOLFOX[61]. Similarly, early
results from the phase Ⅲ AIO KRK-0306 (FIRE 3)
study comparing FOLFIRI with either bevacizumab or
cetuximab in 592 KRAS wildtype patients demonstrated
a significantly prolonged OS (28.7 mo vs 25 mo, HR =
0.77; 95%CI: 0.62-0.96, P = 0.017) besides similar ORR
(62% vs 58%, P = 0.183) and PFS (10 mo vs 10.3 mo, HR
= 1.06; 95%CI: 0.88-1.26, P = 0.547) for cetuximab vs
bevacizumab based chemotherapy, respectively[3]. Recent
analyses demonstrated a pronounced OS benefit in RAS
wildtype patients (33.1 mo vs 25.9 mo, P = 0.01) in favour
of the cetuximab combination[62]. Subsequent treatments
were balanced in regard of use of second line oxaliplatin
and the cross over to the other antibody (46.6% receiving
bevacizumab after cetuximab and 41.4% receiving EGFR
antibody after bevacizumab). Interestingly, treatment in
the cetuximab arm was shorter with a median duration
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SELECTION OF A NON-INTENSE OR
SEQUENTIAL TREATMENT APPROACH
FOR MCRC
An increasingly ageing population with related co-morbidity which might not be amenable for a secondary curative approach (ESMO group 3) urge for comprehensive
assessments focusing on toxicity and outcome prediction
and well tolerated regimens for these patients (e.g., single
agent or two drug combinations)[15,65]. In the recently reported phase Ⅲ AVEX trial the addition of bevacizumab
to capecitabine prolonged PFS from 5.1 to 9.1 mo (HR
= 0.53; 95%CI: 0.41-0.69, P < 0.0001) and showed a
strong trend in OS with an acceptable tolerability profile
in patients with at least 70 years of age[66]. Alternatively,
upfront combination with fluoropyrimidines and oxaliplatin seems to be feasible in elderly patients and prefer-
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Table 4 Efficacy and tolerability of three to four drug first line regimen
Regimen

FOLFOX + panitumumab[25]
FOLFIRI + cetuximab[4,62]

Efficacy
Tolerability
PFS
OS
Grade
SAE
RAS wt
RAS mut
RAS wt
RAS mut 3/4 AE
10.1
7.31
25.8
15.51
84%
40%
1
10.5
NR
33.1
NR1
71%-79%
26%
9.9 (KRAS exon 2)
23.5 (KRAS exon 2)

FOLFOX/XELOX + bevacizumab[56]
FOLFIRI + bevacizumab[7,62]
FOLFOXIRI + bevacizumab[7]

9.4
10.4

21.3
NR

25.9

9.7
12.1

NR
25.8
31.0

Fatal
AEs
5%
NR

80%
NR

NR
20%

2%
3.5%

NR

20%

2.8%

1

These fields only informative (epidermal growth factor receptor antibodies not licensed for RAS mutated tumours). Combination chemotherapy with 5-fluorouracil, folinic acid, and oxaliplatin (FOLFOX), or irinotecan (FOLFIRI) or both (FOLFOXIRI), or capecitabine and oxaliplatin (XELOX). PFS: Progression
free survival; OS: Overall survival; AE: Adverse events; SAE: Severe adverse events; NR: Not reported.

ably, if applied with dose reductions, compared to singe
agent fluoropyrimidine alone[15,67]. However, for elderly
patients a tolerable and efficacious first line regimen seem
to be particulary relevant, with less than 50% of patients
receiving second line treatment.
Sequential treatment strategies were evaluated independent of age in first line mCRC[66,68-70]. Although sequential treatment did not seem to be inferior to upfront
two-drug combination in trials of the chemotherapy only
era (only fluoropyrimidines, irinotecan and oxaliplatin), it
is questionable whether these results can be transferred
into the current treatment situation (including molecular
targeting agents)[68-70].

with or without liver surgery followed by chemotherapy
in patients with unresectable liver metastases was beneficial in terms of PFS (16.8 mo vs 9.9 mo, P = 0.025)
compared to chemotherapy alone[78]. Comparative data
comparing upfront with post-induction local ablation are
not available. However, post-induction ablation likely offers a more stratified approach adapting for the individual
patient and tumour biology and might thus be preferred.

CONCLUSION
Treatment of mCRC is complex and highly individualized
taking into account disease and patient characteristics,
molecular and biochemical markers and thus enabling a
personalized management in terms of selecting the most
appropriate measures and sequences of systemic and local treatment.
In regard of the current data unresectable patients
with RAS wildtype should receive an EGFR antibody
based chemotherapy, whereas patients with RAS mutation should receive two or three drug chemotherapy in
combination with bevacizumab, if an intensive treatment
approach is chosen. For patients with a non-intense or
sequential approach fluoropyrimidine and bevacizumab
seems to be an efficacious and low toxic treatment option.
Future research might help to further tailor anti
EGFR treatment, excluding patients deriving no benefit
from EGFR inhibition. Moreover, close meshed and
timely information (e.g., acquired by liquid biopsies) about
the current molecular tumour situation and potentially
developing resistance might be helpful to guide treatment
during the course of disease.

LIMITATIONS FOR CHEMOTHERAPY
AND ANTIBODY COMBINATIONS
Besides very few limitations antibodies can be combined
with fluoropyrimidines, oxaliplatin and/or irinotecan
in several combinations. EGFR antibodies and bevacizumab should not be combined[71,72]. If EGFR antibodies
are combined with an oxaliplatin based chemotherapy
backbone, infusional 5FU (FOLFOX) should be chosen
instead of an oral or bolus fluoropyrimidine regimen
(XELOX or FLOX) according to clinical data from the
COIN and NORDIC Ⅶ studies showing no benefit for
the addition of cetuximab to these regimen[22,73].
The combination of capecitabin and irinotecan (with
or without oxaliplatin or bevacizumab) requires dose
reductions for both drugs[74-76]. Similarly, FOLFOXIRI
needs to be dose reduced in combination with EGFR antibodies[58,59].

ADDITION OF UPFRONT LOCAL
TREATMENT IN UNRESECTABLE MCRC
PATIENTS
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compromise the microbiota-host mutualism, forcing
the increase of pathobionts at the expense of healthpromoting groups, and allowing the microbiota to
acquire an overall pro-inflammatory configuration.
Consolidating inflammation in the gut, and favoring
the bloom of toxigenic bacterial drivers, these changes
in the gut microbial ecosystem have been suggested
as pivotal in promoting carcinogenesis. In this context,
it will become of primary importance to implement
dietary or probiotics-based interventions aimed at preserving the microbiota-host mutualism along aging,
counteracting deviations that favor a pro-carcinogenic
microbiota asset.
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Core tip: By performing the co-abundance groups analysis of the publicly available datasets from microbiome
surveys in colorectal cancer (CRC) patients, we have
been successful in identifying pro-carcinogenic and protective groups of microorganisms, showing the potential to modulate the fate of CRC onset and progression.
Possible mechanisms involved in microbiota-dependent
carcinogenesis are reviewed, and the central role of
inflammation as a trigger forcing the microbiota from
a mutualistic configuration to a CRC-promoting asset is
discussed. Finally, possible intervention strategies for
modulating microbiome in order to preserve its mutualistic configuration along life span are suggested.

Abstract
Structural changes in the gut microbial community
have been shown to accompany the progressive development of colorectal cancer. In this review we discuss
recent hypotheses on the mechanisms involved in the
bacteria-mediated carcinogenesis, as well as the triggering factors favoring the shift of the gut microbiota
from a mutualistic to a pro-carcinogenic configuration.
The possible role of inflammation, bacterial toxins and
toxic microbiota metabolites in colorectal cancer onset
is specifically discussed. On the other hand, the strategic role of inflammation as the keystone factor in driving microbiota to become carcinogenic is suggested.
As a common outcome of different environmental and
endogenous triggers, such as diet, aging, pathogen
infection or genetic predisposition, inflammation can
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microorganisms are expected to exert a profound influence on human physiology and metabolism. In fact, gut
microbes complement several gaps in our metabolic
pathways, e.g., producing essential vitamins and oligoelements, as well as affording the extraction of energy
from otherwise indigestible carbohydrates[18], playing a
major role in host energy balance and nutrition[19]. This
function has probably been the initial evolutionary force
toward the microbiota establishment as an animal and
human symbiotic partner[20]. Other recognized functions
include the support for colonization resistance against
incoming enteropathogens. Mechanism involved in this
barrier effect are: competition for food resources[21], inhibition of pathogen growth by means of acetate production[22], killing with bacteriocins[23], and immune response
stimulation[24,25]. The gut microbiota also acts as an integral component of the human immune system, finely
calibrating the immunological potential and responses at
different host ages[26,27]. The intimate interplay between
gut microbes and the mucosal immune system has indeed
proved to be crucial for immune education during our infancy as well as for maintaining a well-balanced immune
homeostasis along the adult life[26,28]. Of note, accumulating data are also supporting the emerging concept of a
microbiota-gut-brain axis with a role in the regulation
of anxiety, cognition, pain and behavior, and a possible
contribution to the pathophysiology of central nervous
system disorders[29-32].

org/10.3748/wjg.v20.i4.908

HUMAN INTESTINAL MICROBIOTA
Structure of the human intestinal microbiota
Outnumbering human cells 10 to 1, over 100 trillion microbes are hosted in the human body, with the majority
of them residing in the gut, in a continuum of dynamic
ecological communities, referred to as microbiome[1].
From 101 to 103 microbes per gram of content in the
stomach and duodenum, the human gut microbiota
reaches a microbial density of 104 to 107 cells per gram in
the jejunum and ileum, culminating with 1013-1014 cells in
the colon and feces[2,3].
Metagenomic surveys of the intestinal microbiota
revealed an immense phylogenetic diversity, estimating
more than 1000 species-level phylotypes across the human population, with at least 160 prevalent species per
individual[4]. While phylogenetic diversity is high at the
species level, most of the endogenous bacteria in healthy
adults belong to just two phyla, Firmicutes and Bacteroidetes,
which account for > 90% of the known phylogenetic categories of the human gut. Members of Actinobacteria, Proteobacteria, Fusobacteria, Verrucomicrobia, Spirochaetes and Lentisphaerae are regularly present but scarce (< 1%-15%)[5-9].
Since the first application of culture-independent
methods a large inter-individual variability in microbial
compositions was apparent[4], with twins sharing less than
50% of their species-level microbial taxa[10]. The multiple
genetic and environmental factors that contribute to
shape the individuality of the gut microbiota composition are now beginning to be understood, reflecting
interpersonal, geographical, lifestyle and temporal differences[11-13], and not least, perturbations caused by disease.
Recent work has established that despite the unique fingerprint of microbial taxa per individual, a core of > 50
taxa can be found in nearly half of the human subjects
sampled[4,8]. It has been suggested that individuals can be
categorized into one of three predominant variants or
‘‘enterotypes’’ based on the abundance of dominant genera (Bacteroides, Prevotella or Ruminococcus)[14], though some
researchers are now favoring the concept of a continuum
or gradient of species functionality rather than a discontinuous variation with segregated types[15]. Individuals
have also been shown to share a set of microbial genes
involved in central metabolic pathways, and deviations
from this functional core have been associated with altered physiological states[16]. However, the subject-specific
genetic diversity is remarkable and still remains largely
unassigned, with a probably unique metagenomic genotype per individual[17].

Microbiota dynamics in response to
diet-inflammation-age
The intestinal microbiota composition was believed to
be stable throughout adulthood until few years ago[33,34].
More recently, with the bloom of longitudinal studies
in humans, the plasticity of this ecosystem has become
evident, highlighting that diet, environment, and physiological changes can impact on both composition and
functionality of the gut microbiota [12,27]. Faith et al[35]
investigated the normal long-term plasticity of the human gut microbiota in healthy subjects. By applying a
low-error amplicon sequencing approach, the Authors
demonstrated that 40% of the individual microbiota was
variable over the time course of 5 years.
The effect of changes in dietary habits is the plainest
manifestation of the ability of the microbiota to adapt its
architecture in response to environmental stimuli, with
the speed and efficacy required for the maintenance of
the nutritional function of the host-microbiota symbiosis.
Indeed, short-term dietary responses of the microbiota
composition were detected after 24 h and seemed to be
driven principally by the type of ingested fermentable
carbohydrates[36,37]. These fluctuations could be considered a necessary feature of an intestinal microbial ecosystem able to rapidly adapt itself to the host requirements,
maximizing the efficiency of nutrient extraction and supporting health. Remarkably, the same changes in diet in
different persons did not result in the same final microbiota configuration since the diet-related variations did
not overcome the inter-individual differences. Conversely,

Human gut microbiome and role in host physiology
The collective genome of the human intestinal microbiota-microbiome-contains 3.3 million microbial genes,
150-fold more than the human genome[4]. Adding this
immense gene catalogue to host genetics, intestinal
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in the long term, people with similar dietary patterns may
end up sharing a similar architecture of the gut microbiota; in fact, it has been shown that the presence or absence
of several bacterial taxa can be associated with the intake
of different nutrients[37].
Along with the dietary influence, a certain plasticity
of the human intestinal ecosystem is being observed in
response to less obvious environmental stressors, such as
climate and geography[38,39], as well as the degree of exposure to environmental bacteria, the latter being of primary importance for the education and the maintenance
of the functionality of the immune system from birth to
adulthood[40-42]. Moreover, the consumption of drugs, especially antibiotics but also anti-inflammatory medicines,
impacts on the gut microbiota composition[43-45] and different configurations of the microbiota, in turn, have the
ability to promote or reduce the metabolization and effectiveness of drugs[46]. Along adulthood and later in life,
natural physiological changes add themselves to the list
of drivers of modification in the microbiota structure,
both temporarily (i.e., pregnancy or lactation[47]) and permanently, as in the aging process.
Aging can impact on the gut microbiota structure directly, by means of age-related physiological processes involving local and systemic inflammation (i.e., immunosenescence and inflamm-aging; see below), and indirectly,
causing changes in dietary habits and lifestyle[48]. Increased threshold for taste and smell, together with chewing problems caused by teeth and muscle loss, can lead to
the consumption of a restricted diet, poor in fibers and
proteins that are known to strongly impact on microbiota
composition[36,37]. Moreover, poor diet and diminished
physical activity contribute to increase the chances of
constipation and, consequently, of slower intestinal transit time, which may impact on the composition of the colonic microbiota due to the reduced bacterial excretion[48].
The age-related increased drug consumption[49] and the
interaction between different medicines can also be listed
among the possible factors that rule changes in the gut
microbiota. The subject-specific combination of all these
impacting environmental variables may be responsible for
the inter-individual variability of the gut microbiota composition that is known to increase along with aging[50,51].
The aged-type gut microbiota is typically characterized by a reduced biodiversity, an increased abundance
of opportunistic facultative anaerobes, and a decreased
abundance of species with anti-inflammatory properties
(i.e., Faecalibacterium prausnitzii and other butyrate producers)[7,44,52-55]. Interestingly, these deviations from the
healthy adult-like profile overlap with those known to
accompany several disorders characterized by systemic
and/or chronic inflammation, such as obesity, metabolic
syndrome and inflammatory bowel diseases[21,56,57]. Indeed,
aging itself involves chronic immune and inflammatory
unbalances. Elderly are generally affected by a process
called “immunosenescence” that causes a decline in immune system functionality, and a chronic inflammatory
status (“inflamm-aging”) characterizing the whole organism[58,59]. At the level of the gut, inflamm-aging could be
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responsible for an increased stimulation of the inflammatory response, allowing opportunistic pathogens (pathobionts) to thrive to the detriment of symbionts[60,61]. The
age-related proliferation of opportunistic bacteria could
both contribute to and be nurtured by inflamm-aging, in
a sort of self-sustaining loop[55], possibly creating a predisposing environment for diseases the risk of which
is known to increase along with age, such as colorectal
cancer.

INTESTINAL MICROBIOTA AND
COLORECTAL CANCER
Colorectal cancer (CRC) is the fourth most commonly
diagnosed cancer in the Western world[62,63]. With more
than one million of new cases and 600000 deaths per
year, CRC undoubtedly constitutes a significant burden
for public health in Western world.
CRC is the result of a multistep process whose progression is associated with the gradual accumulation of
genetic and epigenetic mutations. Sporadic in more than
90% of the cases, CRC develops gradually, proceeding
from normal epithelium to adenomatous polyps and
invasive carcinoma, defining a process that can be slow,
taking more than 10 years depending on the mutation
frequency[64]. Several genetic predispositions which can
increase cancer risk have been identified. The principal
driver mutations involved in CRC include tumor suppressors adenomatous polyposis coli gene, β-catenin gene,
deleted in colorectal cancer gene and p53[64], as well as the
oncogenes Kirsten rat sarcoma[65] and myelocytomatosis
oncogene[66,67]. However, even if within the last years
a growing number of acquired genetic mutations have
been described in CRC, trigger factors leading to their accumulation remain to be determined.
Environmental factors have been reported as the
leading causes involved in CRC onset[68]. Chronic inflammation and diet have been historically recognized as the
prominent CRC drivers[69,70], however, recently, a new
potential factor in CRC is emerging: the human intestinal
microbiota[71-73]. For instance, the relevance of a compromised microbiota-host homeostasis in CRC onset has
been highlighted by the recent finding that mice defective in the inflammasome function have an increased risk
to develop CRC[74]. While the involvement of diet and
inflammation in CRC has been proved by “traditional”
observational and epidemiological studies[70,75-77], only
the recent widespread of next-generation sequencing
(NGS)-based approaches for gut microbiota characterization allowed to identify characteristic ecosystem changes
associated with CRC. Comparative NGS studies of the
gut microbiota structure in stools, luminal samples and
swabs from CRC patients and age-matched healthy controls have been carried out[78-80]. With respect to healthy
controls, CRC patients were significantly enriched in
fecal Fusobacterium, Enterococcaceae, Campylobacter, Erysipelotrichaceae, Collinsella, Peptostreptococcus and Anaerotruncus,
and depleted in members of the Clostridium cluster Ⅳ,
such as Faecalibacterium prausnitzii (F. prausnitzii) and Rose-
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buria. On the intestinal mucosa, CRC patients showed an
increase of Porphyromonas, Fusobacterium, Peptostreptococcus
and Mogibacterium, whereas Faecalibacterium, Blautia and
Bifidobacterium were depleted. This CRC-associated microbiome is enriched in pro-inflammatory opportunistic
pathogens, e.g., Fusobacterium, Enterococcaceae and Campylobacter[81-85], and microorganisms commonly associated
with metabolic disorders, such as Erysipelotrichaceae[86,87],
while depleted in microbial partners strategic to preserve
the intestinal homeostasis[88], such as well-known butyrate
producers (i.e., F. prausnitzii and Roseburia) and protective
bifidobacteria[22,89]. These NGS data reflect an overall
pro-inflammatory configuration for the CRC-associated
gut microbial ecosystem, which can concur in compromising the microbiota-host mutualism and, eventually,
consolidate the disease state. Very recently, comparative
analyses of mucosal microorganisms on cancerous tissue
and matched non-cancerous tissue have been carried out,
allowing to detect microorganisms specifically enriched
on CRC tumor sites[79,84,85]. Cancerous mucosa showed an
overall decrease in bacterial diversity with respect to noncancerous tissues, and was characterized by a reduction
in Faecalibacterium and higher abundances of Fusobacterium,
Bacilli and Phascolarctobacterium. These pro-inflammatory
microorganisms can modulate the tumor microenvironment, affecting the course of CRC progression.
In order to explore dysbiosis of the gut microbiota
in CRC at the community level, we sought associations
between individual genera. To this aim, we obtained coabundance groups (CAGs), groups of microorganisms
which correlate and cluster together, by a bioinformatics
analysis[90] of the publicly available dataset from Wu et al[80],
a well characterized case-control study of the CRC-associated microbiome. Six CAGs displaying significantly
different inter-relationships from each other (P < 0.001)
have been identified: Fusobacterium CAG, Prevotella CAG,
Barnesiella CAG, Coprobacillus CAG, Faecalibacterium CAG
and Bifidobacterium CAG. Significant associations between
bacterial genera have been calculated and represented in a
Wiggum plot (Figure 1). This network analysis allowed us
to describe - to our knowledge for the first time - microbial co-abundance networks which include microorganisms previously associated with CRC risk or protection.
According to our analysis, the CRC-associated microorganisms Fusobacterium and Erysipelotrichaceae belong to the
same CAG (Fusobacterium). Analogously, CRC-associated
groups as Enterobacteriaceae, Escherichia, Shigella and Klebsiella co-vary within the same cluster (Prevotella). On the
other hand, a common CAG (Bifidobacterium) is shared by
non-CRC-associated groups as Bifidobacterium and Lachnospiraceae (a family member of the Clostridium cluster Ⅳ).
Other health-promoting mutualists belonging to the Clostridium cluster IV, such as Faecalibacterim, Blautia, Roseburia,
Dorea and Lachnospiraceae, group together in Faecalibacterim
CAG. Finally, we identified one CAG (Barnesiella) including both pro-carcinogenic microorganisms as Porphyromonadaceae and Eubacterium, as well as protective members
of the Clostridium cluster Ⅳ (Ruminococcus, Butyrococcus
and Oscillibacter). Even if data from this computational
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analysis must be taken with caution since based on a limited dataset, we can hypothesize the existence of 3 procarcinogenic CAGs (Fusobacterium CAG, Prevotella CAG
and Coprobacillus CAG) and 2 CRC protective CAGs (Bifidobacterium CAG and Faecalibacterium CAG).
Suggesting the involvement of specific microbiota
dysbiosis in CRC, NGS-based microbiome studies are
imposing a more holistic vision of the interplay between
environment and genetics in CRC, where dietary factors and inflammation need to be considered against the
background in the microbiota-host interaction process
(Figure 2). However, the static nature of these studies
did not permit to comprehend whether dysbiosis are a
cause or a consequence of the disease onset. Further,
these descriptive studies did not provide information
on either the mechanisms by which members of the gut
microbial ecosystem can influence the CRC, or, more
importantly, the triggers that shift the microbiota towards
a carcinogenic configuration. With the attempt to deal
with these questions, a new approach to study the role of
microorganisms in CRC onset is emerging. Pairing NGSbased microbiota surveys and the usage of germ-free
(GF), conventionalized and mono associated mice to test
mechanistic hypotheses, new insights on the microbial
ecology of CRC have been provided[73].
Bacterial driver-passenger model
Recently, a first dynamic model of the microbial ecology
involved in CRC onset and progression has been proposed by Tjalsma et al[73]: the bacterial driver-passenger
model. According to this model, CRC development is
initiated by indigenous bacteria with pro-carcinogenic
features - defined as bacterial drivers - that drive epithelial DNA damage and contribute to CRC initiation. In a
subsequent step, the local microenvironment is altered as
a consequence of the ongoing tumorigenesis and bacterial drivers are replaced by bacterial passengers, microorganisms showing a competitive advantage in the tumor
microenvironment and being capable of nurturing tumor
progression. For instance, nutrients and co-factors specific of the tumor microenvironment - such as the presence
of reactive oxygen species - can be selectively utilized by
specific bacterial passengers[91].
Bacterial drivers are defined as intestinal bacteria
showing pro-carcinogenic features - either transient or
autochthonous microbiota components - that may initiate
the process of carcinogenesis. Several candidate bacterial
drivers have been identified (Table 1), such as superoxideproducing strains of Enterococcus faecalis[92], genotoxinproducing Escherichia coli strains[93], and toxigenic strains
of Bacteroides fragilis[94]. Furthermore, pro-inflammatory
members of Enterobacteriaceae, such as Shigella, Citrobacter
and Salmonella have been associated with early stages of
CRC as possible bacterial drivers[95,96]. Occasionally, bacterial drivers act in concert with helper bacteria (or α-bugs)
in carcinogenesis promotion[97]. Generally belonging to
pro-inflammatory Enterobacteriaceae, these microorganisms
are proposed to crowd out symbiont CRC-protecting
anti-inflammatory microbiota components, such as F.
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Table 1 Microorganisms involved in colorectal cancer
Microorganism
E. faecalis
E. coli NC101
B. fragilis
Shigella
Citrobacter
Salmonella
Enterobacteriaceae
Fusobacterium
S. gallolyticus
C. septicum
F. prausnitzii
Roseburia
Bifidobacterium
Corynebacteriaceae

Role in CRC

Mechanism

Ref.

Driver
Driver
Driver
Driver
Driver
Driver
Helper
Passenger
Passenger
Passenger
Protective
Protective
Protective
Protective

Production of superoxide
Genotoxin production (colibactin)
Genotoxin production (fragilisin)
Induction of inflammation
Induction of inflammation
Induction of inflammation
Induction of inflammation
Induction of inflammation
Induction of inflammation
Induction of inflammation
Butyrate production; anti-inflammatory properties
Butyrate production; anti-inflammatory properties
Protection from pathogens; anti-inflammatory properties
Anti-inflammatory properties

[92]
[122]
[94]
[73]
[73]
[73]
[73]
[84]
[98]
[99]
[78]
[78]
[71]
[78]

Microorganisms involved in colorectal cancer (CRC), their role as driver, passenger or protective bacteria and the mechanisms involved in CRC induction
or protection. E. faecalis: Enterococcus faecalis; E. coli: Escherichia coli; B. fragilis: Bacteroides fragilis; S. gallolyticus: Streptococcus gallolyticus; C. septicum: Clostridium septicum; F. prausnitzii: Faecalibacterium prausnitzii.

prausnitzii, Roseburia or Bifidobacterium, favoring the subsequent tissue colonization by drivers.
Passenger bacteria are always autochthonous members of the gut microbial community. Relatively poor
colonizer of a healthy intestinal tract, passengers show a
competitive advantage in the tumor microenvironment
(Table 1). However, differently from drivers, which are
always pro-carcinogenic, passenger bacteria can be of either pro-carcinogenic or protective nature, depending on
the microorganism. While in some cases the carcinogenic
tissue has been shown to be selectively colonized by opportunistic pathogens, such as Fusobacterium[78,83,84], Streptococcus gallolyticus[98] and Clostridium septicum[99], which can be
involved in CRC progression, in other circumstances the
tumor sites were enriched in passenger bacteria belonging
to well-known mutualistic microbiota components, as Corynebacteriaceae, Roseburia and Faecalibacterium, suggesting a
possible protective role for these microorganisms as CRC
quencher[78].

ments carried out in mouse models of colitis-associated
cancer have been successful in demonstrating a dual role
for NF-kB in carcinogenesis, which depends on the cell
type[101]. While in enterocytes NF-kB contributes to tumor initiation by suppressing apoptosis, in myeloid cells it
is involved in the promotion of tumor growth by means
of the production of inflammatory mediators. Further,
it has been recently demonstrated that elevated NF-kB
signaling can activate mutations in the Wnt pathway, leading to the differentiation of epithelial non-stem cells into
tumor-initiating cells[102]. Generally, the activation of NFkB results in the expression of inflammatory cytokines
[e.g., tumour necrosis factor-alpha, interleukin (IL)-1, IL-6
and IL-8), adhesion molecules, enzymes involved in prostaglandin synthesis, nitric oxide synthase, angiogenic factors and anti-apoptotic genes, providing survival advantages to precancerous or tumor cells in the gut[75,103]. The
activation of NF-kB as a result of microbial sensing via
the host Toll-like receptors (TLRs) has been proposed to
support intestinal tumor growth under steady-state conditions[104,105]. Several evidences have been reported in
support of the role of the gut microbiota in the inflammation-dependent carcinogenesis in the gut. Crohn’s
disease and ulcerative colitis are often associated with an
increased risk of developing CRC and epidemiological
data suggest that duration and severity of chronic colitis
represent a significant risk factor for colitis-associated
CRC[106,107]. Furthermore, microbiota unbalances in favor
of pro-inflammatory opportunistic pathogens as Enterobacteriaceae and Clostridium difficile have been indicated to be
involved in tumor progression[108,109] and, in the context
of the bacterial driver-passenger model, several bacterial
drivers, such as Shigella, Citrobacter, Salmonella and toxigenic
Bacteroides fragilis (B. fragilis), as well as the passengers Fusobacterium and Streptococcus gallolyticus and Clostridium septicum,
have been reported to support carcinogenesis by the
induction of a pro-inflammatory response[73]. Strikingly,
by inducing azoxymethane (AOM)-colitis in conventional
and GF IL-10 knockout (Il10-/-) mice, Uronis et al[110] were

Mechanisms possibly involved in microbial CRC
promotion
Gut microorganisms may promote CRC onset and progression by different processes (Table 1)[71], such as (1)
the induction of a chronic inflammatory state; (2) the
biosynthesis of genotoxins interfering with the cell cycle
regulation or directly damaging DNA; (3) the production
of toxic metabolites; and (4) the activation of dietary heterocyclic amines to pro-carcinogenic compounds. Here
we will specifically discuss the role of three of these factors - inflammation, genotoxins and toxic metabolites –
in CRC onset and progression.
Chronic inflammatory disorders are associated with a
higher risk of cancer development[100]. Inflammation can
nurture carcinogenesis by inducing gene mutations, inhibiting apoptosis or stimulating angiogenesis and cell proliferation. By regulating cell survival, inflammation and
immunity, nuclear factor (NF)-kB is at the connection
between inflammation and cancer. In particular, experi-
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tissue and surrounding mucosa from CRC patients are
those derived from Escherichia coli (E. coli), Salmonella enterica and Shigella flexneri. This suggests a strong involvement of enterobacterial toxins in tumorigenesis. Also in
this context, inflammation has been shown to increase
toxigenic E. coli strains, promoting their adhesion to the
host epithelia[111]. A number of E. coli strains produce a
wide array of toxins, some of which are turning out to be
potentially harmful in humans, either directly damaging
DNA or specifically disrupting cell signaling.
The cytolethal distending toxins (CDTs), which comprise a family of intracellular-acting bacterial protein toxins produced by several gram-negative bacteria, belong to
the first group. Their activity upon eukaryotic cells results
in several consequences, the most characteristic of which
is the induction of G(2)/M cell cycle arrest[117]. Active
CDTs consist of three subunits: CdtA and CdtC, which
guide internalization, and CdtB, which enzymatically
induces DNA double-strand breaks that recruit and activate the ataxia telangiectasia mutated kinase, thus triggering a DNA damage response (DDR). The DDR provides
an efficient barrier to tumorigenesis through induction of
cell death or senescence[118]. Cells exposed to sub-lethal
doses of the CDTs from Helicobacter hepaticus (H. hepaticus) or Haemophilus ducreyi exhibit increased frequency of
mutations, accumulation of chromosomal aberrations
and enhanced anchorage-independent growth[119]. Furthermore, chronic infection of mouse liver and intestine
with CDT-producing H. hepaticus or Campylobacter jejuni,
respectively, is associated with dysplasia[119], confirming
the capacity of CDT-producing bacteria to induce preneoplastic lesions in vivo. Very recently, Buc et al[120] demonstrated a high prevalence of genotoxin- and cyclomodulin-producing mucosa-associated E. coli strains in CRC
patients.
Furthermore, some commensal E. coli strains of the
phylogenetic group B2 harbour a 54 kb polyketide synthase (pks) pathogenicity island encoding the enzymes
required for the synthesis of a putative hybrid peptidepolyketide genotoxin, named colibactin[121]. Infection of
mice with a pks+ E. coli strain has been linked to the expression of pks genes required for colibactin production
as well as to DNA damage induction[122]. The capacity
of colibactin to promote tumorigenesis in vivo has been
recently proven in an animal model of colitis-associated
CRC. GF IL-10 knockout mice treated with the colonspecific carcinogen AOM and monocolonized with pks+
E. coli showed a high incidence of invasive adenocarcinoma if compared to mice infected with an isogenic pks-deficient strain or the control commensal bacterium pks-E.
faecalis[93]. The detection of E. coli isolates carrying the pks
island in 66.7% CRC patients compared to 20% found
in non-inflammatory bowel disease/non-CRC controls
suggests a concerted action of host inflammation and
E. coli-derived pks in giving rise to a host microenvironment that promotes DNA damage and tumorigenesis[93].
These authors also showed that optimal colonization by
colibactin-producing E. coli strains is established in an

Inflammation
Intestinal
microbiome
Diet

Bacterial
toxins

Colorectal cancer

Figure 2 Colorectal cancer arises from the interplay between endogenous
and exogenous factors, such as inflammation, diet, intestinal microbiome
structure, and transcription and activity of bacterial genotoxins.

successful in demonstrating that microbial sensing via
TLRs is essential to develop colitis-associated CRC.
Inflammation also represents a molecular link between host immune response, intestinal microbiota and
genotoxic events in the inflammation-associated CRC[111].
Several bacterial taxa that belong to the human gut microbiome in a subset of the healthy population contain
toxin-producing strains [5]. The long-term effects of
chronic exposure to low doses of such bacteria as well as
the eventual contribution to the carcinogenic process of
bacterial toxins remain to be elucidated. Toxins impinge
on key eukaryotic processes, such as cellular signaling,
and some directly attack the genome[112] these last by
damaging DNA, either directly, by enzymatic attack, or
indirectly, by provoking an inflammatory reaction that
produces free radicals. Also, they can affect DNA repair
mechanisms.
The capacity of the B. fragilis toxin (BFT)-producing
strains to promote colon tumorigenesis is mediated by
the increased expression of STAT3 that leads to the recruitment of the highly pro-inflammatory subset of T
helper type 17 lymphocytes, suggesting that the pro-carcinogenic role of BFT is to promote a de-regulated inflammatory response[113]. BFT is a metalloprotease known to
bind to colonic epithelial cells and stimulate cleavage of
E-cadherin, thus increasing intestinal barrier permeability and augmenting cell signalling via the β-catenin/Wnt
pathway, which is constitutively activated in essentially all
CRC. As a result, BFT stimulates proliferation and migration of human colon cancer cells in vitro[114]. It is worth
noting that the enterotoxigenic form of B. fragilis (ETBF)
is only present in approximately 10%-20% of the healthy
population whereas the fecal carriage of ETBF is increased of about 40% in CRC patients[94,115].
However, although the B. fragilis toxin has been proposed as one of the main CRC driving suspects on the
basis of experimental work[113,116], very recent studies
show that the most actively transcribed toxins in tumor
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Figure 3 Environmental triggers, such as diet, aging and pathogen infections, can force microbiota changings that, in a genetically susceptible host, can
drive to chronic inflammation in the gut. Inflammation shifts the gut microbiota towards a pro-inflammatory configuration, supporting colorectal cancer (CRC) drivers as pathobionts at the expense of health-promoting CRC-protective microbiota components. As a consequence, a pro-inflammatory loop is established in the gut,
directly supporting CRC onset and favoring colonization by toxigenic bacterial drivers directly involved in CRC promotion.
[126]
kB . Taken altogether, these data support the strategic
role of toxigenic E. coli strains in CRC onset and progression.
The gut microbiome is a major driver in shaping the
gut metabolome[127]. Among microbial metabolites, several have been identified as potentially important carcinogens or protective. Secondary bile acids in particular have
been detected in elevated levels in CRC patient stools
and have been shown to have carcinogenic properties in
vitro[128]. A long list of other metabolites are suspected at
varying degrees to be implicated in CRC development,
such as hydrogen sulfide[129], proteolysis products (ammonia, amines, phenols)[130], and acetaldehyde[131]. Butyrate is
the most sought-after beneficial metabolite as it is a major energy source for colonocytes and more importantly
has an anti-proliferative activity and induces apoptosis of
CRC cells in vitro[132].

already-inflamed gut. In fact, by remodeling the intestinal
immune response and shifting the colonic bacterial community to one that further promotes CRC, bacterial drivers permit the colonization of colibactin-producing E.
coli strains that actively contribute to disease progression.
A second group of toxins includes those disrupting the cell signaling that regulates cell proliferation or
induces inflammation. The E. coli cytotoxic necrotizing
factor 1 (CNF1), which is expressed by many human
isolates, activates the Rho GTPases[123], inducing dysfunctions in already transformed epithelial cells, such as apoptosis counteraction, pro-inflammatory cytokines’ release,
COX2 expression, NF-kB activation and boosted cellular
motility. Also, CNF1 induces quiescent cells to enter
the cell cycle and undergo DNA synthesis[124], interferes
with normal cytokinesis, resulting in the production of
multinucleated cells and in the onset of aneuploidia. As
cancer may arise when the same regulatory pathways are
affected, it is conceivable that CNF1-producing E. coli
infections can contribute to cancer development[125]. Our
hypothesis is that these bacteria may act as passengers,
reinforcing and favoring but not causing the development
of colorectal cancer. The pro-inflammatory capacity of
CNF1 has recently been confirmed in Drosophila, where
the toxin could activate one of the key transcription factors of the innate immune response, namely NF-kB,
independently of the triggering of pathogen recognition
receptors. Indeed, the CNF1-mediated activation of the
Rac2 GTPase triggers protective immunity via the innate Rip kinase signaling that functions upstream of NF-

WCGO|www.wjgnet.com

Triggering factors that force microbiota to become
carcinogenic
Besides its role in CRC onset, inflammation surely exerts
a central role in triggering the carcinogenic potential of
the gut microbial ecosystem (Figure 3)[93]. Experiments
relying on mice defective in components of the immune
system successfully demonstrated that chronic inflammation alters the intestinal microbial community composition towards a configuration that predisposes to the
disease[133]. According to Garrett et al[134], Tbet-/-/Rag2-/mice, which are deficient in adaptive and innate immune
function, developed a colitis phenotype transmissible
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to wild-type mice by the adoptive transfer of their gut
microbiota. Analogously, mice lacking the bacterial flagellin receptor TLR5 exhibited a syndrome encompassing insulin resistance, hyperlipidemia, and increased fat
deposition associated with microbiota alterations. Strikingly, these metabolic changes were transferable to wildtype mice by acquiring the Tlr5-/- gut microbiota[134]. In
this context, Arthur et al[93] specifically demonstrated that
intestinal inflammation can boost the cancer-inducing
activity of the gut microbiota. According to the Authors,
chronic inflammation in Il10-/- mice was sufficient to
prompt microbiota shifts, supporting the AOM-induced
carcinogenesis. Favoring the adhesion of driver bacteria
with genotoxic potential to the colonic mucosa - as well
as the overall expansion of pro-inflammatory Enterobacteriaceae in the gut - inflammation creates the environment
that supports a bacteria-mediated carcinogenesis process.
In particular, Arthur et al[93] showed that chronic colitis in
Il10-/- mice was sufficient to favor a dramatic expansion
of E. coli NC101 on the intestinal mucosa. Harboring
a pks pathogenicity island, E. coli NC101 codes for the
genotoxin colibactin[121] that allows this microorganism
to accelerate progression from dysplasia to invasive carcinoma. Inflammation in the gut is also pivotal to initiate a
microbiota-dependent pro-inflammatory loop detrimental
for host health[71]. An aberrant inflammatory response in
the gut can shift the balance between protective mutualists and pathobionts in favor of the latter[135,136]. By inducing a pro-inflammatory loop, these microorganisms can
work as bacterial drivers, consolidating the inflammatory
state[28] and resulting in a self-sustained pro-inflammatory
response that affects the microbial ecology of the human
gut, further compromising the microbiota-host mutualism and supporting CRC.
Abnormal dietary inputs can lead to the expansion of
pro-inflammatory microbes in the gut[137]. For instance, a
diet rich in saturated milk fat has been reported to induce
the expansion of Bilophila wadsworthia, which may favor
carcinogenesis in the gut by promoting pro-inflammatory
TH1[138]. Indeed, high-fat diet impacts on gut microbiome
have seen increased interest in the recent years as fat has
been linked epidemiologically to intestinal inflammation
and diseases. While as expected a high-fat diet modifies
the microbiome, the fact that different fat compositions
induced different changes in animal models calls for a
more controlled dietary intervention in humans. For
example, observational data suggested that Western diet
(protein- and fat-enriched) and African diet (polysaccharide-enriched) drive strikingly different microbiomes,
possibly explaining different CRC rates[13,38,139]. Reciprocal
diet exchanges indeed demonstrated that the microbiome
and metabolome were rapidly responsive towards respective “beneficial” and “detrimental” states, as well as markers of mucosal proliferation[13].
The process of human aging has a well-documented
impact on the gut microbiota structure[48,140], raising the
question of whether age-related microbiota dybioses
can trigger a microbiota-dependent carcinogenic process in the gut. Showing a pro-inflammatory configura-
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tion, the aged-type gut microbial ecosystem can force a
microbiota-dependent pro-inflammatory loop in the gut,
compromising the microbiota-host mutualism and supporting carcinogenesis. Strengthening this hypothesis, the
incidence of CRC has been reported to increase in the
elderly; about 50% of the Western population develops
colorectal polyps at the age of 70 and 5% of these polyps progress to cancer[141].
The pervasive role of genotoxins in CRC onset and
progression, led researchers to investigate triggering factors that govern toxin biosynthesis and activity. Environmental changes in the gut ecosystem, such as changes in
pH, in oxygen availability or the presence of a specific
metabolite, have been suggested to have a role in the
modulation of toxin transcription. Intriguingly, interspecies quorum sensing resulting from microbe/microbe
interaction processes has been suggested to play a role
in governing bacterial toxin production in the gut[72,142].
Even if research in this field is still in its infancy, recent
experimental works demonstrated the strategic role of
microbe/microbe, microbe/host and microbe/environment interaction processes in regulating bacterial virulence and toxin activity. In a recent experimental research
based on GF and conventional mice, Kamada et al[143]
demonstrated that changes in dietary substrates can result
in a microbiota-dependent regulation of virulence factors. According to the Authors, dietary changes can boost
commensals capable to outcompete toxigenic pathogens for food sources, resulting in the down-regulation
of virulence genes and eventually pathogen clearance.
Further, Marks et al[144] demonstrated that interkingdom
signaling as a result of the host response to the influenza
A virus infection was sufficient to trigger the expression
of Streptococcus pneumoniae virulence genes, resulting in the
transition from commensalism to pathogenicity. Even if
S. pneumoniae is a common human nasopharyngeal opportunistic bacterium, these findings allow us to hypothesize
the existence of analogous processes in the gut ecosystem, resulting in the activation of a virulence phenotype
and toxin transcription of enterotoxigenic CRC drivers.

CONCLUSION
The worldwide diffusion of NGS-based microbiota
surveys in CRC patients, alongside the utilization of GF,
mono associated and humanized mice, led to an increasing perception of the pivotal role exerted by the gut microbiota in CRC onset and progression. Lights on the microbial ecology of the process have been provided, and
possible mechanisms involved suggested. This brought
the researchers to focus their attention on triggering factors that turn the intestinal microbiota from a mutualistic
configuration to a CRC-promoting asset. Inflammation
has undoubtedly a central role in this process, being a
common outcome shared by different triggering factors,
such as diet, aging, microbe-microbe and microbe-host
interactions (Figure 3). In fact, changes in diet, aging, as
well as pathobiont-dependent pro-inflammatory dysbiosis of the gut microbiota, can force the gut microbiota to
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a pro-inflammatory asset, changing the microecology of
the gut ecosystem and activating toxigenic CRC bacterial
drivers. In this context, of extraordinary importance will
be the development of strategies able to interfere and/or
block these triggering factors, preserving the microbiotahost mutualism along the entire life span. Different approaches can be implemented. Since diet represents the
pivotal strategy to modulate composition and functionality of the gut microbiota, the most promising approach
to preserve microbiota-host mutualisms relies on dietary
interventions. For instance, diet can be modulated to
boost health-promoting microbiota groups, such as antiinflammatory members of the Clostridium cluster Ⅳ or
short chain fatty acid producers of the Clostridium cluster
XIVa. Strengthening this perspective, in a life-long longitudinal study carried out in mice, Zhang et al[145] demonstrated that different diets modulated differently the
microbiome trajectories along with aging. In particular,
according to the Authors low-fat diet and caloric restriction increased the relative abundance of phylotypes positively associated with the life span in the middle-life, and,
at the same time, lowered the abundance of opportunistic pro-inflammatory pathogens, which could represent
CRC bacterial drivers.
A second approach for CRC prevention surely relies
on the usage of probiotic bacteria, such as Bifidobacterium
and Lactobacillus. Probiotics have been demonstrated to be
effective in reducing CRC risk in humans[146-149]. Showing
immunomodulating properties, antimicrobial activities,
as well as the capacity to interfere with toxin synthesis
and activity, probiotic bacteria can act simultaneously on
different CRC triggering factors. In fact, probiotics have
been reported as effective in quenching host inflammatory response[150], in inhibiting the colonization of known
CRC drivers[22,151] and in inactivating bacterial toxins[152] or
interfering with their production[153,154].
Even if significant steps forward have been carried
out, we are still far from fully appreciating the multifactorial role of the intestinal microbiota in CRC. More longitudinal microbiome surveys need to be carried out, and
intestinal polyps as well as adenocarcinoma tissues must
be sampled, in order to follow the gut microbiota dynamics over time for the development of colonic neoplasia.
Microbiota on tumor sites needs to be compared with
off-tumor matched tissues, as a better comparison than
mucosal samples from healthy patients. Associations between structure and dynamics of the gut microbiome and
the different stages of colonic neoplasia need to be better
defined, causality should be further explored, possibly by
using GF, mono associated as well as humanized animal
models. Finally, meta-analysis integrating epidemiological
studies with microbiome datasets will allow us to better
define triggering factors that force the microbiota to become carcinogenic, so that hypotheses can be verified in
mice where possible intervention strategies can be tested.
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Core tip: A better understanding of the mechanisms responsible for tumor initiation and progression is essential for the development of novel, more powerful therapies for colorectal cancer patients. In this paper, we
review the basic concepts of both the traditional “stochastic”, and of the more recent, “hierarchical” models
of tumor development. We then introduce the so-called
cancer stem cells (CSCs) and provides an overview of
the proposed roles of CSCs in human colorectal tumorigenesis focusing on the most important molecules
identified as CSC-specific marker in colorectal cancer
and on the potential strategies for the development of
CSC-targeted therapy.

Abstract
Colorectal cancer remains one of the most common
and lethal malignancies worldwide despite the use of
various therapeutic strategies. A better understanding
of the mechanisms responsible for tumor initiation and
progression is essential for the development of novel,
more powerful therapies. The traditional, so-called “stochastic model” of tumor development, which assumes
that each cancer cell is tumorigenic, has been deeply
challenged during the past decade by the identification
of cancer stem cells (CSCs), a biologically distinct subset of cells within the bulk of tumor mass. This discovery led to the development of the hierarchical model
of tumorigenesis which assumes that only CSCs have
the ability to initiate tumor growth, both at primary and
metastatic sites. This model implies that the elimination
of all CSCs is fundamental to eradicate tumors and that
failure to do so might be responsible for the occurrence
of relapses and/or metastases frequently observed in
the clinical management of colorectal cancer patients.
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INTRODUCTION
Colorectal cancer (CRC) is one of the most common
malignancies in Western countries and, although it can
cause symptoms at a very early stage and can be easily
detected and treated by resection, it remains the second
leading cause of cancer-related death in Europe and the
third in the United States with a median survival time
ranging from less than one to more than five years depending on the stage of disease at the diagnosis and the
surgical techniques and/or chemotherapy used, especially
for metastatic CRC[1]. Several studies have underlined the
role of environmental and lifestyle factors in colorectal
carcinogenesis showing an increase in CRC incidence in
parallel with economic development and adoption of a
western lifestyle in several countries.
CRC originates from epithelial cells lining the gastrointestinal tract which undergo sequential mutations in
specific DNA sequences that disrupt normal mechanisms
of proliferation and self-renewal[2]. The intestinal tract
consists of the small intestine (duodenum, jejunum and
ileum) and the large intestine or colon, which comprises
the cecum, ascending, transverse and descending colon,
sigmoid colon, rectum and anal canal. The innermost
layer of the colon wall (mucosa) is lined by an absorptive
and secretory columnar epithelium which is folded into
finger-like invaginations incorporated in the submucosa
connective tissue to form the functional unit of the intestine, the crypts of Lieberkühn (Figure 1). Normal human
colon consists of millions of crypts containing about
2000 cells and comprising the differentiated cell lineages
(enterocytes, enteroendocrine cells and goblet cells). A
fourth differentiated type, the Paneth-like cells, resides
at the bottom of colon crypts and has been shown to
synthesize and secrete a variety of antimicrobial factors[3]. Differentiated colon epithelial cells are subjected
to a massive turnover throughout life, being replaced approximately every 5 d. The ability to maintain tissue homeostasis is provided by a subset of self-renewing undifferentiated, multipotent stem cells which generate transitamplifying cells, committed progenitors[3]. These cells lie
towards the bottom of the crypt in the proliferative zone
and through an asymmetric division are responsible for
generating all epithelial cell types along the crypt-villus
axis. The number of long-lived stem cells per each crypt
is commonly estimated to be between 4 and 6 cells even
if the precise number and what controls their numbers
remain uncertain (Figure 1). Two distinct populations of
putative stem cells have been identified at the base of intestinal crypts. A population is marked by the expression
of the G-protein receptor Lgr5, a Wnt gene target, and
positioned just above the Paneth cells at the crypt base,
while the other resides at +4 position from the bottom
of the crypt and are marked by the expression of the
polycomb group gene Bmi1 and the telomerase reverse
transcriptase, Tert[4,5]. Both cell types have been demonstrated to fulfill the criteria for stem cells (pluripotency
and self-renewal capacity)[4,5]. Several studies are trying
to understand whether their stem cell characteristics are
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Figure 1 Schematic representation of an individual colon crypt showing
the position of different cell types. Stem cells lie at the bottom of the crypt
and through an asymmetric division are responsible for generating all epithelial
cell types along the crypt-villus axis.

intrinsically determined or determined by the environmental niche. It is widely accepted, however, that stem
cell niches are formed by cellular components and extracellular matrix which create a special microenvironment
important for the maintenance of stem cells properties,
protect stem cells from differentiating and apoptotic
stimuli and regulate the balance between proliferation
and differentiation through direct interaction and secretion of various cytokines and growth factors[6]. The stem
cells self-renewal and differentiation are also influenced
by components in the crypt lumen derived from bacteria
or epithelial cells as well as by morphogenetic factors secreted by intestinal sub-epithelial myofibroblasts[7].
Mounting evidence suggests that stem cells might play
an important role in the process of tumor development
being able to acquire a tumorigenic potential and giving
rise to the so-called cancer stem cells whose potential role
as tumor initiating cells as well as targets of cancer therapies is discussed in this review.
Models of colorectal tumorigenesis
CRC has been an ideal model to study the malignant progression because different phases of the same malignancy
often coexist within the same patient and have provided
basic information concerning human tumorigenesis. Although most of the CRCs are sporadic, a small percentage arises in the setting of inherited syndromes, such as
familial adenomatous polyposis (FAP), juvenile polyposis
syndrome (JPS) and hereditary nonpolyposis colorectal cancer (HNPCC or Lynch syndrome), which have
been extremely useful for our understanding of human
colorectal tumorigenesis. The study of these hereditary
cancer syndromes, as well as of sporadic CRC, has led to
a detailed knowledge of the sequence of genetic mutations underlying CRC development with the formulation
of a model of multistep carcinogenesis which has been
subsequently extended to the majority of human can-
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BMP pathways interact to control intestinal stem cells
self-renewal through the PTEN-Akt pathway that helps
to control the nuclear localization of the Wnt pathway
effector β-catenin[12]. Interaction between Wnt and Notch
pathway, which maintains proliferative cells in normal
scripts, is also deregulated in tumorigenesis[9]. Wnt signaling, Hedgehog, BMP, Notch and Platelet-derived growth
factors are involved in the process of epithelial to mesenchymal transition and invasion[7].
According to the traditional model of carcinogenesis
a tumor may arise from any cell of the body following a series of mutations conferring them an unlimited
proliferation potential. The resulting mutated progeny is
subject to additional mutations, due to genetic instability,
and epigenetic changes, promoting the appearance of a
genetically heterogeneous tumor mass.
This view has been initially integrated in the so-called
“stochastic model” of tumor development which assumes that each cancer cell isolated from the bulk tumor
is tumorigenic and thus has the ability to proliferate extensively and regenerate a tumor with the same characteristics of the original tumor when injected in immunodeficient mice (Figure 2).
The presence of cell types with various degrees of
differentiation within human CRC[13] and of a stem cells
overpopulation at the botton crypt during the process of
adenoma development in patients with FAP, has suggested a hierarchical model of CRC development as opposed
to the stochastic model. According to this model, only
a small fraction of tumor cells would be able to support
the neoplastic proliferation, the part that retains the characteristics of stem cells and that in itself has a unlimited
proliferative potential. The tumors would be organized
as a normal tissue with a rare subpopulation of undifferentiated cells having the unique biological properties
necessary for tumor initiation, maintenance, and spreading[14] (Figure 2). These cancer cells displaying stemness
features have been defined cancer stem cells (CSCs) and,
similarly to normal stem cells, would be located in a niche
with mesenchymal cells that would ensure their survival
in a secure environment, regulating their proliferation
through secretion of soluble factors[15]. According to this
model, these slow proliferating CSCs display self-renewal,
unlimited proliferative potential and multipotency and
would be responsible for tumor initiation and development as well as local relapses and metastases. Moreover,
CSCs would be highly resistant to traditional antineoplastic agents due to the expression of detoxifying enzymes,
drug transporters and DNA repair mechanisms[15].
The origin of CSCs remains unclear and it is still object of a debate whether they derive from more mature
cells that reacquire stem cell properties during tumor
formation or are the direct progeny of mutated stem
cells[15] (Figure 2). The discovery of stem cells in the majority of normal tissues, including colon crypts, supports
the hypothesis that normal stem cells might represent a
possible target for tumorigenic mutations and the origin
of CSCs due to both their longevity and their ability

Tumor initiation ability
(A) Stochastic model

(B) Cancer stem cell model

No tumor

No tumor
CSC

CSC
No tumor
No tumor

No tumor
No tumor

Figure 2 Models of tumor development. (A) Stochastic model: every cancer
cell isolated from the bulk tumor is tumorigenic and thus has the ability to proliferate extensively and initiate tumor growth. (B) Cancer stem cell (CSC) model:
only a rare subpopulation of undifferentiated cells has the unique biological
properties necessary for tumor initiation, maintenance, and spreading.

cers[8]. It is now widely accepted that, regardless of the
starting event, CRC is the end result of a variable concatenation of genetic alterations that lead a normal colonic
epithelial cell to transform into a colon cancer cell. According to the model of colorectal tumorigenesis, initially
proposed by Fearon et al[8] (also known as the adenomacancer sequence), CRC development occurs through a
series of steps morphologically identifiable: initially there
is localized proliferation of the colon epithelium with the
formation of small adenomas which progressively grow
with dysplasia and ultimately progress into invasive carcinomas. Most of the CRC is characterized by a dysfunctional regulation of the Wnt/β-catenin pathway, essential
for the development of the normal colonic mucosa[9].
About 80% of patients with FAP have loss or mutation
in the APC (adenomatous polyposis coli) gene which
encodes a protein that participates to the formation of a
complex that regulates the stability of β-catenin. In the
absence of Wnt ligand this complex retains the β-catenin
which is phosphorylated and degraded by the proteasome. When the APC molecule is mutated, the cytosolic
β-catenin levels are stabilized and the protein can then
accumulate in the nucleus where it serves as a coactivator
for the Tcf family of transcription factors which activate
the expression of specific target genes including some
metalloproteinases, the fibronectin and oncogenes such
as c-myc and cyclin D1[10]. The study of JPS, a condition that predisposes to hamartomatous gastrointestinal
polyps formation, has revealed the important role of
SMAD/BMP (bone morphogenetic protein) in intestinal architecture. JPS is due to germline mutations in the
SMAD4 gene in 15%-20% of cases and to mutations
in the gene encoding BMP receptor 1A in 25%-40%
of cases. SMAD4 is an intracellular signal transducing
transcription factor shared by the Transforming growth
factor β, activin and BMP pathways. BMP family ligands
are expressed by the villus mesenchyme, while epithelial
cells display nuclear phosphorylated SMADs, implicating
these cells as terminal recipients of the signal[11]. Wnt and
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Cancer stem cell

spheroids grown in vitro also expressed Msi-1[18]. Other
potential markers of CRC stem cells have been more
recently identified including CD29, CD24 and Lgr5[19-21]
(Table 1).

Tumor regression

CD133/Prominin-1
Human CD133, also known as Prominin-1, is a 120 kDa
cholesterol-interacting pentaspan-transmembrane glycoprotein that belongs to the Prominin family. CD133
protein consists of an extracellular N-terminal domain,
a cytoplasmic C-terminus that contains five tyrosine residues including a tyrosine phosphorylation consensus site,
two small cysteine-rich cytoplasmic loops and two large
extracellular loops containing four consensus sequences
for N-linked glycosylation[22] (Figure 4).
CD133 was first recognized as a surface protein marker of a subset of hematopoietic stem cells and progenitor
cells[22] and of bone marrow-derived circulating endothelial progenitors involved in postnatal angiogenesis,
inflammation and tissue regeneration[23,24]. Subsequently,
it was identified in several human normal tissues and on
CSCs from a variety of solid tumors including brain, colon, liver, lung and prostate neoplasms[23,25].
Two studies first identified CD133 as a marker for
stem cells in CRC. Ricci-Vitiani et al[16] showed the tumorigenic potential of CD133+ human CRC cells and
evidenced their ability to engraft and give rise to visible
tumors in immunodeficient mice even after serial transplantations. Simultaneously, O’ Brien et al[17] demonstrated
an enrichment of more than 200-fold of cancer-initiating
cells in the subsets of CD133+ cells isolated from human
CRC samples compared to unsorted cancer cell populations. Moreover, they showed that liver metastases are enriched with a population of CD133+ cancer cells, a finding also confirmed by our group[26], and observed that
tumor xenografts generated from CD133+ cells reproduced the histological features of the original tumor[17].
CD133 is concentrated in plasma membrane protrusions, containing lipid rafts, and more recently several
studies have suggested a link between the release of
CD133 contained in the membrane vesicles and cellular
differentiation, proving that CD133 might play a key role
in maintaining stem cell properties[27,28]. However, the
discussion on the effective value of CD133 and its usefulness as a CSC biomarker is still controversial because
other studies have shown that the CD133- population
of CRC cells is also able to initiate tumor growth in immunodeficient mice[29]. More recently, Feng et al[30] proposed another possibility to explain the central issue of
the debate, showing that the sorted CD133+ and CD133SW620 colon cancer cells can undergo a conversion
between the two cell subsets, this resulting in contradictory data. Moreover, Hsu et al[31], showed that the exposure to environmental stress, hypoxia and cell-adhesion
free condition, promoted switching of SW620CD133cells to SW620CD133+ cells while exposure to ECM
components promoted switching of SW620CD133 +
to SW620CD133- cells. The switching between the two

Specific therapy

Cancer non stem cell

Anticancer drug
surviving cancer
stem cells

Recurrent tumor

Figure 3 Advantages of a cancer stem cell-specific therapy compared to
conventional anticancer therapies. The current anticancer drugs wipe out
most of the bulk population but the surviving cancer stem cells (CSCs) can
repopulate the tumor. Specific targeting of CSCs is essential for regression and
complete eradication of the tumor.

to self-renewal. Furthermore, the fact that despite the
emergence of new targeted agents and the use of various
therapeutic combinations, none of the options currently
available is curative for patients with CRC strengthens the
model of CSCs and supports the hypothesis that most of
the currently available therapies only target the bulk of
the tumor mass (mainly constituted by proliferating cells)
while sparing the rare, quiescent CSCs which would be
able to re-initiate tumor growth thus giving origin to both
recurrences and metastases (Figure 3). This hypothesis
supports the need of a better characterization of CSCs
with the aim to develop CSCs-specific therapies which
might represent a great advantage in the fight against
cancer.

COLORECTAL CANCER STEM CELLS
MARKERS
Several methods have been proposed in the last years
for the identification and isolation of CSCs but some of
them require a great technical expertise, are extremely
time-consuming or involve the use of animals. Thus,
many efforts have been focused on the identification of
specific CSCs-surface markers which would allow the
identification, and likely the isolation, of CSCs using
easier antibody-based techniques such as immunostaining, Fluorescence-activated cell sorting (FACS) analysis, cell
sorting, immunomagnetic separation, etc. One of the first
CSCs markers identified in human CRC was the CD133,
a pentaspan transmembrane glycoprotein which was
shown to specifically mark tumor-initiating cells within
the bulk of human CRC[16,17]. In the same period Dalerba
et al[18] found that CD133+ cells population also express
other specific stem cell antigens such as EpCAM, CD44
and CD166 which can help to identify CSCs while a
subsequent study showed that CD133 colon cancer cells
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Table 1 Cell surface and intracellular molecules suggested as putative cancer stem cell markers in colorectal cancer and their most
important features
Marker
CD133

Other name

Gene location

Prominin-1, AC133

Chr 4 (p15.32)

CD44

PGP-1, HUTCH-1, GP90, EPICAN,
CDW44, MIC4
EpCAM ESA, CD326, MK- 1, KSA, HEA125,
BerEp4, 17-1A, GA733-2, KS1/4,
EGP-2, EGP34, TROP-1
CD24
HSA
CD29
Β1 Integrin
Lgr5
CD166

1

GPR49
ALCAM

Chr 11 (p13)
Chr 2 (p21)

Function

Ref.

Encoding of a pentaspan transmembrane glycoprotein which binds
cholesterol in cholesterol-containing plasma membrane microdomains
Cell adhesion molecule; involved in lymph node homing and lymphocyte
activation
Epithelial cell adhesion molecule

[22]

Chr 6 (q21)
Chr 10 (p11.2)

Mucin-like cell adhesion molecule
Receptor for extracellular matrix proteins; involved in regulation of cell
migration, proliferation, survival, differentiation and death
Chr 12 (q22-q23) Receptor for R-spondin proteins; marker for adult stem cells
Chr 3 (q13.1) Cell adhesion molecule

[55,56]
[70]

[76]
[82]
[89,90]
[96]

1

From http://www.ncbi.nlm.nih.gov/gene.

G N-glycosylation site
G
G

Extracellular
environment
N-terminus

Cytoplasm

G

G

Table 2 Prognostic value of CD133

Y Tyrosine residues

G

Marker

G
G

G

CD133

C-terminus

Y
Y

Y
Y

Y

Figure 4 Schematic representation of the CD133 molecule. CD133 consists
of an extracellular N-terminal domain, a cytoplasmic C-terminus containing
five tyrosine residues, two small cysteine-rich cytoplasmic loops and two large
extracellular loops, each containing four consensus sequences for N-linked
glycosylation.

Ref.
[32]
[33]
[34]
[35]
[35]
[36]

[37]
[38]

CSC: Cancer stem cell; CRC: Colorectal cancer.

subpopulations might be important for the adaptation to
the microenvironment in tumor colonization (Figure 5).
On this base, the current concept that CSCs unidirectionally differentiate into non stem cells could be challenged
by the findings that non CSCs can convert in a stemlike state within the tumor depending on environmental
stimuli[31].
Although the exact functional role of CD133 is still
controversial, several studies have addressed its potential
diagnostic and prognostic value as well as its intracellular
signaling pathways. Several papers investigated the prognostic role of CD133 expression by immunohistochemistry and showed a high prognostic relevance for colon
cancer progression and metastasis. Kojima et al[32] linked
CD133 overexpression with a worse outcome and a higher risk of metastasis in CRC patients, a finding confirmed
by Horst and others who showed that CD133 expression
is an independent prognostic marker for overall survival[32,33]. Ong et al[34] demonstrated that high expression
of CD133 is associated with resistance of CSC to 5-FUbased chemotherapy as well as with a significant worse
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Prognostic value

CD133 Worse outcome and higher risk of metastasis
Independent prognostic marker for overall
survival
Association with CSC resistance to 5FU-based
chemotherapy in CRC
Association with resistance to conventional
radiotherapy in CRC
Prediction of distant recurrences after
chemoradiotherapy in colon cancer patients
High tumorigenicity of CD133+ CRC cells
compared to CD133- cells due to their interaction
with CAFs by paracrine signaling axis of CXCR4SDF1
Risk factor for poor overall survival in stage Ⅱ
and Ⅲ in colon cancer patients
Relationship with K-Ras and B-Raf mutations in
CRC patients

survival. Moreover, CD133+ cells have been shown to
be more resistant to conventional radiation therapy, thus
suggesting that post-chemoradiotherapy CD133 expression may predict the risk of distant recurrence and poor
survival in radiotherapy-treated CRC patients[35].
Chao et al[36] proposed that CD133+ CRC cells are
more tumorigenic than CD133- cells due to their interaction with carcinoma-associated fibroblasts in tumor microenvironment by the paracrine signaling axis CXCR4SDF-1 (Figure 6). This evidence was confirmed by Zhang
et al[37] who showed that the co-expression of CXCR4 and
CD133 on tumor cells was an independent risk factor for
poor overall survival in stage Ⅱ and Ⅲ CRC patients. The
prognostic role of CD133 in CRC patients was confirmed
by Kemper et al[38] who showed a relationship between
CD133 expression and the presence of mutations in K-Ras
or B-Raf genes and suggested that CD133 might be regulated by the Ras-Raf-Mek-Erk pathway (Table 2).
The study of Mohammadi et al[39] was the first to
evaluate the expression of CD133 in premalignant
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Table 3 Prognostic value of CD44
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Figure 5 Signals regulating CD133 expression levels. The exposure to environmental stress, hypoxia and cell-adhesion-free condition promotes switching of CD133- to CD133+ cells while exposure to ECM components promotes
switching of CD133+ to CD133- cells.

Prognostic value

Ref.

Association of CD44 downregulation with a lower metastatic potential of CRC cells
Association of CD44 downregulation with a higher metastatic and migratory potential of CRC cells
Association with a reduced survival
Correlation of CD44 loss with a higher tumor aggressiveness
Relation with CRC cells proliferation but not with patients outcome
Association with lymph node involvement and invasion
depth
Unfavorable prognostic factor for overall survival in
advanced CRC
Correlation of CD44 loss with advanced tumor stage,
vascular invasion, lymph node involvement and infiltrating tumor border
Association of CD44 loss in the lesion invasive front with
adverse outcome of CRC patients

[61]
[62]
[63]
[64]
[65]
[66]
[66]
[67]

[67]

CRC: Colorectal cancer.

SDF-1
CXCR4
CD133

AC133 Miltenyi
Abgent

Tumor cell

Abcam
C24B9 Cell Signaling

Extracellular
NH2
environment
Colonization

CAF
Primary tumor

Cytoplasm

CD133

Blood vessel
COOH

Figure 6 Possible role of the interaction between CXCR4/CD133 cancer cells
and SDF-1 ligands. The SDF-1 ligand secreted by carcinoma-associated fibroblasts (CAF) in tumor microenvironment interacts with CXCR4/CD133 expressing
cancer cells and could drive primary tumor cells towards metastatic sites.

Figure 7 Epitopes recognized by different antibodies on CD133 molecule.

primary anti-CD133 antibodies to identify CD133+ cells:
most of the studies use the anti-human CD133/clone
AC133 monoclonal antibody (Miltenyi) recognizing a
glycosylated extracellular epitope of the CD133 molecule
which can be downregulated independently from the
corresponding mRNA and protein[28]. However, several
other antibodies are available and are indistinctly used although they recognize different epitopes of the molecule
and could give different results[41] (Figure 7).
The role of CD133 in colorectal tumorigenesis has
been also investigate in mice. Zhu et al[42], demonstrated
that in a murine model of colorectal tumorigenesis the
endogenous activation of the Wnt signaling was associated with a marked expansion of CD133+ cells which replaced normal mucosa architecture giving rise to neoplastic lesions. Our group analyzed by immunohistochemistry
the expression of CD133 in a mouse model of colitisrelated colon tumorigenesis induced by a combined treatment with azoxymethane and dextran sodium sulphate.
In normal tissues rare scattered positive cells were detectable at the bottom of the crypts. The percentage of

colorectal lesions such as non-dysplastic serrated polyps
that comprise hyperplastic polyps (HP) and the non-dysplastic subset of sessile serrated adenoma-polyp-lesions
(SSA/P/L) and its borderline variant. They showed that
SSA/P/L and its borderline variant significantly express
higher levels of CD133 than HP. They demonstrated that
this premalignant colorectal lesion could be easily identified by determining the CD133 immunoprofile thus suggesting the usefulness of CD133 immunohistochemical
evaluation in the diagnostic clinic routine[39]. Our group
also reported that CD133 expression in human CRC is an
independent risk factor associated with patient survival in
multivariate analyses[40]. However, overall the data available in the literature do not allow a definitive and clearcut assessment of the potential prognostic significance
of CD133 expression which, as previously mentioned, is
also the result of different antibodies, protocols and scoring criteria used for the evaluation of CD133 expression
levels in clinical samples[41]. Therefore, some controversies could be a consequence of using different types of
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Figure 8 Potential molecular pathways associated with CD133. The phosphorylation of the tyrosine 828 is involved in the binding to p85 (PI3K regulatory
subunit) and in the subsequent activation of PI3K/Akt pathway, which, finally, promotes the self-renewal and tumor formation of CSCs. CSCs: Cancer stem cells.
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positive cells significantly increased in dysplastic lesions
and appeared to progressively decrease in the passage
from dysplasia to adenoma and then to cancer although
remaining constantly higher than in adjacent normal tissues[43]. Overall these data, considered together with Mohammadi findings, suggest that upregulation of CD133
expression likely occurs at early stages and contributes to
the entire process of colon tumorigenesis[43,44].
The identification of the potential molecular pathways involved in the enhanced tumorigenicity associated
with CD133 expression is of great interest since it could
be useful to identify and develop a targeted anticancer
therapy against the CSC population. It has been reported that the CD133 glycoprotein is phosphorylated
on the tyrosine-828 and tyrosine-852 residues within its
C-terminal cytoplasmic tail, in a Src kinase-dependent
manner. The tyrosine-828, upon phosphorylation could
serve as a binding site for the SH2 domains of tyrosine
kinases[44]. The phosphorylation of tyrosine-852 does not
require the binding to the SH2 domains. In this regard,
Wei et al[45] showed that, in the glioma CSCs, the phosphorylation of the tyrosine 828 is involved in the binding
to p85 (PI3K regulatory subunit) and in the subsequent
activation of PI3K/Akt pathway, which, finally, promotes
the self-renewal and tumor formation of CSCs (Figure
8). Wang et al[46] reported that the inactivation of Akt
and Erk pathways prevented the preferential survival of
CD133+ colon cancer cells isolated from primary CRC
and decreased their tumorigenicity. Moreover, the downregulation of Akt and Erk by short interfering RNAs attenuated the colony formation ability of CD133+ cells[46].
More recently, it has been also showed that Silibinin, a
chemo-preventive agent proved to be effective in several
types of cancer, acts by inhibiting the PP2Ac/Akt/
mTOR pathway which is associated with a reduction of
CD133 expression in CRC spheroid cultures[47]. The Wnt
signaling cascade plays various roles in stem cell maintenance, cell proliferation, differentiation and apoptosis
and the deregulation of the Wnt pathway is associated
with cancers. Corbo et al[48] reported a positive correlation among CD133 expression, Wnt pathway activation
and increased SRp20 expression (splicing factor, a newly
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Figure 9 Schematic representation of HDAC6-mediated regulation of CD133
expression. HDAC6 physically binds to CD133 and stabilizes the b-catenin that
in the nucleus promotes the activation of its target genes. Ac: Acetylated.

identified target gene of the Wnt/b-catenin pathway)
in colon cancer cells. Furthermore, fibronectin, a major
extracellular matrix glycoprotein, has been shown to be
required for maintaining CD133 and CD44 positive subpopulations and tumorigenic capacity of CRC cells by activation of Wnt/b-catenin and its downstream integrinFak-Erk signaling pathways[49].
The regulation of CD133 expression is not fully
understood but several evidences suggest the existence
of multiple mechanisms involved in the regulation of
CD133 expression and/or activity. As previously mentioned, CD133 is concentrated in plasma membrane
protrusions and the release of CD133-containing membranous vesicles has been shown to contribute to the
regulation of CD133 expression levels in several cell
types[27]. Post translational modifications (i.e., glycosylation) have been also suggested to play a role in the regulation of CD133 activity and its significance as a CSCs
marker[28]. Indeed, it has been proposed that AC133, one
of the most important epitopes of the molecule, rather
than the entire molecule itself, might be important as
CSCs marker.
Mak et al[50] proposed that CD133 expression is also
regulated at a protein level by the deacetylase HDAC6,
whose interaction with CD133 prevents its degradation
by deacetylating α-tubulin and promotes the deacetylation of b-catenin and the activation of its signaling
pathway. Moreover, they demonstrated that the inhibition
of HDAC6 promotes CD133 trafficking into endosomes
by increasing α-tubulin acetylation and is associated with
b-catenin degradation (Figure 9).
The regulation of CD133 gene expression is also still
poorly understood. Hypoxia and increased expression
of hypoxia-inducible factors (HIFs) are associated with
tumor progression and patient mortality in many solid
tumors such as colorectal cancer, in which high expression levels of HIF-1α have been associated with poor
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prognosis[51]. Ohnishi et al[52] suggested that the activity of
one of the putative CD133 promoters (P5) is regulated
by HIFs in human embryonic kidney and colon cancer
cells. In particular, the CD133 promoter P5 appears to
be activated by HIF-1α and HIF-2α through one of
two E-twenty six (ETS) binding sites. This finding is
consistent with the observation of Mao et al[53] that the
CD133+ populations in human CRC specimens express
more HIF-1α than the CD133- cell population. Moreover, they engrafted human CRC specimens in BALB/c
nu/nu mice and demonstrated that the majority of the
CD133+ population in tumor xenografts was localized in
the hypoxic region. The same Authors also demonstrated
that the percentage of CD133+ cells increased following
chemotherapy (5-fluorouracil, oxaliplatin or 5-fluorouracil
plus oxaliplatin) thus indicating that CD133+ cells were
less sensitive to drugs than the CD133- counterparts and
that the tumor hypoxic region could be associated with
chemotherapeutic resistance of colon CSCs[53]. The possibility that potential epigenetic mechanisms might be
also involved in the regulation of CD133 expression in
CRC has been suggested by Yi et al[54] who described an
abnormal DNA hypermethylation in a CpG island in the
promoter region of the CD133 gene in colon cancer cells
but further studies are required to definitively address this
type of regulation for CD133 expression.
All these findings suggest a potential key role of
CD133 in the initiation and progression of human CRC
and support its value as a possible prognostic and diagnostic marker in CRC. The knowledge of the regulatory
mechanisms upstream of CD133 and of the molecular
mechanisms activated downstream could be useful in
the development of targeted drugs specifically directed
against CSCs, in an attempt to prevent recurrence, metastasis and chemotherapy resistance in CRC patients.

elopoiesis, lymphopoiesis, and angiogenesis[56]. CD44s,
the smallest CD44 isoform that lacks variant exons, is
abundantly expressed by both normal and cancers cells,
whereas the CD44v isoforms that contain a variable
number of exon insertions are mainly expressed by cancer cells[56].
CD44 is submitted to sequential proteolytic cleavages
in the ectodomain and intramembranous domain, key
events for the CD44 dependent cell-matrix interaction
and signaling pathway. Cleavage of CD44 ectodomain
is regulated by multiple stimuli such as extracellular Ca2+
influx, activation of protein kinase C or Ras and is mediated by membrane-associated matrix metalloproteinases.
The release of the soluble ectodomain (soluble CD44)
regulates cell attachment and migration and induces
the intramembranous domain cleavage, mediated by
the presenilin (PS)-dependent g-secretase, that releases
the intracellular domain of CD44 (CD44-ICD). CD44ICD translocates to the nucleus, where it activates gene
transcription, including CD44 itself, via binding to TPAresponsive elements[57] (Figure 10).
CD44 has been proposed as CSCs marker of several
solid tumors, including breast, pancreas, head and neck,
non-small cell lung, hepatocellular and colon cancers[18,56].
CD44+ CRC cells display a greater ability to form colonies in vitro and a higher tumorigenicity in vivo compared
to CD44- cells. Moreover, only CD44+, but not CD44CRC cells are able to retain the morphological and phenotypic characteristics of tumor lesions from which they
were derived following serial transplantations[58]. The
association of CD44 with CD54 (a member of the immunoglobulin super-family also called intercellular adhesion
molecule-1) has been shown to specifically identify rectal
CSC displaying the ability to self-renew in vivo and in vitro,
form spheres and recapitulate tumor bulk[59].
CD44 expression is regulated by the Wnt signaling
pathway via b-catenin. In fact, activation of b-catenin/
Tcf-4 signaling in intestinal tumors is associated with
CD44 overexpression and deletion of CD44 in APC Min/
+mice inhibits the initiation of tumors[60]. CD44 appears
to be essential for stemness maintenance of colorectal
CSCs since it is involved in the activation of the tyrosine
kinase receptor c-Met[58]; CD166, a mesenchymal stem
cell marker (see below), has been suggested as a potential
co-CSCs marker, together with CD44, in human CRC,
since in xenograft CD44+/CD166+ cells have a higher
tumorigenicity as compared to CD44+CD166- cells. The
surface phenotype EpCAMhigh/CD44+/CD166+ has been
proposed as an alternative to the CD133 positivity for the
selection of colon CSCs[18] and CD44+ CRC cells have
been shown to display a higher proliferation, more robust
formation of colonies, less spontaneous apoptosis and a
higher resistance to drug-induced cell death compared to
CD44- cells[47].
More controversial are the findings regarding the
role of CD44 in tumor progression and in the development of metastases in CRC. Several studies showed that
expression of CD44 on tumor cells is correlated with

CD44
CD44 is member of a family of transmembrane proteins
that include at least 20 variants resulting from a single
gene by both alternative splicing and post-translation
modifications[55]. The human CD44 gene includes 20
exons: exons 1-5 and exons 16-20 form a mRNA that
code for a standard form of CD44 which is present in
all tissues (CD44s); exons 6-15 are subject to alternative
splicing that, in theory, may give life to more than 1000
variant isoforms of CD44 (CD44v)[56]. The standard
isoform of human CD44 protein contains 363 amino
acids and is formed by three regions: the extracellular
(270 aa), the transmembrane (21 aa) and the C-terminal
cytoplasmic (72 aa) domains. The presence of variable
exons, mainly involving the extracellular domain, confers
to CD44 a large variability of biological functions, that
contributes to tumorigenicity when CD44 is expressed
on tumor cells[56].
CD44 is a cell adhesion molecule that allows cellcell and cell-ECM interactions through the binding to its
principal ligand, hyaluronic acid (HA). It is also involved
in lymph node homing and lymphocyte activation, my-
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Figure 10 Schematic representation of CD44 sequential proteolytic processing. CD44 undergoes sequential proteolytic cleavages in the ectodomain
and intramembranous domain. Cleavage of CD44 ectodomain generates soluble
CD44 that regulates cell attachment and migration and induces the intramembranous domain cleavage, releasing the intracellular domain of CD44 (CD44ICD). CD44-ICD translocates to the nucleus, where it activates gene transcription, including CD44 itself, via binding to TPA-responsive elements (TRE). MMP:
matrix metalloproteinase.

β-catenin

Cytoplasm
EpICD
FHL2

Lef

β-catenin

Nucleus
c-myc, cyclin A, cyclin E

tumor progression and metastasis while others have suggested an inverse correlation or no correlation at all[57,58].
Down-regulation of CD44 was initially related to a
decrease in the metastatic potential of CRC cells[61], while
more recently Dallas reported that down-regulation of
CD44 leads to an increase of the metastatic and migratory potential of CRC cells[62]. It was observed that
high-grade CRC have higher CD44 expression levels
compared to low-grade tumors and this over-expression
was associated with a reduced patients survival[63]. On the
other hand, Ylagan et al[64] reported that the loss, rather
than an increased expression, of CD44 is associated with
an increased tumor aggressiveness while Fernández et al[65]
demonstrated that CD44 expression levels were related
to proliferation in CRC, but not with patients outcome.
Subsequently, CD44 expression in human CRC was associated with the depth of invasion and lymph node
involvement, and CD44s overexpression was suggested
to be an independent unfavorable prognostic factor for
overall survival in advanced CRC[66]. These findings were
not confirmed by Lugli et al[67] who reported that the loss
of CD44 is associated with more advanced tumor stage,
the presence of vascular invasion, lymph node involvement and an infiltrating tumor border. Patients with tumors displaying a loss of CD44 or CD166 expression in
the invasive front of the lesion had an adverse outcome
compared with those expressing at least one of the two
markers[67] (Table 3).
Further studies are warranted to further understand
the suitability of CD44 molecule as a CSC marker in
CRC and its role in human colorectal tumorigenesis.

Figure 11 Schematic representation of epithelial cell adhesion molecule
activation. Cleavage of full length epithelial cell adhesion molecule (EpCAM)
generates EpEx (extracellular domain of EPCAM) and EpICD (EpCAM Intracellular Domain) fragments. EpICD binds the scaffold protein FHL2 and joins to
the transcriptional regulators b-catenin and, within the nucleus, interacts with
LEF, binds to DNA and induces gene activation.

of human epithelial normal and cancer tissues, including
colon[69]. It has been also detected on normal stem and
progenitor cells and in cancer-initiating cells isolated from
colon, breast, pancreas and prostate carcinomas[16,17,70].
Several evidences demonstrate that EpCAM is involved
in cell adhesion, proliferation, differentiation and migration as well as in cancer and stem cells signaling[71,72].
The human EpCAM protein was independently identified by various research groups and, for this reason,
several terms have been used to identify the molecule on
the basis of the monoclonal antibody used to identify
it[70]. However, it has been lately agreed the use of the
term “EpCAM”, without other specifications[70].
EpCAM displays a marked expression gradient from
crypts to the apex of villi in normal colon tissue: adenoma development is associated with an increased EpCAM
expression, and EpCAM overexpression is frequently
observed in colorectal carcinoma[73]. Denzel et al[72] demonstrated that EpCAM is less accessible to antibodies
in colon adenomas than in cancer because, in the last
condition, EpCAM is activated by proteolysis in EpICD,
the intracellular domain of EpCAM, and is intracellularly
redistributed in dispersed patterns. They also showed that
EpICD translocates into the cytoplasm together with the
scaffold protein FHL2 and joins to the transcriptional
regulator b-catenin to form a complex which, within the
nucleus, interacts with Lef and binds to DNA inducing c‑myc, cyclin A and cyclin E expression[72] (Figure
11). These findings were further confirmed by the ob-

EpCAM
Epithelial cell adhesion molecule (EpCAM), initially described in 1979 as a tumor associated antigen in human
CRC[68], is a 30-40 kDa transmembrane glycoprotein
showing frequent and high-level expression in a variety
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the surrounding stroma. Later, Weichert et al[78] analyzed
CD24 protein expression in colon cancer cell lines and
human CRC and correlated it to clinic-pathological variables including patient survival. From this study emerged
that the majority of CRCs showed both membranous
and cytoplasmic CD24 staining, and that the membranous CD24 staining was associated with metastasis but
was not significantly related to other clinic-pathological
variables, while the cytoplasmic staining could be considered an independent prognostic marker related with
a poor patient survival[78]. Conversely, Sagiv et al[19] failed
to demonstrate any prognostic significance of CD24
expression level in CRC: in their study CD24 was similarly highly expressed in both adenomas and carcinomas.
Moreover, unlike Weichert findings, they only reported a
membranous staining. The same study also showed that
CD24 is expressed early in the multistep process of CRC
carcinogenesis, a finding consistent with its potential role
as CSC marker.
Contradictory data have been reported in the literature concerning the prognostic value of CD24 whose
expression levels have been reported to be not related
with survival of CRC patients despite their significant
relationship with conventional clinic-pathological factors
such as tumor invasiveness and degree of differentiation[79]. Therefore, the real prognostic role of CD24 in
CRC remains still unclear and controversial and it should
be better elucidated by further studies.
Spheroid cultures of primary CRC have tumor-initiating capacity and are capable of inducing tumors upon
xenotransplantation. These tumors resemble the original
neoplasms both from a morphological point of view and
the expression of specific markers[16]. Vermeulen et al[14]
suggested that the co-expression of CD133 and CD24
could improve the identification of the clonogenic population within the spheroid cultures, and that both markers
are downregulated during cell differentiation. CD24 was
also used, in association with CD44, to identify and characterize CSCs from CRC cell lines by Yeung et al[80]. They
demonstrated that the CD44+/CD24+ subpopulation of
cells, isolated using FACS sorting, was the most clonogenic, giving rise to the highest proportion of megacolonies (complex structures resembling colonic crypts) compared to CD44-/CD24- cells. CD24+ subpopulation was
also shown to exhibit cancer stem-like properties such
as enhanced chemotherapy-resistance, self-renewal and
tumorigenic capacity both in vitro and in vivo, compared to
CD24- subpopulation isolated from CRC cell lines[80].
To our knowledge only few studies have investigated
the underlying molecular mechanisms and the exact role
played by this cell surface marker in CRC tumorigenesis.
Thus, CD24 has been shown to activate Erk1/2 and p38
MAPKs and to increase the activity of Src and induce
miR-21 expression, which in turn inhibits the expression
of Pdcd4 and PTEN. On the other hand, the expression
of CD24 and Src appears to be suppressed by miR34a
through the downregulation of miR21[81].
Further studies are warranted to clarify the real activity of CD24 in CSCs and the key regulatory molecular

servation that nuclear and cytoplasmic EpICD in solid
epithelial cancers, such as colon, are increased, while the
expression of membrane EpEx, the extracellular domain
of EPCAM, is absent or reduced[74].
EpCAM was initially identified as a marker of human colorectal CSCs by Dalerba et al[18] who focused on
two markers previously identified on human breast CSC:
CD44 and EpCAM. Two main populations of epithelial
cells were sorted from primary human CRCs by FACS:
EpCAMhigh/CD44+ and EpCAMlow/CD44- and their tumorigenic properties were assessed. The results obtained
demonstrated that the injection of 200 to 500 EpCAMhigh/
CD44+ cells in NOD/SCID mice were sufficient to give
rise to a tumor, whereas up to 104EpCAMlow/CD44- cells
failed to form visible tumors. The xenograft tumors from
EpCAMhigh/CD44+ reproduced the histopathology and
phenotypic heterogeneity of the original tumors including
the presence of variable percentages of both EpCAMhigh/
CD44+ and EpCAMlow/CD44- cell populations[18]. They
also verified that human EpCAMhigh/CD44+ cells from
xenogenic colorectal tumors can be further stratified on
the basis of the expression of the protein surface marker CD166, which could be used for the enrichment of
colorectal CSCs[18]. Similar conclusions were also reached
by Dylla et al[75] who suggested that one of the possible
reasons of CRC resistance to chemotherapeutic agents
might be at least in part attributed to the presence of
EpCAM+/CD44+ CSC since residual tumors after chemotherapy are enriched of these cells.
All these findings about EpCAM signaling and its involvement in various cellular processes, provide a strong
basis for further studies to better understand its potential
clinical, prognostic and therapeutic value in CRC patients.
CD24
CD24 is a small, heavily glycosylated mucin-like adhesion
molecule consisting of 27 amino acids with several potential O- or N-linked glycosylation sites, which lead to a
molecular mass ranging between 38 and 70 kDa[76]. CD24
is attached to cell membranes by a phosphatidylinositol
anchor and is expressed physiologically in the developing
pancreas and brain and in pre-B lymphocytes, in regenerating muscle, in normal keratinocytes and in renal tubules[76]. It is physiologically localized in lipid rafts where
it seems to be involved in the regulation of cell adhesion
and signaling[76].
CD24 is expressed in various hematologic malignancies and solid tumors such as neuroblastoma, rhabdomyosarcoma, renal cell carcinoma, breast, ovarian,
prostate, lung, colorectal and gastric cancer[76,77]. The
observations that CD24 is one of the possible ligands of
P-selectin and one of the adhesion receptors expressed
by activated endothelial cells and platelets suggest that
this molecule might play a role in the process of cancer
metastasis[76].
Nestl et al[77] initially reported an increased expression
of CD24 RNA in CRC: they showed that CD24 mRNA
was weakly detectable in normal colonic mucosa but
highly expressed in tumor cells, and to a lesser extent in
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networks involved in its role in colorectal tumorigenesis.

It is a receptor for R-spondin proteins which represent
secreted agonists of the canonical Wnt/b-catenin signaling pathway[89,90].
Lgr5 is a member of the glycoprotein hormone receptor subfamily that includes the thyroid-stimulating,
the follicle-stimulating and the luteinizing hormones receptors[21].
Lgr5 was first identified in human colon cancer cell
lines harboring Wnt activating mutations as a Wnt target
gene[4,91] and was then shown to be overexpressed in other human malignancies such as ovarian, hepatocellular,
esophageal and basal cell carcinomas[92].
Since Lgr5 is one of Wnt target genes, it is not surprising that this protein is found expressed in different
stem cells[5,93]. In the intestine Lgr5 is expressed in mature
intestinal stem cells at the bottom crypt[4,5]; more specifically, Barker et al[4], using in situ hybridization demonstrated that Lgr5 is selectively expressed on few proliferating
cells alternated with Paneth cells at the bottom of the
crypts in the small intestine. These cells, known as crypt
base columnar cells, are cycling cells and represent intestinal stem cells. These findings have suggested that Lgr5
could have an important role in colorectal carcinogenesis
and that it could be an ideal marker of colorectal CSCs.
Several research groups have investigated whether
Lgr5 could play a role in colorectal tumorigenesis and several studies suggested that there is a close correlation between Lgr5 expression and colon cancer progression[90,92].
In fact, Lgr5, which is normally localized to the basal
intestinal crypt area, is expressed only in the peripheral
region of adenomas and ubiquitously in established
adenocarcinomas. It has been hypothesized that the accumulation of genome mutations occurring during the
process of malignant transformation, might lead to loss
of Lgr5+ cells polarity that can thus migrate to the tumor-host interface (carcinoma in situ) and then in all the
tumor (advanced cancer)[94]. The selective expression of
Lgr5 in the peripheral region of adenomas supports the
hypothesis that it might mark intestinal CSCs. In favor of
this hypothesis is the work of Batlle et al[95] that reported
that Lgr5 is selectively expressed on human colon CSCs.
This finding has been further confirmed by Kemper[38]
who demonstrated that Lgr5 identifies the CSC fraction
in CRC and that it is expressed at high levels in spheroid
cultures derived from primary CRC (that are known to be
enriched for CSCs) and decreased following cellular differentiation[38].
Since Lgr5 is expressed at high levels in both colorectal adenomas and adenocarcinomas it likely plays an
important role not only in the early but also in the late
events of tumorigenesis, such as invasion and metastasis.
Moreover, high Lgr5 expression has been shown to correlate with mesenchymal characteristics of tumors, such
as high expression of vimentin and low expression of
miR-200c, and with increased invasiveness and lymph
node metastases[92,94].
Overall, the available evidence suggests that Lgr5
could play a key role in the development and progression

CD29
CD29 (b1-integrin) is a member of the integrin family and consists of a large extracellular domain, a single
transmembrane stretch and a short cytoplasmic domain.
It acts as a receptor for extracellular matrix proteins and
activates signaling molecules and pathways that regulate
cell migration, proliferation, survival, differentiation and
death[82].
In fact, CD29, by binding with fibronectin or Type I
collagen, allows activation of Fak by Src leading to the
activation of Erk that regulates cell proliferation. Erk,
through phosphorylation of myosin light chain (MLC) by
MLC kinase, also regulates cytoskeleton reorganization
and cell motility. Moreover, CD29 regulates cell survival
through the activation of Akt pathway[83].
CD29 has been initially described as an epidermal
stem cell marker, and subsequently as a regulator of spermatogonial stem cells homing and of hematopoietic stem
cells[22]. In normal human colon, CD29 is expressed at
the bottom of the crypts, where it identifies a cell population that is capable of forming colonies in agar. For this
reason, CD29 has been proposed as a stem/progenitor
cell marker[27] and as a marker of colon CSCs. In fact, it
has been shown that CD133+CD29+ colon CSCs are biologically characterized by self-renewal, proliferation and
differentiation[14,20].
CD29, with E-cadherin, mediates cell-cell and cellcollagen interactions that are required for the maintenance of the differentiated phenotype of human CRC
cells. Thus, CD29 downregulation may be responsible of
the switch from differentiated to undifferentiated phenotype in vivo[84]. CD29 seems to be also implicated in the
enhancement of the metastatic activity of CRC cells. In
fact, Okazaki et al[85] showed that CD29 was significantly
increased in vivo in metastases derived from human CRC
cells. CD29 expression appears also to increase in the
passage from adenoma to adenocarcinoma and with increasing tumor stage[86].
CD29 expression may be also associated with overall
survival in CRC patients. In fact, loss of CD29 expression is associated with advanced stage and with poor
prognosis and CD29 expression decreases in metastatic
lesions[87], although other Authors have suggested that
CD29, in combination with CD49b, might contribute
to the acquisition of a metastatic potential in CRC cells.
Finally, CD29 expression has been shown to identify the
population of CRC cells that are more resistant to radio
and chemo-therapy[88]. Further studies are needed to understand the specific role of CD29 as CSC marker as well
as in the progression of CRC.
Lgr5
Lgr5, (Leucine-rich repeat-containing G protein-coupled
receptor 5) also known as Gpr49, is an orphan G protein
coupled receptor, characterized by a large leucine-rich
extracellular domain and seven transmembrane domains.
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of CRC and might represent a useful marker to identify
and/or target CSC in colon cancer.

and radiation-therapy and are indicated to be the cause
of cancer relapse and metastasis: conventional anticancer
therapy wipes out the bulk populations but the surviving CSCs repopulate the tumor (Figure 3). Therefore,
targeting both CSC and the bulk populations is essential
for complete tumor eradication. Thus, the identification
of colorectal CSC markers and their signaling pathway
is crucial for the development of novel therapies which
could specifically target these cells.
The potential therapeutic strategies aimed at selectively target CSCs, which are beginning to be experimentally validated, include the elimination of CSCs through
agents which target specific markers of CSC (such as
monoclonal antibodies) or interfere with CSC-specific
pathways[103].
Todaro et al[104] demonstrated that CD133+ colon CSC
produce and use the cytokine IL-4 to protect themselves
from apoptosis caused by conventional chemotherapy
agents, 5-fluorouracil and oxaliplatin. In fact, the simultaneous treatment with antibodies to IL-4 greatly increased
the antitumoral cytotoxic activity of the drugs.
It has been also reported that a 5-fluorouracil and
oxaliplatin chemoresistant derivative of the HT29 human
CRC cell line displayed an enrichment of CD133+ and
CD44+ cells with an increased expression of the Type 1
insulin-like growth factor receptor (IGF-IR). Treatment
with a monoclonal antibody to IGF-IR induced a significant inhibition of tumor growth, thus demonstrating an
enhanced sensitivity of colon CSC to IGF-IR specific
targeted therapy[105].
More recently, Bach et al[106] used measles viruses, oncolytically active against various types of human cancer,
to generate CD133-specific measles viruses (MV) and to
provide a new CSC-specific anticancer therapy. They were
able to efficiently infect the primary colon spheres to test
the oncolytic activity of CD133-MV on colon primary
tumor cells. The infection caused a rapid loss of CD133+
cells and, when implanted in NSG mice, the CD133MV infected tumor spheres formed tumors smaller than
uninfected tumor spheres. However, no effect in term of
tumor volume was observed when the resected tumors
were transplanted in secondary mice and the re-isolated
tumors contained 70% of CD133+ cells[106].
Given that CD133 is also expressed on normal stem
cells, Bostad et al[107] have developed a site-specific strategy that allows to release the drug only in the tumor area.
They developed an immunotoxin targeting CD133 by
using the photochemical internalization (PCI) technology. The biotinylated anti-CD133 antibodies were mixed
with streptavidin-saporin (sap) to form the model of
anti-CD133-sap immunotoxin. Saporin, a plant toxin, is a
potent ribosome inactivating protein and was used as the
toxin component of the immunotoxin. The aim of this
technology was to avoid the degradation of the drug by
the lysosomes before the drug has interacted with its biological target, and the main advantage should be the accumulation of the photosensitizer preferably in the neoplastic tissue. This report demonstrated that the CD133high
population of WiDr colon cancer cells is more resistant

CD166
Activated leukocyte cell adhesion molecule (ALCAM),
also known as CD166, is a member of a subgroup of
transmembrane glycoproteins in the immunoglobulin superfamily, characterized by the presence of five extracellular immunoglobulin-like domains (VVC2C2C2)[96].
CD166 is able to form low-affinity hemophilic interactions and much stronger heterophilic interactions with
CD6 expressed on T lymphocytes, thymocytes and on a
subset of B cells[97].
Beside hematopoietic cells, expression of CD166
has been reported in a wide variety of tissues and cells
including selected epithelia, lymphoid and myeloid cells,
fibroblasts, neurons, hepatocytes, pancreas acinar and
islet cells[98]. CD166 is also present in a large number of
tumors including breast, lung, colon and prostate cancer
and melanoma[98].
In the small intestine and in the colon, CD166 was
observed at high levels on the surface of cells within
the stem cell niche at the base of the crypt, but little is
known about its endogenous function. However, CD166
seems to be involved in the morphogenesis of tubular
structures by cell-cell and cell-matrix interactions[99].
Expression of CD166 in colon cancer has been analyzed by several groups with conflicting results. Weichert
et al[100] suggested that CD166 up-regulation is an early
event in colon tumorigenesis because it was found in
all adenomas of the colon. Moreover, they reported by
immunohistochemistry both a cytoplasmic and membranous staining for CD166 in CRC and a correlation
between high membranous CD166 expression and poor
prognosis. On the contrary, Horst and collaborators did
not find any correlation between CD166 expression and
CRC patients outcome[101].
The study conducted by Lugli revealed an association
between the loss of CD166 and an increase in tumor size,
lymph node metastasis, tumor infiltration and a shorter
overall survival[67].
These findings have been partially confirmed by a
recent work showing that CD166 expression is a positive
prognostic marker for overall survival in CRC patients.
CD166 expression in well differentiated CRC suggests
a role of the protein in the early stages of tumorigenesis and, since CD166 seems to be involved in cell-cell
and cell-matrix adhesion, its loss may be associated with
reduced cell adhesion and therefore with a higher metastatic potential of tumors[102].
It has been recently suggested that CD166 may contribute to the identification of colorectal CSCs[18] but its
role in CRC tumorigenesis as well as a marker of CSC
remains to be defined.

THERAPEUTICS RELEVANCE OF
COLORECTAL CANCER STEM CELLS
Cancer stem cells are believed to be resistant to chemo-
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to photodynamic therapy than the CD133low population
but the PCI of a CD133-targeting toxin is able to sensitize and destroy these resistant cells. Thus, PCI-based
anti-CSC strategy could be a specific method for a selective killing of CD133+ CSCs while sparing normal stem
cells[107]. Chen et al[108] tested the effects of CD133 monoclonal antibody (Miltenyi) on hepatocarcinoma cells. The
CD133 monoclonal antibody treatment, under extracellular low glucose condition, inhibited the proliferation of
hepatocarcinoma cells, suppressed spheroid and colony
formation, attenuated xenograft tumors and improved
the efficiency of chemotherapy. Moreover, Swaminhatan
and others developed nanoparticles formulated using the
biodegradable poly (D, Llactide- co-glycolide) polymer
and surface functionalized with an anti-CD133 antibody
(CD133NPs). The CD133NPs were loaded with paclitaxel and were able to reduce the fraction of tumor-initiating
cells in vitro and tumor recurrence in the MDA-MB-231
xenograft tumor model[109].
EpCAM has been also suggested as a potential target
for the development of a CSC-specific therapy for CRC.
Several clinical trials have already evaluated the efficacy
of a monoclonal antibody to EpCAM for a targeted
treatment of CRC. Edrecolomab, a murine monoclonal
anti-EpCAM antibody, was the first immunotherapeutic
agent licensed for the use in a large-scale human antitumor immunotherapy trial. In 1994, Riethmüller et al[110]
randomly assigned to adjuvant therapy with Edrecolomab
a series of patients with a resected Dukes’ C CRC: they
showed an improved survival rate, and a reduction of
mortality and disease recurrence[110,111]. These promising
results were not further confirmed. In fact, Punt et al[111]
showed that the addition of Edrecolomab to fluorouracil and folinic acid in the adjuvant treatment of resected
stage Ⅲ CRC did not provide any further improvement
in term of survival, and that the immunotherapy alone
was associated with a significant shorter disease-free survival[111]. Similar findings have been reported by Fields et
al[112] who adopted a combination of fluorouracil-based
therapy and Edrecolomab for the treatment of stage Ⅲ
colon cancer patients, getting poor results.
More recently, Waldron et al[113] have characterized
a biospecific target toxin, which is composed by antiEpCAM and anti-CD133 scFv (single-chain variable
fragment), and have focused on three different types of
carcinoma: head and neck, breast, and colon carcinoma.
The toxin, called deimmunized CD133KDEL (dCD133KDEL), was synthesized using an anti-CD133 scFv
that recognized the loop two of the extracellular domain
of CD133 and both the glycosylated and unglycosylated
forms of CD133. The anti-CD133 scFv was fused with
an anti-EpCAMscFv and with a truncated form of Pseudomonas exotossin A (PE38) and the construct called
dEpCAMCD133KDEL and showed a strong inhibition
of proliferation in CRC cell lines.
CD44 can represent a suitable therapeutic target for
CRC, since it presents two distinct forms between normal
and cancer cells. In fact, the different local environmental pressures are responsible for different splicing and
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post-translational modifications which give rise to different CD44 molecules that can be recognized by specific
agents useful for both diagnosis and therapy[114].
CD44 knockdown was shown to inhibit tumor
growth and metastasis in vivo[61], a finding confirmed
by Du et al[58] who used lentiviral RNA interference to
stably knock down CD44 or CD133 in CRC primary
cells isolated from patients. These Authors reported that
knockdown of CD44 reduced clonal formation, whereas
CD133 knockdown had little effect compared to control.
The combination of curcumin and dasatinib has
been also suggested as a therapeutic strategy for chemoresistant CRC. In fact, the combination therapy with curcumin and dasatinib inhibited the growth of chemo-resistant HT29 and HCT-116 CRC cells, the formation of
colonospheres and extracellular invasion. The expression
of CSC markers CD133, CD44, CD166 and ALDH1
displayed a 25%-30% decrease in cells treated with curcumin and dasatinib thus suggesting that the combination
may be used as a specific CSC targeted therapy to prevent
recurrence of CRC[115].
Another study demostrated that difluorinated-curcumin in combination with 5-fluorouracil and oxaliplatin,
the standard of CRC chemotherapy, was more potent
than curcumin in reducing CD44 and CD166 expression
in chemo-resistant CRC cells. This effect was associated
with growth inhibition, induction of apoptosis and disintegration of colonospheres[116].
Misra et al [114] demonstrated that CD44v6 knockdown reduced the ability of CRC cells to signal through
hyaluronan-CD44v6. They encapsulated plasmidic DNA
coding CD44v6 shRNA into transferrin (Tf)coated
nanoparticles which are recognized by Tf-receptor (TF-R)
present at high level on tumor cells which then internalize the particles by receptor-mediated endocytosis. These
nanoparticles were delivered within pre-neoplastic and
neoplastic colon tissues in the Apc Min/mice model,
causing inhibition of the CD44v6 expression. This inhibition was associated with a reduced adenoma number
and growth through a hyaluronan/CD44v6/ErB2/Cox 2
interaction pathway[114].
Mesoporous silica nanoparticles (MSNs) have been
proposed as nanocarriers for several anticancer treatments. Yu et al[117] have developed a targeted drug delivery
system based on hyaluronic acid (HA) modified MSNs
(HA-MSNs). HA-MSNs have a specific affinity to CD44
overexpressed on CRC cells and can enter cells via the
HA receptor mediated endocytosis pathway. Doxorubicin
(Dox), an anticancer drug, has been encapsulated into
MSNs with or without HA. HCT-116 cells were treated
with free Dox, Dox-HA-MSNs or Dox-MSNs. The cells
treated with Dox-HA-MSNs presented a stronger inhibition of proliferation (51%) compared to the other two
groups[117].
A new potential therapeutic approach targeting
CSCs was suggested by Sagiv et al[118] who showed that
the growth of human CRC cells lines, expressing the
presumptive CSC marker CD24, was inhibited after
treatment with three different anti-CD24 monoclonal
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antibody which showed a synergistic effect with chemotherapeutic agents[19,118].
Downregulation of CD29 expression by antisense oligonucleotide in the HT-29 human CRC cell line reduced
both tumor cells migration in vitro and hepatic metastasis
in vivo[37]. Interestingly, barberine, a botanical alkaloid with
cytotoxic effects on most type of cancer cells, can inhibit
the migration of SW480 and HCT116 CRC cells through
a decrease of CD29 expression level via AMP-activated
protein kinase thus suggesting the possibility to use this
drug to specifically target CD29-expressing CSCs[119].
Targeting of CSC can be also obtained by interfering with the pathways involved in stemness maintenance
such as Wnt, Hedgehog and Notch. Several approaches
for CRC therapy have focused on Wnt pathway inhibition. Wnt family proteins are secreted intercellular signaling molecules that act as ligands to activate a specific
signal transduction pathway. Upon binding of Wnt to its
receptor Frizzled (FZD), the protein Disheveled (Dvl/
Dsh) is activated and inhibits the Glycogen synthase
kinase 3 (GSK-3) activity. The latter binds to axin, APC
and Casein Kinase 1 (CK1), and forms a complex that
binds b-catenin and promotes its degradation. When
Wnt signaling inhibits GSK-3, b-catenin dissociates from
the complex and enters the nucleus, where it binds to the
DNA binding protein Tcf/Lef, becoming a transcription
factor[120]. Efforts have been mainly devoted to the identification of small molecules inhibiting this pathway.
Chen et al[121], in a screen of a synthetic chemical library, identified a new small molecule able to inhibit the
Wnt signaling. This compound, called IWP (inhibitor
of Wnt production), inhibits the activity of Porcupine,
a membrane-bound acetyltransferase, essential for Wnt
production [121]. Similarly, using report-based screening approaches, Huang et al[122] found a small molecule,
XAV939, that inhibits Wnt through the tankyrase inhibition, an event leading to an increase in the stability of
axin and subsequent b-catenin degradation[122].
Pyrvinium, another small molecule promoting the
degradation of b-catenin was identified by Thorne et
al[123]. This molecule, promotes b-catenin phosphorylation
through casein kinase activation. It was shown that pyrvinium treatment of CRC cells bearing APC or b-catenin
mutation inhibits both Wnt signaling and proliferation[123].
Several studies have focused on the identification
of molecules capable of destroying the interaction between Tcf/Lef and b-catenin and therefore of inhibiting
α-catenin-dependent transcription. Three of these compounds were shown to inhibit CRC cells growth both in
vitro and in vivo[124].
Emami et al[125] developed a compound, ICG-001,
which specifically inhibited a co-activator essential for
Wnt pathway activation. Treatment of CRC cell lines
bearing APC or b-catenin mutations with ICG-001 induced cell death in a dose-dependent fashion while not
affecting normal epithelial cells. An analogue of this
compound was recently approved for phase Ⅰ clinical
testing[126].
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The Wnt pathway has been also successfully inhibited
using a specific anti-Wnt monoclonal antibody, which
inhibits the proliferation and induces apoptosis in CRC
cells, even in those with downstream mutations[127]. Numerous groups have tried to inhibit the Wnt pathway by
inhibiting the FZD receptor activity.
A member of FZD family, FZD7, results predominantly expressed in CRC cells and it is implicated in
canonical Wnt signaling in cells with APC or CTNNB1
mutations. The use of specific siRNA to knockdown the
expression of endogenous FZD7 has proved effective in
reducing the metastatic potential of CRC cells[128]. Similar
effects have been obtained using an antibody targeting
FZD7[129]. Remarkable results have been also obtained
using inhibitors of Delta-like ligand 4 (DLL4), an important component of the Notch pathway. Human CRC
xenografts treated with an anti-DLL4 antibody in combination with irinotecan have showed a reduction of CSCs
and of tumor growth whereas treatment with irinotecan
alone increased the percentage of CSCs[130,131].

CONCLUSION
The CSC model of tumorigenesis postulates that tumors
are not cellularly homogenous but display a hierarchical
structure and contain a rare population of cells, the CSC,
that display the same self-renewal and proliferative potentials as normal stem cells associated with the capacity
to give rise to tumors (Figure 2). As previously described,
mounting evidence suggests the existence of a CSC population in human CRC[16,17].
It has been hypothesized that CSC may derive from
transformation of quiescent, normal long-term stem cells
or could result from the de-differentiation of more mature cells[15-17]. In CRC, the first hypothesis is supported by
the observation that normal and cancer stem cells share
similar properties and surface markers (i.e., CD133 and
Lgr5). However, it cannot be excluded that CSC might
derive from cells that, at some specific stages of differentiation, undergo malignant transformation acquiring new
properties including stem-like features. This hypothesis
might explain the different aggressiveness of tumors
which might relate to the different differentiation degree
of cells undergoing the transformation event(s) as evidenced by the different tumor grading[15] (Figure 12).
The ability to identify and isolate CSC is essential to
fully characterize them and to understand the molecular
mechanisms responsible for their establishment and their
maintenance. As mentioned, several approaches have
been used to identify and isolate CSC the most important
being the antibody-based technologies targeting CSCspecific surface markers. However, different antibodies,
techniques and protocols are used in different studies and
these certainly contribute to the conflicting results present in the literature. Thus, it will be important to define
standardized procedures and reagents to identify CSC
in clinical samples. Moreover, several questions remain
unresolved especially regarding the significance of CSC
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markers and whether they play a direct role in essential
CSC properties such as self-renewal and tumor-initiation
ability or they are just markers of stem-like cells with no
relevant physiological functions[44]. This is a very important issue in view of the possibility to develop specific
anti-CSC therapies.
Indeed, the CSC model of tumorigenesis implies that
targeting of CSC is essential for a complete eradication
of the disease (Figure 3). This consideration fits well with
the disappointing daily experience of oncologists facing
occasional complete responses that do not translate into
cure for patients. Indeed, the model hypothesizes that
CSC must be completely eliminated in order to eradicate
the disease and prevent recurrences/metastases. However, CSC have been reported to be relatively resistant
to standard anticancer therapies, such as radiation and
chemotherapy, which target rapidly proliferating cells[103].
Thus, initial responses to treatment could represent
therapeutic effectiveness against the bulk cancer cells
while sparing rare quiescent CSC which would then be responsible for tumor re-growth both at primary and metastatic sites. According to this model, a better understanding of the biology of CSC is essential to improve efficacy
of anticancer therapies and several groups are pioneering
the possibility of specifically targeting CSC through multiple approaches, as previously described[107,117,123]. A big
issue will be the identification of substantial differences
between normal and cancer stem cells and/or specific
therapeutic strategies that would allow the development
of drugs specifically targeting CSC while sparing normal
counterparts. From this perspective, another important
point to keep in mind is that standard response parameters might not be suitable to evaluate specific CSCtargeting therapies. Indeed, current evaluation criteria
only take in consideration the effects of treatment on
tumor bulk and thus might underestimate the effect of
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a therapy specifically targeting a rare population of cells
within tumor mass. Thus, it will likely be important to reexamine the standard criteria to evaluate response therapy
and other approaches, such as new CSC-specific imaging
techniques, might be needed to this aim. This does not
mean that conventional therapies will no longer have
a place in the future anti-cancer protocols despite the
fact that CSC may be resistant to them. Indeed, it seems
realistic to anticipate that a useful approach to improve
current treatment of solid tumors, including CRC, will be
the combination of a specific anti-CSC treatment with
traditional agents (i.e., 5-fluorouracil and/or oxaliplatin)
that can debulk the mass of cancer cells.
In conclusion, the CSC model of tumorigenesis has
the potential to radically revolutionize the way how we
look at malignant diseases as well as the clinical management of CRC patients. To this aim, it will be essential a
definitive assessment of the roles that putative CSCs play
in the development of human CRC and in specific aspects of malignancy. The ultimate proof of the relevance
of CSCs in tumor development and in the clinical management of CRC cancer patients will be the demonstration that specific targeting of CSCs can improve patients
outcomes, a goal strongly awaited by scientists, oncologists and, especially, patients.
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and treatment of colorectal cancer
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in key CRC genes, and that this is reflected by different prognostic outcomes. Increasing evidence suggests
that the analysis of DNA methylation in blood or fecal
specimens could represent a valuable non-invasive diagnostic tool for CRC. Moreover, a broad spectrum of
studies indicates that the inter-individual response to
chemotherapeutic treatments depends on both epigenetic modifications and genetic mutations occurring in
colorectal cancer cells, thereby opening the way for a
personalized medicine. Overall, combining genetic and
epigenetic data might represent the most promising
tool for a proper diagnostic, prognostic and therapeutic
approach.
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Core tip: We summarize the most recent findings concerning genetic and epigenetic biomarkers of colorectal
cancer. The article aims to provide an overview of the
currently available diagnostic and prognostic biomarkers of the disease. Attention is also paid to the possible
application of those biomarkers for the choice of the
most proper therapy.

Abstract
Colorectal cancer (CRC) is one of the most common
cancer worldwide and results from the accumulation of
mutations and epimutations in colonic mucosa cells ultimately leading to cell proliferation and metastasis. Unfortunately, CRC prognosis is still poor and the search
of novel diagnostic and prognostic biomarkers is highly
desired to prevent CRC-related deaths. The present
article aims to summarize the most recent findings concerning the use of either genetic or epigenetic (mainly
related to DNA methylation) biomarkers for CRC diagnosis, prognosis, and response to treatment. Recent
large-scale DNA methylation studies suggest that CRC
can be divided into several subtypes according to the
frequency of DNA methylation and those of mutations
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INTRODUCTION
It is now clear that cancer is a multi-step process resulting
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from the accumulation of both genetic and epigenetic
alterations of the genome[1]. Gene mutations and epigenetic modifications have been initially viewed as two separate mechanisms participating in carcinogenesis. However
recent evidence points to a crosstalk between these two
mechanisms in cancer formation, suggesting that gene
mutations have the potential of disrupting several epigenetic patterns and that epigenetic modifications can
drive genome instability and mutagenesis[2,3]. For example,
the whole exome sequencing of thousands of human
cancers revealed unexpected mutations in genes involved
in epigenetic mechanisms, and those mutations have the
potential to disrupt DNA methylation patterns, histone
modifications, and nucleosome positioning[3]. Similarly,
epigenetic inactivation of DNA repair genes, such as
hMLH1, hMSH2, MGMT and BRCA1, is often associated with genome instability and increased frequency of
point mutations of cancer-related genes[2].
Colorectal cancer (CRC) is one of the most frequent
cancers in humans, with over one-million new cases
diagnosed worldwide every year[4]. The disease occurs
sporadically in most of the cases (75%-80%) as a result
of the accumulation of both mutations and epigenetic
modifications of several genes[5], and large-scale DNA
methylation studies suggest that CRC can be divided into
at least three-four subtypes according to the frequency
of DNA methylation and those of mutations in key CRC
genes[6,7]. The sequential process of gene mutations and
epigenetic alterations is believed to drive the progression
toward malignant adeno-carcinomas because those events
affect signalling pathways that regulate hallmark behaviours of cancer. Gene mutations create a clonal growth
advantage that leads to the outgrowth of progressively
more malignant cells, which ultimately manifests itself as
invasive adeno-carcinoma. The 5-year survival rates are
approximately 90% for early CRC patients but decrease
to less than 10% in patients with distant metastases, by
this the need to identify biomarkers to improve the prediction of clinical outcomes in CRC[8]. Further progress is
very much desirable in non-invasive diagnostic methods
to enable early diagnosis, pre- and postoperative staging,
and to assist in selecting the most suitable neo-adjuvant
and adjuvant therapeutic methods and post-treatment.
Novel biomarkers which are absent in healthy persons
and present in CRC are still being investigated, especially
those that can be detected at early development stage of
the disease and used in screening tests. Unfortunately,
no molecule that would meet all of the foregoing criteria
has been identified so far. Carcinoembryonic antigen still
remains the only tumour marker of recognised efficacy in
monitoring patients during and after CRC therapy[9].
There is an increasing interest to identify mutations
in key genes of tumourigenesis, such as APC, CTNNB1,
BRAF and KRAS because they are involved in the Wnt
and the Ras-Raf-MEK-MAPK signalling cascades (MAPK,
mitogen-activated protein kinase; MEK, MAPK/ERK kinase) and therefore play a substantial role in the adenomacarcinoma and in the serrated adenoma pathways. There
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are also attempts to “personalise” chemotherapy based
on presence or absence of specific genetic biomarkers.
For example, therapy with anti-EGFR (epidermal growth
factor receptor) antibodies is desirable in patients with advanced CRC and absence of KRAS or BRAF mutations,
and defining tumours phenotype - microsatellite instability
(MSI) or microsatellite stability (MSS) and testing for the
presence or absence of 18q chromosome deletion is very
much desirable in standard 5-fluorouracil (5-FU)-based
therapy[9,10].
DNA methylation represents one of the most studied
epigenetic marks in CRC[11], since methylation of CpG
islands in the promoter region of a gene might induce
chromatin conformational modifications and inhibit the
access of the transcriptional machinery, thus altering gene
expression levels. Promoter hypermethylation is commonly associated with gene silencing as well as promoter
demethylation with gene expression. The ever-growing
number of genes that show epigenetic alterations in cancer emphasizes the crucial role of these epigenetic alterations, and particularly of DNA methylation, for future
diagnosis, prognosis and prediction of response to therapies[12]. Lao et al[11] (2011) reviewed the genes that seem to
be more commonly methylated in the multi-step process
leading from normal colonic epithelium to adenocarcinoma, observing that some of them are frequently methylated in the passage from a normal colon epithelium to an
aberrant crypt focus, whilst others are methylated in the
passage from an aberrant crypt focus to polyp/adenoma,
or could have a role in CRC progression and metastasis.
Concerning CRC diagnosis, there is increasing interest
in searching for aberrantly methylated genes in plasma
DNA and in the DNA obtained from faecal material, as
non-invasive diagnostic tools[13,14]. Methylation of certain
genes, such as for example those involved in the extracellular matrix (ECM) remodelling pathway, were associated
with worse survival in CRC, suggesting that epigenetic
biomarkers could gain prognostic value[15]. There is also
active research focusing on epigenetic signatures in CRC
for their possible interaction with chemotherapeutic
agents[16].
Given the enormous potential of both gene mutations and DNA methylation biomarkers in CRC diagnosis, staging, prognosis and response to treatment, active
research is currently ongoing to develop rapid, cost effective and reproducible tools for the detection of those
marks[12]. Aim of this article is to review currently available genetic and DNA methylation biomarkers for CRC
diagnosis, staging, prognosis and treatment.

GENETIC BIOMARKERS IN CRC
Genetic and cytogenetic biomarkers
In 1990, Fearon and Vogelstein proposed a model for
colorectal cancer tumourigenesis, which defines the genetic alterations involved in transformation from normal
intestinal mucosa to colorectal carcinoma. This aberrant
transformation is a multi-step process that includes genet-
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ic alterations such as mutation of the APC (adenomatous
polyposis coli gene), located on chromosome 5q, which
is thought to occur early on during the development of
adenomatous polyps, the activation of KRAS (v-Ki-ras2
Kirsten rat sarcoma viral oncogene homolog gene), an
oncogene located on chromosome 12p12, during the adenomatous stage and loss of chromosomal regions 17p
and 18q that contain tumoural suppressor genes as tumour protein p53 (TP53) and DCC (deleted in colorectal
carcinoma), in the transition to carcinoma in situ[17]. A lot
of studies, by different approaches, identified these common alterations described by Fearon and Vogelstein and,
in addition, others changes such as gain of chromosomes
7, 8q, 13q and 20q, together with loss of the 1p, 4,8p and
22q chromosomal regions were also identified[18-20]. Some
studies have suggested that the loss of heterozygosity
(LOH) of 17p and 18q could be associated with more advanced stages of the disease; the loss of 17p and 18q are
believed to play an important role in the pathogenesis of
CRC since these two chromosomes carry genes relevant
to the malignant transformation of the gut epithelium
and also probably play an important role in the metastatic
process. In this regard, recent findings showed that breakpoints in the 17p11.2 chromosomal region were preferentially found in primary colonic tumours in CRC patients
with liver metastases[21,22]. The deletion of the long arm of
chromosome 18 (loss of 18q or LOH of 18q) is the most
common cytogenetic abnormality in CRC and seems to
be associated with poor prognosis as 18q contains several
important tumour suppressor genes, such as SMAD7,
SMAD4, and SMAD2 that are transcriptional mediators
in the TGF-β signalling pathway and DCC[23,24]. Mouse
studies demonstrate that loss of SMAD4 expression
changes the role of TGF-β from growth suppressor to
growth promoter, thus increasing the tumorigenic and
metastatic potential of colorectal cancer cells[25]. Loss
of SMAD activity occurs in 10% of the colorectal cancers and is associated with advanced-stage disease, the
presence of lymph node metastases and shorter overall
survival and it has been shown to be a significant independent prognostic factor for worse recurrence-free
and overall survival, particularly in patients with stage Ⅲ
disease. Patients with stage Ⅲ disease and intact SMAD4
expression with microsatellite instability were found to
have similar outcomes compared with patients with stage
Ⅱ disease, whereas patients with stage Ⅱ disease and loss
of SMAD4 expression without microsatellite instability status had outcomes similar to patients with stage Ⅲ
disease[26]. Retention of SMAD4 expression has also been
found to be a predictive marker for a threefold increase in
benefit from 5-FU-based chemotherapy[27] while the loss
of SMAD4 seems to be a predictive marker for a poorer
response to 5-FU[28]. So this chromosome instability (CIN)
could have a prognostic value, as patients with CIN+ disease have a poorer prognosis[29].

quent in CRC is the microsatellite instability, observed at
the nucleotide level, frequently resulting in deletions or
insertions of a few nucleotides. Microsatellites are polymorphic tandem repeats of short nucleotide sequences
distributed through the genome prone to frame shifts
and base-pair substitutions during replication if DNA
mismatch repair (MMR) genes are impaired. So MSI refers to a clonal change in the number of repeated DNA
nucleotide units in microsatellites and appears in tumours
with deficient mismatch repair due to the inactivation of
the four MMR genes: MSH2, MLH1, MSH6 and PMS2
and while it is typically associated with hereditary nonpolyposis colorectal cancer (HNPCC), most MSI-high tumours occur sporadically[30]. Sporadic MSI tumours tend
to be more proximal, to occur in older females, to be
poorly differentiated and mucinous, and to show marked
lymphocytic infiltration[31,32]. Despite their resistance to alkylating agents and cisplatin, MSI-high tumours have better recurrence-free and overall survival. In patients with
stage Ⅱ disease, MSI-high status was found to confer the
same advantage in long-term outcomes as that conferred
by stage T3 over T4[26]. MSI positive tumours are associated with a better prognosis in all stages of the disease.
Patients with MSI tumours have a significant survival advantage compared with patients with non-MSI tumours[33]
and are associated with resistance to 5-FU chemotherapy
and shorter survival of patients after treatment with
the drug[34,35]. MSI can be thus seen as one of the most
promising positive prognostic markers for CRC patients
and can be detected using a panel of five markers (BAT25,
BAT26, D2S123, D5S346, and D17S2720, particularly
analyzing this 5 loci, MSI-H is defined as instability at 2
loci or more, and MSI-L, as instability at 1 locus) and a
recent study using this panel observed that the presence
of MSI-H was significantly higher in carcinomas than in
adenomas, confirming the prognostic value of MSI in
CRC[36].
APC gene
Mutations in the APC gene are responsible for familial
adenomatous polyposis (FAP) and the majority of sporadic CRC. The APC gene encodes a multifunctional
protein with important roles in Wnt signaling pathway,
intercellular adhesion, cytoskeleton stabilization, cell
cycle regulation, and apoptosis. Mutations of APC may
lead to unregulated transcription of oncogenes such as
c-myc and cyclin D1, thereby promoting tumourigenesis.
Mutations in Wnt/APC/CTNNB1(β-catenin) signalling
pathway members have been found in many CRC and
more than 90% of patients have alterations that affect it.
In light of the critical role of the Wnt/APC/CTNNB1
signalling pathway in maintaining proper colorectal cell
function, it is possible that genetic variants in this pathway might affect CRC progression. A meta-analysis provides a complete and systematic picture of the role of
three APC polymorphisms (D1822V, E1317Q, I1307K)
in the risk of colorectal neoplasia, particularly the I1307K
variant was associated with a significantly increased risk

Microsatellite Instability
Over the CIN, another form of genomic instability fre-
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Figure 1 Representation of epidermal growth factor receptor pathway in response to therapy with anti-epidermal growth factor receptor inhibitors in
wild-type and mutant patients. A: The binding of monoclonal antibodies (mAb) to EGFR normally causes the blockage (indicated with a red cross) of downstream
RAS/RAF/MAPK and PI3K/AKT/mTOR signalling pathways and so the blockage of gene expression and cell cycle progression; B: Mutations in any gene of this
pathway (indicated with a red star) cause a constitutive activation of the pathway leading to gene expression, upregulated proliferation, impaired differentiation and
no response to monoclonal inhibitors. EGFR: Epidermal growth factor receptor; KRAS: v-Ki-ras2 Kirsten rat sarcoma viral oncogene homolog gene; BRAF: V-raf
murine sarcoma viral oncogenes homolog B1; MEK: MAPK/ERK kinase; ERK: Extracellular signal-regulated kinases; PTEN: Phosphatase and tensin homolog; PI3K:
Phosphatidylinositide-3-kinases; AKT: Protein Kinase B (PKB); mTOR: Mammalian target of rapamycin.

for colorectal neoplasia while the E1317Q one was associated with a significantly elevated adenoma risk. This
meta-analysis may provide genetic insight into possible
strategies for the prevention of colorectal neoplasia[37].
A very recent study, applying a comprehensive approach to systematically evaluate the tag single-nucleotide
polymorphisms (tSNPs) in two key genes of the Wnt
pathway, APC and CTNNB1, identified, by survival tree
analysis, a higher-order genetic interaction profile consisting of the APC rs565453, CTNNB1 rs2293303 and APC
rs1816769 and this was significantly associated with overall survival; these SNPs might influence APC/CTNNB1
splicing and expression by altering the consensus splicing
site sequences, the transposable elements, and the transcription factor binding sites. If validated, these biomarkers might be valuable to facilitate the identification of
good treatment[8].
Recently, it was found that, in advanced-stage cancer,
patients with APC mutation/high miR-21, an activator
of the Wnt signaling pathway, had poorer overall survival
so APC mutation and miR-21 expression could be used
to predict the clinical outcome of CRC[38].

a 21-kD protein (p21ras) involved in the G-protein signal
transduction pathway, modulating cellular proliferation
and differentiation. KRAS abnormalities are one of the
earliest events in the stepwise progression of colorectal
neoplasms, being detectable even in histologically unremarkable epithelium and aberrant crypt foci adjacent
to cancers. Mutations of the KRAS oncogene result in
constitutive activation of this signal transduction pathway
and, consequently, unregulated proliferation and impaired
differentiation[39]. The KRAS wild-type (WT) protein is
transiently activated during tightly regulated signal transduction events. The binding of mAbs to EGFR normally induces receptor internalization, causing a direct
inhibition of tyrosine kinase activity and the blockage
of downstream RAS/RAF/MAPK signalling (Figure 1).
However, activating KRAS mutations result in a constitutively active GTP-bound protein which consequently
renders the downstream pathway permanently “switched
on” irrespective of the activation status of upstream receptors including EGFR. In such an instance, the binding
of an anti-EGFR mAb to EGFR and the inhibition of
ligand-mediated receptor activation will fail to elicit any
pathway suppressive effects. This constitutive pathway
activation leads to unregulated proliferation, impaired
differentiation, and resistance to anti-EGFR therapies[40]
(Figure 1). Up to 90% of activating mutations of KRAS
are detected in codons 12 (82%-87%) and 13 (13%-18%),
but less frequently in codons 61, 63 and 146 and they are
generally observed as somatic mutations. The most common types of KRAS mutations in CRC are point mutations, particularly G > A transitions and G > T trans-

KRAS gene
The status of KRAS is generally accepted as a predictive marker for response to established EGFR inhibitors
used for CRC because mutant KRAS is associated with
resistance to anti-EGFR monoclonal antibody (mAb)
immunotherapy with agents such as centuximab or
panitumumab (Figure 1). It is the only established biomarker in clinical practice for CRC. The KRAS encodes
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versions. The codons 12 and 13 code for two adjacent
glycine residues located in the proximity of the catalytic
site[41]. Specific KRAS mutations may be heterogeneous
in their phenotype. For example, codon 12 mutations
were associated with a mucinous phenothype of CRC. By
contrast, CRCs associated with codon 13 mutations were
rather non-mucinous, but were characterized as more
aggressive tumours with a greater metastatic potential[42].
However, a recent study observed that patients with an
isolated p.G12A mutation (no other KRAS mutations)
had aggressive disease (stage Ⅲ or Ⅳ and extensive metastatic or recurrent disease)[43,44].
KRAS mutations have also emerged as a major predictor or resistance to anti-EGFR mAbs, as confirmed by
small data sets[45-47], and both retrospective and prospective trials[48-51]. In these studies, patients with metastatic
CRC harbouring KRAS mutations had no benefits from
treatment with cetuximab or panitumumab either alone
or in combination with standard chemotherapy. This
discovery led to the first practical implementation of
personalized medicine in metastatic CRC, and KRAS
mutations can be considered a highly specific negative
biomarker for benefit of anti-EGFR mAbs. However
it is intriguingly now coming to light that not all KRAS
mutations are equal in their biological characteristics and
their impact on mediating EGFR resistance, and that
not all KRAS mutations will confer resistance to EGFR
inhibitor therapy, probably due to heterogeneity of tumours[52-54].

nases that promote various biological processes including cellular proliferation and survival. Mutations in the
PIK3CA gene, which encodes the p110α catalytic subunit of PI3K, have been identified in many human solid
tumours[62]. In colorectal cancers, PIK3CA mutations,
which are found in 10%-20% of the cases, have been reported to be associated with specific clinicopathological
features and molecular events, tumour proximal colonic
location, mucinous differentiation, KRAS mutation,
high levels CIMP and loss of MGMT expression[63]. It
is unclear whether PIK3CA mutation defines a clinically
and/or biologically relevant subset of tumours as there is
significant overlap with KRAS and BRAF V600E mutation; a recent study observed that the adverse prognostic
effect of PIK3CA mutation on survival was restricted to
patients with a BRAF wild type tumour[63]. The majority of activating PIK3CA mutations map to three sites:
exon 9, codons 542 and 545 in the helical domain, and
exon 20, codon 1047 in the kinase domain. Mutation at
any one of these sites has been shown to result in a gain
of enzymatic function and to promote oncogenic transformation in vitro and in vivo (Figure 1). Co-existence of
PIK3CA exon 9 and 20 mutations is associated with poor
prognosis of CRC patients[64,65]. More recently, PIK3CA
mutation was associated with longer survival in patients
who use aspirin regularly after diagnosis[66].
Loss of PTEN expression (PTEN is a key tumour
suppressor gene involved in the homeostatic maintenance
of PI3K/AKT signalling) was associated with a higher
rate of distant metastasis [67]. However, patients with
PTEN expression had significantly longer overall survival
than patients with PTEN loss tumour[68].
TP53 is a tumour suppressor gene encoding a protein
involved in the regulation of cell division, growth arrest
and apoptosis. A recent study[69] demonstrated that p53
expression was a significant prognostic factor for diseasefree survival for the patients with stage Ⅲ tumour and
also found stage Ⅲ tumours with wt-p53 high expression
were associated with a significantly better prognosis after
chemotherapy, according to previous findings[70].
A very recent study[71], exploring candidate tumour
suppressor genes at chromosome 4q25-q28.2, found
a novel candidate tumour suppressor gene, namely
NDST4, identified at 4q26. This gene was markedly
downregulated in CRC tumours and this genetic aberration was increased considerably in tumours with higher
pathological stages (T3 and T4). NDST4 is one member
of the N-deacetylase/N-sulfotransferase (heparan glucosaminyl) (NDST) family, which is responsible for heparan sulfate (HS) biosynthesis on a core protein to form
heparan sulphate proteoglycans (HSPGs) that contribute
to the tissue structure and function during development
and adult homeostasis. The loss of function of NDST4
might impair the modification of HS chains of specific
HSPGs, leading to more invasive tumour cells through
remodelling of the interaction of cell adhesion receptors
and ligands. The genetic loss of NDST4 might serve as a
biomarker of adverse prognosis for patients with CRC[71].

Other clinicopathological and prognostic biomarkers of
CRC
BRAF (V-raf murine sarcoma viral oncogenes homolog
B1) is a member of the RAF gene family, it encodes a
serine-threonine protein kinase, a downstream effector of
activated RAS[55]. In the past decade, many studies have
shown that BRAF somatic mutation presents in approximately 10% of CRCs[56,57]. A hotspot for BRAF mutation
is the conversion of valine 600 to glutamic acid (V600E)
within the kinase activation domain of the BRAF protein
and this account for 80% of the BRAF mutations in
CRC. This hot spot is suggested to be biologically distinct from other infrequent BRAF mutations, because the
cancer cells having the V600E mutation can grow without functional RAS, and thus the BRAF V600E mutation
has not been found in CRCs with KRAS mutations[58,59].
BRAF mutations have been linked with high grade, right
side tumours, female gender, older age and MSI-H tumours[51]. A distinct pattern of metastatic spread has also
been observed in BRAF mutant tumours, namely higher
rates of peritoneal metastases, distant lymph node metastases and lower rates of lung metastases[60]. A very recent
study demonstrated sex-related differences in the prognostic value of BRAF mutations in CRC, being particularly evident in men, in fact, BRAF mutation was associated with a significantly reduced cancer-specific survival
in overall adjusted analysis[61].
Phosphatidylinositide-3-kinases (PI3K) are lipid ki-
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Genetic biomarkers of response to treatment
During the last few years, chemotherapeutic agents,
such as oxaliplatin, irinotecan, cetuximab, panitumumab,
bevacizumab, aflibercept and regorafenib, have been
approved as an addition to the traditional fluorouracil
(5-FU) treatment, increasing the median overall survival.
The survival of patients with metastatic CRC (mCRC)
progressively improved over the past decades was due
primarily to new chemotherapeutic combinations (5-FU,
irinotecan, oxaliplatin) and the introduction of new
therapies, among which there are two monoclonal antibodies against the receptor of epidermal growth factor
receptor, cetuximab and panitumumab, effectual in the
treatment of mCRC. However, these treatments are toxic
and expensive, by this, the necessity to select patients
most likely to have benefit with the treatment. Several
analyses have revealed that patients with KRAS mutations receiving first and subsequent lines of treatment do
not respond to cetuximab or panitumumab, and that they
show no survival benefit from such treatments (Figure 1).
Therefore, patients with mCRC with KRAS codon 12 or
KRAS codon 13 mutated tumours are presently excluded
from treatment with anti-EGFR mAb. Recent study has
demonstrated, for the first time, that KRAS wt status is
associated with better response to bevacizumab based
chemotherapy and represents a positive prognostic factor for patients with advanced CRC treated in the firstline setting[72]. Codon 12 KRAS and BRAF mutations
predict for adverse outcome of CRC patients receiving
cetuximab[73]. KRAS mutations are, also, predictive of
resistance to anti-EGFR antibodies when combined with
irinotecan[49], response negatively affected also by NRAS,
BRAF and PI3KCA mutations[43,74,75], as well as by a wildtype TP53[76]. So KRAS status has emerged as a major
predictor of resistance to anti-EGFR mAb in the clinical
setting but probably it is not the only to determine this
type of resistance, in fact, a recent meta-analysis showed
that BRAF mutation is associated with poor response
to anti-EGFR mAbs and it is an adverse prognostic biomarker of the survival of patients with mCRC[77]. Regular
aspirin use was associated with lower risk of BRAF wt
colorectal cancer but not with BRAF mutated cancer risk.
These findings suggest that BRAF mutant colon tumour
cells may be less sensitive to the effect of aspirin[78]. In
addition to KRAS and BRAF mutations, loss of PTEN
expression and PIK3CA mutation is likely to be predictive
of a lack of benefit to anti-EGFR therapy in metastatic
colorectal cancer[79] (Figure 1); PTEN expressing tumours
had statistically higher response rate for cetuximab based
treatment than tumours with PTEN loss[68].
CRCs with MSI are reported to have a significantly
better prognosis compared with CRCs without MSI
(non-MSI), while MSI CRCs show resistance to 5-FU
based chemotherapies. Although high frequency MSI
tumours have better stage independent prognosis compared to those with CIN, MMR deficient CRC appears to
be resistant to fluorouracil based treatment, but sensitive
to other therapeutic regimens[80]. A summary of genetic

WCGO|www.wjgnet.com

biomarkers for CRC is shown in Table 1.

DNA METHYLATION BIOMARKERS IN
CRC
Global DNA hypomethylation and depletion of overall
5-methylcytosine content in CRC tissues was observed for
the first time in 1983, by Feinberg and Vogelstein. It was
observed predominantly at CpG dinucleotides in repetitive sequences, occurring gradually, age-dependently, and
early in carcinogenesis[81]. It was also clear from the beginning that global DNA hypomethylation in CRC tissues
was accompanied by hypermethylation and transcriptional silencing of tumours suppressor genes or genes coding
for DNA repair proteins[82]. Subsequent studies revealed
that hundreds of genes are aberrantly methylated in the
average CRC genome, and their number is ever-growing,
including genes of the Wnt signalling pathway such as
APC, AXIN2, DKK1, SFRP1, SFRP2, WNT5A, the
DNA repair genes MGMT, hMLH1, and hMLH2, cell
cycle-related genes such as CDKN2AINK4a(p14), CDKN2AA-INK4b(p15), and CDKN2AARF(p16), the RAS signalling
genes RASSF1A and RASSF1B, and many more[11,83,84].
Although all CRCs are characterized by the presence of
hypermethylation, a specific subgroup of them, denoted
as the CpG island methylator phenotype (CIMP+),
displays extensive levels of methylated genes[85]. By an
epigenetic point of view, CRCs can be broadly divided
into CIMP+ and non-CIMP tumours, but taking into
account also genetic alterations, several subgroups have
been proposed. For example, Hinoue and coworkers recently proposed the following four subtypes: (1) CIMPhigh tumours exhibiting a very high frequency of cancerspecific DNA hypermethylation associated with MLH1
methylation, microsatellite instability, and the BRAF
V600E mutation; (2) CIMP-low tumours associated with
KRAS mutations and characterized by methylation of a
subset of CIMP-high associated genes; (3) Non-CIMP
tumours characterized by TP53 mutations and frequent
occurrence in the distal colon; and (4) Non-CIMP tumours showing a low frequency of cancer-specific gene
mutation and hypermethylation, and enriched of rectal
tumours[7]. Increasing evidence suggests that several of
those epigenetic modifications can be valuable biomarkers for CRC diagnosis, progression, prognosis, tendency
to metastasis, and response to treatment (Table 2).
Methylation biomarkers of CRC diagnosis
Aberrant patterns of DNA methylation from CRC cells
can be detected in tumours-derived cell-free DNA found
in blood or feces of cancer patients, and there is also
evidence that often DNA methylation profiles in blood
reflect those in CRC tissues[86]. This led researchers to
search for DNA methylation biomarkers in those specimens and to develop blood-based and stool-based noninvasive and cost-effective epigenetic CRC diagnostic
tools[87]. The presence of aberrantly methylated septin 9
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Table 1 Examples of genetic biomarkers for colorectal cancer
Biomarkers

Ref.

Genetic biomarkers
Breakpoints of 17p11.2
Loss of 18q
Loss of SMAD
APC mutations
KRAS mutations
BRAF mutations
PIK3CA mutations
Loss of PTEN
TP53 expression
Loss of NDST4
Candidate biomarkers
Loss of SMAD4
MSI
KRAS, BRAF, PI3KCA, PTEN mutations

Prognosis
Found in primary colonic tumours in CRC patients with liver metastasis
Poor prognosis
Advanced stage disease (Ⅲ), lymph node metastases, shorter overall survival
Poorer overall survival
Heterogeneous phenotype of CRC
Specific phenotype and metastasis
Poor prognosis and specific clinicopathological features
High rate of distant metastasis
Worse prognosis
Adverse prognosis
Chemoresistance/Chemosensitivity
Poorer response to 5-FU
Resistance to 5-FU
Resistance to anti-EGFR mAb

[22]
[23,24]
[26]
[39]
[43,44,45]
[61,62]
[64]
[68]
[70,71]
[72]
[28]
[83]
[46-52,74,75,79-81]

CRC: Colorectal cancer; mAb: Monoclonal antibodies; 5-FU: 5-fluorouracil.

(MINT1 and MINT31) have been consistently found
to be methylated in the passage from a normal colon
epithelium to an aberrant crypt focus. Other genes
(p14, HLTF, ITGA4, p16, CDH1 and ESR1) resulted
frequently methylated in the passage from an aberrant
crypt focus to polyp/adenoma, and four additional genes
(TIMP3, CXCL12, ID4, and IRF8) could have a role in
CRC progression and metastasis[11]. More recent studies revealed additional epigenetic biomarkers linked to
CRC staging and progression. A high degree of LINE-1
hypomethylation was found in early-onset CRC, a clinically distinct form of CRC that is often associated with
a poor prognosis[98]. LINE-1 hypomethylation leads to
the activation of proto-oncogenes in CRC metastasis[99].
There is also indication that the clinical outcome of MSI
CRCs depends on LINE-1 methylation, suggesting that
lower LINE-1 methylation status serves as a significant
prognostic parameter of adverse prognosis[100]. Serrated
adenomas form a distinct subtype of colorectal premalignant lesions that may progress to malignancy along
a different molecular pathway than the conventional
adenoma-carcinoma pathway, and loss of expression of
the slit homolog 2 (SLIT2) gene by promoter hypermethylation and loss of heterozygosity events are significantly
associated with serrated adenoma development[101]. Methylation of the WNT5A gene, a member of the WNT
gene family, has been frequently detected in early gastric
carcinomas[102]. Also somatic mutations, allele loss, and
DNA methylation of the cub and sushi multiple domains
1 (CSMD1) gene, whose function is still unclear, correlate
with earlier clinical presentation in CRC[103].
Concerning CRC prognostic biomarkers, it was
shown that DNA methylation of p14, RASSF1A and
APC genes, defines a poor prognosis subset of CRC
patients independently of both tumour stage and differentiation[104], whilst MGMT methylation seemed to play
a protective role[104], and MLH1 inactivation through hypermethylation was found to be related to improved survival[105]. A meta-analysis of 11 studies indicated that p16

(SEPT9) in plasma is a valuable and minimally invasive
blood-based PCR test (Figure 2), showing a sensitivity and a specificity of almost 90% in the detection of
CRC[13,87,88], and represents a currently commercialized
test as it is able to detect CRC at all stages and locations[89]. Researchers have evaluated the possibility to
include the methylation analysis of additional genes, such
as for example ALX4 and HLTF, to increase the sensitivity of this blood-based test[90,91]. Others are searching
for different blood-based biomarkers than SEPT9. For
example, the methylation status of secreted frizzledrelated protein 2 gene (SFRP2) in CRC tissues, serum
and fecal DNA was able to detect almost 67% CRCs[92],
and recent genome-scale search of DNA-methylation
biomarkers for blood-based detection of CRC revealed
that methylated thrombomodulin (THBD) gene detects
74% of stage Ⅰ/Ⅱ CRCs at a specificity of 80%[93], and
that methylation of the syndecan 2 (SDC2) gene has a
sensitivity of 92% for stage Ⅰ CRC[94].
A stool-based test for the methylation analysis of the
vimentin (VIM) gene is available in the United States
(Figure 2) and has a specificity and sensitivity of almost
80%[14]. Several hypermethylated genes isolated from
stool samples have been utilised as biomarkers for the detection of CRC or colorectal adenomas, including APC,
p16, hMLH1, MGMT, SFRP1, SFRP2 and VIM[95]. Two
meta-analyses of those studies revealed that the sensitivity for the detection of CRC or adenomas ranged from
62% to 75%[95,96]. Recently, hypermethylation of fibrillin-1
(FBN1) was detected in CRC stool samples, and showed
72% sensitivity and 93% specificity for detecting CRC[97].
DNA methylation biomarkers of CRC staging and
prognosis
A few years ago, Lao and Grady reviewed the genes that
seem to be more commonly methylated in the multistep process leading from normal colonic epithelium to
adenocarcinoma. At least six genes (SLC5A8, SFRP1,
SFRP2, CDH13, CRBP1, and RUNX3) and two loci

WCGO|www.wjgnet.com

1152

February 8, 2015|First Edition|

Coppedè F et al . Biomarkers of colorectal cancer
Table 2 Examples of DNA methylation biomarkers for colorectal cancer diagnosis, progression, prognosis and treatment
DNA methylation biomarkers
Methylated genes/loci
SLC5A8, SFRP1, SFRP2, CDH13, CRABP1, RUNX3, MINT1,
MINT31, WNT5A
p14, HLTF, ITGA4, CDKN2A/p16, CDH1, ESR1
TIMP3, CXCL12, ID4, IRF8, MGMT, hMLH1
SPARC, miR-34b/c, miR-126, miR-128
Methylation biomarkers
SEPT9, SFRP2, THDB, SBC2
VIM, FBN1
Methylation biomarkers
p14, RASSF1A, and APC
MGMT, hMLH1
p16
HOPX-β
Extracellular matrix genes
(IGFBP3, EVL, CD109 and FLNC)
IGF2 hypomethylation
Polycomb genes (SFRP1, MYOD1, HIC1, and SLIT2)
miR-34b/c, miR-126, miR-128
Candidate biomarkers
TFAP2E
DYPD, TYMP, UMPK, SPARC
UGT1A1
MGMT

Ref.
Frequently methylated in
Normal colon epithelium → aberrant crypt focus

[11,105]

Aberrant crypt focus → polyp/adenoma
Polyp/adenoma → metastasis
Lymphovascular invasion, metastasis
CRC Diagnosis
Blood-based PCR test for the detection of CRC
Stool-based test for the detection of CRC
Prognosis
Poor prognosis
Improved survival
Poor prognosis
Worse prognosis of stage Ⅲ CRC
Worse survival

[11]
[11]
[114-117]

Poor prognosis, short survival
Favourable prognosis in non-CIMP male patients
Invasive tumors
Chemoresistance/Chemosensitivity
No responsiveness to 5-FU, irinotecan, oxaliplatin
Their methylation might affect 5-FU treatment1
Its methylation might affect irinotecan treatment1
Clinical response to dacarbazine is restricted to those with MGMT
hypermethylation

[112]
[113]
[115-117]

[91-97]
[14,100]
[107]
[107,108]
[109]
[110]
[111]

[118]
[16,119]
[119]
[120]

1

Suggested biomarkers from cell culture studies, with limited or no evidence in humans. CRC: Colorectal cancer; miR: micro-RNA; PCR: Polymerase chain
reaction; 5-FU: 5-fluorouracil.

DNA methylation biomarkers and CRC chemotherapy
Epigenetic signatures in CRC are also of interest for their
possible interactions with chemotherapeutic agents. Indeed, the epigenetic silencing of a particular gene might
result in chemosensitivity or chemoresistance toward a
particular therapeutic agent[16]. Crea et al[16] proposed a
panel of genes whose aberrant methylation could contribute to chemosensitivity or chemoresistance to 5-FU,
irinotecan, and oxaliplatin, three of the most frequently
used drugs in CRC treatment. 5-FU antitumor activity is
mainly exerted by inhibiting thymidylate synthase, in the
de novo synthesis of pyrimidines. Increased TYMS expression is one of the major mechanisms of 5-FU chemoresistance, and there is indication that histone acetylation/
deacetylation processes, rather than DNA methylation
of the promoter, might be of relevance in epigenetically regulating TYMS expression in CRC. Several other
genes that participate in pyrimidine metabolism might
represent potential molecular determinants of 5-FU
chemoresistance, including dihydropyrimidine dehydrogenase (DYPD), thymidine phosphorylase (TYMP), and
uridine monophosphate/cytidine monophosphate kinase
(UMPK) genes. Their potential epigenetic contribution to
5-FU resistance in CRC patients is under investigation[16].
Hypermethylation of the gene encoding the transcription factor AP-2 epsilon (TFAP2E) was found in 51%
of CRC patients and resulted in clinical nonresponsiveness to chemotherapy (5-FU, irinotecan or oxaliplatin)[115].
Functional assays showed that TFAP2E chemoresistance
is mediated through its downstream target gene DKK4,

hypermethylation might be a predictive factor for unfavourable prognosis of CRC patients[106]. Homeodomainonly protein X-β gene (HOPX-β ) promoter methylation
was recently shown to be frequent in human cancers and
was suggested to act as a tumours suppressor gene. Particularly, HOPX-β promoter methylation was associated
with worse prognosis of stage Ⅲ CRC patients and also
with poor differentiation[107]. Methylation of genes in the
extracellular matrix (ECM) remodelling pathway, such as
IGFBP3, EVL, CD109 and FLNC, was associated with
worse survival, suggesting that methylation of this pathway might represent a prognostic signature in CRC[108].
Similarly, hypomethylation of the insulin growth factor
Ⅱ (IGF2) differentially methylated region in colorectal
tumours was associated with poor prognosis[109]. Conversely, methylation of the polycomb group target genes,
including SFRP1, MYOD1, HIC1, and SLIT2, resulted in
favourable prognosis in non-CIMP male patients[110].
Lymphovascular invasion of CRC was related to
methylation of the gene encoding the secreted protein
acidic and rich in cysteine (SPARC) in stromal cells[111].
Others analysed DNA methylation in mucosal wash fluid
from patients undergoing colonoscopy, observing that
methylation of the micro-RNA (miR-34b/c) had the
greatest correlation with invasive tumours[112]. Methylation of miR-128 in CRC samples led to an upregulation
of its target gene NEK2 that resulted in lymphatic invasion and peritoneal dissemination[113]. It was also shown
that epigenetic silencing of miR-126 contributes to tumour invasion and angiogenesis in CRC[114].
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likely through promoter methylation, in CRC tissues[119].
Goal of present and future research is to identify those
biomarkers that could allow a feasible, cost-effective and
non-invasive diagnosis of CRC, as well as to understand
which panel of biomarkers can be used to better define
patient’s prognosis and the best choice of available treatments (Figure 2). Several examples are provided within
this review suggesting the need to combine genetic and
epigenetic data for a better diagnostic, prognostic and
therapeutic approach. Integration of those data with
transcriptome and proteome profiles could represent a
valuable strategy to further understand the molecular
pathways involved in CRC, as well as to improve life expectancies and quality of life of the patients.

Blood DNA
Early diagnosis
(example: SEPT9 )

Tumor sample DNA
Prognosis/stating/
choice of therapy
Fecal DNA
Early diagnosis
(example: VIM )
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Core tip: Although the importance of circulating free
DNA is widely recognized, numerous studies evaluating
its presence in blood and stool samples have reported
analytic variability and non conforming approaches.
Nonetheless, circulating free DNA has shown high potential as a biomarker for the early non-invasive detection of cancer and for monitoring disease progression.
Population studies are now needed to confirm its usefulness for colorectal cancer diagnosis.
Original sources: De Maio G, Rengucci C, Zoli W, Calistri D.
Circulating and stool nucleic acid analysis for colorectal cancer
diagnosis. World J Gastroenterol 2014; 20(4): 957-967 Available
from: URL: http://www.wjgnet.com/1007-9327/full/v20/i4/957.
htm DOI: http://dx.doi.org/10.3748/wjg.v20.i4.957

Abstract
In recent years, the need to identify molecular markers characterized by high sensitivity and specificity in
detecting and monitoring early and colorectal cancer
lesions has increased. Up to now, none of the markers
or panels of markers analyzed have met the rigorous
standards required of a screening program. The important discovery of circulating nucleic acids in biological
fluids has aroused intense scientific interest because
of their usefulness in malignant and non malignant
diseases. Over time, their yield and stability have been
identified and compared with other “standard” biomarkers. The analysis of circulating DNA from blood and
stool is a relatively simple and non-invasive procedure,
representing a very attractive marker to detect genetic
and epigenetic mutations and to monitor disease progression. A correlation between blood and stool biomarkers could also help to enhance currently available
diagnostic approaches. However, various processing
and analytic problems need to be resolved before such
an approach can be applied in clinical practice.

WCGO|www.wjgnet.com

HISTORY OF CIRCULATING NUCLEIC
ACIDS
Circulating nucleic acids in the plasma of healthy and
diseased individuals were identified[1] a few years before
the discovery of the double helical structure of DNA[2].
Almost 20 years later, circulating DNA was identified in
the serum and plasma of subjects with systemic lupus
erythematosus[3]. Around the same time, circulating DNA
was identified in other diseases characterized by tissue
destruction such as hepatitis, metastatic carcinoma and
miliary tuberculosis, suggesting that serum DNA might
originate from endogenous tissue breakdown[4]. In 1977,
levels of circulating DNA in the serum of individuals
with different types of cancer were found to be related to

1160

February 8, 2015|First Edition|

De Maio G et al . Colorectal cancer diagnosis

by Tan et al[3] is widely accepted[4]. Initially, circulating
DNA was thought to be a derivative of increased and abnormal apoptotic pathways in cancerous lesions[24,25] because of its ladder pattern revealed by gel electrophoresis
similar to the one shown by apoptotic cells[26,27]. However,
it must be remembered that apoptosis is a mechanism
apparently lost by proliferating cancer cells and that its
restoral is highly problematic[9,24,27]. Another hypothesis
is that circulating DNA derives from “micrometastatic”
tumor cells shed in the circulation. However, some authors reported that the amount of DNA isolated from
the plasma of cancer patients was very high and did not
correspond to the number of cancer cells present in the
circulation[28,29]. Tumor necrosis is thought to be related
to high amounts of DNA fragments found in the plasma
of patients with large or advanced/metastatic tumors,
suggesting that this mechanism may be related to circulating DNA[5,30,31]. However, other pathways could also be
involved[4], and probably abnormal DNA degradation or
secretion mechanisms may lead to increased DNA levels
and differing DNA fragmentation, contributing to the
presence of high levels of circulating free DNA[24,32] (Figure 1).

response to radiotherapy treatment. In particular, for the
first time, circulating DNA was more accurately quantified using a sensitive radioimmunoassay based on antiDNA antibodies obtained from lupus erythematosus
patients[5]. This quantification revealed that increased or
high DNA circulating levels were mainly present in patients characterised by a lack of response to treatment.
The presence of extractable amounts of DNA in the
plasma of cancer patients was also identified, suggesting
that circulating DNA may be shed from tumours[6]. Other
researchers reported findings of KRAS and NRAS gene
mutations from the primary tumor in the plasma and serum of individuals with cancer, providing clear evidence
of the origin of circulating DNA from tumors[7-14]. Extracellular nucleic acids, present in different body fluids such
as plasma, serum, bronchial lavage, urine and faecal fluids,
have aroused the interest of the scientific community in
recent years[15,16] representing a valid biomarker for the
early, non-invasive detection of cancer or for the monitoring of disease progression. Early diagnosis is fundamental
to reduce morbidity and mortality, especially as patients
diagnosed at early stages show long-term survival[17].
Unfortunately, the quantity of circulating free DNA
in these body fluids is usually low and its isolation remains a challenge. However, rapid technological advances
have led to an improved sensitivity and specificity for the
detection of cell-free nucleic acids, opening up new possibilities for the non-invasive detection and monitoring
of various malignant diseases[15].

ORIGIN OF CIRCULATING FREE RNA
Less is known on the origin of circulating free RNA[33].
More than 25 years ago, RNA in proteolipid complexes
were first identified in the serum of cancer patients[34].
Initially, circulating RNA was found in the serum of
healthy individuals and patients with melanoma, breast
cancer and hepatocellular carcinoma [35-37]. Numerous
studies have reported that specific RNA is present in
the plasma of patients with a variety of cancers and that
these molecules are more stable than expected[38], suggesting that free circulating RNA is probably protected
by vesicles or vesicle-like structures. Apoptosis would also
appear to be involved in the release of circulating free
RNA, and the binding of proteins or phospholipids may
explain the resistance to RNase degradation in the bloodstream[39,40]. Moreover, mRNA and miRNA are found in
particles such as exosomes released into the bloodstream,
which may help to preserve these nucleic acids in the
blood and increase the amount in circulation. In fact, it
has been seen that the higher levels of mRNA identified
in cancer patients than in healthy individuals are mainly
associated with exosome fraction[37].

ORIGIN OF CIRCULATING FREE DNA
Circulating free DNA is a double-stranded molecule of
low molecular weight which, although mainly fragmented
in 70-200 base pairs (bp), also has sections up to 21 kilobases in length[18]. In healthy individuals, apoptosis and
necrosis of lymphocytes and other nucleated cells are
mainly involved in the release of circulating nucleic acids
into the blood. Apoptosis leads to DNA degradation
in which chromosomal DNA is first cleaved into large
fragments (50-300 kb) and then into multiples of nucleosomal units (180-200 bp)[19]. The contents of apoptotic
cells are rapidly ingested by phagocytes or neighbouring
cells[20] and the DNA is consequently completely digested
by DNase Ⅱ in lysosomes[19]. Thus, DNA fragments released by apoptosis may be removed before entering the
circulation[19,20]. However, apoptotic DNA is probably the
primary source of circulating nucleic acids, especially if
we take into account the fact that normal plasma DNA
on electrophoresis exhibits band sizes equivalent to
whole-number multiples of nucleosomal DNA (185-200
bp)[21]. In cancer patients, the origin of circulating nucleic
acids remained unknown for many years. Although increased circulating free DNA levels cannot be regarded as
specific to cancer, different size distributions have been
observed in cancer patients[22,23]. Currently, the hypothesis
on the endogenous origin of circulating DNA proposed
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EARLY DIAGNOSIS OF COLORECTAL
CANCER
Colorectal cancer (CRC) incidence and mortality rates
vary markedly around the world. However, rates are substantially higher in males than in females[41], representing
the third most commonly diagnosed cancer in males and
the second in females[42]. CRC is caused by a molecular
alteration in the epithelial cells of the colon, specifically,

1161

February 8, 2015|First Edition|

De Maio G et al . Colorectal cancer diagnosis

Apoptotic/necrotic cells

CTC

Blood vessel
Exosomes

Free DNA

Intestinal
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Apoptotic/necrotic cells

Free DNA

Figure 1 Hypothesis for circulating free DNA development. The primary tumor releases cells into the bloodstream or intestinal lumen. In healthy individuals, apoptosis and necrosis are the main pathways linked to cell degradation and, consequentially, to DNA fragmentation. In cancer patients, in addition to the aforementioned
necrosis and apoptosis, there would seem to be abnormal mechanisms of DNA degradation or secretion that increase levels and fragmentation of DNA. CTC: Circulating tumor cells.

in proto-oncogenes and tumor suppressor genes such as
APC, KRAS, SMAD 2/4 and p53. Epigenetic alterations
have gained recognition as a key mechanism in colorectal carcinogenesis. In particular, hypermethylation of
CpG islands present in gene promoter sequences leads
to the inactivation of tumor suppressor genes. The vast
majority of tumors (about 50%-80%) present chromosomal instability, while a smaller fraction (10%-15%) is
characterized by microsatellite instability (MSI). CRCs
with hypermethylation changes in numerous different
CpG-rich DNA regions are defined as showing CpG
island methylation phenotype (CIMP). CIMP-positive
cancer also seems to be associated with MSI and BRAF
mutations[43,44]. Conversely, hypomethylation of specific
sequences may decrease the fidelity of chromosomal
segregation[45], suggesting that it could be involved in the
chromosomal instability phenotype[46]. DNA methylation
changes probably cause adenomatous precursor lesions
to progress into malignant tumors.
The importance of screening tools to identify early
stage CRC is acknowledged worldwide. Colonoscopy is
currently considered to be the “gold standard” for CRC
screening. However, it is estimated that less than 60% of
eligible individuals over 50 years of age have undergone
this test for various reasons, the main one being the invasiveness of the procedure[47]. The immunochemical fecal
occult blood test (iFOBT), a non invasive screening CRC
approach that uses antibodies against human globulin,
has reduced CRC mortality by 15%-33%[48,49]. However,
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this test is characterized by frequent false-negative and
false-positive results, and its sensitivity in detecting precursor lesion such as adenomas is very low (10%-20%)[50].

NUCLEIC ACIDS IN SERUM AND PLASMA
Numerous studies have been published on circulating
free DNA in both plasma and serum of different tumor
types including colorectal[51-60]. A summary of the most
important studies on colorectal cancer patients is shown
in Table 1.
It is known that serum contains a higher amount of
free circulating DNA than plasma. Different hypotheses
for this have been put forward, e.g., an unequal distribution of DNA during separation from whole blood[61].
However, differing levels of circulating free DNA have
been observed in experiments using serum and plasma,
and the optimal material to process remains open to debate[31].
The most important serum markers for CRC detection are carcinoembryonic antigen (CEA), carbohydrate
antigen 19-9 (CA19-9) and tissue inhibitor of matrix metalloproteinases (TIMP)-1. However, CEA is currently the
only marker used for prognosis, follow-up and monitoring of disease status. Although high levels of serum CEA
are often associated with an increased risk of recurrence
and poor prognosis. It is not uncommon to detect normal levels in patients with advanced CRC or early stage
patients who subsequently develop recurrence or distant
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Table 1 Summary of studies that have tested DNA integrity and genetic alteration markers in blood samples in colorectal cancer
Study
Flamini et al[17], 2006

Biomarker(s)

Methods

Case analyzed

Serum cfDNA
CEA
cfDNA and CEA

qRT PCR

CRC: 75
HD: 75

Main results

Sensitivity
Specificity
81%
73%
39%
97%
88%
71%
Frattini et al[51], 2006
Plasma cfDNA
DNA Dipstick Kit
CRC: 70
CRC (T0) mean value DNA: 495.7 ng/mL
CRC (FU at 4 mo) mean value DNA: 170.6 ng/mL
HD: 20
CRC (FU at 10 mo) mean value DNA: 240.9 ng/mL
CRC (FU at 10 mo)(DFP) mean value DNA: 136.2 ng/mL
CRC (FU at 10 mo)(RP) mean value DNA: 694.4 ng/mL
HD: mean value DNA 10.3 ng/mL
Altered in only 37% of CRC patients
Umetani et al[61], 2006
Plasma cfDNA
ALU qRT PCR Breast, Colorectal, Thyroid
Mean ± SD value plasma cfDNA: 180 ± 150 pg/μL
Serum cfDNA
Cancer: 22
Mean ± SD value serum cfDNA: 970 ± 730 pg/μL
Thyroid A: 2
[64]
Umetani et al , 2006
Absolute serum
ALU qRT PCR
CRC: 32
CRC (Ⅰ-Ⅱ) mean absolute value DNA: 1.63 ng/μL
CRC (Ⅰ-Ⅱ) mean integrity DNA: 0.22 ng/μL
DNA
HD: 51
CRC (Ⅲ-Ⅳ) mean absolute DNA: 1.73 ng/μL
Integrity serum DNA
CRC (Ⅲ-Ⅳ) mean integrity DNA: 0.22 ng/μL
Alu repeats (2 sites)
Boni et al[52], 2007
Plasma cfDNA
qRT PCR
CRC: 67
CRC: Mean value DNA 57.93 ng/mL
HD: Mean value DNA 0.85 ng/mL
CEA
HD: 67
Evaluated in only 47% of patients
Danese et al[65], 2010
Serum cfDNA
RT-PCR
CRC: 118
Sensitivity
Specificity
83%
92%
CEA
P: 49
36%
100%
HD: 26
Mead et al[31], 2011
Plasma cfDNA
PCR
CRC: 24
AUC: cfDNA: 0.81
AUC (CEA and cfDNA): 0.855
(4 DNA markers)
ELISA
P: 26
P: Sensitivity: 83%; Specificity 72%
CEA
HD: 35
Czeiger et al[66], 2011
Serum cfDNA
Fluorometric
CRC: 38
Sensitivity
Specificity
42%
94%
Assay
HD: 34
da Silva Filho et al[67],
Serum cfDNA
qPCR
CRC not operated on: 27
CRC not operated on: 0.08-62.10 pg/μL
CRC operated on: 0.01-186.7 pg/μL
2013
Alu repeats (2 sites)
CRC operated on: 33
HD: 0.01-26.11 pg/μL
HD: 30
Mean value range (according to different Alu analysis)
cfDNA: Cell-free circulating DNA; HD: Healthy donors; A: Adenomas; P: Polyps; T0: Time 0; FU: Follow up; DFP: Disease free patients; RP: Recurrence
patients; AUC: Area under the receiver-operating characteristic (ROC) curve; qRT PCR: Quantitative real time polymerase chain reaction; ELISA: Enzymelinked immunosorbent assay.

metastases[62]. Thus, the use of CEA assessment for the
early diagnosis and monitoring of CRC is limited by
relatively poor sensitivity and specificity[63]. In 2006, Frattini et al[51] quantified circulating DNA plasma levels of
70 patients submitted to surgery for primary CRC at the
time of surgery and during follow-up and comparing this
marker with CEA. It was found that circulating DNA
levels in all patients at the time of surgery were about
25-fold higher those of 20 healthy donors. Of note, only
37% of patients had altered CEA levels[51]. Moreover,
Boni et al[52] observed a statistically significant difference
in plasma circulating DNA levels between healthy donors
and CRC patients. A significant difference was also observed between circulating DNA and CEA values in CRC
cases, calculated in only 47% of cases[52].
Sensitivity and specificity of serum free circulating
DNA and CEA values were also examined in other studies, confirming high levels of circulating free DNA in
CRC patients with respect to healthy individuals. Conversely, sensitivity values of CEA were around 35%, even
when specificity was higher[17,65]. Sensitivity and specificity
values increased to 88% and 71%, respectively, considering the two markers in combination[17]. Moreover, Frattini
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et al[51] observed that circulating free DNA levels decreased progressively during follow-up in disease-free patients but increased in those who relapsed. This finding is
in line with the first observation on circulating free DNA
made by Leon et al[5] who suggested that the decrease in
free DNA in cancer patients before and after treatment
may be due to the therapy’s inhibitory effect on the proliferation of cancer cells. Conversely, in the early stages
of cancer, when little cell death occurs, circulating DNA
may already be present in higher than normal concentrations.
Analysing two sites of Alu repeats by a quantitative
PCR approach, Umetani et al[64] found that serum DNA
integrity values were higher in 32 CRC patients than in
controls. Interestingly, the serum free circulating DNA
concentration was 4- to 6-fold higher in patients than
in healthy individuals. This ALU sequencing approach
would also appear to be able to discriminate between
healthy individuals, CRC patients who have undergone
surgery and those who have not been submitted to surgical treatment[67].
These studies revealed a higher sensitivity of circulating DNA then CEA quantitation in CRC patients. Serum
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CA19-9, CA72-4 and TIMP-3 are currently being evaluated for screening purposes[68-70], while serum methylation markers such as TAC1, SEPT9 and EYA4 are under
investigation as biomarkers for adenoma and early CRC
detection[71]. In particular, SEPT9 has been investigated
with the aim of improving detection rates of malignant
lesion precursors[72], but sensitivity values do not appear
to be better than those obtained with stool[73]. Ahlquist
et al[73] reported higher SEPT9 values than those of the
stool DNA multimarker test only for stage Ⅳ CRC.
Available data do not, therefore, justify the application of
SEPT9 as a single biomarker for the detection of premalignant and early malignant lesions in a screening population. The analysis of paired samples, i.e., stool DNA multimarker test and plasma SEPT 9, showed a sensitivity of
82% and 14% for adenoma detection, respectively, and
87% and 60% for CRC, respectively[73].
Interestingly, a recent meta-analysis by Yang et al[74]
concluded that stool DNA was not suitable for CRC
screening in average- rather than high-risk individuals, yielding a low detection value for precancerous lesions. Amir et al[75] demonstrated a correlation between
SEPT9_V1 overexpression and drug resistance in various
cancer cell lines. The potential of plasma biomarkers to
identify individuals at risk of developing drug resistance
was also demonstrated by Misale et al[76] in a metastatic
colorectal cancer population.
Cell free mRNA has also been evaluated in plasma,
in particular by the quantification of mRNA levels of
hTERT, a ribonucleoprotein involved in the maintenance
of correct length of telomeric chromosome ends, overexpressed in a wide number of tumors, including colon and
rectal cancers[77,78]. In particular, a correlation has been
found between plasma mRNA levels and tumor stage in
CRC patients, suggesting that plasma RNA quantification
could be useful for early diagnosis and follow up[77,78].

the mucus present on stool surface after defecation may
have been picked up in the distal large bowel, it may also
contain cells derived from the entire colorectal mucosa[85].
This would explain why malignant cells from the cecum
and other right-sided CRCs can be isolated from stool
after defecation[86] despite the luminal contents generally being liquid in the most proximal part of the large
bowel. Stool tests based on isolated colonocytes rather
than blood markers may offer better results due to the
higher rate of neoplastic cell exfoliation, especially when
used alone or in combination with current routine diagnostic tests, such as iFOBT[70]. However, as it is extremely
difficult to discriminate between normal and malignant
cells using standard morphological criteria, considerable
interest has arisen in identifying biomarkers secreted by
CRC cells rather than normal colonocytes[79]. Adenomas and CRC characteristically exfoliate non-apoptotic
colonocytes, unlike normal colonic mucosa, which typically sheds apoptotic colonocytes[87]. The carcinogenetic
process can lead to genetic mutations and/or epigenetic
alterations that prevent normal colonocytes apoptosis[50].
Non-apoptotic colonocytes shed from diseased mucosa
and isolated in the stool can release segments of 200 bp
or more in length of intact DNA (L-DNA), making the
latter a potentially effective stool biomarker.
A number of authors have proposed different methods to develop valid DNA integrity analysis (DIA) assays
to improve sensibility and specificity in the detection of
pre-malignant and malignant lesions. Results from studies
carried out on stool biomarkers since 2000 are summarized in Table 2.
In one of the first studies to focus on this topic,
Boynton et al[91] evaluated the length and integrity of
L-DNA fragments using oligonucleotide-based hybrid
captures with specific target sequences of 200 bp, 400
bp, 800 bp, 1.3 kb, 1.8 kb and 24 kb in PCR reactions;
56% sensitivity and 97% specificity were obtained. The
authors concluded that CRC was related to the presence
of high molecular weight bands[91]. Another approach to
quantify stool L-DNA was carried out using fluorescence
primers, capillary electrophoresis and standard curves
(fluorescence long DNA, FL-DNA)[92]. In this pilot study
on 56 patients and 38 healthy volunteers, FL-DNA evaluation using a cut-off of 25 ng showed a sensitivity of
about 76% and a specificity of 93% compared to a specificity of 97% and a sensitivity of only 50% when a non
quantitative DNA amplification method was utilized[92].
Long DNA has been also evaluated by analysing human Alu repeats using Real Time PCR assay showing a
specificity of 100% but a sensitivity of 44%[96]. To improve accuracy in detecting neoplastic and pre-neoplastic
lesions, different combinations of DNA integrity and
genetic alteration analyses have been proposed in the last
few years. Ahlquist et al[88] explored the feasibility of stool
assays evaluating panels of selected DNA alterations to
discriminate between subjects with colorectal cancer and
healthy individuals. The pilot study, using an assay based
on L-DNA analysis, APC, TP53 and KRAS gene deter-

NUCLEIC ACIDS IN STOOL
Non-invasive, no bowel preparation and the sampling
design are some of the main advantages of molecular
stool analysis. A greater understanding of the molecular
pathogenesis and the natural history of CRC has helped
researchers to improve methods for molecular stool
screening[79]. In 1952, Bader et al[80] reported that cancer
of the rectum, sigmoid and descending colon could be
detected by the cytological analysis of colonocytes. DNA
from colonocytes shed in stool can be used to characterize the colonic epithelium involved in carcinogenesis.
Colonocytes are, in fact, exfoliated continuously into the
fecal stream[81], and their concentration in the intestinal
lumen of CRC patients can increase of 4.5-fold with
respect to healthy individuals[82]. It has been seen that another important stool element are mucus and its cellular
cargo, found on the surface of stool after defecation[83,84].
Colonic mucus would seem to have protective properties
that create a niche in which colonocytes are preserved
in relative abundance[81,84]. For these reasons, although
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Table 2 Summary of studies that have tested DNA integrity and genetic alteration markers in stool samples
Study

Biomarker(s)

Methods
L-DNA (4 sites)
Mutation analysis
MSI
L-DNA (6 sites)
Mutation analysis
MSI
L-DNA (8 sites)
Mutation analysis

Boyton et al[91], 2003

Stool DNA integrity
KRAS, TP53, APC
BAT 26
Stool DNA integrity
KRAS, TP53, APC
BAT 26
Stool DNA integrity
KRAS, TP53, APC
D2S123, D5S346, D17S250
BAT 25, BAT 26
Stool DNA integrity

Calistri et al[92], 2004

Stool DNA integrity

FL-DNA (8 sites)

Whitney et al[93], 2004

Stool DNA integrity
KRAS, TP53, APC
BAT 26

L-DNA (4 sites)
Mutation analysis
MSI

Imperiale et al[94], 2004

Stool DNA integrity
KRAS, TP53, APC
BAT 26

L-DNA (4 sites)
Mutation analysis
MSI

Kutzner et al[95], 2005

Stool DNA integrity
APC
BAT 26
Stool DNA integrity

L-DNA (4 sites)
Mutation analysis
MSI
L-DNA: Alu-assay (2 sites)

Hybrid
Capture
PCR
RT PCR

Stool DNA integrity
Vimentin
Stool DNA integrity
p16
BAT 26
Stool DNA integrity
KRAS, APC, TP53
BAT 26
Stool DNA test 1

L-DNA (4 sites Locus D, Locus Y)
Methylation analysis
L-DNA: (1476 bp fragments)
Methylation analysis
MSI
L-DNA (4 sites)
Mutations Analysis
MSI

RT PCR

Stool DNA integrity
Vimentin
Stool DNA integrity

L-DNA ( 4 sites, Locus D, Locus Y)
Methylation Analysis
FL-DNA (8 sites)

RT PCR

Calistri et al[101], 2010

Stool DNA integrity
iFOBT

FL-DNA (8 sites)
iFOBT

Kalimutho et al[102],
2011

Stool DNA integrity
Calprotectin

L-DNA (4 sites)
ELISA

QdHPLC

Stool DNA integrity
KRAS
NDRG4, BMP3, vimentin,
TFP12/a-actine

L-DNA
Mutations Analysis
Methylation Analysis

QuARTS

Ahlquist et al[88], 2000

Tagore et al[89], 2003

Calistri et al[90], 2003

Zou et al[96],
2006
Itzkowitz et al[97], 2007
Abbaszadegan et al[98],
2007
Ahlquist et al[99], 2008

Itzkowitz et al[47], 2008
Calistri et al[100], 2009

Ahlquist et al[103], 2012

Assay for Long DNA Case analyzed

MSI
L-DNA (6 sites)

Sensitivity

Specificity

Hybrid
Capture
PCR
Hybrid
Capture
PCR
PCR

CRC: 22
A ≥ 1 cm: 11
HD: 28
CRC: 52
AA: 28
HD: 212
CRC: 56
HD: 38

91%
82%

93%
NA

64%

96%

57%
62%

NA
97%

Hybrid
Capture
PCR
Capillary
Electrophoresis
Magnetic
Bead-Based
Sequence-Specific
Purification
Capture
Hybrid Capture
PCR

CRC: 27
HD: 77

56%

97%

CRC: 85
HD: 59
CRC: 86
HD: 100

76%

93%

70%

96%

52%
15%
8%

95%
NA
NA

65%

91%

44%

100%

88%

82%

64%

95%

PCR

PCR

Capillary
Electrophoresis
Capillary
Electrophoresis

CRC: 31
AA: 407
P: 648
HD: 1423
CRC: 57
HD: 44
CRC: 18
HD: 20
CRC: 40
HD: 122
CRC: 25
HD: 20

CRC: 12
25%
96%
A ≥ 1 cm: 135
17%
NA
A < 1 cm: 469
P: 341
4%
NA
HD: 1473
5%
NA
CRC: 82
83%
82%
HD: 363
CRC: 100
79%
89%
HD: 100
CRC: 26
Cancer risk prediction with
A HR: 264
markers combination
A LR: 54
HD: 216
CRC: 28
86%
81%
A: 69
17%
NA
HD: 95
72%
75%
CRC: 252
85%
89%
A ≥ 1 cm: 133
63%
NA
A < 1 cm: 94
54%
NA
HD: 293

L-DNA: Long-DNA; FL-DNA: Fluorescence long DNA; CRC: Colorectal cancer; A: Adenoma; AA: Advanced Adenoma; A HR: Adenoma high risk; A LR:
Adenoma low risk; HD: Healthy donors; HP: Hyperplasic polyps; NA: Not available; RT-PCR: Real time polymerase chain reaction; QdHPLC: Quantitative
denaturing high performance liquid chromatografy; QuARTS: Quantitative allele specific real-time target and signal amplification; MSI: Microsatellite instability.

detecting CRC[94]. However, results from Imperiale’s study
confirmed that molecular analysis identified CRC and adenomas more accurately than the standard FOBT[94]. Another large study performed by Ahlquist some years later
using a similar approach based on L-DNA evaluation,

mination and BAT26 microsatellite instability evaluation,
reported 91% sensitivity and 93% specificity in detecting
CRC[88]. This high accuracy was not confirmed in a large
multicenter study of more than 4000 subjects conducted
by Imperiale, who reported obtaining 52% sensitivity in
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an assessment of 21 tumor-specific point mutations and
BAT 26 microsatellite analysis reported a sensitivity of
only 25% in detecting cancer[99]. However, the author also
showed that sensitivity could be increased to 58% by using a different molecular approach based on 3 broadly informative markers (KRAS mutation, APC mutator cluster
region and vimentin gene methylation)[99]. Around the same
time, Itzkowitz et al[47] used an approach based on the
analysis of vimentin and different-sized DNA fragments of
different loci, obtaining a sensitivity of 83% and a specificity of 82% in detecting CRC. Other combinations of genetic and epigenetic, MSI and DNA integrity markers has
been tested over the past ten years in an attempt to define
an effective assay for CRC detection. Kalimutho et al[102]
used an approach based on quantitative-denaturing high
performance liquid chromatography detection of APC,
BRAF, KRAS and p53 genes to quantify fecal DNA integrity status. Results showed that the four-gene amplification
analysis increased sensitivity with respect to single gene
amplification, calprotectin evaluation or iFOBT, the latter
two assessed using commercial kits[102]. More recently, a
next generation stool DNA test based on a quantitative allele-specific real-time target and signal amplification assay
was developed with the aim of detecting early-stage CRC,
despite the laboriousness and cost of this approach, a
sensitivity of 85% for CRC and a specificity of 89% were
obtained[103]. Long DNA values have also been evaluated
in combination with iFOBT, showing that a combined approach could better predict the presence of tumor or high
risk adenoma lesions in the colon[101].
An interesting study by Kanaoka et al[104] comparing st
ool cyclooxygenase-2 (COX-2) and CEA mRNA levels revealed that faecal CEA mRNA specificity was lower than
that of COX-2. Furthermore, no significant differences in
median faecal CEA mRNA values between CRC patients
and control subjects were detected by Koga et al[105]. Using the RNA extraction method published by Kanaoka et
al[104], Hamaya et al[106], confirmed significantly higher faecal COX-2 mRNA expression levels in CRC patients than
in controls. Moreover, faecal mRNA levels of CEA, E-cad
and CD45 showed significantly higher values in CRC patients than in controls.

analysis of gene alterations are generally expensive and
time consuming. Furthermore, the evaluation of circulating free DNA exclusively derived from tumor cells represents a useful strategy to monitor disease progression.
In fact, molecular alterations present in metastatic and
primary tumors from the same patient can vary, determining different aggressiveness and/or responsiveness to
treatments. Thus, the possibility of monitoring molecular
alterations using simple tests based on nucleic acids obtained from blood samples could permit a more efficient
assessment of disease status and response to treatments.
Unfortunately, the results from studies carried out
in this area also highlight great variability in terms of
DNA and RNA concentration, yield, and sensitivity and
specificity, indicating the presence of various pre-analytic
(serum preparation with or without coagulation accelerator, interval between collection and centrifugation, storage and cryopreservation of samples) and analytic factors
(type of extraction with organic solvents, commercial
kits, use of magnetic beads) that could influence the diagnostic value of the method. In addition, human faecal
RNA is an understudied type of biospecimen due to the
difficulty of sample preservation[107]. In particular, sample
collection, storage and handling are very important issues
for DNA and RNA extracted from stool and could have
a substantial impact on the performance of a specific
test[107,108]. For these reasons, standardization of sample
collection and analysis is fundamental to ensure good
reproducibility and large, multicenter studies are needed
to clarify the role of these molecular markers in a clinical
setting.

ACKNOWLEDGMENTS
The authors would like to thank Ursula Elbling for editing the manuscript.

REFERENCES
1
2

CONCLUSION

3

Circulating cell-free nucleic acids are potentially excellent
marker for early diagnosis, disease monitoring and more
accurate tumour staging.
Molecular markers that could be used to monitor or
predict a relapse in a presymptomatic phase of follow-up
could have a great impact on the management and, potentially the survival of CRC patients. Several studies have
proposed the use of the circulating free DNA quantification as a screening method for CRC diagnosis. Extraction
of circulating DNA and RNA from biological fluids e.g.,
blood and stool, is a simple, relatively noninvasive and
low cost procedure, thus representing a very attractive
tool to detect genetic and epigenetic mutations, whereas

WCGO|www.wjgnet.com

4

5
6

7

1166

Mandel P, Metais P. [Les acides nucleiques du plasma
sanguin chez l’Homme]. C R Seances Soc Biol Fil 1948; 142:
241-243 [PMID: 18875018]
Watson JD, Crick FH. A structure for deoxyribose nucleic
acid. 1953. Nature 2003; 421: 397-398; discussion 396 [PMID:
12569935]
Tan EM, Schur PH, Carr RI, Kunkel HG. Deoxybonucleic
acid (DNA) and antibodies to DNA in the serum of patients
with systemic lupus erythematosus. J Clin Invest 1966; 45:
1732-1740 [PMID: 4959277 DOI: 10.1172/JCI105479]
Ziegler A, Zangemeister-Wittke U, Stahel RA. Circulating DNA: a new diagnostic gold mine? Cancer Treat
Rev 2002; 28: 255-271 [PMID: 12435372 DOI: 10.1016/
S0305-7372(02)00077-4]
Leon SA, Shapiro B, Sklaroff DM, Yaros MJ. Free DNA in
the serum of cancer patients and the effect of therapy. Cancer
Res 1977; 37: 646-650 [PMID: 837366]
Stroun M, Anker P, Maurice P, Lyautey J, Lederrey C, Beljanski M. Neoplastic characteristics of the DNA found in the
plasma of cancer patients. Oncology 1989; 46: 318-322 [PMID:
2779946]
Sorenson GD, Pribish DM, Valone FH, Memoli VA, Bzik DJ,
Yao SL. Soluble normal and mutated DNA sequences from

February 8, 2015|First Edition|

De Maio G et al . Colorectal cancer diagnosis

8

9

10

11

12

13

14

15
16

17

18

19

20

21

22

single-copy genes in human blood. Cancer Epidemiol Biomarkers Prev 1994; 3: 67-71 [PMID: 8118388]
Vasioukhin V, Anker P, Maurice P, Lyautey J, Lederrey C,
Stroun M. Point mutations of the N-ras gene in the blood
plasma DNA of patients with myelodysplastic syndrome
or acute myelogenous leukaemia. Br J Haematol 1994; 86:
774-779 [PMID: 7918071]
Anker P, Mulcahy H, Chen XQ, Stroun M. Detection of
circulating tumour DNA in the blood (plasma/serum) of
cancer patients. Cancer Metastasis Rev 1999; 18: 65-73 [PMID:
10505546]
Sorenson GD. Detection of mutated KRAS2 sequences as
tumor markers in plasma/serum of patients with gastrointestinal cancer. Clin Cancer Res 2000; 6: 2129-2137 [PMID:
10873061]
Kopreski MS, Benko FA, Borys DJ, Khan A, McGarrity TJ,
Gocke CD. Somatic mutation screening: identification of individuals harboring K-ras mutations with the use of plasma
DNA. J Natl Cancer Inst 2000; 92: 918-923 [PMID: 10841827
DOI: 10.1093/jnci/92.11.918]
Yamada T, Nakamori S, Ohzato H, Oshima S, Aoki T, Higaki
N, Sugimoto K, Akagi K, Fujiwara Y, Nishisho I, Sakon M,
Gotoh M, Monden M. Detection of K-ras gene mutations in
plasma DNA of patients with pancreatic adenocarcinoma:
correlation with clinicopathological features. Clin Cancer Res
1998; 4: 1527-1532 [PMID: 9626473]
Castells A, Puig P, Móra J, Boadas J, Boix L, Urgell E, Solé
M, Capellà G, Lluís F, Fernández-Cruz L, Navarro S, Farré
A. K-ras mutations in DNA extracted from the plasma of
patients with pancreatic carcinoma: diagnostic utility and
prognostic significance. J Clin Oncol 1999; 17: 578-584 [PMID:
10080602]
Ryan BM, Lefort F, McManus R, Daly J, Keeling PW, Weir
DG, Kelleher D. A prospective study of circulating mutant
KRAS2 in the serum of patients with colorectal neoplasia: strong prognostic indicator in postoperative follow
up. Gut 2003; 52: 101-108 [PMID: 12477769 DOI: 10.1136/
gut.52.1.101]
Tong YK, Lo YM. Diagnostic developments involving cellfree (circulating) nucleic acids. Clin Chim Acta 2006; 363:
187-196 [PMID: 16126188 DOI: 10.1016/j.cccn.2005.05.048]
Kirsch C, Weickmann S, Schmidt B, Fleischhacker M. An
improved method for the isolation of free-circulating plasma
DNA and cell-free DNA from other body fluids. Ann N Y
Acad Sci 2008; 1137: 135-139 [PMID: 18837937 DOI: 10.1196/
annals.1448.035]
Flamini E, Mercatali L, Nanni O, Calistri D, Nunziatini R,
Zoli W, Rosetti P, Gardini N, Lattuneddu A, Verdecchia GM,
Amadori D. Free DNA and carcinoembryonic antigen serum
levels: an important combination for diagnosis of colorectal
cancer. Clin Cancer Res 2006; 12: 6985-6988 [PMID: 17145818
DOI: 10.1158/1078-0432.CCR-06-1931]
Jahr S, Hentze H, Englisch S, Hardt D, Fackelmayer FO,
Hesch RD, Knippers R. DNA fragments in the blood plasma
of cancer patients: quantitations and evidence for their origin from apoptotic and necrotic cells. Cancer Res 2001; 61:
1659-1665 [PMID: 11245480]
Nagata S, Nagase H, Kawane K, Mukae N, Fukuyama H.
Degradation of chromosomal DNA during apoptosis. Cell
Death Differ 2003; 10: 108-116 [PMID: 12655299 DOI: 10.1038/
sj.cdd.4401161]
Viorritto IC, Nikolov NP, Siegel RM. Autoimmunity
versus tolerance: can dying cells tip the balance? Clin Immunol 2007; 122: 125-134 [PMID: 17029966 DOI: 10.1016/
j.clim.2006.07.012]
Giacona MB, Ruben GC, Iczkowski KA, Roos TB, Porter
DM, Sorenson GD. Cell-free DNA in human blood plasma:
length measurements in patients with pancreatic cancer and
healthy controls. Pancreas 1998; 17: 89-97 [PMID: 9667526]
Wang BG, Huang HY, Chen YC, Bristow RE, Kassauei K,

WCGO|www.wjgnet.com

23

24

25

26

27

28

29

30
31

32

33

34

35

36

37

38

1167

Cheng CC, Roden R, Sokoll LJ, Chan DW, Shih IeM. Increased plasma DNA integrity in cancer patients. Cancer Res
2003; 63: 3966-3968 [PMID: 12873992]
Ellinger J, Bastian PJ, Haan KI, Heukamp LC, Buettner R,
Fimmers R, Mueller SC, von Ruecker A. Noncancerous
PTGS2 DNA fragments of apoptotic origin in sera of prostate
cancer patients qualify as diagnostic and prognostic indicators. Int J Cancer 2008; 122: 138-143 [PMID: 17764114 DOI:
10.1002/ijc.23057]
Stroun M, Lyautey J, Lederrey C, Olson-Sand A, Anker P.
About the possible origin and mechanism of circulating
DNA apoptosis and active DNA release. Clin Chim Acta
2001; 313: 139-142 [PMID: 11694251]
Tuaeva NO, Abramova ZI, Sofronov VV. The origin of
elevated levels of circulating DNA in blood plasma of premature neonates. Ann N Y Acad Sci 2008; 1137: 27-30 [PMID:
18837920 DOI: 10.1196/annals.1448.043]
Fournié GJ, Courtin JP, Laval F, Chalé JJ, Pourrat JP, Pujazon
MC, Lauque D, Carles P. Plasma DNA as a marker of cancerous cell death. Investigations in patients suffering from lung
cancer and in nude mice bearing human tumours. Cancer
Lett 1995; 91: 221-227 [PMID: 7767913]
Swarup V, Rajeswari MR. Circulating (cell-free) nucleic
acids--a promising, non-invasive tool for early detection of
several human diseases. FEBS Lett 2007; 581: 795-799 [PMID:
17289032 DOI: 10.1016/j.febslet.2007.01.051]
Rhodes CH, Honsinger C, Porter DM, Sorenson GD. Analysis of the allele-specific PCR method for the detection of
neoplastic disease. Diagn Mol Pathol 1997; 6: 49-57 [PMID:
9028737]
Chen X, Bonnefoi H, Diebold-Berger S, Lyautey J, Lederrey C,
Faltin-Traub E, Stroun M, Anker P. Detecting tumor-related
alterations in plasma or serum DNA of patients diagnosed
with breast cancer. Clin Cancer Res 1999; 5: 2297-2303 [PMID:
10499596]
Nawroz H, Koch W, Anker P, Stroun M, Sidransky D. Microsatellite alterations in serum DNA of head and neck cancer
patients. Nat Med 1996; 2: 1035-1037 [PMID: 8782464]
Mead R, Duku M, Bhandari P, Cree IA. Circulating tumour
markers can define patients with normal colons, benign
polyps, and cancers. Br J Cancer 2011; 105: 239-245 [PMID:
21712823]
Drew WL. Laboratory diagnosis of cytomegalovirus infection and disease in immunocompromised patients. Curr
Opin Infect Dis 2007; 20: 408-411 [PMID: 17609601 DOI:
10.1097/QCO.0b013e32821f6010]
González-Masiá JA, García-Olmo D, García-Olmo DC. Circulating nucleic acids in plasma and serum (CNAPS): applications in oncology. Onco Targets Ther 2013; 6: 819-832 [PMID:
23874104 DOI: 10.2147/OTT.S44668]
Wieczorek AJ, Sitaramam V, Machleidt W, Rhyner K, Perruchoud AP, Block LH. Diagnostic and prognostic value of
RNA-proteolipid in sera of patients with malignant disorders following therapy: first clinical evaluation of a novel tumor marker. Cancer Res 1987; 47: 6407-6412 [PMID: 2445471]
Kopreski MS, Benko FA, Kwak LW, Gocke CD. Detection
of tumor messenger RNA in the serum of patients with malignant melanoma. Clin Cancer Res 1999; 5: 1961-1965 [PMID:
10473072]
Chen XQ, Bonnefoi H, Pelte MF, Lyautey J, Lederrey C,
Movarekhi S, Schaeffer P, Mulcahy HE, Meyer P, Stroun
M, Anker P. Telomerase RNA as a detection marker in the
serum of breast cancer patients. Clin Cancer Res 2000; 6:
3823-3826 [PMID: 11051224]
Ng EK, Tsui NB, Lam NY, Chiu RW, Yu SC, Wong SC, Lo
ES, Rainer TH, Johnson PJ, Lo YM. Presence of filterable and
nonfilterable mRNA in the plasma of cancer patients and
healthy individuals. Clin Chem 2002; 48: 1212-1217 [PMID:
12142376]
Tsui NB, Ng EK, Lo YM. Stability of endogenous and added

February 8, 2015|First Edition|

De Maio G et al . Colorectal cancer diagnosis

39

40

41

42
43

44

45

46

47

48

49

50
51

52

53

RNA in blood specimens, serum, and plasma. Clin Chem
2002; 48: 1647-1653 [PMID: 12324479]
Hasselmann DO, Rappl G, Tilgen W, Reinhold U. Extracellular tyrosinase mRNA within apoptotic bodies is protected
from degradation in human serum. Clin Chem 2001; 47:
1488-1489 [PMID: 11468248]
Kopreski MS, Gocke CD. Cellular- versus extracellularbased assays. Comparing utility in DNA and RNA molecular marker assessment. Ann N Y Acad Sci 2000; 906: 124-128
[PMID: 10818607 DOI: 10.1111/j.1749-6632.2000.tb06601.x]
Ahnen DJ, Macrae FA. Colorectal cancer: Epidemiology, risk
factors, and protective factors. 2013. Available from: URL:
http: //www.uptodate.com/contents/colorectal-cancerepidemiology-risk-factors-and-protective-factors#H33
Jemal A, Bray F, Center MM, Ferlay J, Ward E, Forman
D. Global cancer statistics. CA Cancer J Clin 2011; 61: 69-90
[PMID: 21296855]
Weisenberger DJ, Siegmund KD, Campan M, Young J, Long
TI, Faasse MA, Kang GH, Widschwendter M, Weener D,
Buchanan D, Koh H, Simms L, Barker M, Leggett B, Levine J,
Kim M, French AJ, Thibodeau SN, Jass J, Haile R, Laird PW.
CpG island methylator phenotype underlies sporadic microsatellite instability and is tightly associated with BRAF mutation in colorectal cancer. Nat Genet 2006; 38: 787-793 [PMID:
16804544 DOI: 10.1038/ng1834]
Hinoue T, Weisenberger DJ, Pan F, Campan M, Kim M,
Young J, Whitehall VL, Leggett BA, Laird PW. Analysis of
the association between CIMP and BRAF in colorectal cancer by DNA methylation profiling. PLoS One 2009; 4: e8357
[PMID: 20027224]
Ji W, Hernandez R, Zhang XY, Qu GZ, Frady A, Varela M,
Ehrlich M. DNA demethylation and pericentromeric rearrangements of chromosome 1. Mutat Res 1997; 379: 33-41
[PMID: 9330620 DOI: 10.1016/j.bbr.2011.03.031]
Goel A, Nagasaka T, Arnold CN, Inoue T, Hamilton C,
Niedzwiecki D, Compton C, Mayer RJ, Goldberg R, Bertagnolli MM, Boland CR. The CpG island methylator phenotype and chromosomal instability are inversely correlated in
sporadic colorectal cancer. Gastroenterology 2007; 132: 127-138
[PMID: 17087942 DOI: 10.1053/j.gastro.2006.09.018]
Itzkowitz S, Brand R, Jandorf L, Durkee K, Millholland J,
Rabeneck L, Schroy PC, Sontag S, Johnson D, Markowitz S,
Paszat L, Berger BM. A simplified, noninvasive stool DNA
test for colorectal cancer detection. Am J Gastroenterol 2008;
103: 2862-2870 [PMID: 18759824]
Brenner DE, Rennert G. Fecal DNA biomarkers for the detection of colorectal neoplasia: attractive, but is it feasible?
J Natl Cancer Inst 2005; 97: 1107-1109 [PMID: 16077063 DOI:
10.1093/jnci/dji244]
Lenhard K, Bommer GT, Asutay S, Schauer R, Brabletz T,
Göke B, Lamerz R, Kolligs FT. Analysis of promoter methylation in stool: a novel method for the detection of colorectal cancer. Clin Gastroenterol Hepatol 2005; 3: 142-149 [PMID:
15704048]
Kanthan R, Senger JL, Kanthan SC. Fecal molecular markers
for colorectal cancer screening. Gastroenterol Res Pract 2012;
2012: 184343 [PMID: 22969796 DOI: 10.1155/2012/184343]
Frattini M, Gallino G, Signoroni S, Balestra D, Battaglia L,
Sozzi G, Leo E, Pilotti S, Pierotti MA. Quantitative analysis
of plasma DNA in colorectal cancer patients: a novel prognostic tool. Ann N Y Acad Sci 2006; 1075: 185-190 [PMID:
17108210 DOI: 10.1196/annals.1368.025]
Boni L, Cassinotti E, Canziani M, Dionigi G, Rovera F, Dionigi R. Free circulating DNA as possible tumour marker in
colorectal cancer. Surg Oncol 2007; 16 Suppl 1: S29-S31 [PMID:
18024018 DOI: 10.1016/]
Tomita H, Ichikawa D, Sai S, Morimura R, Murayama Y,
Komatsu S, Ikoma D, Tani N, Ikoma H, Fujiwara H, Kikuchi
S, Okamoto K, Ochiai T, Kokuba Y, Sakakura C, Sonoyama T,
Hagiwara A, Otsuji E. [Quantification of circulating plasma

WCGO|www.wjgnet.com

54

55

56

57

58

59

60

61

62

63

64

65

66

67

1168

DNA fragments as tumor markers in patients with esophageal and gastric cancer]. Gan To Kagaku Ryoho 2007; 34:
1908-1910 [PMID: 18219849 DOI: 10.1016/j.suronc]
Kolesnikova EV, Tamkovich SN, Bryzgunova OE, Shelestyuk PI, Permyakova VI, Vlassov VV, Tuzikov AS, Laktionov PP, Rykova EY. Circulating DNA in the blood of
gastric cancer patients. Ann N Y Acad Sci 2008; 1137: 226-231
[PMID: 18837952 DOI: 10.1196/annals.1448.009]
Catarino R, Ferreira MM, Rodrigues H, Coelho A, Nogal
A, Sousa A, Medeiros R. Quantification of free circulating
tumor DNA as a diagnostic marker for breast cancer. DNA
Cell Biol 2008; 27: 415-421 [PMID: 18694299 DOI: 10.1089/
dna.2008.0744]
Yoon KA, Park S, Lee SH, Kim JH, Lee JS. Comparison of
circulating plasma DNA levels between lung cancer patients
and healthy controls. J Mol Diagn 2009; 11: 182-185 [PMID:
19324991]
Ellinger J, Müller SC, Stadler TC, Jung A, von Ruecker A,
Bastian PJ. The role of cell-free circulating DNA in the diagnosis and prognosis of prostate cancer. Urol Oncol 2011; 29:
124-129 [PMID: 19762255]
Dobrzycka B, Terlikowski SJ, Mazurek A, Kowalczuk O,
Niklinska W, Chyczewski L, Kulikowski M. Circulating
free DNA, p53 antibody and mutations of KRAS gene in
endometrial cancer. Int J Cancer 2010; 127: 612-621 [PMID:
19960433 DOI: 10.1002/ijc.25077]
Liggett T, Melnikov A, Yi QL, Replogle C, Brand R, Kaul K,
Talamonti M, Abrams RA, Levenson V. Differential methylation of cell-free circulating DNA among patients with pancreatic cancer versus chronic pancreatitis. Cancer 2010; 116:
1674-1680 [PMID: 20143430 DOI: 10.1002/cncr.24893]
van der Drift MA, Hol BE, Klaassen CH, Prinsen CF, van
Aarssen YA, Donders R, van der Stappen JW, Dekhuijzen
PN, van der Heijden HF, Thunnissen FB. Circulating DNA
is a non-invasive prognostic factor for survival in nonsmall cell lung cancer. Lung Cancer 2010; 68: 283-287 [PMID:
19632736 DOI: 10.1016/j.lungcan.2009.06.021]
Umetani N, Hiramatsu S, Hoon DS. Higher amount of free
circulating DNA in serum than in plasma is not mainly
caused by contaminated extraneous DNA during separation.
Ann N Y Acad Sci 2006; 1075: 299-307 [PMID: 17108224 DOI:
10.1196/annals.1368.040]
Hara M, Kanemitsu Y, Hirai T, Komori K, Kato T. Negative serum carcinoembryonic antigen has insufficient accuracy for excluding recurrence from patients with Dukes C
colorectal cancer: analysis with likelihood ratio and posttest
probability in a follow-up study. Dis Colon Rectum 2008; 51:
1675-1680 [PMID: 18633674 DOI: 10.1007/s10350-008-9406-1]
Winawer S, Fletcher R, Rex D, Bond J, Burt R, Ferrucci J,
Ganiats T, Levin T, Woolf S, Johnson D, Kirk L, Litin S, Simmang C. Colorectal cancer screening and surveillance: clinical guidelines and rationale-Update based on new evidence.
Gastroenterology 2003; 124: 544-560 [PMID: 12557158]
Umetani N, Kim J, Hiramatsu S, Reber HA, Hines OJ, Bilchik
AJ, Hoon DS. Increased integrity of free circulating DNA
in sera of patients with colorectal or periampullary cancer:
direct quantitative PCR for ALU repeats. Clin Chem 2006; 52:
1062-1069 [PMID: 16723681]
Danese E, Montagnana M, Minicozzi AM, De Matteis G,
Scudo G, Salvagno GL, Cordiano C, Lippi G, Guidi GC. Realtime polymerase chain reaction quantification of free DNA
in serum of patients with polyps and colorectal cancers. Clin
Chem Lab Med 2010; 48: 1665-1668 [PMID: 20704532 DOI:
10.1515/CCLM.2010.301]
Czeiger D, Shaked G, Eini H, Vered I, Belochitski O, Avriel A,
Ariad S, Douvdevani A. Measurement of circulating cell-free
DNA levels by a new simple fluorescent test in patients with
primary colorectal cancer. Am J Clin Pathol 2011; 135: 264-270
[PMID: 21228367]
da Silva Filho BF, Gurgel AP, Neto MÁ, de Azevedo DA,

February 8, 2015|First Edition|

De Maio G et al . Colorectal cancer diagnosis

68

69

70

71

72

73

74

75

76

77

78

79

de Freitas AC, Silva Neto Jda C, Silva LA. Circulating cellfree DNA in serum as a biomarker of colorectal cancer. J Clin
Pathol 2013; 66: 775-778 [PMID: 23833048 DOI: 10.1136/jclinpath-2013-201521]
Holten-Andersen MN, Christensen IJ, Nielsen HJ, Stephens
RW, Jensen V, Nielsen OH, Sørensen S, Overgaard J, Lilja H,
Harris A, Murphy G, Brünner N. Total levels of tissue inhibitor of metalloproteinases 1 in plasma yield high diagnostic
sensitivity and specificity in patients with colon cancer. Clin
Cancer Res 2002; 8: 156-164 [PMID: 11801553]
Carpelan-Holmström M, Louhimo J, Stenman UH, Alfthan
H, Haglund C. CEA, CA 19-9 and CA 72-4 improve the diagnostic accuracy in gastrointestinal cancers. Anticancer Res
2002; 22: 2311-2316 [PMID: 12174919]
Carpelan-Holmström M, Louhimo J, Stenman UH, Alfthan
H, Järvinen H, Haglund C. CEA, CA 242, CA 19-9, CA 72-4
and hCGbeta in the diagnosis of recurrent colorectal cancer.
Tumour Biol 2004; 25: 228-234 [PMID: 15627885]
Liu Y, Tham CK, Ong SY, Ho KS, Lim JF, Chew MH, Lim
CK, Zhao Y, Tang CL, Eu KW. Serum methylation levels
of TAC1. SEPT9 and EYA4 as diagnostic markers for early
colorectal cancers: a pilot study. Biomarkers 2013; 18: 399-405
[PMID: 23862763]
Grützmann R, Molnar B, Pilarsky C, Habermann JK, Schlag
PM, Saeger HD, Miehlke S, Stolz T, Model F, Roblick UJ,
Bruch HP, Koch R, Liebenberg V, Devos T, Song X, Day
RH, Sledziewski AZ, Lofton-Day C. Sensitive detection of
colorectal cancer in peripheral blood by septin 9 DNA methylation assay. PLoS One 2008; 3: e3759 [PMID: 19018278 DOI:
10.1371/journal.pone.0003759]
Ahlquist DA, Taylor WR, Mahoney DW, Zou H, Domanico
M, Thibodeau SN, Boardman LA, Berger BM, Lidgard GP.
The stool DNA test is more accurate than the plasma septin
9 test in detecting colorectal neoplasia. Clin Gastroenterol
Hepatol 2012; 10: 272-7.e1 [PMID: 22019796 DOI: 10.1016/
j.cgh.2011.10.008]
Yang H, Xia BQ, Jiang B, Wang G, Yang YP, Chen H, Li
BS, Xu AG, Huang YB, Wang XY. Diagnostic value of stool
DNA testing for multiple markers of colorectal cancer and
advanced adenoma: a meta-analysis. Can J Gastroenterol 2013;
27: 467-475 [PMID: 23936877]
Amir S, Mabjeesh NJ. SEPT9_V1 protein expression is associated with human cancer cell resistance to microtubuledisrupting agents. Cancer Biol Ther 2007; 6: 1926-1931 [PMID:
18075300]
Misale S, Yaeger R, Hobor S, Scala E, Janakiraman M,
Liska D, Valtorta E, Schiavo R, Buscarino M, Siravegna G,
Bencardino K, Cercek A, Chen CT, Veronese S, Zanon C,
Sartore-Bianchi A, Gambacorta M, Gallicchio M, Vakiani E,
Boscaro V, Medico E, Weiser M, Siena S, Di Nicolantonio F,
Solit D, Bardelli A. Emergence of KRAS mutations and acquired resistance to anti-EGFR therapy in colorectal cancer.
Nature 2012; 486: 532-536 [PMID: 22722830 DOI: 10.1038/nature11156]
Terrin L, Rampazzo E, Pucciarelli S, Agostini M, Bertorelle
R, Esposito G, DelBianco P, Nitti D, De Rossi A. Relationship
between tumor and plasma levels of hTERT mRNA in patients with colorectal cancer: implications for monitoring of
neoplastic disease. Clin Cancer Res 2008; 14: 7444-7451 [PMID:
19010861 DOI: 10.1158/1078-0432.CCR-08-0478]
Pucciarelli S, Rampazzo E, Briarava M, Maretto I, Agostini
M, Digito M, Keppel S, Friso ML, Lonardi S, De Paoli A,
Mescoli C, Nitti D, De Rossi A. Telomere-specific reverse
transcriptase (hTERT) and cell-free RNA in plasma as predictors of pathologic tumor response in rectal cancer patients
receiving neoadjuvant chemoradiotherapy. Ann Surg Oncol
2012; 19: 3089-3096 [PMID: 22395986 DOI: 10.1245/s10434012-2272-z]
Davies RJ, Miller R, Coleman N. Colorectal cancer screening: prospects for molecular stool analysis. Nat Rev Cancer

WCGO|www.wjgnet.com

80
81

82

83
84

85

86

87

88

89

90

91

92

93

94

1169

2005; 5: 199-209 [PMID: 15738983 DOI: 10.1038/nrc1545]
Bader GM, Papanicolaou GN. The application of cytology in
the diagnosis of cancer of the rectum, sigmoid, and descending colon. Cancer 1952; 5: 307-314 [PMID: 14905415]
Ahlquist DA, Harrington JJ, Burgart LJ, Roche PC. Morphometric analysis of the “mucocellular layer” overlying
colorectal cancer and normal mucosa: relevance to exfoliation and stool screening. Hum Pathol 2000; 31: 51-57 [PMID:
10665913]
Loktionov A, O’Neill IK, Silvester KR, Cummings JH,
Middleton SJ, Miller R. Quantitation of DNA from exfoliated
colonocytes isolated from human stool surface as a novel
noninvasive screening test for colorectal cancer. Clin Cancer
Res 1998; 4: 337-342 [PMID: 9516920]
Baig MK, Stebbing JF, Marks CG. Anal canal metastases from
left sided colorectal cancer. Colorectal Dis 2002; 4: 371-372
[PMID: 12780585 DOI: 10.1046/j.1463-1318.2002.00405.x]
Loktionov A. Cell exfoliation in the human colon: myth,
reality and implications for colorectal cancer screening. Int J
Cancer 2007; 120: 2281-2289 [PMID: 17351899 DOI: 10.1002/
ijc.22647]
White V, Scarpini C, Barbosa-Morais NL, Ikelle E, Carter S,
Laskey RA, Miller R, Coleman N. Isolation of stool-derived
mucus provides a high yield of colonocytes suitable for
early detection of colorectal carcinoma. Cancer Epidemiol
Biomarkers Prev 2009; 18: 2006-2013 [PMID: 19589912 DOI:
10.1158/1055-9965.EPI-08-1145]
Davies RJ, Freeman A, Morris LS, Bingham S, Dilworth
S, Scott I, Laskey RA, Miller R, Coleman N. Analysis
of minichromosome maintenance proteins as a novel
method for detection of colorectal cancer in stool. Lancet 2002; 359: 1917-1919 [PMID: 12057556 DOI: 10.1016/
S0140-6736(02)08739-1]
Bedi A, Pasricha PJ, Akhtar AJ, Barber JP, Bedi GC, Giardiello FM, Zehnbauer BA, Hamilton SR, Jones RJ. Inhibition of
apoptosis during development of colorectal cancer. Cancer
Res 1995; 55: 1811-1816 [PMID: 7728743]
Ahlquist DA, Skoletsky JE, Boynton KA, Harrington JJ,
Mahoney DW, Pierceall WE, Thibodeau SN, Shuber AP.
Colorectal cancer screening by detection of altered human
DNA in stool: feasibility of a multitarget assay panel. Gastroenterology 2000; 119: 1219-1227 [PMID: 11054379]
Tagore KS, Lawson MJ, Yucaitis JA, Gage R, Orr T, Shuber
AP, Ross ME. Sensitivity and specificity of a stool DNA multitarget assay panel for the detection of advanced colorectal neoplasia. Clin Colorectal Cancer 2003; 3: 47-53 [PMID:
12777192 DOI: 10.3816/CCC.2003.n.011]
Calistri D, Rengucci C, Bocchini R, Saragoni L, Zoli W,
Amadori D. Fecal multiple molecular tests to detect colorectal cancer in stool. Clin Gastroenterol Hepatol 2003; 1: 377-383
[PMID: 15017656]
Boynton KA, Summerhayes IC, Ahlquist DA, Shuber AP.
DNA integrity as a potential marker for stool-based detection of colorectal cancer. Clin Chem 2003; 49: 1058-1065 [PMID:
12816901 DOI: 10.1373/49.7.1058]
Calistri D, Rengucci C, Lattuneddu A, Francioni G, Polifemo
AM, Nanni O, Saragoni L, Monti F, Ravaioli A, Zoli W,
Amadori D. Detection of colorectal cancer by a quantitative
fluorescence determination of DNA amplification in stool.
Neoplasia 2004; 6: 536-540 [PMID: 15548362 DOI: 10.1593/
neo.04190]
Whitney D, Skoletsky J, Moore K, Boynton K, Kann L,
Brand R, Syngal S, Lawson M, Shuber A. Enhanced retrieval of DNA from human fecal samples results in improved performance of colorectal cancer screening test. J
Mol Diagn 2004; 6: 386-395 [PMID: 15507679 DOI: 10.1016/
S1525-1578(10)60536-3]
Imperiale TF, Ransohoff DF, Itzkowitz SH, Turnbull BA,
Ross ME. Fecal DNA versus fecal occult blood for colorectalcancer screening in an average-risk population. N Engl J Med

February 8, 2015|First Edition|

De Maio G et al . Colorectal cancer diagnosis
2004; 351: 2704-2714 [PMID: 15616205 DOI: 10.1056/NEJMoa033403]
95 Kutzner N, Hoffmann I, Linke C, Thienel T, Grzegorczyk M,
Urfer W, Martin D, Winde G, Traska T, Hohlbach G, Müller
KM, Kuhnen C, Müller O. Non-invasive detection of colorectal tumours by the combined application of molecular diagnosis and the faecal occult blood test. Cancer Lett 2005; 229:
33-41 [PMID: 16157216]
96 Zou H, Harrington JJ, Klatt KK, Ahlquist DA. A sensitive
method to quantify human long DNA in stool: relevance to
colorectal cancer screening. Cancer Epidemiol Biomarkers Prev
2006; 15: 1115-1119 [PMID: 16775168 DOI: 10.1158/1055-9965.
EPI-05-0992]
97 Itzkowitz SH, Jandorf L, Brand R, Rabeneck L, Schroy PC,
Sontag S, Johnson D, Skoletsky J, Durkee K, Markowitz S,
Shuber A. Improved fecal DNA test for colorectal cancer
screening. Clin Gastroenterol Hepatol 2007; 5: 111-117 [PMID:
17161655 DOI: 10.1016/j.cgh.2006.10.006]
98 Abbaszadegan MR, Tavasoli A, Velayati A, Sima HR,
Vosooghinia H, Farzadnia M, Asadzedeh H, Gholamin
M, Dadkhah E, Aarabi A. Stool-based DNA testing, a new
noninvasive method for colorectal cancer screening, the first
report from Iran. World J Gastroenterol 2007; 13: 1528-1533
[PMID: 17461444]
99 Ahlquist DA, Sargent DJ, Loprinzi CL, Levin TR, Rex DK,
Ahnen DJ, Knigge K, Lance MP, Burgart LJ, Hamilton SR,
Allison JE, Lawson MJ, Devens ME, Harrington JJ, Hillman
SL. Stool DNA and occult blood testing for screen detection
of colorectal neoplasia. Ann Intern Med 2008; 149: 441-50,
W81 [PMID: 18838724 DOI: 10.7326/0003-4819-149-7-200810
070-00004]
100 Calistri D, Rengucci C, Molinari C, Ricci E, Cavargini E,
Scarpi E, Milandri GL, Fabbri C, Ravaioli A, Russo A, Amadori D, Silvestrini R. Quantitative fluorescence determination of long-fragment DNA in stool as a marker for the early
detection of colorectal cancer. Cell Oncol 2009; 31: 11-17
[PMID: 19096146]
101 Calistri D, Rengucci C, Casadei Gardini A, Frassineti GL,
Scarpi E, Zoli W, Falcini F, Silvestrini R, Amadori D. Fecal
DNA for noninvasive diagnosis of colorectal cancer in im-

102

103

104

105

106

107

108

munochemical fecal occult blood test-positive individuals.
Cancer Epidemiol Biomarkers Prev 2010; 19: 2647-2654 [PMID:
20929882 DOI: 10.1158/1055-9965.EPI-10-0291]
Kalimutho M, Del Vecchio Blanco G, Cretella M, Mannisi
E, Sileri P, Formosa A, Pallone F, Federici G, Bernardini S.
A simplified, non-invasive fecal-based DNA integrity assay
and iFOBT for colorectal cancer detection. Int J Colorectal
Dis 2011; 26: 583-592 [PMID: 21225430 DOI: 10.1007/
s00384-010-112]
Ahlquist DA, Zou H, Domanico M, Mahoney DW, Yab TC,
Taylor WR, Butz ML, Thibodeau SN, Rabeneck L, Paszat
LF, Kinzler KW, Vogelstein B, Bjerregaard NC, Laurberg S,
Sørensen HT, Berger BM, Lidgard GP. Next-generation stool
DNA test accurately detects colorectal cancer and large adenomas. Gastroenterology 2012; 142: 248-56; quiz e25-6 [PMID:
22062357 DOI: 10.1053/j.gastro.2011.10.031]
Kanaoka S, Yoshida K, Miura N, Sugimura H, Kajimura
M. Potential usefulness of detecting cyclooxygenase 2 messenger RNA in feces for colorectal cancer screening. Gastroenterology 2004; 127: 422-427 [PMID: 15300574 DOI: 10.1053/
j.gastro.2004.05.022]
Koga Y, Yasunaga M, Moriya Y, Akasu T, Fujita S, Yamamoto S, Kozu T, Baba H, Matsumura Y. Detection of colorectal
cancer cells from feces using quantitative real-time RT-PCR
for colorectal cancer diagnosis. Cancer Sci 2008; 99: 1977-1983
[PMID: 19016757 DOI: 10.1111/j.1349-7006.2008.00954]
Hamaya Y, Yoshida K, Takai T, Ikuma M, Hishida A, Kanaoka S. Factors that contribute to faecal cyclooxygenase-2
mRNA expression in subjects with colorectal cancer. Br J
Cancer 2010; 102: 916-921 [PMID: 20145612 DOI: 10.1038/
sj.bjc.6605564]
Yu YJ, Majumdar AP, Nechvatal JM, Ram JL, Basson MD,
Heilbrun LK, Kato I. Exfoliated cells in stool: a source for
reverse transcription-PCR-based analysis of biomarkers of
gastrointestinal cancer. Cancer Epidemiol Biomarkers Prev 2008;
17: 455-458 [PMID: 18268130 DOI: 10.1158/1055-9965]
Olson J, Whitney DH, Durkee K, Shuber AP. DNA stabilization is critical for maximizing performance of fecal DNAbased colorectal cancer tests. Diagn Mol Pathol 2005; 14:
183-191 [PMID: 16106201]
P- Reviewers: Aglietta M, Beaulieu JF, Pavlidis TE
S- Editor: Gou SX L- Editor: A E- Editor: Zhang DN

WCGO|www.wjgnet.com

1170

February 8, 2015|First Edition|

WCGO

World Clinical
Gastrointestinal Oncology

2015 First Edition
bpgoffice@wjgnet.com

ISBN 978-0-9914430-2-4
© 2015 Baishideng Publishing Group Inc. All rights reserved.

2014 ADVANCES IN COLORECTAL
BRIEF ARTICLE
CANCER
WJG 20th Anniversary Special Issues (5): Colorectal cancer

Cysteinyl leukotrienes and their receptors: Bridging
inflammation and colorectal cancer
Sayeh Savari, Katyayni Vinnakota, Yuan Zhang, Anita Sjölander
Key words: Eicosanoids; Cysteinyl leukotrienes; CysLT1R; CysLT2R; Inflammation; Colorectal cancer

Sayeh Savari, Katyayni Vinnakota, Yuan Zhang, Anita Sjölander, Division of Cell and Experimental Pathology, Department of Laboratory Medicine, Lund University, Skåne University
Hospital, SE-205 02 Malmö, Sweden
Author contributions: Savari S and Vinnakota K contributed
equally to this work; all authors discussed, read and approved the
manuscript.
Correspondence to: Anita Sjölander, Professor, Division
of Cell and Experimental Pathology, Department of Laboratory Medicine, Lund University, Skåne University Hospital, Jan
Waldenströms gata 35, SE-205 02 Malmö,
Sweden. anita.sjolander@med.lu.se
Telephone: +46-40-391168 Fax: +46-40-391177
Received: October 6, 2013 Revised: November 16, 2013
Accepted: December 5, 2013
Published online: February 8, 2015

Core tip: Despite several advances in diagnostic and
therapeutic options, colorectal cancer (CRC) continues
to be a major health problem and one of the leading
causes of cancer-related deaths. The inflammatory
milieu has been widely recognized as one of the enabling characteristics of cancer development. Cysteinyl
leukotrienes are pro-inflammatory eicosanoids implicated in chronic inflammatory bowel diseases and CRC
development. Hence, targeting cysteinyl leukotrienes
and their receptors could provide alternative therapeutic approaches or be used in combination with existing
therapies for more efficient treatment of CRC.
Original sources: Savari S, Vinnakota K, Zhang Y, Sjölander
A. Cysteinyl leukotrienes and their receptors: Bridging inflammation and colorectal cancer. World J Gastroenterol 2014;
20(4): 968-977 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i4/968.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i4.968

Abstract
Long-standing inflammation has emerged as a hallmark
of neoplastic transformation of epithelial cells and may
be a limiting factor of successful conventional tumor
therapies. A complex milieu composed of distinct stromal and immune cells, soluble factors and inflammatory
mediators plays a crucial role in supporting and promoting various types of cancers. An augmented inflammatory response can predispose a patient to colorectal
cancer (CRC). Common risk factors associated with CRC
development include diet and lifestyle, altered intestinal
microbiota and commensals, and chronic inflammatory bowel diseases. Cysteinyl leukotrienes are potent
inflammatory metabolites synthesized from arachidonic
acid and have a broad range of functions involved in
the etiology of various pathologies. This review discusses the important role of cysteinyl leukotriene signaling
in linking inflammation and CRC.

INTRODUCTION
Colorectal cancer (CRC) is a global health care burden,
with more than 1 million new cases diagnosed every year.
It is the third most common malignancy and the fourth
leading cause of cancer-related deaths worldwide[1]. A
diet high in fat but low in fiber, excessive alcohol consumption, obesity and lack of physical activity, disruption
of normal gut microbiota and the presence of long-term
inflammatory bowel diseases (IBDs) such as ulcerative
colitis (UC) and Crohn’s disease (CD) predispose to CRC.
Inflammation is a host-driven response to internal and
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external stimuli to counter non-self or self-molecules and
maintain tissue homeostasis. However, chronic inflammation can be a major health problem in allergic, cardiovascular, fibrotic, local and systemic inflammatory diseases
and several cancers[2-9]. In 1863, Rudolf Virchow was the
first to speculate about the role of long-term inflammation in cancer based on his observations that cancerous
tissues were frequently infiltrated by leukocytes[10]. Current epidemiological data indicate that more than 25% of
all cancers are related to long-term infections and other
types of unresolved inflammation[11-13]. Evidence from
observational studies and randomized trials concerning
the protective action of non-steroidal anti-inflammatory
drugs (NSAIDs) such as aspirin have indicated not only
a reduced long-term risk of esophageal, gastric, biliary,
breast, prostate, lung, and CRC but also a lowered risk
of metastasis[14-18]. Inflammation present in the tumor
microenvironment is characterized by high leukocyte infiltration, ranging in size, distribution and composition,
such as tumor-associated macrophages (TAMs), mast
cells, dendritic cells (DCs), natural killer cells (NKs), neutrophils, eosinophils and lymphocytes[19-21]. These cells
produce a variety of cytotoxic mediators such as reactive
oxygen and nitrogen species, serine and cysteine proteases, membrane-perforating agents, matrix metalloproteinases, pro-inflammatory cytokines, interferons (IFNs) and
increased levels of enzymes such as cyclooxygenase-2
(COX-2), 5-lipoxygenase (5-LOX) and phospholipase A2
(PLA2), hence contributing to carcinogenesis[22-25]. This
review addresses the role of cysteinyl leukotrienes in
inflammation-induced colorectal carcinogenesis.

eicosanoids, mainly the prostaglandins, and for their discovery of the role of anti-inflammatory compounds such
as aspirin on prostaglandin metabolism, the scientists
Bengt Samuelsson, John Vane and Sune Bergström were
awarded the Nobel Prize for Physiology and Medicine in
1982.
AA, which is stored as diacylglycerol (DAG), is released from the phosphatidylinositol 4,5-bisphosphate
(PIP2) present in the outer nuclear envelope of cells,
from which it is mobilized into the cytoplasm either by
activation of calcium-dependent cytosolic PLA2 or by the
combined action of phospholipase C (PLC) and DAG
lipase[26,28]. Once in the cytosol, AA can be enzymatically metabolized in a three-directional manner either by
cytochrome P450 or by the COX pathway into prostaglandins, prostacyclins or thromboxanes, or through the
5-LOX pathway into leukotrienes A4 (LTA4), B4 (LTB4),
C 4 (LTC 4), D 4 (LTD 4) and E 4 (LTE 4) (Figure 1). The
last three alternative derivatives to LTA4 are collectively
termed “cysteinyl leukotrienes” (CysLTs) owing to the
presence of a cysteine residue and are structurally similar
but functionally distinct. The role of these eicosanoids in
maintaining intestinal epithelial cell homeostasis is well
documented[29-32]. Various epidemiological, clinical, and
laboratory studies have shown that dysregulation of the
COX and LOX pathways results in chronic inflammation
and subsequently cancer[14,29].

LEUKOTRIENES AND THEIR RECEPTORS
The term leukotriene is derived from the two words leuko
for white blood cells and trienes, meaning three conjugated double bonds, indicating that the ability to generate
LTs from AA is largely restricted to leukocytes[28].
Synthesis of LTs is initiated by 5-LOX in concert
with 5-lipoxygenase-activating protein (FLAP). The latter
does not exhibit any enzymatic activity but facilitates the
interaction between 5-LOX and its substrate AA. The
first step in this pathway is oxygenation of AA to yield
unstable 5-hydroperoxyeicosatetraenoic acid (5-HPETE),
which immediately undergoes dehydration to form LTA4.
Further metabolism of LTA4 either generates LTB4 by the
action of LTA4 hydrolase (LTA4-H) or leads to conjugation with glutathione in the presence of LTC4 synthase
(LTC4-S) or glutathione S-transferase to yield LTC4. After carrier-mediated transport of LTB4 and LTC4 to the
extracellular milieu, LTC4 can be further metabolized to
LTD4 through the cleavage of glutamic acid from the
glutathione moiety, and additional glycine cleavage yields
LTE4[28,33] (Figure 1).
5-LOX is expressed predominantly by neutrophils,
eosinophils, monocytes, macrophages and mast cells.
Although nonleukocytes express 5-LOX and FLAP to
a lesser extent and are not believed to synthesize appreciable amounts of LTs, expression of LTA4-H and/or
LTC4-S, uptake of exogenous LTA4 and further metabolization is possible, via a process referred to as transcellular biosynthesis[34].
CysLT signaling is initiated upon binding of a li-

EICOSANOIDS
Eicosanoids, from the Greek word “eicosa” meaning
“20,” are biologically active lipophilic molecules predominantly metabolized from arachidonic acid (AA), a
20-carbon polyunsaturated essential fatty acid, that are
involved in physiological processes such as inflammation[14]. AA belongs to the ω-6 family of polyunsaturated
fatty acids and is usually found esterified at the second
carbon position in the phospholipids of membranes. It
serves as a precursor to several lipid pro-inflammatory
mediators such as prostaglandins (PGs), prostacyclins,
thromboxanes (TXAs), lipoxins and leukotrienes (LTs),
which have individual as well as overlapping functions in
acute and chronic inflammation[26]. Aberrant AA metabolism is often linked to production of pro-inflammatory
eicosanoids, chronic inflammatory diseases and carcinogenesis. The first eicosanoids were discovered in the
1960s, although in 1930 scientists had found that certain
substances present in biological fluids such as sputum
had the potential to induce contraction and relaxation in
smooth muscles; they termed them“slow-reacting substances of anaphylaxis.” Despite these early observations,
it was not until 1979 that “leukotrienes” were identified
and defined by Samuelsson and co-workers for their biological effects in inflammatory processes[27]. On account
of their fundamental and seminal work on different
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Figure 1 Overview of arachidonic acid metabolism. Arachidonic acid (AA) is a polyunsaturated fatty acid found in the phospholipids of cell membranes. AA is mobilized into the cytoplasm mostly by the activation of calcium-dependent cytosolic phospholipase A2 (cPLA2). Free AA in the cytosol can be enzymatically metabolized
to eicosanoids through three major pathways: the cytochrome P450, cyclooxygenase (COX) and/or 5-lipoxygenase (5-LOX) pathways. In the P450 pathway, AA is
metabolized to epoxyeicosatrienoic acids (EETs), hydroxyeicosatetraenoic acids (HETEs) and hydroperoxyeicosatetraenoic acids (HPETEs). In the COX pathway, AA
is enzymatically converted to the intermediate prostaglandin H2 (PGH2), which is then sequentially metabolized to prostanoids, including prostaglandins (PGs), such
as PGE2, PGF2, PGD2 and PGI2, and thromboxanes (TXs) such as TXA2 by specific prostaglandin and thromboxane synthases. In the LOX pathway, AA is metabolized by 12- and 15-LOX to 8-, 12- and 15-HPETE or by 5-LOX and 5-lipoxygenase activating protein (FLAP) to intermediary 5-HPETE. 5-HPETE is further processed
to form leukotrienes (LTs), the first of which is the unstable leukotriene A4 (LTA4). LTA4 is subsequently converted to leukotriene B4 (LTB4) by LTA4 hydrolase or together
with glutathione to leukotriene C4 (LTC4) by LTC4 synthase and glutathione-S-transferase. LTC4 is converted by ubiquitous enzymes to form leukotriene D4 (LTD4) and
leukotriene E4 (LTE4). The members of the multidrug resistance-associated protein (MRP) family are efflux transporters for both PGs and LTs. The cysteinyl leukotrienes (CysLTs) LTC4, LTD4 and LTE4 act via G protein-coupled receptors CysLT1R and CysLT2R at the cell surface and induce different signaling mechanisms.

taxis[43-46].
LTB4 also plays a pivotal role in inflammatory processes such as leukocyte chemoattraction, particularly of
granulocytes and T cells, induction of rapid invasion and
recruitment of these cells to the plasma membrane of
endothelial cells, production of reactive oxygen species,
and induction of gene expression[47,48]. LTB4 mediates
its signaling via two GPCRs: BLT1 and BLT2[49,50]. BLT1
binds to LTB4 with an affinity higher than that of the
BLT2 receptor. The tissue distribution of the two receptors is quite different. Whereas BLT1 expression in both
mice and humans has been reported to be predominantly
restricted to peripheral leukocytes, BLT2 expression in
humans appears to be fairly ubiquitous, with the highest

gand to one of the two G-protein-coupled receptors
(GPCRs), CysLT1R and CysLT2R located at the plasma
membrane[35,36], although the presence of other CysLT
receptors such as GPR17, P2Y12, and CysLTER have also
been suggested[37-39]. Both CysLT1R and CysLT2R can also
be localized to the nuclear membrane, since CysLT1R has
a bipartite nuclear localization sequence and CysLT2R
possesses an interferon regulatory 7 (IRF7) site, which in
turn carries a nuclear localization sequence domain[40-42].
While the affinity of CysLT 1R for LTD 4 is high, the
CysLT2R has a low but an equal affinity for LTD4 and
LTC4[35,36]. Functionally, CysLTs induce smooth muscle
contraction, vascular leakage, eosinophil recruitment in
inflammatory diseases, mucus production and chemo-
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level observed in the spleen, liver, and lymphocytes[51].

eases such as asthma, psoriasis, rheumatoid arthritis
and IBD[68], LTB4 has pro-tumorigenic effects in breast
cancer, melanoma, lymphoma, and head and neck carcinoma[69-72]. Increased expression of LTB4 and its receptor
BLT1 have been demonstrated in human CRC tissue[73].
Ihara et al[73] demonstrated significant expression of BLT1
in the colon cancer cell lines Caco-2 and HT-29. Using
both the 5-LOX inhibitor AA-861 and selective BLT1
antagonist U75302 in these cell lines, the authors showed
induction of apoptosis and reduced proliferation [73].
LTB4-stimulated extracellular signal-regulated kinase (Erk)
activation in these cancer cells was also abrogated by
U75302. A subsequent study investigated the effectiveness of another LTB4 receptor antagonist (LY293111) in
combination with gemcitabine, an anti-tumor adjuvant
and radiosensitizer, on the proliferation rate of human
colon cancer cell lines LoVo and HT-29 in an athymic
heterotrophic xenograft mouse model and found a significant reduction in tumor growth due to apoptosis via the
mitochondrial pathway[74]. The findings from these and
several other studies emphasize the role of LTB4 signaling in colon cancer cells and warrant the use of specific
LTB4 receptor antagonists to suppress CRC expansion.
Among the eicosanoids derived from the COX-pathway, PGE2 is the most abundant and extensively studied
in cancer, including CRC[29]. In both the spontaneous
adenomatous polyposis coli (Apc)Min/+ mouse model of
intestinal cancer and the azoxymethane (AOM)-induced
CRC mouse model, PGE2 has been shown to increase
the tumor burden[75,76]. Selective inhibition of PGE2 synthesis, through genetic deletion of microsomal PGES
(mPGES-1), significantly reduced tumor formation in an
ApcMin/+ and AOM-induced mouse model of intestinal
and CRC, respectively, and further established the role of
PGE2 in tumorigenesis[77,78].
Increased expression of the enzymes responsible for
production of PGs and LTs-COX-2 and 5-LOX, respectively has been documented in human colorectal adenocarcinomas compared with adjacent normal mucosa[79-81].
Various clinical trials over the past two decades have
highlighted the use of eicosanoid-depressing and antiinflammatory drugs in the prevention and treatment of
CRC. Two groups of compounds have shown promising
results: aspirin (NSAID) and celecoxib (COX-2 selective
inhibitor)[82].

CYSTEINYL LEUKOTRIENES AND THEIR
RECEPTORS IN COLORECTAL CANCER
IBD and colorectal cancer
Inflammation and CRC initiation and dissemination go
hand in hand[10,52]. The most well-established connection
exists between IBD-both UC and CD- and CRC[53-55].
“IBD” is a name given to a group of prolonged inflammatory disorders of the intestinal tract associated with
debilitating symptoms and epithelial damage. The risk
of developing CRC is 30%-50% higher in patients with
IBD[56,57]. IBDs are characterized by increased leukocyte
infiltration into the intestinal wall, where they can induce non-specific inflammation through activation and
production of AA-derived pro-inflammatory metabolites such as LTs and PGs and subsequent tissue injury.
Thus, the gastrointestinal tract is richly supplied with
these eicosanoids that mediate several gastrointestinal
diseases, including cancers. High levels of LTs such as
LTE4 have been detected in the urine of patients with
UC and CD[58,59]. Among CysLTs, the presence of LTD4
at an IBD site increases the risk of consequential cancer
development, and specific LTD4 antagonists have been
shown to reduce colonic inflammation[60]. Although UC
is fundamentally similar to CD, a few differences exist,
primarily the presentation of a cytokine profile with a T
helper 2 (Th2) antibody-mediated response[61]. CD is an
autoimmune disease associated with T helper 1 (Th1)mediated cytokines such as interleukin-12 (IL-12), IFN-γ
and tumor necrosis factor-alpha (TNF-α)[61,62].
Colitis-associated cancer (CAC) is known to be highly
infiltrated by several cells of the innate immune system,
including neutrophils, mast cells, NKs, DCs and TAMs[63].
Moreover, recent evidence supports the concept that
malignant tumors also recruit a specific subpopulation of
myeloid cells called myeloid-derived suppressor cells[64].
These cells share some characteristics with monocytes,
macrophages, neutrophils, and DCs and help suppress
any potential anti-tumor immune response and tumor
angiogenesis. As in several cancers, including CRC, in
which the major inflammatory cellular components are
macrophages, TAMs contribute immensely to cancer
growth and expansion. TAMs are macrophages that display an M2 type (alternatively activated phenotype) and
secrete high levels of Th2 cytokines, growth factors and
inflammatory mediators that promote tumor growth,
angiogenesis, and metastasis[65,66]. We have observed a
high intra-tumoral density of TAMs in colon cancer tissue compared with the adjacent normal tissue, and M2
macrophages were required for effective colon cancer
cell migration via factors derived from M2 macrophages
and their association with signal regulatory protein alpha
(SIRP-α) through CD47[67].

Cysteinyl leukotrienes, their receptors and colorectal
cancer
Upregulated expression of CysLT1R has been observed
in several human cancers, including transitional cell
carcinoma (TCC) in the bladder, neuroblastomas, and
brain, prostate, breast, and CRCs[6,80,83-86]. We have shown
that high CysLT1R tumor expression is associated with a
poor survival prognosis in breast and CRC patients[80,86],
whereas concomitant low CysLT1R and high CysLT2R
expression indicate a good prognosis in CRC patients[87].
We have also demonstrated high CysLT1R expression in
established colon cancer cell lines[42,80]. The CysLT1R and

Eicosanoids and colorectal cancer
Apart from its role in inflammation-associated dis-
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can inhibit glycogen synthase kinase-3 β (GSK-3β), which comprises the destruction complex for cytosolic β-catenin together with Axin and adenomatous polyposis
coli (APC). Inhibition of the destruction complex leads to the accumulation of β-catenin in the cytosol and translocation to the nucleus. In the nucleus, β-catenin interacts primarily with members of the T-cell factor/lymphoid enhancer factor (TCF/LEF) family of transcription factors to activate target genes, leading to the expression
of various proteins, such as cyclin D1, COX-2 and c-Myc, which contribute to diverse cellular processes, including proliferation and migration. LTD4-CysLT1R signaling also regulates cell proliferation via mitogen-activated protein kinase (MAPK)/extracellular signal-regulated kinase (Erk) pathways. LTD4-CysLT1R in turn activates
phospholipase C (PLC), Raf-1 and mitogen-activated protein kinase kinase (MEK-1/2). This activation leads to the translocation of p-Erk from the cytosol to the
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CysLT2R expression ratio seems to be important in the
disease etiology of CRC. Accordingly, we have shown
that these two receptors are co-localized and form hetero- and homodimers in a human intestinal epithelial cell
line and that LTC4 stimulation of CysLT2R negatively
regulates the plasma membrane expression of CysLT1R
by inducing internalization of the receptor heterodimer
complex[88]. The expression of CysLT1R has also been
positively correlated with the cell survival factors COX-2
and Bcl-x L in tumor specimens from patients with
CRC[80].
We have previously observed that LTD4, via CysLT1R,
induces upregulation of proteins associated with CRC
- such as COX-2, β-catenin, and Bcl-2 - in intestinal epithelial cells[89]. Upregulation of β-catenin expression was
shown to be dependent on phosphoinositide 3 kinase
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(PI3K)-glycogen synthase kinase 3β (GSK-3β) signaling [30]. Moreover, our previous work has shown that
LTD4-induced CysLT1R signaling results in cell proliferation, survival, and migration through distinct signaling
pathways. LTD 4-induced CysLT 1R-signaling through
cAMP response element-binding protein (CREB) and
p90 ribosomal s6 kinase (p90RSK) was shown to induce
survival and proliferation, respectively, while inducing migration via the PI3K-Rac signaling pathway[90,91] (Figure 2).
COX-2 expression has also been detected in various
colon cancer cells[92], and we have shown that LTD4 via
CysLT1R enhances survival by activating the mitogenactivated protein kinase kinase (Mek)/Erk signaling pathway and increasing COX-2 and subsequent Bcl-2 expression in the colon cancer cell line Caco-2[93]. Furthermore,
we have demonstrated that LTD4 via CysLT1R induces
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via the Erk1/2 pathway[103]. In line with aforementioned
data, we have demonstrated in a nude mouse xenograft
model of colon cancer that reduction of tumor growth
can be accomplished with CysLT1R antagonist treatment.
The molecular mechanisms underlying the observed inhibition of tumor growth was attributed to the reduction in
proliferation, induction of apoptosis and impairment of
angiogenesis[104].
We have also shown that the CysLT1R antagonist
ZM198,615 reduces proliferation in the colon cancer cell
lines Caco-2 and SW480[105]. Cianchi et al[106] reported the
additive effects of the COX-2 selective inhibitor celecoxib, when combined with either the 5-LOX inhibitor
MK886 or CysLT1R antagonist LY171883, in reducing
the proliferative ability of Caco-2 and HT29 cells. The
combined treatment was also shown to induce apoptosis,
whereas none of these compounds had any effect alone.
The COX pathway is the most extensively studied
among eicosanoid pathways in CRC prevention and/or
therapy. However, the cardiovascular side effects associated with long-term usage of NSAIDs and selective
COX-2 inhibitors have raised some concerns. Other approaches are being explored, such as inhibition of 5-LOX
activity. Simultaneous dual inhibition of COX-2 and
5-LOX activity could possibly provide a more effective
and tolerable therapy than COX-inhibition alone. Accordingly, the anti-tumor effects of celecoxib in colon cancer
cells were augmented when combined with inhibition of
5-LOX activity using the FLAP inhibitor MK886[106]. The
combined inhibition of COX-2 and 5-LOX activity have
also shown a more pronounced anti-tumor growth effect
in a cigarette smoke-promoting mouse xenograft model
of CRC[107]. However, targeting either the COX or LOX
pathway alone resulted in a shunt toward the other pathway, except in the latter study, in which a shunt was observed when COX-2 activity was targeted with celecoxib.
The abovementioned studies investigated the effects on
CRC growth targeting the eicosanoid production in epithelial cells. However, the activity of 5-LOX of mast cells
was also shown to be important in intestinal polyp formation in APC∆468 mice. The mast cells were found to utilize
5-LOX to promote proliferation of intestinal epithelial
cells and recruit myeloid-derived suppressor cells to the
polyp site[108]. Another possible effective chemopreventive
option against CRC could be the modification of AA metabolism. ApcMin/+ mice with the fed diets containing highly purified ω-3 polyunsaturated fatty acids were shown
to have their mucosal AA replaced, presumably with a
reduction in the production of pro-inflammatory mediators. Reduced polyp formation could be observed in both
the intestine and the colon of these mice. These effects
were associated with significantly decreased proliferation,
COX-2 expression, and nuclear β-catenin accumulation,
as well as a concomitant increase in apoptosis in the intestinal epithelium[109]. A reduction in size and number of
rectal polyps has also been observed in patients with hereditary CRC (familial adenomatous polyposis, FAP) who
have undergone colectomy and received highly purified
[110]
ω-3-polyunsaturated fatty acids .

increased proliferation and migration in the colon cancer
cell line HCT-116, probably via the GSK-3β/β-catenin
pathway with subsequent increased transcription of the
target genes MYC and CCD1[94]. By contrast, decreased
expression of CysLT2R has been observed in different
colon cancer cell lines (Caco-2 and SW480) compared
with an epithelial intestinal cell line, and LTC4 stimulation
of CysLT2R has been shown to induce differentiation as
demonstrated by increased intestinal alkaline phosphatase activity in Caco-2 cells[42]. In the same colon cancer
cell line, anti-tumorigenic IFN-α was shown to induce
CysLT2R promoter activity and expression, whereas mitogenic epidermal growth factor (EGF) displayed the opposite effect, suppressing CysLT2R promoter activity and
expression. LTC4-mediated CysLT2R signaling suppressed
EGF-induced cell migration, and IFN-α induced expression of the differentiation marker mucin-2 and alkaline
phosphatase activity[95].
These results indicate potential pro- and anti-tumorigenic properties conveyed by CysLT1R and CysLT2R,
respectively, in CRC.

LEUKOTRIENE RECEPTOR ANTAGONISTS
AND LEUKOTRIENE SYNTHESIS
INHIBITORS
CysLT1R antagonists have been used in studies of inflammatory diseases such as rheumatoid arthritis and atherosclerosis[96,97]. The CysLT1R antagonists pranlukast, zafirlukast and montelukast are commercially available and
are currently in clinical use to treat asthmatic patients[98].
Emerging data suggest that the pro-inflammatory CysLTs
might have an important role in solid tumors.
CysLT1R antagonist treatment has been shown to
inhibit tumor growth by inducing apoptosis in a variety
of human urological cancer cell lines (e.g., renal cell carcinoma, bladder cancer, prostate cancer, and testicular
cancer)[99]. Montelukast has been shown to induce early
apoptosis in a bladder transitional cell carcinoma (TCC)
cell line, as well as in three different prostate cancer cell
lines[6,83]. In addition, montelukast has been shown to induce the intrinsic apoptotic pathway, resulting in cleavage
of caspases 3 and 9, and cell cycle arrest in neuroblastoma cell lines[84].
Studies in CysLT1R-deficient mice have revealed its
role in enhanced vascular permeability during an acute
inflammatory response[100]. Pranlukast and montelukast
have been shown to reduce vascular permeability by regulating vascular endothelial growth factor (VEGF) expression in allergen-induced asthmatic lungs of mice[101]. Furthermore, the two abovementioned CysLT1R antagonists
have been shown to inhibit the permeability of peripheral capillaries, thereby preventing tumor metastasis in a
Lewis lung carcinoma metastasis model[102]. Proliferation
and migration of endothelial cells are needed to form
new vessels, a process required in cancer development.
Montelukast has been shown to reduce LTD4-CysLT1Rmediated migration of the endothelial cell line EA.hy926
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16

Deregulated AA metabolism creates an imbalance in the
tissue homeostatic events of proliferation, regeneration
and repair, and host defense. Additionally, deregulated
AA metabolism contributes to sustained inflammatory processes that could result in CRC development.
Among the implicated inflammatory mediators are the
eicosanoids, such as CysLTs. Thus, the modification of
CysLT signaling could pave the way for the development
of new personalized medicine for patients with CRC[104].
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into those epigenotypes of CRC. In addition, specific
DNA methylation already occurs in the normal colonic
mucosa, which might be utilized for prediction of the
personal CRC risk. DNA methylation is suggested to
occur at an earlier stage than carcinoma formation,
and may predict the molecular basis for future development of CRC. Here, we review DNA methylation and
CRC classification, and discuss the possible clinical usefulness of DNA methylation as biomarkers for the diagnosis, prediction of the prognosis and the response to
therapy of CRC.
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Core tip: Colorectal cancer (CRC) is a heterogeneous
disease which involves several distinct molecular carcinogenetic pathways. Recent comprehensive genomewide analyses clarify detailed DNA methylation statuses
of cancer-related genes in CRC. We and others have
investigated the association between DNA methylation
and genetic alterations, and performed classification
of CRC/their precursors, including conventional adenomas, serrated adenomas, non-polypoid colorectal
neoplasms and aberrant crypt foci. In addition, we also
evaluated the usefulness of DNA methylation markers
as surrogate biomarkers for diagnosis, prognosis and
therapeutic application of CRC. Here, we review the
DNA methylation status and classification of CRC to
understand the roles of DNA methylation in colorectal
carcinogenesis.

Abstract
Despite the recent advances in the therapeutic modalities, colorectal cancer (CRC) remains to be one
of the most common causes of cancer-related death.
CRC arises through accumulation of multiple genetic
and epigenetic alterations that transform normal colonic epithelium into adenocarcinomas. Among crucial
roles of epigenetic alterations, gene silencing by aberrant DNA methylation of promoter regions is one of
the most important epigenetic mechanisms. Recent
comprehensive methylation analyses on genome-wide
scale revealed that sporadic CRC can be classified into
distinct epigenotypes. Each epigenotype cooperates
with specific genetic alterations, suggesting that they
represent different molecular carcinogenic pathways.
Precursor lesions of CRC, such as conventional and
serrated adenomas, already show similar methylation
accumulation to CRC, and can therefore be classified
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occur at an earlier stage than carcinoma formation, and
is already completed at the adenoma stage. In this review,
we focus on the importance of DNA methylation and
provide an overview of the classification of CRC and
their precursors, and discuss the clinical applications of
aberrant DNA methylation as biomarkers for the diagnosis, prediction of the prognosis and the response to
therapy of CRC.

htm DOI: http://dx.doi.org/10.3748/wjg.v20.i4.978

INTRODUCTION
Colorectal cancer (CRC) arises through accumulation of
multiple acquired genetic and epigenetic alterations that
cause malignant transformation of normal colonic epithelium to adenocarcinoma[1,2]. These carcinogenetic processes were first described in the model of the adenomacarcinoma sequence[3], and somatic mutations of tumorsuppressor genes (e.g., APC, p53 and DCC) and activating
mutations in the KRAS oncogene are well-known genetic
alterations involved in this model[3-5] (Table 1).
CRC can be biologically divided into those with microsatellite instability (MSI), characterized by DNA replication and repair defects, and those with chromosomal
instability (CIN), characterized by aneuploidy, multiple
chromosomal rearrangements and accumulation of
somatic mutations in oncogenes[6]. These genomic instabilities have been reported to be closely associated with
the molecular heterogeneity of CRC[7], which is a factor
responsible for the significant variability in the prognosis
and treatment response among patients with the same
stage of CRC[8]. Since the distinct molecular subtypes of
CRC are difficult to be accurately distinguished histologically or clinically, technologies that can detect significant
molecular alterations in CRC on genome-wide scale
had been expected to be developed. Recently, exome
sequencing analyses revealed the involvement of many
somatic mutations of genes, including SMAD4, FBXW7,
TCF7L2, and FAM123B[9-11]. Although hundreds of mutations, on average, are found in genomes of CRC, only
a small set of functionally important genes are proposed
to be involved with cancer formation as driver genes in
individual cancer[11]. Whereas key mutational changes are
necessary for the initiation and progression of CRC, the
number of genes silenced by epigenetic mechanisms is
greater than the number of genetic mutations in CRC[11],
suggesting a crucial role of epigenetic alterations.
Recently, we and other groups performed epigenotyping of CRC, by unsupervised hierarchical clustering
method using comprehensive and quantitative methylation data (Table 2). These results demonstrated that CRC
can be clearly clustered into three DNA methylation
epigenotypes[12-14]. Interestingly, each of the epigenotypes
showed a unique association with a variety of genetic
mutations (i.e., BRAF, KRAS and TP53) and the genomic
instability status of sporadic CRC, indicating that they
develop through distinct carcinogenetic pathways. Moreover, the intermediate-methylation subtype with KRAS
mutation showed a poorer prognosis than other subtypes,
suggesting that the DNA methylation status could be
used as prognostic markers. Subsequently, we conducted
epigenotyping of conventional adenomas and serrated
adenomas, and showed that these precursor lesions of
CRC can also be classified into the three epigenotypes[15].
These findings suggested that epigenotype development
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ABERRANT DNA METHYLATION ON
GENE PROMOTERS
Two major types of epigenetic alterations closely linked
to CRC are aberrant DNA methylation and covalent histone modifications[16]. Gene silencing by aberrant DNA
methylation of its promoter region is one of the most
important epigenetic mechanisms to inactivate the expression of tumor-suppressor genes. While the majority
of CpG sites in the genome are known to be methylated
in normal mammalian cells, unmethylated CpG sites are
typically present in the genomic regions known as CpG
islands. CpG islands are reported to overlap the promoter
regions in 60%-70% of genes and tend to be protected
from methylation; however they can be aberrantly methylated during the carcinogenetic process[17]. Investigation
of genes using aberrant methylation as markers is useful
to identify novel tumor-suppressor genes and methylation markers for cancer classification [18-23]. Therefore,
several methods for genome-wide analysis have been developed since the 1990’s[24-28]. These epigenetic alterations
have been noted to play crucial roles not only in cancer
progression, but also in cancer initiation, since the alterations have been identified in the pre-cancerous “normal”
tissues that could modify cancer risk [2,29-31]. Recently,
genome-wide DNA methylation analysis tools have been
developed to reveal the detailed epigenetic backgrounds
of CRC[12-14]. Importantly, gene silencing resulting from
aberrant DNA methylation cooperates with other genetic
mechanisms to alter the key molecular pathways critical
in colorectal carcinogenesis[29] (Figure 1).

CLASSIFICATION OF CRC USING DNA
METHYLATION INFORMATION
CpG island methylator phenotype
In 1999, Toyota et al[21] reported that some CRCs show a
significantly high frequency of aberrant DNA methylation in specific CpG islands, named CpG island methylator phenotype (CIMP). CIMP-positive CRC shows
DNA hypermethylation at a specific subset of genomic
loci[32,33] and is highly enriched for an activating mutation
of BRAF[34,35]. Hypermethylation of CpG islands in gene
promoter regions results in transcriptional repression.
For example, CIMP-mediated gene silencing of the mismatch repair gene MLH1 by promoter hypermethylation
is the molecular basis for MSI in sporadic microsatelliteunstable CRC, and most sporadic microsatellite-unstable
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Table 1 Colorectal carcinogenic pathways and genetic alterations
MSI

Methylation

KRAS

BRAF

TP53

Reports

Adenoma-carcinoma sequence

-

+/-

++

-

+

Serrated pathway

+

++

+

++

+/-

De novo pathway

-

-

+

-

-

Grady et al[1]
Vogelstein et al[3]
Howkins et al[32]
Weisenberger et al[35]
Yashiro et al[58]
Kinney et al[59]

MSI: Microsatellite instability.

Table 2 Reports on colorectal cancer classification by methylation information
Ref.

Marker selection

Methylation analysis methods

Classification method

Methylation phenotypes

Genome-wide (MCA-RDA)

COBRA

Methlation frequency

MethyLight markers

MethyLight

Hierarchical clustering

Ogino et al[39]

Reported markers

MethyLight

Methylation frequency

Shen et al[13]

Reported markers

Hierarchical clustering

Yagi et al[14]

Genome-wide (MeDIP-chip)

Pyrosequence
COBRA
MCA
MSP
MassARRAY

CIMP+
CIMPCIMP+
CIMPCIMP-high
CIMP-low
CIMP-0
CIMP1
CIMP2
CIMP-negative

Hinoue et al[12]

Genome-wide (Infinium 27k)

MethyLight

Hierarchical clustering

Toyota et al[20]
Weisenberger et al[35]

Hierarchical clustering

HME
IME
LME
CIMP-H
CIMP-L
Non-CIMP

CIMP: CpG island methylator phenotype; MCA: Methylated CpG island amplication; RDA: Representation difference analysis; COBRA: Combined bisulfite restriction analysis; MSP: Methylation-specific PCR; MeDIP: Methylated DNA immunoprecipitation; LME: Low-methylation epigenotype; IME:
Intermediate-epigenotype; HME: High-methylation epigenotype.

CRC are therefore CIMP-positive[36]. CIMP-positive CRC
inversely correlates with CRC with CIN[37,38], tends to occur in the proximal colon, and is commonly observed in
women[32], suggesting that they appear to develop distinct
carcinogenetic pathway from CIMP-negative CRC.

methylation data of 27 previously reported gene promoter and genetic alterations, including mutations of
BRAF, KRAS, and p53, Shen et al[13] proposed that CRC
can be classified into three subsets, CIMP1, CIMP2, and
CIMP-negative. This report successfully showed the existence of three clusters of CRC with different molecular
characteristics: (1) CIMP1 with MSI-high (80%), BRAF
mutation (53%) and high-methylation; (2) CIMP2 with
KRAS mutation (92%) and different methylation; and
(3) CIMP-negative with p53 mutation (71%) and absence
of these methylations. Integrated genetic and epigenetic
analysis was found to be important, and genetic markers
performed better than epigenetic markers in their classification of CRC[13].
To clarify whether CRC can be classified into more
than two subsets using information on methylation accumulation alone, we performed comprehensive two-way
unsupervised hierarchical clustering, using quantitative
methylation data of genome-widely selected novel markers that were established through MeDIP-chip analysis.
We demonstrated that CRC can be clearly classified into
three distinct epigenotypes: high-, intermediate-, and lowmethylation epigenotypes (HME, IME, and LME). HME
was strongly correlated to the presence of the BRAF
mutation (71%) and MSI-high (76%), and IME was

DNA methylation markers and CRC epigenotypes
Since the first CIMP markers were identified by Toyota et
al[20,21], many other CIMP markers have been described,
e.g., MLH1, NEUROG1, SOCS1, RUNX3, IGF2 and
CACNA1G[18-22,35]. Using quantitative real-time PCR,
Ogino et al[39] selected five CIMP markers to distinguish
high from low levels of CIMP-mediated gene promoter
methylation, and found that CIMP-low CRC tends to be
associated with male sex and KRAS mutations. CIMPlow appears to be independent of the MSI status, suggesting that CIMP-low might be a different subtype
of CRC from CIMP-high and CIMP-0. However, no
clear difference was observed between CIMP-low and
CIMP-0, because these methylation markers were specific
for CIMP-high and not ideal for identification of the
CIMP-low subtype. Sensitive and specific markers for
CIMP-low were needed to be determined.
According to the results of unsupervised two-way
hierarchical clustering based on the quantitative DNA
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BR
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Serrated
ACF

AS

KR

Heteroplastic
ACF (KRAS+)

BRAF
CIMP

KRAS
APC

Serrated pathway
Serrated
adenoma

MLH-1

HME CRC
(CIMP-H/MSI+)

Adenoma-carcinoma sequence
IME
adenoma

p53

IME CRC
(CIMP-L/MSI-)

LME
adenoma

p53

LME CRC
(CIMP-/MSI-)

Normal
colonic mucosa
Heteroplastic
ACF (KRAS-)
?
Dysplastic
ACF

APC

?
?

De novo pathway
Non-polypoid
adenoma

?

Non-polypoid
CRC

DNA methylation

Figure 1 Carcinogenetic pathway and classification of colorectal cancer. Colorectal cancer (CRC) arises through accumulation of multiple acquired genetic and
epigenetic alterations. Adenomas and CRCs can be classified into several sub-groups based on the status of DNA methylation and associated genetic mutations,
suggesting that the different types of CRC developed through different molecular carcinogenetic pathways. DNA methylation accumulation occurs during aberrant cell
expansion and is usually completed at adenoma stage. Non-polypoid colorectal neoplasms are hypothesized to develop through de novo pathway, whereas the epigenetic features of laterally spreading tumors have not yet been fully investigated.

strongly correlated to the presence of the KRAS mutation (63%)[14]. In our analysis, p53 mutation was absent in
HME, but was detected in both IME and LME. It was
noteworthy that the methylation markers were clustered
into two groups: (1) Group-1 markers included most of
the known CIMP markers and showed methylation specifically in HME CRC; and (2) Group-2 markers including novel methylation markers which showed methylation
in both HME and IME. It was also noteworthy that
patients with IME KRAS-mutation(+) CRC showed a
significantly worse prognosis.
Subsequent to our report, Hinoue et al[12] performed
DNA methylation profiling of CRC using Illumina Infinium DNA methylation beadarray, and reported that
CRC can be classified into three distinct epigenotypes
(CIMP-H, CIMP-L and Non-CIMP), consistent with
previous reports[13,14]. Genetic and epigenetic features of
CIMP-H/CIMP-L CRC are also in agreement with those
observed in the CIMP1/CIMP2 CRC[13] and the HME/
IME CRC[14]. According to the frequency of p53 mutation, they proposed that non-CIMP CRC could be classified into two distinct sub-groups; one with a significantly
higher frequency of p53 mutations (65%) and frequent
occurrence in the distal colon, and the other with absence
of both cancer-specific DNA methylation and gene mutations, and more frequent occurrence in the rectum.

from conventional adenomas through the adenomacarcinoma sequence[3], whereas the serrated pathway has
been considered as an alternative pathway distinct from
the adenoma-carcinoma sequence. The serrated pathway
is known to involve mutation of BRAF, MLH1 methylation and CIMP[34,35]. While serrated adenomas are commonly CIMP-high and carry the BRAF mutation[34,40-45],
conventional adenomas rarely exhibit these genetic and
epigenetic alterations[40]. In addition, the risk factors for
CIMP-high serrated adenomas are reported to be similar to those of CRC with CIMP[40]. Serrated adenoma is
therefore considered to be a precursor of CIMP-positive
CRC. Although CIMP-high and BRAF mutation were
frequently observed at the adenoma stage, the prevalence of MLH1 methylation was lower than that of
CRC with CIMP[40-42,45]. Interestingly, MLH1 methylation
was more frequently observed in proximal, large serrated
adenomas[40], suggesting that MLH1 methylation is a late
event in the serrated pathway, and heralds the transition
from serrated adenoma to CRC, involving the mutator
phenotype.
Epigenotype of conventional adenomas
While the genetic and epigenetic features among conventional and serrated adenomas have been demonstrated to
be widely different, existence of DNA methylation phenotypes within conventional adenomas and their correlation to genetic mutations were not fully investigated. We
investigated whether conventional adenomas could be
classified into epigenotypes, and our CRC classification
markers successfully classified conventional adenomas
into two distinct epigenotypes, IME and LME[15]. There
were no remarkable differences in the morphological and

CLASSIFICATION OF PRECURSOR
LESIONS OF CRC
Genetic and epigenetic alterations of serrated adenomas
The majority of sporadic CRC is thought to develop
WCGO|www.wjgnet.com
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pathological features among the two epigenotypes. While
IME adenomas showed a significantly high frequency of
the KRAS mutation (62%), LME adenomas did not show
any genetic alterations, similar to the case of LME CRC.
Interestingly, there was no difference in the methylation
level between IME adenoma and IME cancer, suggesting that accumulation of aberrant DNA methylation is
mostly completed at the adenoma stage. This indicated
that additional aberration(s) other than DNA methylation are needed for adenomas to transform into CRC.
The progression of adenomas to CRC is postulated to be
associated with p53 abnormalities[3], and DNA methylation of some genes, e.g., MGMT, CXLC12, TIMP3, ID4
and IRF8, might also be involved in the development to
CRC[46,47].

Therefore, ACF have been recognized as a useful surrogate biomarker for CRC surveillance[72] and been used
in recent chemoprevention trials[73-77]. Histopathologically,
human ACF can be sub-classified into two categories:
dysplastic and heteroplastic[62]. Dysplastic ACF resemble
adenomas and sometimes lack mucin production[78], and
are more common in familial adenomatous polyposis
(FAP) patients than in sporadic CRC patients[79]. In contrast, heteroplastic ACF resemble hyperplastic polyps and
lack dysplasia, and are highly identified in sporadic CRC
patients.
Genetic and epigenetic alterations in aberrant crypt foci
Although all ACF from FAP patients carry the APC mutation[79], both the dysplastic and heteroplastic ACF from
sporadic CRC patients frequently carry KRAS mutation,
but not the APC mutation[79-81]. While BRAF mutation
has rarely been identified in ACF[79,82], Rosenberg et al[83]
reported that heteroplastic ACF with serrated pathology
exclusively exhibit BRAF mutation. Although there was
a report that CIMP-high was less frequently observed in
ACF in sporadic CRC patients[80], the methylation status
of ACF has not been well investigated. In our DNA
methylation analysis in heteroplastic ACF, ACF showed
frequent KRAS mutation, consist with previous reports.
The levels of aberrant DNA methylation were significantly lower compared to adenomas[82], suggesting that
DNA methylation accumulation might be requested during aberrant cell expansion in adenoma formation, but
not in ACF formation.

Genetic and epigenetic alterations of non-polypoid
colorectal neoplasms
Non-polypoid colorectal neoplasms that do not exhibit
a macroscopic protruding appearance have been documented not only in Japan[48-53], but also in western countries[54,55]. They are characterized by lateral extensions
along the luminal wall with a low vertical axis, and such
tumors with a diameter of > 10 mm are called laterally
spreading tumors (LSTs)[48]. The incidence of genetic alterations such as KRAS, BRAF and p53[49,56-58] and MSI[59]
were less common in these non-polypoid colorectal neoplasms than those in conventional adenomas. In addition,
a high percentage of these lesions are reported to exhibit
high-grade dysplasia and rapidly invade the submucosal layer despite their small sizes[50-52,60]. Therefore, nonpolypoid colorectal neoplasms are hypothesized to develop through an alternative carcinogenetic pathway (i.e.,
de novo pathway) different from the adenoma-carcinoma
sequence and the serrated pathway. LSTs are usually categorized into two subtypes based on their macroscopic
morphology: the granular type and non-granular type[48].
Whereas the epigenetic features of LST have not yet
been fully investigated, Hiraoka et al[61] reported frequent
methylation of CIMP-markers and frequent KRAS mutation in the granular type, but not in the non-granular
type. LST might be composed of several subtypes which
exhibit distinct molecular pathway, and further investigations are needed to reveal the genetic and epigenetic
features of nonpolypoid colorectal neoplasms and their
association with colorectal carcinogenesis.

DNA METHYLATION IN APPARENTLY
NORMAL MUCOSA
Some of genes showing aberrant methylation in CRC,
such as ESR1, IGF2 and TUSC3 are also methylated in
histologically normal colonic epithelium. Aberrant DNA
methylation of these genes is considered to increase in an
age-dependent manner, and approximately half of them
have also been shown to be involved in the pathogenesis
of CRC[84-86].
The concept of “field cancerization” was proposed
to explain the multiple primary lesions, local recurrence
and increased susceptibility of normal tissue to malignant
transformation[87]. The field changes occur at the molecular level, and these abnormalities of the normal colonic
epithelium could be potential biomarkers for assessing
the personal risk for future CRC development. Suzuki et
al[88] reported that a higher incidence of hypermethylation
and down-regulation of the SFRP genes, negative regulators of the WNT signaling pathway, were observed in the
normal colonic mucosa from patients with CRC, than in
that from patients without CRC. In addition, Kawakami
et al[89] reported that higher methylation levels of age-related markers, such as ESR1 and MYOD, were observed
in the normal colonic mucosa from patients with CIMPpositive CRC than in that from patients without CRC. It
was reported, in contrast, that lower methylation levels

CLASSIFICATION OF ABERRANT CRYPT
FOCI
Aberrant crypt foci and colorectal carcinogenesis
Aberrant crypt foci (ACF) are microscopic mucosal abnormalities, a subset of which postulated to be the earliest precursors of CRC[62]. ACF show increased expression
of proliferative markers[63], and a significant correlation
has been reported to exist between the presence of ACF
and synchronous advanced neoplasia[62,64-71], suggesting a
positive role of these lesions in colorectal carcinogenesis.
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of these markers were observed in the normal colonic
mucosa from patients with CRC than from patients without CRC[90,91]. Recently, genome-wide DNA methylation
analysis revealed that the gene methylation levels involved
in the metabolic pathways of carbohydtates, lipids and
amino acids were significantly different among normal
colonic mucosa specimens obtained from patients with
and without CRC[92]. While DNA methylation accumulation is expected to contribute to field cancerization in the
colon, further studies are necessary to establish useful
surrogate biomarkers for CRC surveillance.

that they develop through different molecular carcinogenetic pathways. Serrated adenomas are commonly CIMPhigh and carry BRAF mutation, thus postulated to be
precursor lesions of CIMP-positive, MSI-high proximal
CRCs. MLH1 methylation has been suggested to be a
late event in the serrated pathway, and heralds the transition from serrated adenoma to CIMP-positive CRC.
Conventional adenomas can also be classified into two
distinct epigenotypes. DNA methylation accumulation
is mostly completed by the adenoma stage, and conventional adenomas are hypothesized to be precursors of
CIMP1/IME/CIMP-low and CIMP0/LME/Non-CIMP
CRCs. ACF showed significantly lower methylation levels
than adenomas, suggesting that DNA methylation accumulation is a prerequisite for aberrant cell expansion in
adenoma formation, but not in the formation of ACF.
DNA methylation may predict the molecular basis of
CRC, and these markers might be present as useful surrogate markers for the diagnosis, prediction of the prognosis and the response to therapy of CRC. Some genes
already showed aberrant methylation in apparently normal colonic mucosa, and their methylation may be related
to field cancerization of CRC and predict cancer risk.
Continued efforts to investigate the associations between
molecular mechanisms of CRC and genetic/epigenetic
alterations may allow us to understand colorectal carcinogenesis, and lead to the translation of these insights into
clinical practice.

CLINICAL APPLICATION OF DNA
METHYLATION MARKERS
Early CRC detection could contribute to a reduction of
CRC-related mortality. However, strategies such as colonoscopy are invasive, whereas the less-invasive fecal blood
test shows low sensitivity and specificity[93]. Identification
of noninvasively testable, high-quality biomarkers for
CRC is therefore necessary. Recent genome-wide analyses
were conducted to identify candidate DNA methylation
markers for early CRC detection, by comparing the DNA
methylation levels between CRC and/or adenomas, and
matched normal colonic mucosa[93-96]. For example, Mori
et al[94] reported that the methylation status of VSX2
showed a high discriminative accuracy (83% sensitivity
and 92% specificity). These potential biomarkers may allow reliable discrimination of CRC patients from tumorfree patients. Several clinical studies have been carried
out to confirm the usefulness of stool and blood DNAbased methylation markers for early CRC detection[97,98].
In any application, classification marker genes are specifically methylated in some epigenotypes, therefore, genes
that are commonly methylated in all CRCs, regardless of
the epigenotype, would be useful markers for early CRC
detection.
The MSI status has been proposed as a biomarker for
determination of the prognosis and/or the effectiveness
of FU chemotherapy in advanced CRC patients[99]. KRAS
mutation in advanced CRC has been reported to be associated with a poor prognosis[100], and the usefulness of
determining its presence for predicting a lack of response
to EGFR-targeted therapy is well proven[101]. Our previous study revealed that IME CRC with KRAS mutation is
associated with a poor prognosis. DNA methylation biomarkers for prediction of the therapeutic responses of
CRC, however, have not been identified yet. Additional
studies are needed to establish methylation biomarkers
for application in clinical practice, e.g., for prediction of
the prognosis and of the responses to therapy of CRC.
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approximately 85%-95% at 1 year and 45%-55% at
3 years. Long-term survival data are sparse. Better
survival may be expected for patients with small metastasis, low carcinoembryonic antigen levels, and/or
no extrapulmonary metastasis. The notable advantages
of RFA are that it is simple and minimally invasive;
preserves pulmonary function; can be repeated; and is
applicable regardless of previous treatments. Its most
substantial limitation is limited local efficacy. Although
surgery is still the method of choice for treatment with
curative intent, the ultimate application of RFA may be
to replace metastasectomy for small metastases. Randomized trials comparing RFA with surgery are needed.
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Abstract

Core tip: Radiofrequency ablation (RFA) for pulmonary
metastasis of colorectal cancer is technically simple.
The procedure rarely results in death. The most common complication is pneumothorax, which occurs in up
to 50% of patients. Severe complications are rare. Local progression after RFA is not rare and occurs in 10%
or more of cases. The short- to mid-term survival after
RFA appears promising and is approximately 85%-95%
at 1 year and 45%-55% at 3 years. Long-term survival
data are sparse. Better survival may be expected for
patients with small metastasis, low carcinoembryonic
antigen levels, and/or no extrapulmonary metastasis.

Radiofrequency ablation (RFA) causes focal coagulation necrosis in tissue. Its first clinical application was
reported in 2000, and RFA has since been commonly
used in both primary and metastatic lung cancer. The
procedure is typically performed using computed tomography guidance, and the techniques for introducing
the electrode to the tumor are simple and resemble
those used in percutaneous lung biopsy. The most
common complication is pneumothorax, which occurs
in up to 50% of procedures; chest tube placement for
pneumothorax is required in up to 25% of procedures.
Other severe complications, such as pleural effusion
requiring chest tube placement, infection, and nerve
injury, are rare. The local efficacy depends on tumor
size, and local progression after RFA is not rare, occurring in 10% or more of patients. The local progression
rate is particularly high for tumors > 3 cm. Repeat
RFA may be used to treat local progression. Short- to
mid-term survival after RFA appears promising and is
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monly used as a treatment for both primary and metastatic lung cancer. The thermal and electrical conductivity
of air are low, and thus the effects of RFA on the lungs
may be tissue-specific. Accordingly, it has been demonstrated that a given quantity of RF current produces a
larger volume of ablation of tumors in the lungs than in
subcutaneous tissues or the kidneys[10]. Conversely, alveolar air and ventilation may limit the ablation zone in the
surrounding parenchyma, as saline infusion into the lung
parenchyma to reduce alveolar air and bronchial balloon
occlusion enlarged the ablation zone in animal experiments[11,12]. This difficulty in ablating the marginal parenchyma may account for the relatively high frequency of
local progression after RFA of lung cancer.
RFA is indicated in patients who are considered nonsurgical candidates and for whom the treatment of lung
cancer is expected to contribute to prolonged survival.
The procedure is not indicated in patients with poor performance status (e.g., PS ≥ 3), leucocyte count < 3000
cells/μL, uncorrected coagulopathy (e.g., a platelet count
< 50000/μL or a prothrombin time-international ratio
> 1.5), poor pulmonary function (e.g., predicted forced
respiratory volume in 1 sec ≤ 1000 mL), poor cardiac
function (e.g., New York Heart Association Class ≥ III),
uncorrected diabetes (e.g., HbA1c ≥ 7), and uncontrollable extrapulmonary cancer. The procedure is feasible,
but patients with tumors in contact with the heart and
aorta are at a higher risk of local progression[13].
The electrode used for lung RFA is usually either a
multitined expandable electrode or an internally cooled
electrode[14]. The multitined expandable electrode, which
is more commonly used for lung RFA, consists of an array of multiple electrode tines that expand from a single,
centrally positioned large needle cannula. The internally
cooled electrode consists of dual-lumen needles with
non-insulated active tips, in which internal cooling is
achieved by continuous perfusion with chilled saline.
We suggest that the procedure should be performed
by physicians who are familiar with both computed
tomography (CT)-guided intervention and RFA. The
procedure is usually conducted under local anesthesia,
but epidural or general anesthesia may also be used. CT
is the only image-guidance modality that can be used for
lung RFA. CT fluoroscopy permits a near real-time image
display, thereby facilitating the procedure. The techniques
used to introduce the electrode into the tumor under CT
guidance are simple and similar to those used in percutaneous lung biopsy. A prospective multicenter clinical
trial showed that treatment was successfully completed in
99% (105/106) of patients[15]. Multiplanar reconstruction
of CT images is useful for confirming proper positioning
of the electrode. After introducing the electrode into the
tumor, a given RF energy is applied for a variable duration. In our institution, an ablation algorithm based on
electrode type is used; this algorithm has been described
in the literature[16]. The procedure should aim to obtain
an ablative margin of at least 0.5 cm around the tumor
to treat the microscopic extension of cancer cells around

INTRODUCTION
Colon cancer is the third most common cancer and the
second most common cause of cancer-related mortality
in the United States, and 10%-30% of patients with colon cancer have pulmonary metastasis at presentation[1,2].
Even if metastasis is not initially present, the cancer may
recur in the lungs after curative resection of the primary
cancer. Kobayashi et al[3] surveyed 5230 patients who
underwent curative resection for colorectal cancer and
found that 906 patients (17%) developed recurrence at a
median of 1.4 years after surgery. The first recurrence site
in 250 patients (5%) was the lungs, which was the second
most common site of recurrence after the liver (373 patients, 7%). Although lung recurrence is usually accompanied by recurrence at other sites, recurrence was confined
to the lungs in 2%-10% of patients who develop distant
metastases[4,5].
A meta-analysis demonstrated that patients with untreated locally advanced or metastatic colorectal cancer
had a median survival of 8 mo[6]. The International Registry of Lung Metastases[7] revealed that the 5-year survival
rate for patients who underwent complete resection of
lung metastasis was 36%, compared to 13% for patients
who did not undergo complete resection. A large-scale,
multicenter retrospective study in Japan[3] also reported
significantly better survival in patients who underwent
resection for pulmonary recurrence. Thus, surgery is
considered the treatment of choice for curative intent.
However, that study[3] also indicated that less than half
(38%) of the patients with pulmonary recurrence underwent surgical resection. Mitry et al[2] reported that only
4% of patients with synchronous pulmonary metastases
and 14% of patients with metachronous pulmonary metastases were curatively resected. These data indicate that
many patients with pulmonary metastases are not considered suitable for surgery. Therefore, the development of
less invasive local therapies, such as radiofrequency ablation (RFA), may be attractive.

PRINCIPLE AND TECHNIQUES OF LUNG
RFA
RFA causes focal coagulation necrosis in tissue via the
delivery of energy in the form of an alternating electrical current with a frequency of 460-500 kHz in the radio
wave range. The alternating electrical current causes the
agitation of ionic dipolar molecules in surrounding tissue
and fluids, resulting in frictional heating. The exposure of
cells to temperatures of 50-52 ℃ for 4-6 min may induce
cytotoxicity[8]. Between 60 ℃ and 100 ℃, there is a near
instantaneous induction of protein coagulation, which
irreversibly damages key cytosolic and mitochondrial
enzymes, as well as nucleic acid-histone protein complexes[8]. Thus, the aim of the RFA procedure is to generate
temperatures > 50 ℃ in cancer cells.
Since Dupuy et al[9] reported the first clinical use of
RFA to treat lung cancer in 2000, RFA has been com-
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Figure 1 Pulmonary metastasis in a 68-year-old man with colorectal cancer treated with radiofrequency ablation. A: Computer tomography (CT) image before
radiofrequency ablation (RFA) showing a tumor (arrow) 1.1 cm in size in the right middle lobe; B: Positron emission tomography (PET) image before RFA showing
increased fluorodeoxyglucose (FDG) uptake by the tumor (arrow); C: CT fluoroscopic image obtained during RFA showing the treatment of the tumor with a multitined
expandable electrode (arrow); D: CT image 1 mo after RFA showing cavity formation around the ablated tumor (arrow); E: CT image 3 mo after RFA showing cavity
collapse and an increase in the size of the ablation zone (arrow) beyond the tumor size before RFA; F: PET image 6 mo after RFA showing the disappearance of FDG
uptake; G: CT image 24 mo after RFA showing the shrinkage of the ablation zone (arrow) and its appearance as a focal atelectasis.

the macroscopic mass and thereby decrease the risk of
local progression. To obtain an adequate ablative margin,
repositioning of the electrode followed by application of
RF energy (so-called “multiple overlapping ablations”)
may be performed.

before ablation because the lesion includes the ablated
marginal parenchyma surrounding the tumor[17-19]. Thus,
at a given time point during this period, local efficacy
cannot be evaluated by comparing the tumor size with
the pretreatment tumor size. Consequently, CT images
are first obtained in the early period (e.g., 1 mo) after RFA
as a point of reference. Thereafter, it is possible to evaluate local efficacy by comparing the size and geometry of
the ablation zone with the previous CT images. When the
tumor is completely ablated, the ablation zone gradually
decreases in size[20] and typically becomes scar-like tissue.
Local tumor progression is considered to occur when the
ablation zone increases in size[20]. In our experience, in
most cases of local tumor progression, a nodule appears
in the periphery of the ablation zone that always enlarges

RADIOLOGICAL EVALUATION OF LOCAL
EFFICACY
Figure 1 shows radiological images of a pulmonary
metastasis from a colorectal cancer patient treated with
RFA. Local efficacy is evaluated primarily by sequential
follow-up CT scans. During the first 6 mo after RFA,
the size of the ablated lesion may exceed the tumor size
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if untreated. Such a nodule generally exhibits some degree of contrast enhancement that distinguishes it from
the unenhanced necrotic tumor tissue[20]. Thus, contrastenhanced CT images can be helpful in confirming the diagnosis of local progression. However, in our experience,
local progression is diagnosed by careful observation of
the size and geometry of the ablation zones. Therefore,
we are of the opinion that contrast-enhanced CT is preferable but not essential for diagnosing local progression.
Positron emission tomography may also be used to
evaluate local efficacy. Focal areas of increased fluorodeoxyglucose uptake at the ablated zone are suggestive of
local tumor progression. However, attention should be
paid to possible false-positive results during the first 3
mo[17,21] or even at 24 mo[22] after RFA, due to inflammation induced by RFA.

time of the study was 38%. The 1-, 2-, and 3-year overall survival rates were 85%, 64%, and 46%, respectively,
and the median overall survival was 33 mo. The 1- and
2-year local progression-free survival rates were 74% and
56%, respectively. The 1- and 2-year local progressionfree survival rates were 88% and 69%, respectively, for
the patients in which the largest lung metastasis was ≤
3 cm, and 27% and 18%, respectively, for the patients in
which the largest lung metastasis was > 3 cm. The 1- and
2-year overall progression-free survival rates were 61%
and 34%, respectively. The median overall progressionfree survival was 15 mo. Univariate analyses identified the
following factors as significant for local progression-free
survival: the size of the largest lung metastasis, the location of the lung metastases, and post-RFA carcinoembryonic antigen (CEA) levels at 1 and 3 mo. According
to multivariate analysis, a largest lung metastasis of > 3
cm (HR = 8.3) and post-RFA CEA level of > 5 ng/mL
at 1 mo (HR = 3.5) were independently associated with
reduced local progression-free survival. Two factors were
found to be significant for overall progression-free survival: sex and size of the largest lung metastasis. In multivariate analysis, only a largest lung metastasis of > 3 cm
(HR = 5.1) was independently associated with reduced
overall progression-free survival. Yan et al[27] also reported
a learning curve for RFA in which morbidity was reduced. The same group[28] reported the outcomes of an
open-label prospective trial of RFA for 148 nonsurgical
candidates with lung metastases from several primary
cancers; 73% of these patients had primary colorectal
cancer. Although the data for the colorectal cancer patient subgroup was limited, the median overall survival
for patients with colorectal cancer was found to be 60
mo.
Simon et al[29] reported a mixed population comprising
153 nonsurgical candidates with 189 lung cancers, including 18 patients with pulmonary metastasis from colorectal cancer. Although the data from the colorectal cancer
subgroup were scarce, the 1-, 2-, 3-, and 5-year survival
rates for those patients were 87%, 78%, 57%, and 57%,
respectively. Lencioni et al[15] performed a prospective,
multicenter clinical trial of RFA using a mixed population comprising 106 nonsurgical candidates with primary
lung cancer and pulmonary metastasis from various primary cancers. In total, 53 patients had metastases from
colorectal cancer. No procedure-related deaths occurred.
Complete treatment was confirmed for ≥ 1 year in 91%
of the patients with pulmonary metastases from colorectal cancer. The 1- and 2-year overall survival rates for the
patients with colorectal metastases were 89% and 66%,
respectively. The cancer-specific 1- and 2-year survival
rates were 91% and 68%, respectively.
Hiraki et al[30] assessed the outcomes of 27 nonsurgical candidates with pulmonary metastases from colorectal
cancer; these patients comprised a total of 41 RFA sessions. There was no mortality or sequela. Pneumothorax
occurred after 49% of the sessions, and chest tube placement was required after 7.3% of the sessions. Pleural

REVIEW OF STUDIES ON RFA OF
PULMONARY METASTASES FROM
COLORECTAL CANCER
A review of the literature was conducted by searching
the PubMed database. The results were limited to studies
published in English, and the search was performed with
the keywords “colorectal”, “lung”, and “radiofrequency
ablation”. The citations of all electronically identified
articles were further manually searched for potentially
relevant studies. Human clinical studies on the efficacy
of RFA of pulmonary metastases from colorectal cancer
were selected, while animal experiments, case reports,
and reviews were excluded. All relevant articles were subsequently evaluated.
Table 1 summarizes the results for the use of RFA
to treat pulmonary metastases in patients with colorectal
cancer. A group at St. George Hospital in Australia published several reports on the use of RFA to treat pulmonary metastases in patients with colorectal cancer[18,23-28].
In 2003, Steinke et al[18] published their preliminary study,
which mainly focused on morbidity. In total, 20 nonsurgical candidates with 41 pulmonary metastases from
colorectal cancer were treated with RFA. The procedure
resulted in technical failure for 1 tumor. A total of 10
(50%) patients developed pneumothorax, and 5 patients
(25%) required chest tube placement. Intrapulmonary
hemorrhage occurred in 3 (7.5%) of the 40 tumors, but
all cases were self-limiting. In 2007, Yan et al[26] reported
the mid-term outcomes of 55 nonsurgical candidates,
including morbidities, local efficacy, and survival. No
hospital mortality was reported. The periprocedural
morbidity rate was 42%, which included intrapulmonary
bleeding (9%), pneumothorax (29%), pleural effusion
(7%), and persistent pleuritic chest pain for more than 1
wk (4%). Some patients experienced more than 1 adverse
event. In total, 9 patients had pneumothorax that required chest tube placement (16%). The median duration
of hospital stay was 1 d, and the median follow-up period
was 24 mo. The proportion of local progression at the
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PFS: 15 mo
analyses,
Tumor size for
overall PFS by
multivariate
analyses
Proportion of local tumor
OS 1-/2-year: 89%/66%, CancerNA
progression: 9%
specific survival 1-/2-year: 91%/68%

Proportion of local tumor
progression: 38%

NA

Local efficacy

20 (median) Mortality: 0%, Overall PTX: 49%, PTX
Primary and secondary
requiring chest tube placement: 7.3%, proportion of local tumor
Pleural effusion: 15%,
progression: 31% and 20%,
respectively
1-/2-/3-year primary and
secondary local control
rate: 72% and 85%/56%
and 62%/56% and 62%,
respectively
19 (mean) Mortality: 0%, Overall PTX: 37%, PTX Proportion of local tumor
requiring chest tube placement: 20%,
progression: 17%
Pleural effusion: 14%, > 38  ℃ fever:
20%, Empyema requiring chest tube
placement: 1.4%
25 (mean) Mortality: 0%, Overall PTX: 22%, PTX Proportion of local tumor
requiring chest tube placement: 13%,
progression: 14%,
Pleural effusion requiring chest tube 1-/3-/5-year local control
placement: 1.4%
rate: 90%/79%/79%

NA

Mortality: 0%, Overall PTX: 50%,
PTX requiring chest tube placement:
25%, Self-limiting intrapulmonary
hemorrhage: 7.5%
24 (median) Mortality: 0%, Overall morbidity rate:
42%, PTX: 29%, Pleural effusion: 7%,
PTX requiring chest tube placement:
16%, Self-limiting intrapulmonary
hemorrhage: 9%

14 (median)

Patient No. of tumors Tumor
Follow-up
age (yr) per patient size (cm) period (mo)

Table 1 Summary of studies reporting outcomes of radiofrequency ablation of pulmonary metastases from colorectal cancer
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University
2013 122
68
College London
(median)
Medical School

3.3

1.7
(mean)

NA

Mortality: 0%, Late procedure-related Proportion of local tumor
death: 0.4%, Major complication: 3.9%,
progression: 19%
PTX requiring chest tube placement:
15%, Pleural effusion requiring chest
tube placement: 1.2%, Infection: 2.0%,
Nerve injury: 0.8%

OS 3-year rate: 57%, Median OS: 41 mo

None

effusion was encountered after 15% of the sessions. Local progression after RFA was observed in 31% (15/49) of the tumors; 5 of these locally progressing tumors were completely treated by repeating the procedure. Thus, local progression was observed in 20% of the tumors at the time of study. The primary local control rates were 72% at 1 year,
56% at 2 years, and 56% at 3 years. By repeating the procedure for local progression, the local control rates were improved to 85% at 1 year, 62% at 2 years, and 62% at 3 years.
The 1-, 2-, and 3-year survival rates were 96%, 54%, and 48%, respectively. The mean survival time was 33 mo. Univariate analysis revealed that the presence of extrapulmonary
metastasis at the time of RFA was the only significant factor associated with survival.
Yamakado et al[31] reported the results of a multicenter study in Japan comprising 71 nonsurgical candidates. No mortality was observed. Fever (> 38  ℃) developed in 14
patients (20%), and asymptomatic pleural effusion was observed in 10 (14%) patients. Pneumothorax developed in 26 (37%) patients, 14 (20%) of whom required a chest tube.
Empyema developed in 1 (1.4%) patient. Local tumor progression was observed in 12 (17%) of the 71 patients during the mean follow-up period of 19 mo. The proportion of
patients with local tumor progression was 11% (7/61) in those with tumors ≤ 3 cm and 50% (5/10) in those with tumors > 3 cm. This difference was statistically significant.
The 1-, 2-, and 3-year overall survival rates were 84%, 62%, and 46%, respectively. The median survival time was 31 mo. Univariate analyses revealed that extrapulmonary metastasis, tumor size, and CEA level were significant prognostic factors. The first 2 factors were also significant according to multivariate analysis. Subsequently, Yamakado et al[32]
reported a single-center study involving 78 patients with pulmonary metastases from colorectal cancer. The mean follow-up period was 24.6 mo. Pneumothorax developed in
22% (31/140) of the sessions, and pneumothorax and pleural effusion requiring chest tube placement occurred in 13% (18/140) and 1.4% (2/140) of the sessions, respectively.
Local tumor progression was observed in 11 patients (14%). The 1-, 3-, and 5-year local tumor progression rates were 10%, 21%, and 21%, respectively. The 1-, 3-, and 5-year
local tumor progression rates were 5%, 14%, and 14% in patients with tumors ≤ 3 cm and 53%, 69%, and 69% in patients with tumors > 3 cm. This difference was statistically
significant. The 1-, 3-, and 5-year survival rates were 84%, 56%, and 35%, respectively, and the median survival time was 38 mo. Univariate analyses identified maximum tumor
diameter of ≤ 3 cm, single-lung metastasis, absence of extrapulmonary metastasis, and normal CEA levels as prognostic factors. Multivariate analysis also indicated that the latter 2 variables were significantly independent prognostic factors. The 1-, 3-, and 5-year survival rates were 98%, 83%, and 57%, respectively, in the 54 patients with no extrapulmonary metastases and 97%, 86%, and 63%, respectively, in the 33 patients with negative CEA levels.
Petre et al[33] studied 45 nonsurgical candidates with 69 pulmonary metastases (< 3.5 cm) from colorectal cancer. The median hospital stay was 1 d. There was no periprocedural mortality. Pneumothorax occurred in 33% of the sessions, with 12 (19%) patients requiring a percutaneous chest tube. There were 3 cases of pleural effusion, one of
which required catheter drainage. One patient developed bacterial pneumonia. The median follow-up period was 18 mo after RFA. Of the 69 lesions, local tumor progression
occurred in 9 lesions (13%) at a median of 11.1 mo after RFA. Lesions > 1.5 cm had a tendency toward a higher risk of local progression compared with lesions ≤ 1.5 cm
(HR = 7.03). Among the lesions that progressed, 4 were re-treated with RFA, and the secondary (after repeat ablations) effectiveness rate was 93% (64/69 lesions). The primary
and secondary local tumor progression-free survival rates were 92% and 95%, respectively, at 1 year, 77% and 89%, respectively, at 2 years, and 77% and 89%, respectively, at
3 years. The median overall survival time after the RFA procedure was 46 mo. The 1-, 2-, and 3-year overall survival rates from the time of RFA were 95%, 72%, and 50%, respectively. Univariate analyses using various variables revealed that the only significant prognostic factor was the number of pulmonary metastasis at the time of RFA.
Gillams et al[34] performed 256 RFA procedures in 122 patients with a total of 398 metastases. The major complication rate was 3.9%. There were no cases of prolonged air
leak. The 30-d mortality rate was 0%. There were 10 major complications (3.9%): 3 pleural effusions requiring drain insertion; 5 infections, including 1 delayed infection that
resulted in fatal hemoptysis; and 2 nerve injuries (1 recurrent laryngeal nerve injury and 1 brachial plexus injury). Pneumothorax requiring drainage occurred in 39 (15%) of the

NA: Not available; PTX: Pneumothorax; OS: Overall survival; PFS: Progression-free survival; CEA: Carcinoembryonic antigen; RFA: Radiofrequency ablation.

Gillams et al[34]
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procedures. The local progression analysis included 268
tumors with > 6 mo of imaging follow-up data available
for review. On a tumor-by-tumor basis, 52 (19%) of 268
tumors progressed locally. The mean and median times
to local progression were 9 and 8 mo (range 2-27 mo),
respectively. The median overall survival and 3-year survival rate were 41 mo and 57%, respectively. No significant prognostic factors were identified, although survival
tended to be better in patients with smaller tumors.
In summary, RFA for colorectal pulmonary metastasis
is a safe procedure that rarely results in death. The most
common complication is pneumothorax, which occurs
in up to 50% of procedures. Chest tube placement for
pneumothorax is required after up to 25% of procedures.
Other severe complications, such as pleural effusion requiring chest tube placement, infection, and nerve injury,
are rare. Local tumor progression after RFA is not rare
(10% or more) and is particularly common for tumors
> 3 cm. Short- to mid-term survival after RFA appears
promising, with survival rates of approximately 85%-95%
at 1 year and 45%-55% at 3 years. Long-term (5 years or
more) survival data are sparse. Significant prognostic factors include number and size of pulmonary metastases,
CEA levels, and extrapulmonary metastasis.
The ultimate application of RFA may be to replace
metastasectomy. Accordingly, survival data after surgical
resection of pulmonary metastases from colorectal cancer should be assessed. Pfannschmidt et al[35] systematically reviewed 20 published series of surgical resection
of pulmonary metastases from colorectal cancer. The
postoperative mortality ranged from 0% to 2.4%, and approximately 40% of patients remained alive 5 years after
resection. Fiorentino et al[36] also performed a systematic
review of 51 articles on pulmonary metastasectomy in
colorectal cancer. Most pulmonary metastasectomies
were performed for a single metastasis. The 5-year survival rate after single metastasectomy was approximately
50%, whereas the rate after multiple metastasectomy was
30%. Recently, Gonzalez et al[37] performed a systematic
review of 25 studies involving a total of 2925 patients
and found that the median 5-year survival rate was
43.5%. At present, data for long-term survival after RFA
are too sparse to compare with surgical data, although
the short- to mid-term survival data are promising. In our
opinion, given the high local progression rate for tumors
> 3 cm after RFA, patients with such tumors should undergo surgery whenever operable. As a therapy for small
tumors, RFA may be competitive with metastasectomy,
which must be validated in future trials.

are considered nonsurgical candidates because of comorbidities and/or refusal to undergo surgery. Given that
pulmonary metastases are usually of a multifocal nature
and, consequently, pose a high risk of intrapulmonary de
novo recurrence after therapy, the treatment for pulmonary metastases must be repeatable and should preserve
as much of the parenchyma as possible to preserve pulmonary function. The repeatability of the procedure may
also be a great advantage of RFA. Repeat procedures
may also be used to effectively treat local tumor progression[38]. The influence of RFA on pulmonary function
was found to be minimal[39-41], and RFA may be applied
regardless of previous treatments. Consequently, this
method can be used as a second salvage treatment for recurrence after surgery, radiation therapy, or chemotherapy and in combination with other treatments to eradicate
multiple cancers.
There are also disadvantages of the use of RFA. CT
is used for the procedure, which is associated with radiation exposure to both the patient and the physician.
Thus, the use of CT fluoroscopy, although useful, should
be minimized. The procedure is also accompanied by a
high risk of pneumothorax. The most substantial disadvantage of RFA may be its limited local efficacy.

CONCLUSION
RFA for pulmonary metastasis of colorectal cancer is
safe and minimally invasive. The most common complication, which occurs in up to 50% of cases, is pneumothorax. However, in most cases, this can be treated
conservatively. The local efficacy of RFA depends on the
tumor size, and local progression after RFA is not rare,
occurring in 10% or more of cases. The local progression
rate is particularly high for tumors > 3 cm. The short- to
mid-term survival data after RFA are promising, with 1and 3-year survival rates of approximately 85%-95% and
45%-55%, respectively. Long-term survival data remain
sparse. Better survival may be expected for patients with
small metastasis, low carcinoembryonic antigen levels,
and/or no extrapulmonary metastasis. The ultimate application of RFA may be to replace metastasectomy for
small metastases. Future studies should include randomized trials comparing RFA with surgery.
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Overview of single-port laparoscopic surgery for colorectal
cancers: past, present, and the future
Say-June Kim, Byung-Jo Choi, Sang Chul Lee
SPLS and NOSE seemed to be the best combination in
pursuit of minimal invasiveness. In the near future, robotic SPLS with natural orifice transluminal endoscopic
surgery’s way of specimen extraction seems to be pursued. It is expected to provide a completely or nearly
complete seamless operation regardless of location of
the lesion in the abdomen.
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Core tip: Single-port laparoscopic surgery (SPLS) has
clear-cut benefits in terms of cosmesis and reduced
wound morbidity. The technical difficulties have been
overcome by novel concepts and maneuvers, including
the concept of inverse triangulation and the maneuvers
of pivoting, spreading out dissection, hanging suture,
and transluminal traction. Cosmetic demerits, caused
by the specimen extraction through the single-port site,
can be selectively overcome by natural orifice specimen extraction, such as using transvaginal or transanal
route. In the near future, robotic SPLS with natural orifice transluminal endoscopic surgery’s way of specimen
extraction seems to be pursued.

Abstract
Single-port laparoscopic surgery (SPLS) is implemented
through a tailored minimal single incision through which
a number of laparoscopic instruments access. Introduction of operation-customized port system, utilization of
a camera without a separate external light, and instruments with different lengths has brought the favorable
environment for SPLS. However, performing SPLS still
creates several hardships compared to multiport laparoscopic surgery; a single-port system inevitably leads
to clashing of surgical instruments due to crowding. To
overcome such difficulties, investigators has developed
novel concepts and maneuvers, including the concept
of inverse triangulation and the maneuvers of pivoting,
spreading out dissection, hanging suture, and transluminal traction. The final destination of SPLS is expected
to be a completely seamless operation, maximizing the
minimal invasiveness. Specimen extraction through
the umbilicus can undermine cosmesis by inducing a
larger incision. Therefore, hybrid laparoscopic technique, which combined laparoscopic surgical technique
with natural orifice specimen extraction (NOSE) - i.e. ,
transvaginal or transanal route-, has been developed.
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Past: Emerging as a rising hope
Laparoscopic surgery did not only cosmetically satisfy
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hospital, department, and even individual operator (Table
1). In this paper, we referred to it as SPLS, which is the
most widely used terminology in South Korea.

Table 1 Acronyms of single port laparoscopic surgery
Acronym

Details

eNOTES
LESS
NOTUS
OPUS
SPAS
SPL
SIPLS
SIMPL
SILS
SLIT
SLAPP
SSL
TUES
TULA
TUSPLS

Embryonic natural orifice transluminal endoscopic surgery
Laparo-endoscopic single site surgery
Natural orifice trans-umbilical surgery
One port umbilical surgery
Single port access
Single port laparoscopy
Single instrument port laparoscopic surgery
Single incision multi-port laparoscopic-endoscopic
Single incision laparoscopic surgery
Single laparoscopic incision transabdominal
Single laparoscopic port procedure
Single site laparoscopy
Trans-umbilical endoscopic surgery
Trans-umbilical laparoscopic assisted
trans-umbilical single port laparoscopic surgery

Beneficial effects of SPLS
SPLS is implemented through a tailored minimal single
incision through which a number of laparoscopic instruments access. This single incision site usually functions
as (1) an access port entering into abdominal cavity; (2)
a specimen-extracting orifice; and (3) a pathway for a
drain. The preferred single incision site is the umbilicus.
Umbilicus is the thinnest part of the abdomen; has no
vessel or nerve; and can be regarded as predetermined,
ready-made scar which can hide artificial scar effectively.
Furthermore, centrally located, it can provide a shortcut
to various intra-abdominal organs in all abdominal quadrants. Other sites besides umbilicus, however, can be
utilized as a single incision for various reasons, including
abandoning the umbilicus due to possible adhesion and
making incision at predetermined ileostomy site. We experienced several cases of abdominoperineal resection
and low anterior resection using SPLS other than transumbilical route due to the latter reason, and found it to
be acceptable in terms of operative proficiency and cosmesis[15]; no wound was identified postoperatively except
for the ileostomy site, simulating an even more “scar-less”
operation than using the umbilicus.
Besides cosmetic superiority, the potential benefits
of SPLS is to reduce wound morbidity. The number and
overall size of the wound directly affect wound morbidity, such as injuries of vessels, bowel, and other intraabdominal organs, and trocar site hernia[23]. Weiss et al[24],
in their analysis of 1145 consecutive series of SPLS,
reported that SPLS reduced wound complication more
than CLS (2.38% vs 8.45%, P = 0.015).
Other benefits of SPLS over CLS have not determined yet. Until now, a series of comparative studies suggested a number of potential beneﬁts of SPLS, including
pain reduction and fastened postoperative recovery[20,25-27],
and others did not[28-31]. The severity and duration of
pain after an operation influences postoperative recovery,
which is reflected by duration before re-initiation of a
diet, return to normal activity, and the length of hospital
stay. Therefore, the effect of SPLS on postoperative pain
needs to be determined first. Tsimoyiannis et al[25], in a
randomized controlled trial comparing outcomes following cholecystectomies either by CLS (n = 20) or SPLS
(n = 20), showed that SPLS more reduced postoperative
pain scores. However, prospective, large-scaled clinical
trials of the short- and long-term outcomes are essential
to determine the precise effects of SPLS.
SPLS is particularly useful in operations which are
aimed at more than two target organs in different quadrants; for the umbilicus provides a shortcut to reach all
intra-abdominal organs. Combined appendectomy and
cholecystectomy is one of examples. Colorectal surgery
involves the most extensive area in the abdomen because
the colorectum is extensively distributed. Therefore, the

patients but also led to improvement in parameters related with short-term operative outcomes, such as reduction in postoperative pain and duration of ileus, quicker
postoperative recovery, shorter hospital stay, and earlier
return to normal activity[1-7]. Furthermore, a randomized
clinical trial reported a reduction in tumor relapse following laparoscopic surgery, suggesting long-term oncologic benefits[8]. The reasons were attributed to various
potential mechanisms, including a lower stress response
after surgical trauma, an attenuated cytokine response,
minimal tumor handling, accurate application of the notouch technique, and lower complication rates.
Conventional laparoscopic surgery (CLS) usually requires 3-6 small incisions for ports. These incisions are
not only cosmetically unappealing, but also increase the
wound pain and potential wound morbidity, such as abdominal wall bleeding, port-site hernia, and internal organ damage. The ardent pursuit of minimal invasiveness
and the increasing recognition of patient’s satisfaction
has led to the ultimate form of laparoscopic surgery,
single port laparoscopic surgery (SPLS). Ever since the
first attempt of SPLS hysterectomy in 1992[9], SPLS was
adopted by general surgery in procedures such as appendectomy[10], cholecystectomy[11], and adrenalectomy[12].
Colorectal surgeons were also eager to employ the novel
SPLS technique in right hemicolectomy[13,14], sigmoidectomy[15,16], and total colectomy[17,18]. The spectrum of
SPLS applications has extended from benign diseases
to malignant colorectal cancers[13,16,19] and the safety and
feasibility of SPLS in colorectal surgery is supported by
many reports and comparative studies[14,20-22].

Present: Exclamation and
frustration
SPLS nomenclature
The exact nomenclature of laparoscopic surgery, which
is performed through only on minimal incision, has
not been determined. The surgical procedure has been
variously referred depending on the continent, country,
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Figure 1 Ports designed for single-port laparoscopic surgery. A: Materials for making homemade glove port (two-piece, terminal type); B: OCTO port (Dalim
medical Co., South Korea) (two-piece, terminal type); C: Single incision laparoscopic surgery port (Covidien, United States) (one-piece, preoccupied type); D: Commercial glove port (Sejong medical Co., South Korea) (one-piece, terminal type).

merit of SPLS is pronounced in colorectal surgery. Furthermore, SPLS may be the optimal choice in selected
patients with a history of multiple abdominal operations. Open or laparoscopic surgery can equally put such
patients in the risk of iatrogenic bowel perforation. In
these situations, SPLS can be attempted because a single
minimal incision provides a safe settlement point from
which the dissection can be initiated cautiously.
SPLS poses several challenges, such as the handling
of straight instruments in parallel with the laparoscope
through a small single incision. Technical limitations
of instrumentation in SPLS has led to advancement in
techniques to overcome the limitations. Such technical
advancements are unique to SPLS; difficult or unable to
apply to CLS; and therefore show the potential of SPLS
to outperform CLS.

in colorectal surgery considering the comfortability of
specimen extraction through the port site. We also classified the single ports into the terminal type and preoccupied type according to the presence of a common channel; it can be called as terminal type when laparoscopic
instruments share a common channel in the single port
except for their entrance, and called as preoccupied type
when each individual laparoscopic instrument has its
own independent access to the abdominal cavity. We
preferred the terminal type because it can be used with
smaller incisions and evokes less instrumental clinching.
Camera: Utilization of a camera without a separate external light not only provides more space externally but
also reduces the chance of it being knocked out of place
by a surgeon. We prefer a camera with 5-mm diameter
due to various reasons, such as taking up lesser space
and leaving small incision. The 30-degree telescope provides an extensive vision, especially in the deepest portion of the pelvic cavity.

Instrument for SPLS
Ports: In the beginning, a homemade glove port, which
combines a wound retractor and a surgical glove, has
been utilized. More recently, commercial single ports,
including the OCTO port (Dalim medical Co., South
Korea) and the SILS port (single-incision laparoscopic
surgery port, Covidien, United States) have also been developed and introduced (Figure 1). For convenience, we
categorized the single ports into two subtypes depending on detachability; one-piece (SPLS port, R-port etc.)
type and two-piece (Glove port, OCTO port etc.) type.
We think that the two-piece type is more convenient

WCGO|www.wjgnet.com

Working instruments: As SPLS is based on well-established laparoscopic foundation, SPLS can be reproduced
using conventional laparoscopic instruments. Fixed
straight instruments are usually preferred in SPLS because they can transmit constant force and maintain
throughout retraction. Numerous articulating devices,
however, have been developed to actively manipulate and
fulfill tasks regardless of instrument position. The prac-
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A

(Figure 2). Inverse triangulation refers to the formation
of an inverted triangle viewed from the operator; one
single-incision port site and two instrumental ends which
are positioned in a crossing-over pattern comprise three
triangles. The two instrumental ends do not encounter,
but assist each other by creating tension. The operation
is carried out with the two instruments crossed-over.
The surgeon’s right hand holds the left-sided instrument
and vice versa. Inverse-triangulation makes it convenient
to perform various kinds of laparoscopic procedure,
including dissection, traction, and resection. And, inverse triangulation does not increase the umbilical pain
because the range of motion of the instruments is restricted within the umbilical port.

B

Figure 2 Concept of triangulation vs inverse triangulation. Triangulation in
multiport laparoscopic surgery allows traction on tissues to improve dissection
along anatomical planes (A). In inverse triangulation of single-port laparoscopic
surgery, the two instrumental ends do not encounter, but assist each other by
creating tension (B). Therefore, the operation is carried out with the two instruments crossed-over.

Pivoting: Colorectum is located extensively in four quadrants of the abdomen, and the umbilicus is located in the
center of four quadrants. Therefore, a pan-abdominal
approach without additional incisions is possible through
the umbilicus. Furthermore, SPLS is advantageous in the
operation which includes more than two target organs in
different quadrants, such as combining splenectomy and
appendectomy. The only requirements in such a situation
are positional changes of the patient and shifts of operation members.

tical utility of their flexibility raises controversy. Judging
from our experience, articulating devices were particularly convenient when utilized with one hand rather than
with both hands and/or when applied to the patients
with a prominent pelvic promontory. Instruments with
longer (44-45 cm) shaft lengths than conventional devices (33-34 cm) are advantageous in the procedures in
the left upper quadrant (LUQ), such as splenic flexure
dissection. Considerable instrumental clinches occurred
outside rather than inside of abdominal cavity. We have
overcome the clinches to a large extent using differentlength instruments and a reduced bulk camera.
An instrument placed through a single port divides
the hole in the port into two. Therefore, when an instrument cannot, or is difficult to reach the targeted organ,
we recommend to draw the instrument completely out
of the abdomen and re-insert it into another compartment bordered by the instrument.

Spreading out dissection: Whether it is laparoscopy or
open surgery, the operation of the patient with multiple
adhesions demands a great deal of hard works. In CLS,
even if a port for camera is successfully entered, insertion of an additional port far apart from the camera port
can be threatening due to potential risk of intestinal injuries. However, SPLS has an advantage over CLS in that
it does not require risky additional port insertion; only
after securement of single-port access, dissection of adherent tissue can be expanded from the single-port site
with safety.
Hanging suture: Application of a hanging suture is
helpful when sustained maintenance of the visual field
overcoming an obstacle is required. For example, the
practice of total mesorectal excision (TME) for rectal cancer is limited during SPLS due to narrow pelvic
cavity and hindering structures. To facilitate TME, the
peritoneal fold (in males) or the uterus (in females) can
be elevated by placing an intracorporeal stitch through
the low abdominal wall (Figure 3). Thereafter, adjusting
patient’s position according to the procedure can further
optimize operative field.

Challenge and response
Performing SPLS is more strenuous than CLS. The environment provided by SPLS inevitably results in motion
limitations and clashing of surgical instruments due to
crowding. Furthermore, SPLS significantly increases
the difficulty of colonic exposure and dissection due to
inability of triangular dissection which has been considered a cornerstone of laparoscopic surgery. Such difficulties prompted the development of instruments and
maneuvers to overcome the limitations. Herein, some of
these attempts, including the maneuvers which were ingenuously developed at our institution, will be discussed.

Transluminal traction: In the low colorectal surgery,
the support of a colorectum, which is determined to
be dissected, can facilitate dissection by way of adjusting the organ’s direction. This support can be provided
by transrectal application of instruments, such as PPH
(Procedure for Prolapsed and Hemorrhoid Endo-Surgery, Ethicon, United States), a circular stapler, an anal
trocar, or colonoscopy (Figure 4).

Inverse triangulation: Laparoscopic surgeons have performed convenient traction and dissection using the concept
of triangulation. SPLS, however, provides the unfavorable
surroundings for triangulation, often resulting in the chopsticks or sword fighting effect due to parallel alignment
of instruments. We have attempted to overcome the limitations using a new concept of “inverse triangulation”
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Figure 3 Hanging suture. To facilitate operative field during total mesorectal excision, the uterus in female (A) or the peritoneal fold in male (B) were elevated by
placing an intracorporeal stitch through the low abdominal wall.

Figure 4 Transluminal traction. A PPH (procedure for Prolapsed and Hemorrhoid Endo-Surgery, Ethicon, United States) was utilized to support the colorectum during dissection and to facilitate dissection by shifting the colorectum’s location as well.

in the operations of which target organ is localized in a
single quadrant, such as appendectomy, cholecystectomy,
and herniorrhaphy.
SPLS was initially designed to achieve a seamless operation. Reaching a “completely seamless operation” is
the final destination, while maintaining comparable therapeutic outcomes as CLS. In spite of attempts to reduce
the number and size of the skin incision, the bulk of the
specimen inevitably affects the length of incision, mostly
the umbilical incision. Laparoscopic surgeons attempted
to solve this problem by borrowing idea from natural
orifice transluminal endoscopic surgery (NOTES). Consequently, hybrid laparoscopic technique, which combined laparoscopic surgical technique with natural orifice
specimen extraction (NOSE), has been developed[32-41].
Of NOSE, transvaginal[32-37] or transanal[38-41] route of

FUTURE: WAY TO ULTIMITE SCARLESS
SURGERY
SPLS is mainly accomplished by two persons. The operator both holds an organ structure and dissects it with
bimanual manipulation. Therefore, the operator’s contribution is more substantial than any other procedures. An
assistant’s role is, however, usually to steer a laparoscope.
Therefore, the assistant’s role can be replaced by an instrument, such as a camera holder (laparoscopic instrument holder, Sejong medical Co., South Korea) (Figure
5). If the instrument replaces an assistant surgeon, the
surgical team is only comprised of a surgeon and a scrub
nurse. Surgery department often lacks manpower; therefore such instrument-dependent SPLS can overcome the
personal defect. We found it is particularly advantageous

WCGO|www.wjgnet.com

1204

February 8, 2015|First Edition|

Kim SJ et al . Single-port laparoscopic surgery for colorectal cancers

A

B

Figure 5 Laparoscopic instrument holder. An installation of a laparoscopic instrument holder in operation bed (A). Application of a laparoscopic instrument holder
during single-port laparoscopic surgery (B).

A

B

C

D

Figure 6 Umbilicus-sparing single-port laparoscopic surgery. After making a incision for single-port to the predetermined enterostomy site (A), a single-port was
inserted (B), and operation was accomplished through the enterostomy site (C). Postoperatively, no scar, except for enterostomy, remained (D).

cavity[45-48]. Ideal seamless operation can be designed by
combining these two operative procedures. First, after
making an incision in anus, the dissection proceeds forward, and then the specimen is extracted via anus, and
colo-anal anastomosis is achieved through the anus. Such
an accomplishment can be remarked as one of the most
advanced forms of SPLS[49,50].
The advent of robotic surgery should be addressed
when discussing the future of minimally invasive surgery. Because the robotic surgery is performed using a
laparoscopic approach, an upgraded version of robotic
surgery will be single-port robotic surgery[51]. It seemed
that robotic SPLS combined with NOTE’s way of specimen extraction would be attempted in the near future[52].

specimen retrieval has been preferred in laparoscopic
surgery. SPLS and NOSE are the best combination in
pursuit of minimal invasiveness. In operations which include the formation of a stoma, such as abdominoperineal resection or low anterior resection with diverting ileostomy, SPLS can be initiated through a predetermined
stoma site and the specimen can be extracted through
the stoma site (Figure 6). Therefore, the ideal seamless
operation can be accomplished by this way.
Transanal endoluminal laparoscopic surgery (TELS)
is displayed in the rectal lumen using a port established in
the anus[42-44]. And, laparoscopic assisted transanal transabdominal proctosigmoidectomy is a combined approach
to remove low rectal cancer via the anus and abdominal
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It is expected to provide a completely or nearly complete
seamless operation regardless of location of the lesion
in the abdomen.
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els of H. pylori antibody titer and pepsinogen, indicated
that H. pylori -related CAG confers an increased risk
of colorectal neoplasm, and more extensive atrophic
gastritis will probably be associated with even higher
risk of neoplasm. In addition, our study suggested that
the activity of H. pylori -related chronic gastritis is correlated with colorectal neoplasm risk. H. pylori -related
chronic gastritis could be involved in an increased risk
of colorectal neoplasm that appears to be enhanced by
the progression of gastric atrophy and the presence of
active inflammation.
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Core tip: This review revealed that Helicobacter pylori
(H. pylori )-related chronic gastritis plays a role in risk
enhancement of colorectal neoplasm, and that this risk
could be further enhanced by the progression of atrophy and the presence of active inflammation. These
findings may be useful for selecting groups at high risk
for colorectal neoplasm that warrant colonoscopic surveillance, particularly in areas where H. pylori infection
is highly prevalent.

Abstract
To summarize the current views and insights on associations between Helicobacter pylori (H. pylori )-related
chronic gastritis and colorectal neoplasm, we reviewed
recent studies to clarify whether H. pylori infection/H.
pylori -related chronic gastritis is associated with an elevated risk of colorectal neoplasm. Recent studies based
on large databases with careful control for confounding
variables have clearly demonstrated an increased risk
of colorectal neoplasm associated with H. pylori infection. The correlation between H. pylori -related chronic
atrophic gastritis (CAG) and colorectal neoplasm has
only been examined in a limited number of studies. A
recent large study using a national histopathological
database, and our study based on the stage of H. pylori -related chronic gastritis as determined by serum lev-
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INTRODUCTION
Infection with Helicobacter pylori (H. pylori) induces chronic
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inflammation in the stomach of both humans and animals, and H. pylori-related gastritis is closely associated
with the development of gastric cancer[1]. Promotion of
tumor development by H. pylori infection in extragastric
target organs has recently been reported[2]. The majority of previous studies concerning correlations between
colorectal neoplasm and H. pylori infection/H. pylori-related chronic gastritis have been hospital-based, showing
several weaknesses in terms of limited sample size and
incomplete control of confounding variables, including
former colonoscopy[3-14]. In addition, results have been
inconsistent, with some studies indicating a positive correlation and others finding no correlation[3-14]. Two metaanalyses combining the results of 11 and 13 case-control
studies with summary OR of 1.4 (95%CI: 1.1-1.8) and
1.5 (95%CI: 1.2-1.9), respectively[15,16], have suggested
modest increases in colorectal neoplasm risk due to H.
pylori infection. However, the evidence remains limited
because of significant heterogeneity among included
studies and potential publication bias. A large-scale study
is thus needed to confirm the increased risk of colorectal
neoplasm by H. pylori infection owing to the relatively
small OR. Several studies based on larger databases with
adequate control for confounding factors were published
from 2010 onward[17-20] and have demonstrated that H.
pylori infection correlates with a moderately increased risk
of colorectal neoplasm.
On the other hand, the mechanism by which H. pylori infection increases the risk of colorectal neoplasm is
currently unclear. Progressive chronic gastritis induced
by persistent H. pylori infection (H. pylori-related chronic
gastritis) leads to extensive glandular atrophy and reduced
acid secretion, in turn inducing hypergastrinemia, a putative trophic factor for large bowel mucosa[21]. Gastric acid
reduction also alters the gastrointestinal microenvironment composed of bacterial flora[22], and thus may contribute to colorectal carcinogenesis. However, whether
H. pylori-related chronic gastritis is associated with an increased risk of colorectal neoplasm remains inconclusive
because of the limited number of epidemiological studies. This review summarizes recent findings and insights
into the association between H. pylori infection/H. pylorirelated chronic gastritis and colorectal neoplasm.

control study, which investigated 478 asymptomatic male
Japanese factory workers, identified H. pylori infection as
a risk factor for colorectal adenoma (OR = 2.52; 95%CI:
1.57-4.05)[17]. In addition, a large population-based casecontrol study in Germany suggested a positive association between H. pylori infection and risk of colorectal
cancer using H. pylori immunoglobulin (Ig)G (OR = 1.30;
95%CI: 1.14-1.50) and cytotoxin-associated gene A protein (CagA) (OR = 1.35; 95%CI: 1.15-1.59)[18]. These results clearly demonstrated an increased risk of colorectal
neoplasm among patients with H. pylori infection.

CORRELATION BETWEEN H. PYLORIRELATED CHRONIC ATROPHIC
GASTRITIS DIAGNOSED ON THE BASIS
OF PEPSINOGEN TEST RESULTS AND
RISK OF COLORECTAL NEOPLASM
The pepsinogen method is a reliable screening method
for precancerous lesions of the stomach. In addition, serum pepsinogen (PG) Ⅰ and the PG Ⅰ/Ⅱ ratio are also
valuable markers for gastric acid secretion and the extent
of resultant chronic atrophic gastritis (CAG) caused by
chronic gastritis. The combination of these two serum
markers is the one most widely used for the detection of
CAG in Japan.
Table 2 shows the correlation between CAG determined on the basis of PG test results and colorectal neoplasm. A previous hospital-based case-control study of
113 cases and 226 controls[14] and our population-based
case-control study[17] in Japan showed that CAG based on
the criteria of PG Ⅰ ≤ 70 ng/mL and PG Ⅰ/Ⅱ ≤ 3.0
were not associated with a significantly increased risk of
colorectal neoplasm. Since the prevalence of autoimmune
gastritis is extremely low in Japan[23], the possible inclusion of autoimmune gastritis among the analyzed cases
of CAG and subsequent underestimation of the risk was
considered negligible. Meanwhile, subjects identified as
CAG-negative based on the above-mentioned PG test criteria included not only those subjects with a H. pylori-free
healthy stomach, but also H. pylori-infected subjects without CAG, which may have resulted in underestimation of
colorectal neoplasm risk in CAG. A case-control study
consisting of subjects with similar clinical indications for
colonoscopy in Italy indicated that hypergastrinemic CAG
(diagnosed by histological evaluation, fasting hypergastrinemia and low PG Ⅰ levels) was not associated with
an increased risk of colorectal neoplasm compared to
normogastrinemic controls with healthy gastric mucosa[24].
However, in this study, most cases of hypergastrinemic
CAG did not include active H. pylori infection and were
positive for anti-parietal cell antibodies. Hypergastrinemic
CAG in this study therefore may not have been equivalent
to CAG resulting from H. pylori infection. Interestingly, a
recent study indicated that other gastric pathologies likely
unrelated to H. pylori infection, such as H. pylori-negative

CORRELATION BETWEEN H. PYLORI
INFECTION AND RISK OF COLORECTAL
NEOPLASM
Since 2010, various studies have examined the correlation
between H. pylori infection and colorectal neoplasm based
on large databases with careful controls for confounding variables (Table 1). Two cross-sectional studies using
the health check-up databases of Korea and Taiwan[19,20]
showed that H. pylori infection was significantly associated with an increased risk of colorectal adenoma, with
adjusted OR of 1.36 (95%CI: 1.10-1.68) and 1.37 (95%CI:
1.23-1.52), respectively. Our population-based case-
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Table 1 Studies investigating correlations between Helicobacter pylori infection and risk of colorectal neoplasm
Ref.

Country

Year of
publication

Type of study
design

No. of
subjects

H. pylori status

Measure of

Outcome

Crude OR (95%CI)

Adjusted OR (95%CI)

[20]
Taiwan
[19] South Korea

2010
2012

Cross-sectional
Cross-sectional

9311
2195

Urease test
IgG

[17]

Japan

2011

478

IgG

1.35 (1.10-1.66)
2.19 (1.40-3.42)
2.26 (1.44-3.55)

1.37 (1.23-1.52)
1.36 (1.10-1.68)
2.21 (1.41-3.48)
2.52 (1.57-4.05)

[18]

Germany

2012

Population-based
Case-control
Population-based
Case-control

Adenoma
Adenoma
Advanced adenoma
Adenoma

3381

IgG
CagA

Cancer
Cancer

-

1.3 (1.14-1.50)
1.35 (1.15-1.59)

H. pylori: Helicobacter pylori; IgG: Immunoglobulin G; CagA: Cytotoxin-associated gene A.

Table 2 Studies investigating correlations between Helicobacter pylori -related chronic atrophic gastritis diagnosed on the basis of
pepsinogen tests and risk of colorectal neoplasm
Ref. Country

Year of
publication

Type of study
design

No. of
subjects

Measure of CAG status

Outcome

Crude OR or
HR (95%CI)

Adjusted OR or
HR (95%CI)

339
478

PG test
PG test

Cancer
Adenoma

OR 1.31 (0.89-1.93)

OR = 1.56 (0.86-2.85)
OR = 1.45 (0.97-2.17)

320

PG test + histopathology

20269
99

PG test + histopathology
PG test

Adenoma
Cancer
Cancer
Adenoma + Cancer

HR 1.00 (0.65-1.55)
HR 2.02 (1.05-3.91)

OR = 0.59 (0.23-1.48)
OR = 1.03 (0.34-3.16)
HR = 0.98 (0.61-1.58)
HR = 2.72 (1.33-5.57)

[14]
[17]

Japan
Japan

2007
2011

[24]

Italy

2012

Case-control
Populationbased
Case-control
Case-control

2010
2013

Cohort
Cohort

[26] Finland
[27] Japan

CAG: Chronic atrophic gastritis; PG: Pepsinogen; OR: Odds ratio; HR: Hazard ratio.

gastritis, showed no or only weak associations with the
risk of colorectal neoplasm[25]. Considering these results,
CAG determined by PG test results might not correlate
with the risk of colorectal neoplasm. However, the heterogeneity of CAG criteria and differences in the selection
of controls and other limitations of these studies, such as
relatively small sample size, inadequate consideration of
potential confounding variables including prescribed medication or previous history (use of proton pump inhibitors (PPIs), gastric resection, H. pylori eradication therapy,
renal failure, etc.) that might affect PG test results might
have influenced and distorted the results. The necessity
for large studies examining the effects of H. pylori-related
CAG on colorectal neoplasm compared to healthy gastric
mucosa with adequate control of confounders should be
emphasized to obtain valid results.
As for the correlation between the incidence of
colorectal neoplasm and CAG diagnosed by the PG test,
two relevant studies are as follows. A long-term cohort
study among Finnish participants (the Alpha-Tocopherol,
Beta-Carotene Cancer Prevention Study) did not indicate
an increased risk of colorectal cancer by CAG based on
histological findings and low PG Ⅰ levels, although the
investigators did not include any information on PPI
therapy that might have affected serum PG levels[26]. Our
study showed that CAG (diagnosed based on criteria of
PG Ⅰ ≤ 70 ng/mL and PG Ⅰ/Ⅱ ≤ 3.0) was associated
with an increased risk of recurrent colorectal neoplasm
after first endoscopic resection in a hospital-based cohort
study, with an adjusted HR of 2.72 (95%CI: 1.33-5.57)[27].
The difference in the results of these two studies may

WCGO|www.wjgnet.com

be attributable to differences in the carcinogenic potential of the colorectal mucosa between study subjects.
Subjects subsequent to colorectal neoplasm removal are
considered to be at higher risk of future neoplasm, and
risk enhancement with the establishment of CAG leads
to the development of recurrent neoplasm; on the other
hand, subjects without colorectal neoplasm on initial
colonoscopy are at lower risk, and some additional factors other than CAG are required for the development of
a neoplastic lesion[28,29]. The inconsistent findings between
these studies might also be due to differences in study
methodologies, such as differences in CAG criteria, selection of subjects, sample size, and follow-up period.

PROGRESSION OF H. PYLORI-RELATED
CHRONIC GASTRITIS AND RISK OF
COLORECTAL NEOPLASM
Once established in the stomach mucosa, H. pylori-related
chronic gastritis is generally believed to trigger a series of
events involved in stomach carcinogenesis, represented
as the gastritis-atrophy-metaplasia-dysplasia-cancer sequence[30]. In addition, gastric atrophy and intestinal metaplasia, an end stage of H. pylori-related chronic gastritis,
subsequently induce hypochlorhydria that may contribute
to colorectal carcinogenesis.
Table 3 shows the correlation between the progression of H. pylori-related chronic gastritis and colorectal
neoplasm. A recent large study using a national histopathological database in the United States indicated that
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Table 3 Studies investigating correlations between progression of Helicobacter pylori -related chronic gatritis and risk of colorectal
neoplasm
Measure of H. pylori -related
gastritis

Ref.

Country

Year of
publication

Type of
study design

No. of
subjects

[17]

Japan

2011

478

H. pylori IgG and PG test

[17]

Japan

2011

Populationbased
Case-control
Populationbased
Case-control

478

[25]

United States

2012

[25]

United States

2012

Cross-sectional 100296
57820
51067
Cross-sectional 90953
52802
46882

Outcome

Crude OR
(95%CI)

Adjusted OR
(95%CI)

[mild CAG (Group B)]
H. pylori IgG and PG test

Adenoma

2.61 (1.54-4.11)

2.81 (1.64-4.81)

[extensive CAG (Group C)]
H. pylori IgG and stricter CAG
criteria
[more extensive CAG
(Group C)]
Histopathology
(H. pylori-related gastritis)

Adenoma

2.3 (1.38-3.83)

2.7 (1.58-4.62)

Adenoma

3.75 (1.70-8.23)

4.2 (1.88-9.40)

Adenoma
Advanced adenoma
Cancer
Adenoma
Advanced adenoma
Cancer

1.52 (1.46-1.57)
1.8 (1.69-1.92)
2.35 (1.98-2.80)
1.82 (1.71-1.94)
2.02 (1.82-2.24)
2.55 (1.93-3.37)

-

Histopathology
(intestinal metaplasia)

H. pylori: Helicobacter pylori; IgG: Immunoglobulin G; PG: Pepsinogen; CAG: Chronic atrophic gastritis; OR: Odds ratio.

H. pylori-related chronic gastritis conferred increased risks
of colorectal adenoma (OR = 1.52; 95%CI: 1.46-1.57)
and cancer (OR = 2.35; 95%CI: 1.98-2.80) compared to
normogastrinemic controls. In addition, a similar risk was
found in intestinal metaplasia, a more easily recognizable
form of mucosal alteration and the advanced stage of
gastric atrophy most frequently associated with H. pylori
infection[25]. However, those investigators had access only
to histopathological information, so the possibility of uncontrolled confounders remains.
We stratified study subjects based on the stage of H.
pylori-related chronic gastritis as determined by 2 serum
tests (H. pylori antibody titer and PG)[31], then evaluated
colorectal adenoma risk in each stage. The classification
reflects each stage of a serial change in stomach mucosa
induced by chronic H. pylori infection. There were 3
groups: Group A, H. pylori-negative and PG test-negative;
Group B, H. pylori-positive and PG test-negative; and
Group C, PG test-positive. Group A corresponds to a H.
pylori-free healthy stomach, Group B to H. pylori-related
non-atrophic gastritis, and Group C to the presence of
extensive CAG. The presence of H. pylori-related chronic
gastritis significantly increased the risk of colorectal
adenoma as a whole (Group B: adjusted OR = 2.81;
95%CI: 1.64-4.81; Group C: adjusted OR = 2.70; 95%CI:
1.58-4.62) compared to the H. pylori-free healthy stomach
(Group A). However, no significant difference in risk
existed between Groups B and C; that is, the establishment of CAG did not show any additional increase in the
risk of adenoma[17]. On the other hand, stricter criteria
for positive PG Ⅰ (≤ 30 ng/mL) and PG Ⅰ/Ⅱ ratio (≤
2.0) were used to detect subjects with more extensive and
severe CAG[32]. These advanced-stage CAG subjects were
at even higher risk for adenoma (adjusted OR = 4.20;
95%CI: 1.88-9.40) compared to CAG-positive subjects
diagnosed using the less strict criteria (PG Ⅰ ≤ 70 ng/
mL and PG Ⅰ/Ⅱ ≤ 3.0) (Tables 3 and 4).
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MECHANISMS BY WHICH H. PYLORIRELATED CHRONIC GASTRITIS
INCREASES THE RISK OF COLORECTAL
NEOPLASM
Various mechanisms have been suggested to underlie
the correlation between H. pylori infection and colorectal
neoplasm. First, H. pylori infection increases gastrin secretion, which could contribute to colorectal carcinogenesis
by inducing mucosal cell proliferation in the colon[21]. An
epidemiological study of patients with H. pylori infection showed that mild hypergastrinemia was associated
with about a 4-fold increase in the risk of colorectal
neoplasm[11]. As for the correlation between colorectal
neoplasm and gastrin, a limited number of epidemiological studies have been conducted with inconsistent results;
some have indicated positive correlations[11,33], while others found no correlation[4,8]. The differences in these results might be attributable to non-amidated gastrins, such
as progastrin or glycine-extended gastrin, acting as more
important promoters of colorectal carcinogenesis than
the fully amidated form of the hormone measured by
most commercially available assays[21,34].
Second, H. pylori infection seems likely to adversely
impact the intestinal flora, contributing to colorectal
carcinogenesis[35-37], as a result of the hypochlorhydria
caused by H. pylori-related chronic gastritis. Several studies have indicated that the presence of enteric infection
and overgrowth of intestinal bacteria are directly correlated with hypochlorhydria[38-40]. Our previous study
demonstrated that CAG-positive asymptomatic middleaged subjects (diagnosed on the basis of serum PG levels
of PG Ⅰ ≤ 70 ng/mL and PG Ⅰ/Ⅱ ratio ≤ 3.0) had a
larger population of colonic microflora than CAG-negative subjects[22]. Hypochlorhydria was also reported to
lead to an increase in unabsorbed nutrients in the lower
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Table 4 Correlation between stage of Helicobacter pylori -related chronic gatritis and risk of colorectal neoplasm

Group A
Group B

Group C

Adjusted OR1

Adjusted OR1

H. pylori CAG

Controls
(n = 239)

Total adenoma cases
(n =239)

Proximal adenoma
(n = 38)

Bilateral adenoma
(n = 78)

Distal adenoma
(n = 123)

(-) (-)
(+) (-)
B1 (PG1/2 > 3)
B2 (PG1/2 ≤ 3)
(+)
C1 (PG1/2 > 2, PGI > 30)
C2 (PG1/2 ≤ 2, PGI ≤ 30)
(A:B) (95%CI)
(A:B1) (95%CI)
(A:B2) (95%CI)
(A:C) (95%CI)
(A:C1) (95%CI)
(A:C2) (95%CI)

71
105
92
13
63
50
13
1
1
1
1
1
1

35
127
103
24
77
53
24
2.81 (1.64-4.81)
2.36 (1.43-3.88)
3.78 (1.71-8.38)
2.7 (1.58-4.62)
2.27 (1.29-3.99)
4.2 (1.88-9.40)

4
18
14
4
16
11
5
3.06 (0.99-9.42)
2.73 (0.86-8.65)
5.32 (1.17-24.1)
4.51 (1.43-14.2)
3.88 (1.17-12.9)
6.95 (1.63-29.6)

15
41
34
7
22
15
7
1.85 (0.94-3.62)
1.74 (0.87-3.47)
2.66 (0.89-7.98)
1.76 (0.83-3.74)
1.52 (0.67-3.45)
2.65 (0.87-8.05)

16
68
55
13
39
27
12
3.05 (1.62-5.73)
2.86 (1.50-5.47)
4.36 (1.68-11.3)
3.05 (1.54-6.07)
2.59 (1.25-5.35)
5.09 (1.89-13.7)

1

Adjusted for current smoking and total cholesterol by conditional logistic regression analysis. B1: Group αβ, subgroup based on less-strict criteria for
PG Ⅰ (≤ 70 ng/mL) and PG Ⅰ/Ⅱ ratio (> 3.0) or PG Ⅰ (> 70 ng/mL) and PG Ⅰ/Ⅱ ratio (> 3.0) to detect mild inflammation; B2: Group γ, subgroup based on
stricter criteria for PG Ⅰ (> 70 ng/mL) and PG Ⅰ/Ⅱ ratio (≤ 3.0) to detect severe active inflammation; C1: Subgroup based on less strict criteria for PG Ⅰ (≤
70 ng/mL) and PG Ⅰ/Ⅱ ratio (≤ 3.0) to detect extensive CAG; C2: Subgroup based on stricter criteria for positive PG Ⅰ (≤ 30 ng/mL) and PG Ⅰ/Ⅱ ratio (≤
2.0) to detect more extensive and severe CAG; H. pylori: Helicobacter pylori; CAG: Chronic atrophic gastritis.

intestine due to impaired gastric protein digestion[41], so
some metabolites derived from bacterial fermentation of
malabsorbed proteins are likely to play a role in the etiopathogenesis of colonic disorders[42,43].
Third, H. pylori infection might result in damage to
the colorectal epithelium through inflammatory responses, such as those mediated by interleukin (IL)-8, which is
associated colorectal cancer[44]. Shmuely et al[5] reported
a 10-fold increase in colorectal cancer risk with CagApositive strains (known to cause enhanced inflammatory
response) compared to CagA-negative strains. A recent
cross-sectional study showed that H. pylori infectionconcomitant metabolic syndrome might further increase
the risk of colorectal neoplasm[20] and proposed that such
concomitant effects might occur secondary to common
inflammatory pathways through inflammation-related
factors such as tumor necrosis factor-alpha (TNF-α)[20].
Therefore, we further classified former study subjects[17]
in Group B into three subgroups based on the activity
of H. pylori-related chronic gastritis determined by serum
PG levels, as described previously[32]: Group α, PG Ⅰ ≤
70 ng/mL and PG Ⅰ/Ⅱ > 3.0; Group β, PG Ⅰ > 70
ng/mL and PG Ⅰ/Ⅱ > 3.0; and Group γ, PG Ⅰ > 70
ng/mL and PG Ⅰ/Ⅱ ≤ 3.0. The activity of H. pylorirelated chronic gastritis is considered to be higher in the
order γ, β, α, and we evaluated colorectal adenoma risk
at each stage. The severe active inflammation group (γ)
showed an increased risk of colorectal adenoma (adjusted
OR = 3.78; 95%CI: 1.71-8.38) compared to the mild
inflammation groups (α and β) (adjusted OR = 2.36;
95%CI: 1.43-3.88) (Table 4), suggesting that the activity of H. pylori-related chronic gastritis correlates with
colorectal neoplasm risk. In general, the concentrations
of IL-1β and TNF-α (i.e., proinflammatory cytokines
that mediate host inflammatory response) have been
shown to be elevated in stomach mucosa showing active
inflammation[45,46]. Since both cytokines potently inhibit
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gastric acid secretion[47], they appear to represent an additional link between H. pylori-related active inflammation
and colorectal neoplasm.
Correlation between location and risk of colorectal
neoplasm
Accumulating evidence suggests that the risk of colorectal neoplasm associated with various environmental and
genetic factors differs for proximal and distal neoplasm,
probably reflecting two recently proposed tumorigenic
pathways based on the molecular features of CpG island
methylator phenotype (CIMP+) and microsatellite instability (MSI+) occurring predominantly in the proximal
colon, and chromosomal instability (CIN) occurring in
the distal colon[48]. Animal models suggest that the mitogenic action of gastrin is selective for the distal colon[49,50].
On the other hand, chronic inflammation is known to
induce aberrant DNA methylation in normal tissues, and
alterations in DNA methylation have been proposed to
be involved in the carcinogenic process of the proximal
colon[51]. In addition, colonic bacterial overgrowth is
considered to lead to enhanced production of secondary
bile acids, which are reported to cause DNA damage and
activation of the carcinogenic pathway involving DNA
methylation, particularly in the proximal colonic mucosa[52,53], thereby increasing the risk of proximal colon
cancer[54].
Previous studies have classified colorectal neoplasms
according to location, and examined the correlation
between colorectal neoplasm and H. pylori infection in
each group. However, the results of those studies were
inconclusive, because of insufficient sample sizes to detect site-selective effects on associations; some studies
indicated that the increased risk associated with H. pylori
infection was limited to patients with proximal neoplasms[19], while other studies found the same for distal
neoplasms[18]. Furthermore, the significantly increased
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risk of colorectal neoplasm with H. pylori-related chronic
gastritis has been reported to be similar for different
locations of colorectal neoplasm[17,25]. Our reanalysis of
previous data using serum PG levels as indices of the
activity of H. pylori-related chronic gastritis or the resulting gastric atrophy revealed that colonic neoplasm risk
in both proximal and distal regions increases with the
enhancement of active inflammation or the progression
of gastric atrophy (Table 4).

7

8

9

CONCLUSION
This review has shown that relatively few studies are
available in this field, and the current evidence remains
limited. Larger studies with adequate controls for confounders and that compare against normogastrinemic
controls with H. pylori-free healthy gastric mucosa are
necessary to clarify the role of H. pylori-related chronic
gastritis in carcinogenesis of the colorectum.
In conclusion, based on critical analyses of previous studies, including our own, H. pylori-related chronic
gastritis may well be associated with an increased risk
of colorectal neoplasm. This risk appears to be further
enhanced by the progression of atrophy or active inflammation. In areas where H. pylori infection is highly prevalent, the stage of H. pylori-related chronic gastritis could
contribute to the identification of individuals at high risk
of colorectal neoplasm. In addition, whether eradication
therapy for H. pylori-infected subjects reduces the risk of
colorectal neoplasm is a problem for future study.
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Core tip: We summarize the current state of knowledge
and recommended practice around post-treatment
surveillance of colorectal cancer survivors. In addition,
we describe relevant ongoing trials and the questions
which they will and will not answer regarding best surveillance practices. With that background as context,
we discuss related practice innovations and propose
a number of research questions whose answers could
inform more effective, personalized approaches to surveillance.
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Abstract
The accumulated evidence from two decades of randomized controlled trials has not yet resolved the
question of how best to monitor colorectal cancer
(CRC) survivors for early detection of recurrent and
metachronous disease or even whether doing so has its
intended effect. A new wave of trial data in the coming
years and an evolving knowledge of relevant biomarkers may bring us closer to understanding what surveillance strategies are most effective for a given subset of
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INTRODUCTION
Globally, over 1 million individuals develop colorectal
cancer (CRC) each year[1]. Approximately two-thirds will
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be treated surgically with curative intent[2]. Among those
treated curatively, around one-third will experience recurrence of the original cancer or a second primary (i.e.,
metachronous) colorectal cancer[3]. At least 80% of these
recurrences occur within the first three years following
initial treatment, while nearly all will have manifested by
year five[4,5]. Most patients who recur will survive less
than two years[6]. Ultimately, nearly 50000 patients in the
United States alone die each year from colorectal cancer[2], with mortality attributable to both advanced stage
at initial diagnosis and recurrent disease.
The majority of CRC survivors undergo some form
of surveillance to detect recurrence of original disease
or development of metachronous CRC. The primary
rationale for such surveillance is to improve outcomes by
detecting recurrent or metachronous disease before onset
of symptoms, at a point where curative reoperation is
more likely[7]. Other reasons for conducting surveillance
of survivors include psychological benefits to the patient,
monitoring patients for side effects of treatment, collecting
data on patient outcomes, and detecting other comorbidities.
Despite the theoretical benefits of CRC surveillance, substantial uncertainty still exists around the topic.
Though surveillance has been associated with a modest
overall survival benefit, improvements in cancer-specific
survival have not been shown. Furthermore, the body
of research in this area has not consistently pointed to a
set of specific best practices for follow-up. Most recurrences detected by surveillance are not curable[8], leading
to an increasing sentiment that a more customized, riskadapted approach to follow-up is needed[9-11]. In this
review, we will summarize the evidence which has been
gleaned from randomized controlled trials (RCTs) of
alternative surveillance testing strategies, provide updates
on ongoing trials which promise additional insight, and
compare professional society recommendations for surveillance. In addition, we will highlight potential innovations in surveillance-many of which will likely form the
basis for a more personalized approach to surveillance in
the future-and highlight areas where research is needed
to address key unanswered questions. The purpose of
this work is not to provide a systematic review or metaanalysis of CRC surveillance studies (others have done
so superbly in recent years[10,12-14]). The purpose, rather, is
to broadly describe the current state of knowledge and
practice around CRC surveillance, and to higihlight the
recent developments and key research questions that will
shape future practice.

WHAT THE TRIALS TELL US
Published data from seven completed randomized controlled trials comparing alternative surveillance regimens
describe the experience of some 1938 survivors of
Stage Ⅰ-Ⅲ (Dukes A-C) CRC. These subjects, enrolled
between 1983 and 2004, experienced 698 recurrences or
instances of metachronous CRC[15-21]. Table 1 summarizes the enrollment periods, settings, stage-based inclusion
criteria, and follow-up protocols examined in each of
these trials. Table 2 summarizes the subject make-up and
results of each trial.
Meta analyses by Tjandra et al[10] and Jeffery et al[12]
have incorporated results from these trials. The primary
outcome examined by both meta-analyses was overall
survival (OS). Tjandra et al[10] included all seven available
RCTs in their analysis of OS, plus preliminary results
from an ongoing trial[22]. Both analyses detected statistically significant improvements in all-cause mortality with
respective odds ratios (OR) of 0.74 (95%CI: 0.59-0.93)[10],
and 0.73 (95%CI: 0.59-0.91)[12] for the effect of intensive
follow-up relative to less intensive follow-up. However,
neither meta-analysis found that cancer-specific survival
was improved by intensive surveillance (although only
two of the constituent RCTs reviewed[15,17] included this
key endpoint as an outcome).
The two meta analyses revealed that both intensive
and less intensive surveillance led to detection of a similar number of recurrences but that detection occurred
between 5.91 mo (95%CI: 3.09-8.74) [12] and 6.75 mo
(95%CI: 2.44-11.06)[10] earlier with intensive surveillance. Both analyses also found that curative reoperation (“salvage surgery”) was significantly more likely in
those subjects who were followed up intensively (OR
= 2.41, 95%CI: 1.63-3.54)[10] and (OR = 2.81 95%CI:
1.65-4.79[12]). An earlier meta-analysis by Renehan et al[23]
included six of the trials described in Tables 1 and 2,
and estimated that only about one-fifth of the survival
benefit of intensive surveillance was likely due to curative
treatment of recurrence. The authors postulated that the
remainder of the survival benefit was most likely due to
some combination of increased psychological support
and well-being, improved health behavior, and improved
detection and management of comorbidities[13]. Thus, the
increased overall survival, earlier detection of recurrence,
and higher reoperation rates seen in trials provide only
circumstantial evidence that intensive surveillance extends life by making cure of recurrent disease more likely.

NEXT GENERATION OF CRC
SURVEILLANCE TRIALS

SEARCH STRATEGY
We identified relevant resources based on (1) PubMed
searches of randomized controlled trial comparing CRC
surveillance strategies; (2) ClinicalTrials.gov searches of
ongoing CRC surveillance trials; (3) the authors’ personal
databases of related publications; (4) related scientific
meeting presentations; and (5) the bibliographies of reviewed publications.

WCGO|www.wjgnet.com

The body of RCT-based evidence in the area of CRC
surveillance to date has a number of limitations. First, it
consists of a series of small studies spanning a period of
more than two decades, with no two trials having examined the same surveillance regimen in the same setting
(Table 1). Beyond this heterogeneity in interventions, a se-
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Table 1 Five-year surveillance regimens tested in reviewed randomized controlled trials
Enrollment
period
Ohlsson et al[15]

Setting

Stages
included

Type of
regimen

Surveillance regimen

1983-1986 2 Swedish Dukes
centers
A, B, C

Intensive

History and physical exam, rigid proctosigmoidoscopy, CEA, Alk Phos, liver
function tests, fecal hemoglobin, and chest X-ray at 3, 6, 9, 12, 15, 18, 21, 24, 30, 36,
42, 48 and 60 mo; endoscopic visualization of the anastomosis at 9, 21, and 42 mo;
complete colonoscopy at 3, 15, 30 and 60 mo; pelvic CT (rectal cancer only) at 3, 6,
12, 18 and 24 mo
No structured follow-up. Advised to obtain fecal hemoglobin tests every 3 mo
for 2 years, then annually. Instructed to seek care if a series of warning signs/
symptoms were experienced
History and physical exam CEA, CBC fecal hemoglobin at 3, 6, 9, 12, 15, 18, 21,
24, 30, 36, 48, 54 and 60 mo; Flexible sigmoidoscopy (if rectal/sigmoid tumors)
every 3 mo; Liver ultrasound every 6 mo; Colonoscopy and liver CT annually
History and physical exam CEA, CBC fecal hemoglobin, CXR (and rigid
sigmoidoscopy if rectal cancer) at 3, 6, 9, 12, 15, 18, 21, 24, 30, 36, 42, 48, 54, 60 mo;
Barium enema at 12, 24, 36 48 and 60 mo
History and physical exam including digital rectal exam and gynecologic exam,
hemoglobin, erythrocyte sedimentation rate, liver enzymes, fecal hemoglobin,
colonoscopy, and chest X-ray at 6, 12, 18, 24, 30, 36, 42, 48, 54, 60, 120, 150 and 180 mo
The same investigations as above, but only at 60, 120, and 180 mo
History and physical exam, liver ultrasound, and CEA at 3, 6, 9, 12, 15, 18, 21, 24,
30, 36, 42, 48, 54, 60 mo; CT, Chest X-ray and colonoscopy annually
History and physical exam, liver ultrasound, and CEA at 6, 12, 24, 36, 48, and 60
mo; Chest X-ray and colonoscopy annually
History and physical exam, CEA, CBC, liver function tests, and fecal hemoglobin
at 3, 6, 9, 12, 15, 18, 21, 24, 30, 36, 42, 48, 54, 60 mo; Chest X-ray, liver CT, and
colonoscopy annually
History and physical exam, CEA, CBC, liver function tests, and fecal hemoglobin
at 3, 6, 9, 12, 15, 18, 21, 24, 30, 36, 42, 48, 54, 60 mo; Chest X-ray, liver CT, and
colonoscopy at 60 mo
History and physical, CEA, abdominal/pelvic ultrasound at 6, 12, 18, 24, 36, 48,
and 60 mo; Chest X-ray annually; Rectal cancer only: Rigid proctosigmoidoscpy
at 12, 24 and 48 mo
Telephone follow-up every 6 mo; History and physical exam annually
History and physical and CEA at 3, 6, 9, 12, 15, 18, 21, 24, 28, 32, 36, 42, 48, 54, and
60 mo; Abdominal/pelvic ultrasound at 6, 12, 18, 24, 30, 36, 48 and 60 mo; Rigid
proctosigmoidoscopy (rectal cancer only) and chest X-ray annually
Telephone follow-up every 6 mo; History and physical exam annually
History and physical, CEA, CBC, and liver function tests at 3, 6, 9, 12, 15, 18, 21,
24, 30, 36, 42, 48, 54 and 60 mo; Abdominal/pelvic CT (rectal cancer only) or
Abdominal ultrasound (colon cancer only) at 6, 12, 18, 24, 36, 48, 60 mo; Chest
X-ray and colonoscopy annually
History and physical, CEA, CBC, and liver function tests at 3, 6, 9, 12, 15, 18, 21,
24, 30, 36, 42, 48, 54 and 60 mo; Colonoscopy at 12 and 36 mo

Minimal

Mäkelä et al[16]

1988-1990

1 Finnish
center

Dukes
A, B, C

Intensive

Minimal

Kjeldsen et al[17]

1983-1994

Pietra et al[18]

1987-1990

Schoemaker et al[19]

1984-1990

A single
Danish
county

Dukes
A, B, C

Intensive

Minimal
1 Italian Dukes B, Intensive
center
C
Minimal
Multiple Dukes
Australian A, B, C
centers

Intensive

Minimal

Secco et al[20]

1988-1996

1 Italian
center

Lowrisk

Highrisk

Rodríguez-Moranta et al[21] 1997-2001 3 Spanish TNM Ⅱ
centers
and Ⅲ

Intensive
riskadapted
Minimal
Intensive
riskadapted
Minimal
Intensive

Minimal

CEA: Carcinoembryonic antigen assay; CBC: Complete blood count; Alk phos: Alkalilne phosphatase; CT: Computed tomography.

ries of treatment innovations over the years has changed
the context of the problem by making recurrence-free
survival increasingly more likely (since recruitment of
the trials reviewed began in 1983, CRC survival has improved by 5%-10% overall[24]). These innovations include
emergence of total mesorectal excision as a standard of
care for rectal cancer in many settings, widespread use of
adjuvant chemotherapy in Stage Ⅲ and many Stage Ⅱ patients, and the growing practice of attempting to curatively
treat oligometastatic hepatic recurrences[25,26]. Whether or
not some of these innovations have changed the behavior
of recurrent disease itself is difficult to know, but the possibility cannot be excluded. Importantly, improvements in
imaging technology have also enabled earlier and more accurate detection of recurrent disease, while increasing the
potential for false positives[27,28].
This evolution of technology and practice throws into

WCGO|www.wjgnet.com

question the relevance of much of the evidence behind
current recommendations for surveillance. Fortunately,
there are three large, ongoing RCTs (described below),
with targeted sample sizes totaling over 8000 subjects,
which will eventually shed additional light on the benefits
of CRC surveillance and the comparative effectiveness
of a handful of unique follow-up protocols.
FACS (Follow-up after Colorectal Surgery) Trial
The FACS trial (ClinicalTrials.gov identifier NCT00560365)
opened in 2004 with a target recruitment of 4890 patients. The primary objective of this factorial trial is to
examine the effect of augmenting symptomatic surveillance in primary care with two intensive methods of
surveillance [frequent monitoring of carcinoembryonic
antigen (CEA) in a primary care setting and intensive
computed tomography (CT) imaging in a hospital setting]
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Table 2 Results of reviewed randomized controlled trials of colorectal cancer surveillance strategies n (%)

Ohlsson et al[15]

Mäkelä et al[16]

Kjeldsen et al[17]

Type of
regimen

n

Intensive

53

Minimal

54

Intensive

52

Minimal

54

Intensive 290
Minimal 307

Pietra et al[18]

Intensive 104

Minimal 103

1

Stages

A/B/C:
19%/40%/41%
A/B/C:
17%/48%/35%
A/B/C:
24%/46%/29%
A/B/C:
28%/44%/28%
A/B/C:
23%/51%/26%
A/B/C:
23%/47%/30%
A/B/C:
0%/60%/40%
A/B/C:
0%/58%/42%

Schoemaker et al[19] Intensive 167

Secco et al[20]

RodríguezMoranta et al[21]

Rectal Follow-up Recurrences
cancer
time

2

Reoperated Overall Cancer- Survival of
Time to
Symptoms
survival related recurring
(% of
were first recurrence
recurrences) at 5 yr survival patients
(mo):
sign of
5 yr
at 5 yr
recurrence mean ± SD
after first
/median
treated

17 (32)

8 (47)

20

5 (29)

75%

78%

29%

31%

6.8 yr
median
(overall)

18 (33)

15 (83)

24

3 (17)

67%

71%

22%

31%

NR

22 (42)

3 (14)

10 ± 5

5 (22)

59%

NR

NR

28%

NR

21 (39)

4 (19)

15 ± 10

3 (14)

54%

NR

NR

46%

55% still
followed
at 5 yr
(overall)
100% still
followed
at 5 yr
(overall)

813 (28)

38 (47)

18

17 (21)

70%

78%4

NR

833 (27)

59 (71)

27

5 (6)

68%

78%4

NR

41 (39)

10.3 ± 2.75

21 (51)

73%

NR

38%

20.2 ± 6.15

6 (14)

58%

NR

0%

NR

56 (34)

105 (42%
of local
recurrences)
105 (83%
of local
recurrence)
NR

NR

6 (11)

77%4

NR

NR

NR

64 (41)

NR

NR

5 (8)

70%4

NR

NR

Median 42
mo

27 (32)

32%7

16

6 (22)

80%

NR

NR

NR

25 (40)

75%7

14

6 (24)

60%

NR

NR

Median
61.5 mo

74 (68)

32%7

13.5

25 (34)

50%

NR

NR

NR

58 (69)

75%7

8

7 (12)

32%

NR

NR

Median 49
mo
Median 45
mo

35 (27)

NR

39 ± 21

18 (51)

75%4

NR

NR

34 (26)

NR

38 ± 19

10 (29)

73%4

NR

NR

36%

49%
30%

36%

A/B/C:
28%
25%/47%/28%
Minimal 158
A/B/C:
26%
19%/48%/33%
Low84 A/B: 100%
NR
risk–riskadapted
Low risk– 61 A/B: 100%
NR
minimal
High- 108
A/B: 36%
NR
C: 64%
risk–riskadapted
High
84
A/B: 20%
NR
risk–
C: 80%
minimal
Intensive 127
23%
Ⅱ: 60%
Ⅲ:40%
Minimal 132
28%
Ⅱ: 61%
Ⅲ:39%

426 (41)

1

A, B and C refer to Dukes staging, while Ⅰ, Ⅱ and Ⅲ refer to TNM staging; 2Includes metachronous colorectal cancers (CRCs); 3Includes 7 cases of metachronous CRC in the intensive group and 3 in the less intensive group; 4Estimated visually from survival curve; 5Reported for local recurrences only; 6Includes 1 case of metachronous CRC; 7Reflects combined high-risk and low-risk groups. NR: Not reported; “Overall” describes all trial arms combined.

on survival of patients with stage Ⅰ, Ⅱ or Ⅲ colorectal cancer who have undergone curative resection[29]. In
2013, the FACS investigators presented interim results
summarizing a mean 3.7 years of follow-up for 1,202
participants. Only 6.0% of participants had recurrence
with subsequent attempted curative resection. Those
followed by frequent CEA monitoring had an adjusted
OR for attempted cure of recurrence of 2.7 (P = 0.035)
relative to the minimal follow-up group which received
only a single CT at 12-18 mo. Those followed by serial
CT’s had an adjusted OR of 3.4 (P = 0.007) relative to
the minimum follow-up group. No additional benefit was
seen in the group which received both frequent CEA and
frequent CT’s. In interim analyses, there were no differences seen in overall or cancer-specific mortality between
any of the intensive arms and the minimum follow-up
arm[30], though the final results are not yet available.

WCGO|www.wjgnet.com

COLOFOL (Assessment of Frequency of Surveillance
after Curative Resection in Patients with Stage Ⅱ and
Ⅲ Colorectal Cancer)

This multicenter RCT (ClinicalTrials.gov identifier
NCT00225641) is comparing two surveillance regimens
involving CT-scan or MR scan of the liver, CEA, and CT
scan or X-ray of the lungs at intervals of either 12 and 36
mo, or 6, 12, 18, 24 and 36 mo. The study aims to include
2500 subjects[31]. Primary outcomes will be total mortality
and cancer specific mortality at five years, while secondary outcomes will include recurrence-free survival, quality
of life, and cost effectiveness. Centers from Denmark
(n = 15), Sweden (n = 20), Poland (n = 6), Hungary (n =
2) and The Netherlands are participating. Publication is
planned for late 2014[32].
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Table 3 Summary of United States and European colorectal cancer surveillance guidelines
[33]

ASCO
2005

[34,35]

ASCRS
2005

[36,37]

NCCN
2014

[38]

Denmark
2009

[39]

Norway
2012

United Kingdom
2010

[40]

Ⅱ-Ⅲ
Ⅰ-Ⅲ
Ⅰ-Ⅲ
Ⅱ-Ⅲ
Ⅱ-Ⅲ
Ⅰ-Ⅲ
q3-6 mo × 3 yr; q 6 mo At least q4 mo × q3-6 mo × 2 yr; q6 mo in year 3-5
At 1 mo
q6 mo × 3 yr, q12
None
in year 4-5
2 yr
mo in year 4-5
q3 mo × at least 3 yr At least q4 mo × q3-6 mo × 2 yr; q6 mo in year 3-5 At 1, 12 and 36 mo q6 mo × 3 yr, q12
None
2 yr
mo in year 4-5
CT chest
Annually × 3 yr if
None
Annually up to 5 yr if high risk At 12 and 36 mo
Annually × 5 yr
None
high risk
CT abdomen/
Annually × 3 yr if
None
Annually up to 5 yr if high risk At 12 and 36 mo
At 6 mo and 5 yr
Once within first 2
pelvis
high risk
yr
CEUS liver
None
None
None
None
At 12, 18, 24, 30, 36
None
and 48 mo
Colonoscopy
At 3 yr and q5
q3 yr
At 1 and 4 yr, then q5 yr
None
At 5 yr;or CT
q5 yr
thereafter
colonography at 5 yr
Stage
History and
physical
CEA

NCCN: National Comprehensive Cancer Network; ASCO: American Society of Clinical Oncology; ASCRS: American Society of Colon and Rectal Cancer
Surgeons; UK: United Kingdom 2010 guidelines; Nor: Norwegian 2012 guidelines; CEUS: Contrast-enhanced ultrasound; CEA: Carcinoembryonic antigen;
CT: Computed tomography.

GILDA (Gruppo Italiano di Lavaro per la Diagnosi
Anticipata)
Based in Italy, The GILDA group of investigators is
conducting a randomized trial of intensive versus less
intensive follow up in patients with Dukes B2-C CRC.
Varying between study groups are the frequencies of office visits, CEA and other blood chemistries, colonoscopies, liver ultrasound, chest X-ray, and-in the case of rectal
cancer survivors-proctoscopy and abdominal-pelvic CT.
Outcomes of interest include overall survival, CRC mortality, quality of life and time to detection of recurrence.
The GILDA investigators aim to enroll a minimum of
1500 patients across 45 centers. An interim analysis of
985 patients, published in 2004, did not demonstrate any
improvement in overall survival between the two surveillance arms, though mean follow-up at the time was only
14 mo[22].

ropean societies tending to prescribe much less intensive
surveillance-particularly in the case of the United Kingdom’
s National Health Service[40]-in comparison to United States
societies.
It is noteworthy that CEA assay represents the only
testing modality whose increased use is associated with
higher probability of detection of asymptomatic recurrence, higher curative reoperation rate, and greater mortality reduction in meta-analysis[10]. Ironically, studies of
guideline adherence suggest that, across testing modalities
used in surveillance, adherence to scheduled CEA testing
is among the lowest[41,42]. Future research might focus on
better outlining correlates and causes of this non-adherence[41].

INNOVATIONS IN SURVEILLANCE
In the last decade, a handful of investigators have reported on provider care models aimed at delivering more
patient-centered, cost-effective survivorship care. These
studies have explored alternatives to the conventional
model of surgeon-led follow-up in a hospital-based
clinic. For instance, Australian investigators randomized
203 recently-treated CRC survivors to identical follow-up
regimens led by either surgeons or general practitioners.
Rates of recurrence, time to detection, mortality, and
quality of life were similar between the groups, but surgeons tended to initiate significantly more colonoscopies
and ultrasounds, whereas general practitioners ordered
more fecal hemoglobin tests[43]. Similarly, a recent Norwegian trial randomized 110 CRC survivors to either
traditional hospital-based surveillance coordinated by
surgeons, or community-based surveillance coordinated
by general practitioners (GP’s). No differences were observed in patient quality-of-life or time to detection of
recurrence. Costs, however, were 16.7% lower (P < 0.001)
in the GP-organized group[44].
Between 2002 and 2005, a Swedish trial randomized
CRC survivors to post-treatment follow-up by either a
surgeon or a specially-trained nurse. Surgeons and nurses

SURVEILLANCE GUIDELINES
Based on the accumulated trial evidence, a number of
organizations have published surveillance recommendations[33-40]. These suggested regimens employ various
combinations of carcinoembryonic antigen assays, chest
CT, CT abdomen-pelvis, and contrast enhanced ultrasound of the liver. Chest X-ray and plain ultrasound of
the liver are not used as a recommended test modality in
any of the reviewed guidelines due to their low sensitivity and specificity. Some authors have argued for regular
use of Positron Emission Tomography scanning and increased use of tumor markers, but this is not commonly
accepted as a standard of practice[17,18]. Table 3 provides
a summary of surveillance recommendations from the
United States and Europe. There is a moderate amount
of variation between the United States recommendations published by the American Society of Clinical
Oncology[33], the American Society of Colon and Rectal
Surgeons[34,35], and the National Comprehensive Cancer
Network[36,37]. Internationally, though, the range in aggressiveness of recommended follow-up is striking, with EuWCGO|www.wjgnet.com
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found similar numbers of recurrences with nearly identical levels of patient satisfaction. Nurses, however, spent
an average of eight minutes longer with patients than did
surgeons, requiring assistance from surgeons only 7% of
the time[45].
Despite these results, whether or not surgeons or
patients will allow generalists to direct CRC survivorship
care on a large scale remains to be seen. The relationships
developed during active treatment can make such handoffs difficult for providers and patients alike[46]. For those
adhering to the surgeon-led follow-up model, a promising innovation might be found in the work reported
by a British surgeon in the late 1990s[47]. This surgeon
developed and measured the impact of a dedicated “onestop shop” model for a CRC surveillance clinic. This model,
which facilitated completion of all scheduled imaging, blood
tests, and procedures in a single visit, yielded a substantial
improvement in timely receipt of recommended tests compared to the period before establishment of the clinic.

ing whether or not to commit these patients to adjuvant
chemotherapy[53-55]. Another application of this tool, and
an idea which deserves further study, is the use of the
recurrence score in individualized surveillance planning.
Patients and their providers might opt for more aggressive surveillance if the likelihood of recurrence was high,
whereas a low recurrence score might offer reassurance
that minimal surveillance was a reasonable course.
The ideal set of recurrence markers would include
one or more factors having low correlation with prognosis. In this way, patients could be categorized into four
categories based on the two dimensions of recurrence
risk and prognosis-given-recurrence. Patient with high
recurrence risk but good prognosis-given-recurrence
might be followed aggressively since probabilities of both
detecting and successfully treating a recurrence would be
high. Conversely, patients with low recurrence risk but
poor prognosis-given-recurrence might opt for little or
no follow-up.

Moving toward risk adapted follow-up
A series of authors over the last two decades have argued
for an approach to surveillance that involves tailoring surveillance plans based on recurrence risk[9-11,20,48,49]. Though
the idea is intuitively appealing as a way to spare certain
patients some of the morbidity associated with surveillance and to reduce costs, little data exists on the topic.
Secco and colleagues divided patients who had recently
undergone curative treatment for CRC into high-risk and
low-risk groups based on a number of prognostic factors.
Within each of these risk groups, patients were randomized to either very minimal follow-up or a risk-adapted
follow-up protocol (Table 1). Within each risk group,
the risk-adapted follow-up patients showed significantly
better five-year overall survival[20]. Unfortunately, there
was no comparison of an overall strategy of tailoring
follow-up to the risk of recurrence versus a one-size-fits-all
approach of following all patients using a uniform protocol.
Any version of risk-adapted follow-up in the future
will likely employ the use of molecular markers to target
patients who might benefit the most form a more intensive level of surveillance. Most work on biomarkers to
date has focused on prognostic markers of overall outcome or predictive markers of response to adjuvant chemotherapy. These types of markers hold great promise
in informing decision making around adjuvant chemotherapy. Certain prognostic markers which may predict
recurrence have the potential to inform surveillance planning after treatment. Vascular Endothelial Growth factor
overexpression[50,51] and interleukin-8 overexpression[52] in
tumor cells eventually may serve as such markers. Limited
evidence suggests that each may signal a heightened risk
of recurrence[50-52].
A “Recurrence Score” calculated based on a commercially available tumor gene expression panel (OncotypeDX - Genomic Health, Redwood City, CA, United
States) has been validated as a predictor of recurrence
in Stage Ⅱ CRC and is advocated as a tool for decid-

OTHER AREAS FOR FUTURE RESEARCH

WCGO|www.wjgnet.com

After decades of research on the topic, tremendous uncertainty remains concerning how to best monitor CRC
survivors for recurrence or metachronous disease. The
results of seven randomized controlled trials comparing
alternative surveillance strategies have led to a general
consensus that more intensive follow-up leads to increased curative treatment of recurrence via earlier detection and to improved overall survival. Whether or not
the latter is a result of the former, or whether improved
survival instead follows primarily from the benefits of
increased contact with healthcare providers in general,
remains unclear. In the coming years, we hope to see
publication of more trial data on the topic than has been
available to date thanks to three ongoing large trials. We
will hopefully have a clearer picture of the cancer-specific
survival benefit of intensive surveillance as well as the
cost-effectiveness and quality-of-life implications of different approaches to surveillance.
Beyond the research questions highlighted above, additional areas for further study are listed below.
Need for model-based research
Even with the new trial evidence, actionable knowledge
relevant for clinical practice will remain quite limited. We
will still have experimental data on only a tiny fraction
of the combinations and schedules of surveillance tests
that are possible. Nor will we have a strong translational
evidence base to guide risk-adapted follow-up. A promising possibility for leveraging the accumulated trial data
may lie in computer simulation modeling. Sophisticated
models could help researchers and clinicians examine
the impact of virtually any surveillance regimen on patients with differing risk profiles. An example of using
such modeling to synthesize what is known about testing
and disease progression in such a way that allows virtual
experimentation can be found in the numerous models
of CRC screening strategies. These models simulate the
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adenoma-carcinoma sequence by which benign polyps
transform to adenocarcinomas and adenocarcinomas
grow and invade healthy tissue, allowing experimentation
with a practically infinite number of candidate screening strategies[56-60]. Some of these screening models have
informed development of United States Preventive Services Task Force guidelines on colorectal cancer screening[56], have been applied by the Centers for Medicare and
Medicaid Services to compare the effectiveness of various CRC screening strategies[57,58], and have spawned vital
new research questions[59,60].
Simulating progression of recurrent CRC in such a
way that allows the testing of different surveillance regimens is perhaps a more difficult problem, owing to the
lack of direct observational data on unchecked recurrence progression (contrasted with the abundant data
available on polyp progression and transformation). A
few authors have developed recurrence models[61-65], but
this line of research has not yet advanced to the point of
being able to provide prescriptive recommendations for
optimized surveillance regimens as has been the case for
CRC screening in a healthy population. The loftiest ambition for applying simulation modeling to the problem
of CRC surveillance would be to develop models which
incorporate what can be inferred from RCTs about natural history of recurrence, information on test sensitivity
and specificity, our best estimates of major complication
risks (primarily from colonoscopy and ionizing radiation
exposure), and what is known about individual risk factors for recurrence into an individualized decision aid.
Such a tool could help providers and their patients reach
decisions which incorporate their preferences in light of
the estimated benefits and risks of specific surveillance
strategies.

nography, or “virtual colonoscopy”, may have the potential to provide a better balance of risks and benefits[71].
What are the quality of life implications of CRC
surveillance
A longstanding, and still unresolved, question is to what
extent CRC surveillance in general exacts a psychological
toll on patients. Such a toll might arise from increased
anxiety associated with testing or with the possibility of
detection of an unresectable recurrence. Despite these
theoretical harms, no negative quality of life impact has
yet been demonstrated in studies comparing differing levels of follow-up. The small amount of data available on
quality of life impacts of surveillance suggests a neutral
or even slightly positive effect[73,74]. A 1997 Dutch study
found no diminution in quality of life associated with
follow-up of 130 CRC survivors at four hospitals. In fact,
the average patient preferences tended to favor follow-up
as opposed to no follow-up[73]. Kjeldsen and colleagues
reported a slight trend toward increased quality of life
among Danish CRC survivors who were followed more
intensively compared to counterparts undergoing minimal follow-up[74].
The large surveillance trials underway[22,29,31] should
shed further light on the quality of life impacts of CRC
surveillance. An area in particular need of further study
is the quality of life impact associated with false positive test results. In addition to specific focus on the effect of false positive results, an important, and as-yetunaddressed question is the loss of quality time brought
about by the pre-symptomatic diagnosis of unresectable
recurrence. This represents an important concern since
a substantial majority of patients whose recurrences are
detected by surveillance before symptom onset will have
progressed beyond the point of curative treatment[15,16,75].

What role should colonoscopy play
The possible benefits of surveillance must be considered
in light of the potential harms. Colonic perforation and
post-procedure bleeding associated with colonoscopy
represent the most concrete and serious harms arising
from CRC follow-up. Endoscopic surveillance has been
endorsed by all reviewed national guidelines, primarily for
early detection of metachronous CRC’s (which develop
in 1.5%-7.7% of CRC survivors[10,66,67]) or adenomas
with advanced features. The procedure has a sensitivity
of 95% and a specificity of 100% for detecting highrisk polyps or tumors[68]. To date, however, no study has
reported increased survival associated with routine colonoscopy after resection. Furthermore, the procedure is
relatively invasive and has a major complication rate of
0.2%-1.2%[19,69,70]. This uncertain benefit and potential for
harm, as well as the considerable resource demands, have
led some to argue against routine endoscopic surveillance after curative CRC resection[71,72]. An area for future
research might be to evaluate strategies which select for
frequent colonoscopic examination only those patients at
high risk for second primary cancers or advanced adenomas. Also worthy of further study is whether CT Colo-
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For how long should crc survivors be followed
The treatment guidelines outlined in Table 3 focus primarily on the period spanning the point of initial treatment through five years post-treatment. There is no clear
evidence that this timeframe is the most appropriate,
however. Two opposing effects make the choice of an
optimal surveillance period difficult. First-arguing for
a shorter window-the majority of recurrences occur
early; at least 80% of recurrences are detected by three
years[4,5]. This fact would suggest that follow-up becomes
much lower-yield and that false positive test results would
increase drastically after three years of follow-up. On
the other hand, time to recurrence appears to be an important prognostic factor for the outcome of recurrent
disease[6]. Survival after curative treatment of recurrent
disease may increase with later recurrences[76-79]. As such,
some have suggested that longer follow-up-while detecting fewer recurrences-would detect a higher rate of curable recurrences[9,11]. The determinant of whether or not
such benefit might be realized with longer follow-up is
the extent to which late recurrences are treatable when
they are detected based on symptoms. The proportion of
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symptomatic recurrences which are considered curable
is generally quite low (Table 2), but it is possible that the
subset of patients whose recurrences manifest later may
be an exception. Hopefully the volume of new trial data
set to emerge in the coming years will permit this important subanalysis.

7

CONCLUSION

9

8

Optimizing colorectal cancer surveillance represents an
incredibly complex medical decision making problem.
A heterogeneous and far-from-completely-understood
disease occurring in a population with typically advanced
age and accompanying morbidity intersect with a surveillance testing framework involving numerous possible
combinations of imperfect follow-up modalities. It is not
surprising that the accumulation of trial data over the
past decades has failed to provide a consistent answer to
what strategy of surveillance-if any-most prolongs life by
increasing the likelihood that recurrences will be caught
early and successfully treated. Nor is it surprising that
surveillance recommendations differ considerably across
organizations and countries. A series of large, ongoing CRC surveillance trials will begin to produce muchanticipated results in the coming years. Not only will
these results shed light on effective follow-up for CRC
survivors diagnosed during a modern era of surgical and
systemic treatment, but they also promise vital qualityof-life and economic findings. These trials will still have
only looked at a small number of possible surveillance
regimens. Additional tools, including computer simulation modeling, are needed to synthesize and leverage this
new information in conjunction with knowledge of the
effects of known and emerging risk factors. By so doing, we can move toward more effective, efficient, and
patient-centered follow-up.
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Core tip: Colorectal (CRC) cancer stem cells are a theorized but poorly characterized cell population believed
to be crucial for tumor growth, spread, and tenacity.
CRC stem cells share many similar characteristics of
normal intestinal stem cells and are hypothesized to
originate directly from them. It appears, however, that
both the regulation of normal intestinal stem cells and
the development of CRC are far more complex than
previously imagined. Likely pivotal to the success of
both are plasticity pathways able to reverse cellular
fate, and stem cell niche signals, ultimately leading to
self-replenishment and sometimes also unwanted dissemination.

Abstract
Colorectal cancer (CRC) remains a highly fatal condition in part due to its resilience to treatment and its
propensity to spread beyond the site of primary occurrence. One possible avenue for cancer to escape
eradication is via stem-like cancer cells that, through
phenotypic heterogeneity, are more resilient than
other tumor constituents and are key contributors
to cancer growth and metastasis. These proliferative
tumor cells are theorized to possess many properties
akin to normal intestinal stem cells. Not only do these
CRC “stem” cells demonstrate similar restorative ability, they also share many cell pathways and surface
markers in common, as well as respond to the same
key niche stimuli. With the improvement of techniques
for epithelial stem cell identification, our understanding of CRC behavior is also evolving. Emerging evidence about cellular plasticity and epithelial mesenchymal transition are shedding light onto metastatic
CRC processes and are also challenging fundamental
concepts about unidirectional epithelial proliferation.
This review aims to reappraise evidence supporting
the existence and behavior of CRC stem cells, their
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INTRODUCTION
Colorectal cancer (CRC) remains a highly morbid and
fatal disease among both developed nations and globally[1-3]. Based on 2008 world data, CRC is the fourth
leading cause of cancer-related mortality behind lung,
stomach, and liver cancer, respectively[4,5]. Since Fearon
et al[6] introduced a model for colorectal tumorigenesis
in 1990, the study of the molecular basis of CRC has
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static lesions to acquire distinguishing mutations[7].

been rapidly evolving. While a handful of tumor suppressors and oncogenes (e.g., APC, KRAS, and P53) are
commonly found among CRCs, a vast number of lowfrequency somatic mutations have since been discovered
that are believed to contribute to CRC heterogeneity[7,8].
Given the expanded number of potentially functional
mutations, that no CRC therapy is completely curative
should come as no surprise[9].
More importantly, individual colorectal cancers can
themselves demonstrate phenotypic variability via subdelegation of constituent cells. Core to this notion are
cancer “stem” cells which act as ringleaders that drive
CRC proliferation and metastasis[10]. Like normal stem
cells, they self-perpetuate and expand in accordance with
stem cell hierarchy[10]. Much remains unknown about the
origins and regulation of CRC stem cells, though implicated in CRC inception are the signals expressed within
the normal intestinal stem cell niche. New light has also
been shed onto plasticity pathways that may perhaps be
pivotal to CRC metastasis and treatment. The aim of
this review is to reappraise current evidence supporting
the existence and behavior of CRC stem cells, their relationship to normal stem cells, and their possible dependence on the stem cell microenvironment.

NORMAL INTESTINAL STEM CELLS
Two functionally distinct populations of putative normal
epithelial stem cells have been identified in intestinal
crypts of humans and mice: Lgr5+ crypt base columnar
stem cells and quiescent label-retaining cells[13-17]. These
two cell types replenish and maintain the intestinal epithelium[13].
Lgr5+ crypt base columnar cells
Lgr5+ crypt base columnar cells (CBCs) are multipotent
stem cells located in crypts of the small intestine and
colon[14]. Lgr5 is an orphan G protein-coupled receptor
expressed during embryogenesis and among epithelial
stem cell populations in the adult intestine, hair follicles,
stomach, mammary glands, and taste buds[18]. CBCs were
first characterized in 1974 when an electron microscopy
study identified a population of crypt cells that shared
common secretory components with all differentiated
epithelial cell lineages in the mouse intestine[19]. More
recently, Barker et al[14] demonstrated that Lgr5-mediated
activation of a permanent cell-labeling gene identified
a line of cells originating from the intestinal crypt that
yielded three differentiated cell types. The authors surmised that enteroendocrine cells were too rare to be detected among labeled cells[14]. A subsequent in vitro study
demonstrated that organoids derived from single Lgr5+
cells form crypt domains containing all lineages of the
adult intestinal epithelium including enteroendocrine
and crypt paneth cells[20]. Taken together, these findings
strongly suggest that multipotent Lgr5+ CBCs are true
intestinal epithelial stem cells.
Quite contrary to expected stem cell behavior, evidence suggests that the expansion of Lgr5+ CBCs follows stochastic principles in which cells are equipotent
and segregate chromosomes randomly[18,21,22]. Lgr5+ cells
are also mitotically-active and demonstrate little asymmetric division [13,21]. Proliferation of these stem cells
can at times approximate a square root growth curve,
suggesting that they contain potential for rapid, yet very
random clonal expansion[13,21,23]. As a likely consequence
of their stochastic properties, Lgr5+ stem cells are subject to neutral drift, often resulting in monoclonal or
oligoclonal populations in the intestinal crypt[21].
It seems dangerous for a stem cell to propagate in
a manner dictated largely by chance. Random chromosomal segregation risks the introduction of genomic errors that can subsequently be passed to both daughters
and self-perpetuating clones. Lgr5+ cells also seem to
have little control over cell fate, suggesting that they are
likely critically regulated by the surrounding milieu.

FEARON AND VOGELSTEIN’S MODEL
FOR COLORECTAL CARCINOGENESIS
Fearon and Vogelstein’s model for colorectal carcinogenesis illustrates how genetic alterations may allow
colorectal cells to escape defined behaviors of the normal
intestinal epithelium. By the early 1990s, Fearon et al[11]
established three key features about colorectal cancer.
First, cells within a colorectal cancer are monoclonal in
nature, suggesting that CRC arises from clonal expansion of a small number of cells. Second, Fearon et al[6]
surmised that key genetic alterations found commonly
among CRC (e.g., RAS, P53, APC) confer functional traits
advantageous to the development and expansion of sporadic cancer and are acquired in a sequentially preferred
order. For instance, APC mutations often occurred early
prior to adenoma formation, whereas P53 mutations frequented tumor phases during the transition of adenomas
to overt carcinomas[6]. Finally, based on their own observations and those of others, Fearon et al[6] concluded that
the number of accumulated mutations in a tumor was the
most consistent feature associated with the clinical and
histopathological manifestation of CRC[12].
Fearon and Vogelstein’s original CRC model has since
been greatly expounded upon. Numerous low-frequency
candidate mutations have been identified among candidate CRC genes, likely contributing to CRC phenotypic
heterogeneity [7,8]. Also, carcinogenesis might not rely
strictly on Fearon and Vogelstein’s hypothesized mutational gateways. For example, one study found no genetic
change between genome-sequenced primary colorectal
cancers and their respective metastases, suggesting that
insufficient time passed to allow either primary or meta-
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Quiescent label-retaining cells
Quiescent DNA label-retaining intestinal stem cells (LRCs)
have remained controversial since the 1970s when these
mitotically-inactive cells were found at and around the
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+4 crypt position[24-26]. Although intestinal LRCs express
a number of stem cell markers including Hopx, Tert,
Lrig1, and Dclk1, they are widely identified by their
expression of Bmi1, a member of chromatin-silencing
polycomb-repressing complex 1[13,15,27]. Like Lgr5+ CBCs,
Bmi1+ LRCs can form spheroids in vitro containing all
differentiated epithelial cell types[13,20]. The multipotency
of Bmi1+ LRCs has also been confirmed in vivo through
lineage experiments[15]. In contrast to early reports of
the radiation sensitivity of +4 position crypt cells, recent
evidence suggests that quiescent stem cells are both resistant to and activated by moderate levels of radiation
damage, thus suggesting a crucial role in recovery following intestinal injury[13,28]. Notably, Bmi1+ LRCs can
single-handedly restore radiation-ablated mouse intestinal epithelium in the total absence of Lgr5+ stem cells[13].
Whether +4 quiescent LRCs are actually stem cells
remains a matter of debate. Quiescent stem cells have
only been found in the proximal small intestine and to
date no presence has yet been found of a corresponding
population in the colon[15,29]. Moreover, one study has
identified quiescent LRCs not as stem cells, but rather
as partially-differentiated secretory precursors[30]. Quiescent stem cell markers (including Bmi1, Tert, Hopx,
and Lrig1) have also been found among Lgr5+ stem cells
thereby questioning the validity of using such markers to
identify a uniquely separate stem cell population[31].

INTESTINAL STEM CELL NICHE
Like other tissues among higher organisms, all intestinal
cells reside within a carefully defined construct of chemical signals that directs genetically identical cell populations towards divergent behaviors[36]. Contained in and
around the intestinal crypt are a multitude of molecular
and cellular effectors that define a unique microenvironment - a “niche”- that directs the optimal function of
stem cells[10]. Components of the niche include the subepithelial stroma, adjacent epithelial cells, natural enteric
flora, and soluble epithelium-derived factors. Alteration
of niche effectors can also lead to aberrant and dysregulated crypt behavior, which in turn may foster neoplasia.
Wnt signaling pathway
A multitude of signals in the intestinal crypt affect the
function and growth of intestinal stem cells (Figure 2A
and B)[37]. Of these, Wnt proteins are one of the most
crucial for maintaining stem cell homeostasis[34,35,37,38].
Wnt promotes both cellular dedifferentiation and proliferation during embryogenesis and in many adult animal
tissues[39-42]. Inhibition of the Wnt pathway results in
crypt loss and a marked reduction in epithelial proliferation[43]. Among mice with inducible APC-knockouts, Wnt
results in intestinal mucosa populated by undifferentiated
cells[44]. Wnt activity is also among the essential signals
for the formation of crypt structures from single stem
cell cultures as well as for the reprogramming of somatic
cells into induced pluripotent stem cells (iPSCs)[20,34,39,41].
Cell-proliferative genes are activated by Wnt via nuclear
β-catenin intermediaries and include cell migration controllers (EPH), proliferative signals (c-myc, cyclin D1),
and stem and cancer cell markers (Lgr5, Bmi1)[10,14,35,45-47].
The Wnt pathway is also a highly influential mediator
of cancer (Figure 2C). APC mutations facilitate Wnt activity by dysregulating β-catenin-mediated gene expression[45,48]. APC mutations are common, occurring in over
80% of sporadic colorectal cancer[48]. Vermeulen et al[49]
showed that primary spheroidal cultures derived from
human CRCs are regulated by Wnt signals in the surrounding microenvironment, such as those secreted by
intestinal myofibroblasts. They also demonstrated that
extrinsic Wnt pathway activation was an important determinant in the cellular acquisition of cancer stem cell
features (e.g., formation of tumors when injected into
immune-deficient mice and in vitro recapitulation of xenograft isolate behavior to that of the original tumor)[49].

An evolving model of normal intestinal stem cell
behavior
In contrast to current single-lineage stem cell theories,
the coexistence of two putative intestinal stem cell types
may suggest a more complex pathway for the development of the intestinal epithelium (Figure 1)[10,32]. On one
hand, evidence exists supporting the subordinancy of
LRCs to LGR5+ cells: LRCs have been characterized as
secretory precursors and may not share markers unique
from Lgr5+ cells[30,31,33]. On the other hand, evidence also
exists conversely that Lgr5+ cells may be subordinate to
LRCs: Bmi1+ LRCs restore radiation-ablated Lgr5+ cell
populations[13,29]. These findings when taken together
suggest that LRCs likely interconvert with Lgr5+ CBCs,
regardless of whether LRCs are actually stem cells. Such
findings suggest that intestinal epithelial development
is neither as hierarchical nor as unidirectional as once
thought, though the extent of which is not yet known.
Based on the discussion thus far, perhaps the actions of the stem cell pool as we currently understand
it are comprised of the combined properties of Lgr5+
and quiescent stem cells in the crypt (Figure 1). Under
normal conditions, Lgr5+ stem cells could function to
self-sufficiently maintain epithelial homeostasis through
high-output cell production in response to trophic niche
signals (e.g., Wnt)[34,35]. However, Lgr5+ CBCs are likely as
sensitive to genetic damage as they are to injury. In these
situations, the quiescent LRC population may assist with
recovery from intestinal injury, either directly or by restoring Lgr5+ stem cells.

WCGO|www.wjgnet.com

Intestinal subepithelial myofibroblasts
Intestinal subepithelial myofibroblasts (ISEMFs), located
underneath the basement membrane in the crypt, are
stromal cells widely known to promote stem cell selfrenewal and differentiation (Figure 2A and B) [20,34,35].
ISEMFs originate from regional intestinal fibroblasts
and possibly trans-differentiated bone marrow cells[50].
Intestinal myofibroblasts function as anchors for cell adhesion and provide trophic signals to stem cells via cell-
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Figure 1 Origin and development of normal intestinal stem cells. Lgr5+ CBCs and +4 LRCs coexist in the crypt. Each stem cell is fully multipotent. Lgr5+ cells
likely maintain intestinal homeostasis under normal conditions. Following intestinal injury, the reserve population comprised of +4 LRCs and Dll1+ secretory progenitors restore both the epithelium and Lgr5+ CBCs. Tuft cells are Bmi1+ cells that may be synonymous with or descendants of +4 LRCs. CRC: Colorectal cancer; CBCs:
Crypt base columnar cells; LRCs: Label-retaining intestinal stem cells.

cell interactions and secreted mediators[51]. ISEMFs also
contribute to wound healing, mucosal protection, fluid
and electrolyte transport, and growth of the basement
membrane[50,52]. Secreted myofibroblast mediators are numerous: Wnt proteins, hepatocyte growth factor, fibroblast growth factor, TGF-β, keratinocyte growth factor,
matrix metalloproteinases, stem cell factor, VEGF, and
numerous interleukins, to name a few[52,53].
ISEMFs have long been implicated in promoting
colorectal cancer growth and invasion (Figure 2C)[51].
Little clarity exists regarding whether peri-CRC myofibroblasts are derived from normal ISEMFs. Based on
knowledge gleaned from other cancer systems, functional differences between normal and CRC fibroblasts
do likely exist[54]. Still, even normal myofibroblasts are
capable of facilitating CRC growth. Vermeulen et al[49]
found that normal colonic myofibroblasts prevented
both the morphological and molecular differentiation of
co-cultured colorectal cancer cells. Furthermore, these
myofibroblasts were shown to re-induce tumorigenic potential in subpopulations of CRC cells with low degree
of proliferative activity[49].

Paneth cells contribute to the preservation of the
stem cell compartment through the expression of Wnt
proteins and other secreted signals such as epidermal
growth factor and Notch ligands, all important in the
maintenance of the Lgr5+ CBC population[55]. Paneth
cells also secrete antimicrobial peptides[57]. Furthermore,
they facilitate epithelial repair by deactivating panethspecific genes and converting to a phase that promotes
Bmi1+ cell proliferation[58].
Paneth cells seemingly serve a redundant role in the
intestinal crypt. Wnt proteins released from Paneth cells
are also derived from other sources in and around the
intestinal crypt[59]. Notably, the complete removal of paneth cells in mouse model systems has not been shown
to affect the proliferation of Lgr5+ CBCs[60].

INTESTINAL TUMOR/CANCER STEM
CELLS
Cells of origin
Is there a population of cells in the intestinal epithelium
that reliably serves as the source for most, if not all of
colorectal cancers? Intestinal stem cells are prime suspects due to their pre-existing proliferative and self-restorative behavior, making them perhaps more sensitive
to overt carcinogenesis[10,35]. In support of this notion,
Barker et al[61] demonstrated that APC deletions only
among Lgr5+ stem cells (6.5% of tumor mass) promoted
the formation of adenomas, even in the setting of uniform tumor Wnt target gene activation. Barker and colleagues concluded that Lgr5+ stem cell transformationespecially via loss of APC function-is a highly efficient
pathway to neoplasia [61]. Multi-color reporter lineage

Paneth cells
Paneth cells are terminally-differentiated secretory cells
intermingled between Lgr5+ CBCs at the base of crypts
in the small intestinal mucosa[55]. Though unclear why no
Paneth cells have been found elsewhere in the intestine,
a population of c-kit+/CD117+ goblet cells in the colon
may perhaps function analogously[33,56]. Co-culture of
c-kit+ cells with Lgr5+ stem cells promotes the growth
of organoids in similar fashion to those produced from
Paneth/Lgr5+ cell co-cultures[55,56].
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are subject to niches among the various strata in the crypt. B: Redundant mediators expressed by ISEMFs and Paneth cells contribute to the preservation of the stem
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plasia. Early observations by Cole et al [63] reveal that
early adenomatous polyps are positioned at the top of
colonic crypts without contact with the stem cell compartment. Schwitalla et al[64] have also demonstrated that
Wnt-constitutive intestinal cells can re-acquire stem cell
properties in an NF-KB dependent manner and lead to
tumor formation. These findings are congruent with
iPSC research through which differentiated somatic cells
have been reprogrammed back to proliferative stemlike states on account of key genetic alterations[41]. As
with other non-intestinal cancers, no clear distinction yet

retracing experiments by Schepers et al[62] have also confirmed that early adenomas are mostly of monoclonal
origin, though occasionally oligoclonal. Schepers et al[62]
also identified stem-like Lgr5+ tumor origin cells at the
base of adenomas that shared organizational resemblances to normal stem cells and were 20-fold more efficient at forming cell colonies in vitro than Lgr5-poor cells
derived from the same population.
Still, evidence suggests that colorectal cancer may
also arise from non-stem cells, supporting the idea that
ultimately any cell harbors the potential to foster neo-

WCGO|www.wjgnet.com

1231

February 8, 2015|First Edition|

Ong BA et al . Colorectal cancer microenvironment and stem cells

and neoplastic intestinal stem cells. Dclk1 is a complex
multi-splicoform transmembrane serine-threonine kinase
involved in embryonic neuronal migration through intracellular signaling pathways[72,73]. In the digestive tract,
Dclk1+ cells have been found in the stomach and at the
+4 position of the intestinal crypt[74,75]. Intestinal Dclk1+
cells are functionally akin to quiescent stem cells via their
label retention and radiation-induced activity[74,76]. Some
studies contend that Dclk1+ cells are not intestinal stem
cells at all. Dclk1 expression may be shared not only by
stem cells but also among the enteroendocrine lineage[77].
Alternatively, Gerbe et al[78] propose that Dclk1+ cells are
actually novel differentiated tuft cells with unidentified
function.
Interestingly, cells aberrantly expressing Dclk1 have
been found among both mouse intestinal adenomas and
human colorectal cancers, suggesting a potential role for
Dclk1 to identify neoplastic stem-like intestinal cells[74,79].
Nakanishi et al [80] recently demonstrated that Dclk1
specifically identifies abnormal intestinal mucosa found
among tumors in the small intestine of APCmin/+ mice.
Not only did Dclk1+ tumor cells co-express Lgr5, they
also demonstrated higher expression of other cancer
stem cell markers versus non-tumor cells[80]. Furthermore,
ablation of Dclk1+ cells led to regression of the containing polyps without apparent effect to normal intestine[80].
These results concur with findings from our group
showing that siRNA-based Dclk1 interference leads to
growth arrest of xenoplanted CRC[81,82]. Also notable
is a recent study by Li et al[67] demonstrating increased
Dclk1+ expression among cell fractions with a higher
percentage stem-like HCT116 human CRC cells. Taken
together, these findings support the notion that Dclk1+
cells can identify colorectal cancer stem cells and that
Dclk1 is critical for tumor growth.

Table 1 Putative colorectal cancer stem cell markers
Marker

Function

ALDH1A1
ALDH1B1
b-catenin
Bmi-1
CD24
CD26
CD29
CD44
CD133
CD166 (ALCAM)
CDX-2
c-myc
Dclk-1
EpCAM
Klf-4
Lgr-5
Lin-28
Msi-1
Nanog
4-Oct
Sox-2

Enzyme
Enzyme
Protein (nuclear)
Protein (nuclear)
Cell surface glycoprotein
Cell surface glycoprotein
Cell surface glycoprotein
Cell surface glycoprotein
Cell surface glycoprotein
Cell surface glycoprotein
Transcription factor
Transcription factor
Serine-threonine kinase (?)
Cell surface glycoprotein
Transcription factor
Cell surface receptor
Transcription factor
Protein (nuclear)
Transcription factor
Transcription factor
Transcription factor

ALDH: Aldehyde dehydrogenase; Bmi-1: B lymphoma Mo-MLV insertion
region 1 homolog; CD: Cluster of differentiation; CDX-2: Caudal type homeobox 2; Dclk-1: Doublecortin-like kinase-1; EpCAM: Epithelial cell adhesion molecule; Lgr-5: Leucine-rich repeat-containing G protein coupled
receptor 5; Msi-1: Musashi-1.

exists identifying which CRCs, if any, are derived from
non-stem cells[65].
What are the triggers that stimulate a cell to progress
to cancer? Based on the discussion thus far, the neoplastic potential of a cell might be directly correlated with
the combined disruptive impact of affected genes. However, One might imagine a situation in which a cell lacking sufficient functional derangement can be driven to
cancer in response to external stimuli. Signals may come
from cell placement in a Wnt-rich intestinal crypt, or in
response to inflammation in light of concurrent genetic
Wnt derangements as Schwitalla et al[64] have explored.

Identifying CRC tumor stem cells
Despite the strong evidence suggesting that only a small
fraction of colorectal tumor cells is responsible for maintaining tumor growth, the isolation of “pure” colorectal
cancer stem cells has remained an ongoing challenge
due to numerous theoretical and practical reasons. In
fact, the term “cancer stem cell” may be somewhat of a
misnomer. There is no expectation that a dysregulated
colorectal cancer cell follows the exact biochemical principles of a normal intestinal epithelial stem cell, even if
they share common signaling pathways. So long as the
phrase “cancer stem cell” is used loosely to refer to cells
in control of the proliferative hierarchy demonstrated by
CRC, there is no perceived problem.
The first studies documenting a tumor-initiating CRC
subfraction came in 2007 with the identification of CD133+
cells comprising 2.5% of tumor mass[83,84]. However, the
significance of CD133 as a specific CRC marker has subsequently been debated[52]. Other markers have further assisted in the enrichment of CRC stem cell fractions (Table
1). Kemper et al[66] found that Lgr5+ cells comprised only
1.9%-11.1% of putative stem cells already marked by

Tumor stem cell markers
Not surprisingly, many normal stem markers such as Lgr5,
DCLK1, CD133, CD44, CD24, and ALDH1 have also
been found among highly proliferating fractions of colorectal cancers[10,52,66,67]. Given the apparent genetic heterogeneity among CRC[7,8], very few, if any, markers are both
specific to CRC stem cells and ubiquitous among all
CRCs[9]. Table 1 lists putative CRC stem cell markers as
previously covered by other authors[10,68-71]. What remains
unclear is whether such markers reflect carry-over from
intestinal stem cell precursors as with other cancers (e.g.,
leukemia)[35] or else a re-activation of stem cell pathways.
Regardless of the underlying reason, that CRC and normal intestinal epithelial stem cells express many of the
same cell surface markers poses a challenge to the isolation of tumor stem cells.
One putative stem cell marker, Doublecortin-like kinase 1 (Dclk1), may be a useful marker for both normal
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Epcam, although admittedly the Lgr5+ fraction was more
highly clonogenic. Isolation of DCLK1 among tumor
stem cells has been previously discussed, but even Nakanishi et al[80] did not find DCLK1 universally among all
tumors in their mouse experiments.
The current methods employed to identify CRC stem
cells are derived from non-exclusive properties shared by
all intestinal stem cells. These methods include: DNA label retention, in vitro and in vivo proliferation assessments,
and detection of cell surface markers[10]. Consequently,
the isolation of CRC stem cells is fraught with as much,
controversy as normal intestinal stem cells. Not the least
of which, subtle differences between humans and animal
models may consequently make experimental findings
difficult to generalize. The apparent genetic heterogeneity of CRC lends further worry that finding a universal
identification standard for CRC stem cells may long remain a daunting task[7,8].

an extreme disturbance of either genetic derangement
or environmental signals alone would also be a sufficient
trigger for carcinogenesis[36].

EPITHELIAL MESENCHYMAL
TRANSITION: PREVAILING METASTATIC
PROGRAM?
The presence of cancer cells in the lymphatic and systemic circulation have long been known to correlate with
poor prognosis, even despite the resection of primary
lesions and/or chemotherapy[89-95]. With the apparent
monoclonality of colorectal cancer[11], one might infer
that circulating cancer stem cells originate from a primary colorectal tumor. Because cell migration brings with it
certain constraints on adhesion and cellular interactions,
circulating cancer stem cells may be functionally divergent from primary tumor cells.
Epithelial-mesenchymal transition (EMT) is a critical
extension of cellular plasticity that is believed to govern
not only the development of normal tissues but also the
growth and spread of colorectal cancer. EMT is defined
as the process by which epithelial cells convert to a mesenchymal-like phenotype. Via EMT, a cell relinquishes
its native cell-cell interactions, loses tissue-specific polarity, and acquires migratory mesenchymal traits [96].
Important aspects of the EMT process such as the loss
of E-cadherin (a hallmark of EMT) is mediated by the
Wnt pathway[97]. This process is reversible and plays a
key role in normal embryonic development as well as
normal wound healing and fibrosis in the adult animal.
The opposing process of mesenchymal-epithelial transition (MET) likely occurs through inverse regulation of
EMT and is critical for final organ formation once embryonic cells have sufficiently migrated via mesenchymal
intermediates[96]. Boundaries demarcating the degree of
lineage reprogramming during the EMT process remain
vastly gray territory. In fact, cells undergoing EMT may
not necessarily have re-written fates, for such changes
might only involve alterations to cell mobility.
EMT is likely a dominant mechanism driving colorectal cancer metastasis (Figure 3). In fact, CRC cells that
display EMT characteristics have been shown to also
possess traits of stem cells[98,99]. Critical to both CRC
stem cell formation and EMT induction are Wnt mediators (e.g., nuclear β-catenin), most markedly active at the
invasive front of colorectal tumors[97]. Microarray analysis
has demonstrated up-regulation of EMT-mediating genes
among human CRC (e.g., VIM, TWIST 1 + 2, SNAIL,
and FOXC 1 + 2)[100]. EMT is also controlled via the microRNA miR-200 family[100,101]. MicroRNAs are small,
non-coding RNAs that regulate post-transcriptional gene
expression and serve to activate oncogenes and silence
tumor suppressors. The presence of miR-200 family
members (notably miR-200c and miR-141) is associated with a gain of epithelial cell characteristics[101]. In
contrast, down-regulation of miR-200 family members

Plasticity
It is becoming increasingly apparent that both the normal intestine and colorectal cancer are subject to “plasticity” processes that convert cells back to less-differentiated forms. Conventional stem cell theory holds that
cellular development follows a unidirectional and irreversible hierarchy through semi-differentiated intermediates and concludes with terminal differentiation[85]. The
implied goal of such a model is to produce cells capable
of specialized organ functions[86]. In the intestine, recent
evidence has revealed that short-lived Dll1+ secretory
progenitors can readily revert to Lgr5+ stem cells following radiation injury (Figure 1)[87,88]. The apparent conversion of quiescent Bmi1+ LRCs to Lgr5+ stem cells is another clear demonstration of cellular plasticity[30,31]. That
differentiated somatic cells, too, can fate-reprogram into
iPSCs carries profound implications regarding the exclusivity of stem cell traits and the potential for any cell in
an organism to participate in tissue regeneration[41].
Cellular plasticity processes may also depend largely
on the cellular microenvironment. For example, extrinsically-derived Wnt signals can sufficiently replace Myc
gene mutations during iPSC creation[39]. Also, non-proliferating CRC cells possessing low Wnt activity have been
shown to regain proliferative tumorigenic potential when
co-cultured with colonic myofibroblasts or the conditioned medium derived from myofibroblast cultures[49].
These results indicate that extrinsic signals -notably activators of the Wnt pathway- are perhaps sufficient to
induce behavioral reprogramming, especially in CRC[49].
That fate-reversal occurs in CRC suggests that CRC
expansion adheres to a proliferative pattern somewhere
in between the classical hierarchical and stochastic growth
models[49,85]. Admittedly, however, it is not known to what
degree cellular plasticity plays a role in the proliferation
of colorectal cancer. Perhaps even among different CRCs
there is variation in functional dependence on extrinsic
signals, ultimately affecting the growth patterns and behavior of the neoplastic phenotype. In this way, perhaps
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Figure 3 Epithelial-mesenchymal transition and mesenchymal-epithelial transition in colorectal cancer. In a primary tumor, CRC stem cells exist in a stationary phase that promotes growth. EMT transition to a migratory mesenchymal phase deactivates proliferative genes and cell adhesion molecules, generally allowing
for metastatic dissemination to occur. Once at distant targets, mesenchymal cells transition back to the stationary phase via MET thereby resuming tumor expansion.
EMT: Epithelial-mesenchymal transition; MET: Mesenchymal-epithelial transition; CRC: Colorectal cancer.

of EMT is still in its infancy.

promotes an invasive mesenchymal phenotype, possibly
through the activation of EMT mediators like ZEB1 and
ZEB2[96,102,103]. In turn, epigenetic methylation pathways
are in control of these miR-200 “switches” that altogether govern the shifting of CRC cells towards either mobile
or stationary phases[96,101].
The combined effect of EMT/MET activity is metastatic advancement of a colorectal cancer: EMT enables
primary tumor escape and spread by way of mesenchymal intermediates, and MET returns CRC to a highlyproliferative epithelial stem cell phenotype (Figure 3)[101].
In fact, these transitional phases may be the ultimate
defining characteristic of CRC and may help direct future CRC therapy. Loboda et al[100] demonstrated that
colorectal cancer, despite its vast mutational heterogeneity, can be organized principally as either epithelial or
mesenchymal subtypes. Admittedly, the extent that EMT
contributes to tumor spread remains unknown.
Interfering with EMT at critical phases of cancer
growth is thus seemingly an attractive goal. For instance,
anti-EMT therapy could be utilized to prevent primary
tumor metastasis in early-stage CRC by forcing cells out
of a mesenchymal phenotype or else preventing the entry into EMT (as is apparently the case with cetuximab
administration)[96,104,105]. However, one concern regarding
EMT/MET exploitation is that the two opposing processes may coexist inseparably. As such, unilaterally-directed therapy might lead to undesirable activity of cells
in the opposite transitional phase. For instance, EMT
processes are in part responsible for chronic resistance
to oxaliplatin[106]. Difficulties in controlling mesenchymal
processes may be further complicated by plasticity-mediated recruitment of additional CRC stem cells into the
mesenchymal pool. Suffice it to say, our understanding
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CONCLUSION
Much has been learned about the behavior of colorectal
cancer stem cells owing to knowledge gained about normal intestinal stem cell behavior. The limitations inherent in our current isolation methods of pure stem cell
fractions will likely bear heavily on how we observe and
understand CRC as well. Newer developments in the
field of stem cell research have provided insight into the
vast potential for stem cells to not only be controlled by
environmental factors but also be restored by its descendants. Also critical are core pathways such as Wnt that
play an integral role in stem cell function, mesenchymal
transition, and metastasis. Given the complexity of CRC
“homeostasis”, optimal CRC therapy will likely still
remain a multi-pronged attack: first by control and/or
alteration of trophic niche stimuli, second by the prevention of mesenchymal cell intermediates, and lastly by the
elimination of stem cell ringleaders.
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Since chronological age is a poor marker of a patient’
s functional status, several methods of functional assessment including performance status and activities
of daily living (ADL) or instrumental ADL, or even a
comprehensive geriatric assessment, may be used.
There is no ideal chemotherapy regimen that fits all
elderly patients and so a regimen needs to be tailored
for each individual. Important considerations when
treating elderly patients include convenience and tolerability. This review will discuss approaches to the management of elderly patients with locally advanced and
metastatic colon cancer.
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Abstract

Core tip: Despite survival benefit, fewer older patients
with colon cancer receive chemotherapy, likely due
to concerns regarding safety and efficacy of chemotherapy. The decision to treat elderly patients with advanced and metastatic colon cancer requires the incorporation of a thorough evaluation. Fit elderly patients
are especially appropriate for treatment and should be
offered the same regimens as their younger counterparts. Treatment related toxicities and quality of life
should be monitored very closely in elderly patients
receiving chemotherapy and more frequent follow-up
should be arranged. In frail elderly patients, sequential single agent chemotherapy may be more tolerable
than combination therapy.

Colon cancer is the second leading cause of cancer
mortality in the United States with a median age at diagnosis of 69 years. Sixty percent are diagnosed over
the age of 65 years and 36% are 75 years or older. At
diagnosis, approximately 58% of patients will have locally advanced and metastatic disease, for which systemic chemotherapy has been shown to improve survival. Treatment of cancer in elderly patients is more
challenging due to multiple factors, including disabling
co-morbidities as well as a decline in organ function.
Cancer treatment of elderly patients is often associated with more toxicities that may lead to frequent
hospitalizations. In locally advanced disease, fewer
older patients receive adjuvant chemotherapy despite
survival benefit and similar toxicity when compared to
their younger counterparts. A survival benefit is also
observed in the palliative chemotherapy setting for
elderly patients with metastatic disease. When treating elderly patients with colon cancer, one has to consider drug pharmacokinetics and pharmacodynamics.
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in this setting.
Chemotherapy for metastatic colon cancer markedly
improves outcomes over best supportive care alone[11].
The availability of newer agents, such as irinotecan, oxaliplatin, and targeted therapies, has markedly improved
response rates (RR), time to progression (TTP), and
overall survival (OS) [12]. Between 1995 and 2005, an
analysis of patients age 65 and older who received chemotherapy for metastatic colon cancer demonstrated a
6-mo improvement in OS[13].

INTRODUCTION
An estimated 142820 new cases of colorectal cancer,
including 102480 new cases of colon cancer will be diagnosed in 2013 with 50830 deaths expected in the United
States[1] Approximately 39% of these patients will have
locally advanced disease and 19% will be diagnosed with
metastatic disease. In both settings, systemic therapy has
been shown to improve survival[2].
Most cancer occur in the elderly population[1]. Developed countries have accepted the chronological age of
65 and older as a definition of an elderly population[3].
Currently, more than 50 percent of all cancer diagnoses
and over 70% of cancer deaths occur in those over age
65[4]. Colon cancer has a median age of 69 years at diagnosis, in which 60% are over the age of 65 and 36% are
75 years or older[1,5].
Adjuvant chemotherapy has been the standard of care
for stage III colon cancer following complete surgical resection. Palliative chemotherapy also improves progression
free survival (PFS) and overall survival (OS) in patients
with metastatic colon cancer. However, since fewer elderly
patients are included in clinical trials, establishing a standard
adjuvant or palliative treatment regimen may be challenging.
Treatment of cancer in elderly patients often requires
greater attention due to multiple factors, including disabling co-morbidities as well as a decline in organs function. Cancer treatment of elderly patients is often associated with more severe toxicities and hospitalizations
during treatment[6]. Elderly patients also have a shorter
life expectancy. These factors often influence physicians
decision to withold chemotherapy. A SEER database
analysis showed that the older the patient, the less likely
they received chemotherapy[7,8].

ACTIVE AGENTS FOR LOCALLY
ADVANCED AND METASTATIC COLON
CANCER
The following represent a list of active agents for colorectal cancer and their most common side effects. In general,
strategies to prevent toxicities are to identify the side effects early and provide immediate symptom management
as well as dose adjusment as necessary.
5FU/Leucovorin
Flurouracil (5-FU) in combination with leucovorin (LV)
has been used alone for decades before the introduction
of other agents in the late 1990s and early 2000. To date,
5-FU is still the backbone drug used in combination with
other newer agents. Flurouracil is a pyrimidine nucleoside analog that impairs DNA synthesis via inhibition of
thymidylate synthase and also inhibits RNA synthesis[14].
LV enhances 5-FU cytotoxicity by prolonging the 5-FU
enzymatic inhibition of thymidylate synthase[15,16].
The side effects of 5-FU may vary based on the
method of administration: Ⅳ bolus vs continuous Ⅳ
infusion. Bolus 5-FU is more likely to be associated with
diarrhea and myelosuppresion, which may be more pronounced in patients with dihydropyrimidine dehydrogenase (DPD) deficiency[17]. Continuous infusion 5-FU is
more likely to cause hand-foot syndrome and mucositis,
especially in older patients (> 70-year-old)[18,19].

Benefits of Chemotherapy in
Locally Advanced and Metastatic
Colon Cancer
Adjuvant setting in locally advanced disease
In the 1980s, the use of fluorouracil (5-FU) and leucovorin (LV) extended survival for stage III colon cancer, even in elderly patients[9,10]. The use of 5-FU/LV in
stage Ⅲ patients age 65 and older provided a survival
advantage[8]. Another SEER-Medicare database analysis
also found survival benefit for adjuvant therapy in patients age 75 and older[7]. The toxicities of 5FU/LV were
similar in older and younger patients.
However, fewer elderly patients received adjuvant
chemotherapy[7]. Since older patients are underrepresented in clinical trials, concerns regarding safety and efficacy of chemotherapy have always been raised.

Capecitabine
Capecitabine (fluoropyrimidine carbamate), an orally
administered chemotherapeutic agent, is a pro-drug that
is converted enzymatically to 5-FU following absorption[20]. Capecitabine is approved in the United States for
first-line treatment of metastatic colon cancer as a single
agent or in combination with other agents.
As monotherapy capecitabine has similar efficacy
when compared to 5-FU/LV for treatment of metastatic
colon cancer[21,22]. However, in patients who failed 5-FUbased regimens, replacing 5-FU with capecitabine as a
second line monotherapy is an inappropriate treatment
strategy due to a low objective response rate[23,24].
The most common side effect of capecitabine is
grade 3 or 4 palmar-plantar-erythrodysthesia (PPED)
also known as hand-foot skin reaction. Capecitabine
may also cause diarrhea and mucositis. However, there
is a lower incidence of grade 3 or 4 myelotoxicity when

Palliative chemotherapy in metastatic colon cancer
In metastatic disease, treatment options include metastatectomy (particularly in patients with isolated liver metastases) and systemic chemotherapy for palliation. For
many years, 5-FU/LV was the only active regimen used
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compared with infusional 5-FU. Therefore, it is generally
well tolerated. Dose tolerance is also different among
patients treated in the United States vs Europe (a lower
dose is often given in the United States)[25].

healing. Other significant side effects include hypertension and thromboembolic events (especially in patient
age 65 and older). Therefore, the use of this agent should
be avoided in high-risk patients (i.e. history of bowel perforation, non-healing wounds, history of recent cerebrovascular accident, or uncontrolled hypertension). Blood
pressure needs to be monitored and anti-hypertensive
agents are often required. Bevacizumab can also lead
to proteinuria and regular monitoring of urine protein
secretion with urine dipstick or 24-h urine protein to
creatinine ratio may be required. Holding the agent at
least six to eight weeks prior to elective surgery is recommended[43].

Irinotecan
Irinotecan, a topoisomerase Ⅰ inhibitor, is used alone
or in combination with 5-FU, as well as with targeted
agents. In metastatic disease, several phase Ⅲ trials demonstrated a survival benefit for combined irinotecan plus
5-FU/LV compared to 5-FU/LV alone[26-28].
Diarrhea and myelosuppression are the dose-limiting
side effects of irinotecan, which may be severe. Premedication with atropine sulfate (0.25-0.5 mg subcutaneous) often prevents the development of irinotecaninduced diarrhea. Early use of a antimotility agent such
as loperamide has been shown to decrease the severity
of diarrhea and is essential to prevent treatment-related
mortality[29]. Blood counts should be monitored and dose
modification may be required. Other toxicities include
nausea, vomiting, alopecia, and asthenia. Medications
for symptom management should be made available if
needed[30].

Aflibercept
Intravenous aflibercept is a recombinant fusion protein
consisting of VEGF binding portions from key domains
of human VEGF receptors 1 and 2 fused to the Fc portion of human immunoglobulin G1. It is approved in
the United States for use in combination with FOLFIRI
for the treatment of patients with metastatic colon cancer resistant to or who have progressed following an
oxaliplatin-containing regimen[44,45].
Due to a similar mechanism of action as bevacizumab (anti-VEGF), aflibercept shares a similar side effect
profile including hemorrhage, hypertension, thromboembolism, bowel perforation, and impaired wound healing. Identification of and early symptom management,
as well as dose modification as necessary are important
in managing toxicities. If patients develop recurrent or
severe hypertention, treatment needs to be withheld until blood pressure is controlled and then resumed with a
permanent dose reduction. Treatment should be discontinued if patients develop a hypertensive crisis, fistula
formation, GI perforation, or severe hemorrhage (see
manufacturer package insert).

Oxaliplatin
Oxaliplatin is a platinum analog approved for colon cancer in combination with 5-FU or capecitabine, with or
without a targeted agent. Three clinical trials have shown
a significantly greater RR and PFS but similar overall
survival for oxaliplatin plus short-term infusional 5-FU
and LV (FOLFOX regimen) compared to 5-FU plus LV
alone in the first-line treatment of metastatic colon cancer (mCRC)[31,32].
The dose limiting toxicity of oxaliplatin is peripheral
neuropathy. Patients should be closely monitored for
the development of neuropathy and educated to avoid
cold exposure to prevent worsening of this symptom.
Although proposed as a strategy to delay peripheral neuropathy, there is no firm evidence for the use of calcium
and magnesium infusions[33,34]. Dose modifications or
interruption is often required when symptoms start. Oxaliplatin can also cause pancytopenia, nausea, vomiting,
and fatigue. Therefore, complete blood counts should be
followed and dose modification may be required[35].

ANTI-EGFR MONOCLONAL ANTIBODIES
Cetuximab, panitumumab
Activation of epidermal growth factor (EGF) pathway
is dependent on ligand binding to its receptor (EGFR),
with subsequent homo- and heterodimerization leading to activation of signaling pathways. Cetuximab and
panitumumab are monoclonal antibodies directed against
EGFR. However, they exert their action on both malignant and normal cells. Cetuximab and panitumumab
are only effective in patients who have K-ras wild type
tumor[46-48]. While cetuximab is more commonly used in
combination with irinotecan based regimens, panitumumab is approved only as a single agent after failure of other
regimens[48,49]. Whether panitumumab is of benefit in patients who are refractory to cetuximab is unknown[50].
Since anti-EGFR monoclonal antibodies also bind
to EGFR receptors in normal tissue, these agents affect
organs with abundant receptors and may cause skin and
gastrointestinal toxicities (rash, dryness, pruritus, and
diarrhea). Of particular interest, early identification and

Anti-angiogenesis (anti-vascular
endothelial growth factor)
Bevacizumab
Bevacizumab is a humanized monoclonal antibody (MoAb)
targeting vascular endothelial growth factor (VEGF).
The addition of bevacizumab to first-line regimens used
for metastatic colon cancer improves outcomes modestly. It is usually given with fluoropyrimidines alone
or fluoropyrimidines in combination with oxaliplatin
(FOLFOX/XELOX) or irinotecan (FOLFIRI)[36-42].
Serious adverse events of this agent include hemorrhage, gastrointestinal perforation, and impaired wound
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5-FU (400 mg/m2 Ⅳ bolus on day 1 followed by 2400
mg/m2 continuous Ⅳ infusion over 46 h)[59]. The cycle is
repeated every two weeks for a total of 12 cycles in adjuvant setting.

proper grading of skin toxicity, as well as symptom management are important. Patients should be educated to
recognize the signs and symptoms of toxicity, as well as
general prevention strategies such as applying sunscreen
and alcohol-free moisturizing creams[51,52]. Hypomagnesaemia is another significant toxicity of this class of
drug. Frequent laboratory monitoring and repletion are
often required[53,54].

CAPOX/XELOX
In a randomized trial comparing capecitabine plus oxaliplatin (XELOX) vs FOLFOX regimen, XELOX was
found to be non-inferior as a first line treatment regimen
for mCRC[60]. In the adjuvant setting, the combination
of oxaliplatin and capecitabine has been shown to improve disease free and overall survival with less toxicity
when compared to standard bolus 5-FU/LV[61-63]. The
standard regimen is capecitabine 850-1000 mg/m2 orally
twice daily, from day 1 to 14, with oxaliplatin 130 mg/m2
Ⅳ on day 1 of every three week cycle.

RECEPTOR TYROSINE-KINASE INHIBITOR
Regorafenib
Regorafenib is a new oral multikinase inhibitor that
blocks the activity of several protein kinases, including the VEGF and EGFR pathways. It is approved as a
single agent for the treatment of patients with refractory
mCRC[55].
The most common side effects of Regorafenib are
grade 3 or 4 PPED also known as hand-foot skin reaction, fatigue, hypertension, diarrhea, and skin rash.
These toxicities tend to occur during the first treatment
cycle and then diminish over time[55]. Early identification,
intervention, and dose reduction, are key to managing
these side effects.

Single agent capecitabine
The approved dose of oral capecitabine is 1250 mg/m2
twice daily for 2 wk, every 21 d, either as monotherapy
or in combination with other agents[21,22]. The dose is
often reduced to 1000 mg/m2 twice daily (in combination with oxaliplatin) on days 1-14 of a three week
cycle[60,62,64]. No clinical trial has yet been done to compare these different dosing regimens. In one study of 51
elderly patients (mean age 76) with advanced CRC, treatment with capecitabine was well tolerated[65].

Active Regimen for Locally
Advanced and Metastatic Colon
Cancer

FOLFOX + bevacizumab
The benefit of adding bevacizumab to an oxaliplatincontaingin regimen has been addressed in several clinical trials and showed an improvement in RR, PFS, and
OS[38-40]. However, the use of bevacizumab also increased
the risk of bowel perforation, impaired wound healing,
grade 3 or 4 hypertension, and bleeding events[38].
In the TREE-2 trial, bevacizumab was added to oxaliplatin and fluoropyrimidine regimens. These regimens
were well tolerated as first-line treatment of mCRC with
similar overall toxicity. The first-line oxaliplatin and fluoropyrimidine-based regimen with bevacizumab resulted
in a median OS of approximately 2 years[38].
The dosing regimen is oxaliplatin 85 mg/m2 Ⅳ, bevacizumab 5 mg/kg Ⅳ, LV 400 mg/m2 Ⅳ, and 5-FU
400 mg/m2 Ⅳ bolus on day 1, followed by 2400 mg/m2
continuous Ⅳ infusion over 46 h; every 2 wk.

The following regimens are summarized in Table 1.
FOLFOX
A SEER-Medicare database analysis found that the addition of oxaliplatin to 5-FU/LV adjuvant therapy in
elderly patients with stage Ⅲ disease resulted only in a
small but non-significant OS benefit[7].
A subset analysis of major adjuvant therapy trials
also showed a lack of benefit with the addition of oxaliplatin in older patients. The NSABP C-07 trial found
that the addition of oxaliplatin to 5-FU/LV did not
prolong survival in patients age 70 and older with stage
Ⅱ or Ⅲ colon cancer. There was actually a trend toward
decreased survival[56]. A subset analysis of the MOSAIC
trial did not show survival benefit with the addition of
oxaliplatin for patients of age 70-75 with stage Ⅱ or Ⅲ
colon cancer[57]. However, the median age of patients
enrolled in the MOSAIC study was 59 with only onethird of these patients were over the age of 65. Due to
the small number of elderly patients included in this
retrospective analysis, the use of oxaliplatin as adjuvant
treatment in elderly patients remains inconclusive.
In the metastatic setting, however, the addition of
oxaliplatin to fluoropyrimidine-based regimens significantly improved outcomes without worsening toxicity in
elderly and frail patients[58].
If indicated, oxaliplatin 85 mg/m2 Ⅳ is usually given
in combination with LV 400 mg/m2 Ⅳ over 2 h and
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FOLFIRI + bevacizumab
A phase Ⅲ randomized clinical trial comparing the addition of bevacizumab to 5-FU-based combination
chemotherapies (irinotecan, bolus fluorouracil, and leucovorin [IFL]) showed improved objective RR, PFS, and
OS[42]. Another randomized trial comparing 5-FU given
as continuous infusion vs bolus (FOLFIRI vs IFL), both
with bevacizumab, showed a superior result with the former[66]. In the bevacizumab expanded access trial (BEAT),
bevacizumab added to first-line chemotherapy showed a
comparable efficacy and safety profile compared to chemotherapy alone[39].
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Table 1 Chemotherapy regimen in locally advanced and metastatic colon cancer
No.

Regimen

Dosing

Frequency

1

5-FU/LV

Leucovorin 400 mg/m2 Ⅳ over 2 h before 5-FU on day 1

Every 2 wk

Y

Y

Every 3 wk
Every 2 wk

Y
Y

Y
Y

Every 3 wk

Y

Y

Every 2 wk

N

Y

Every 2 wk

N

Y

Every 2 wk

N

Y

Every 3 wk

N

Y

Every 3 wk

N

Y

Every 2 wk

N

Y

Every 2 wk

N

Y

Every 2 wk

N

Y

Every 2 wk
Every 4 wk

N
N

Y
Y

2
3

4
5

6

7

8

9
10

11

12

13
14

5-FU 400 mg/m2 Ⅳ bolus on day 1, followed by 2400 mg/m2 Ⅳ over 46 h
Capecitabine
Capecitabine 1000-1250 mg/m2 by mouth twice daily for 2 wk, then 1 wk off
FOLFOX
Leucovorin 400 mg/m2 Ⅳ over 2 h before 5-FU on day 1
5-FU 400 mg/m2 Ⅳ bolus on day 1, followed by 2400 mg/m2 Ⅳ over 46 h
Oxaliplatin 85 mg/m2 Ⅳ on day 1
CAPOX
Capecitabine 850-1000 mg/m2 by mouth twice daily for 2 wk, then 1 wk off
Oxaliplatin 130 mg/m2 Ⅳ on day 1
FOLFIRI
Leucovorin 400 mg/m2 Ⅳ over 2 h before 5-FU on day 1
5-FU 400 mg/m2 Ⅳ bolus on day 1, followed by 2400 mg/m2 Ⅳ over 46 h
Irinotecan 180 mg/m2 Ⅳ over 90 min on day 1
FOLFOX + Bevacizumab
Leucovorin 400 mg/m2 Ⅳ over 2 h before 5-FU on day 1
5-FU 400 mg/m2 Ⅳ bolus on day 1, followed by 2400 mg/m2 Ⅳ over 46 h
Oxaliplatin 85 mg/m2 Ⅳ on day 1
Bevacizumab 5 mg/kg Ⅳ on day 1
FOLFIRI + Bevacizumab
Leucovorin 400 mg/m2 Ⅳ over 2 h before 5-FU on day 1
5-FU 400 mg/m2 Ⅳ bolus on day 1, followed by 2400 mg/m2 Ⅳ over 46 h
Irinotecan 180 mg/m2 Ⅳ over 90 min on day 1
Bevacizumab 5 mg/kg Ⅳ on day 1
CAPOX + Bevacizumab
Capecitabine 850-1000 mg/m2 by mouth twice daily for 2 wk, then 1 wk off
Oxaliplatin 130 mg/m2 Ⅳ on day 1
Bevacizumab 7.5 mg/kg Ⅳ on day 1
Capecitabine + Bevacizumab Capecitabine 850-1000 mg/m2 by mouth twice daily for 2 wk, then 1 wk off
Bevacizumab 7.5 mg/kg Ⅳ on day 1
5-FU/LV + Bevacizumab
Leucovorin 400 mg/m2 Ⅳ over 2 h before 5-FU on day 1
5-FU 400 mg/m2 Ⅳ bolus on day 1, followed by 2400 mg/m2 Ⅳ over 46 h
Bevacizumab 5 mg/kg Ⅳ on day 1
FOLFIRI + Cetuximab
Leucovorin 400 mg/m2 Ⅳ over 2 h before 5-FU on day 1
5-FU 400 mg/m2 Ⅳ bolus on day 1, followed by 2400 mg/m2 Ⅳ over 46 h
Irinotecan 180 mg/m2 Ⅳ over 90 min on day 1
Cetuximab 400 mg/m2 Ⅳ loading on treatment day 1, then 250 mg/m2 Ⅳ
every week
FOLFIRI + Ablifercept
Leucovorin 400 mg/m2 Ⅳ over 2 h before 5-FU on day 1
5-FU 400 mg/m2 Ⅳ bolus on day 1, followed by 2400 mg/m2 Ⅳ over 46 h
Irinotecan 180 mg/m2 Ⅳ over 90 min on day 1
Aflibercept 4 mg/kg, over 1 h on day 1
Panitumumab
Panitumumab 6 mg/kg Ⅳ
Regorafenib
Regorafenib 160 mg by mouth once daily for 3 wk, then 1 wk off

Adjuvant Palliative

5-FU: Fluorouracil.

The dosing regimen is irinotecan 180 mg/m2 Ⅳ, bevacizumab 5 mg/kg Ⅳ, LV 400 mg/m2 Ⅳ, and 5-FU 400
mg/m2 Ⅳ bolus on day 1, followed by 2400 mg/m2 continuous Ⅳ infusion over 46 h; every two weeks[67].

observed with the addition of bevacizumab[68,69].
The dosing regimen is bevacizumab 7.5 mg/kg Ⅳ on
day 1 with capecitabine 850-1000 mg/m2 by mouth twice
daily on day 1 to 14, every three weeks. When combine
with 5-FU/LV containing regimen, the dosing is bevacizumab 5 mg/kg Ⅳ, LV 400 mg/m2 Ⅳ, and 5-FU 400
mg/m2 Ⅳ bolus on day 1, followed by 2400 mg/m2 continuous Ⅳ infusion over 46 h, every two weeks.

CAPOX + bevacizumab
The addition of bevacizumab to either XELOX or
FOLFOX4 showed improved median PFS when compared to either regimen without bevacizumab[40].
The dosing regimen is oxaliplatin 130 mg/m2 iv, bevacizumab 7.5 mg/kg iv on day 1; capecitabine 850-1000
mg/m2 by mouth twice daily on day 1 to 14, every three
weeks.

FOLFOX + cetuximab
Several studies have shown higher RR and prolongation
in PFS with the addition of cetuximab, but without significant effect on OS[70]. However, other trials showed no
clear benefit in adding cetuximab to a first-line oxaliplatin-containing regimen in patients with K-ras wild-type
tumors with only a modest improvement in RR[71,72]. For
this reason, the benefit of adding cetuximab to a firstline oxaliplatin-containing regimen remains unclear.

Fluoropyrimidines + bevacizumab

Bevacizumab adds benefit to first-line 5-FU/LV or
capecitabine with improvement in RR, PFT, and OR[36,37].
The addition of bevacizumab to capecitabine also improves PFS compared to capecitabine alone in elderly
patients age 70 and older. However, more treatmentrelated adverse events, inlcuding hand-foot syndrome,
diarrhea, venous thrombotic events, and hemorrage were
WCGO|www.wjgnet.com

FOLFIRI + cetuximab
Cetuximab can be used in combination with irinotecan
for patients with wild-type K-ras tumors. Multiple phase
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Ⅲ randomized controlled trials have shown improve-

vious studies with younger age groups.
Therefore, the management of potentially resectable
liver metastases in elderly patients with good performance status should be the same as in younger patients.
Older patients may also benefit from neoadjuvant chemotherapy to convert borderline resectable lesions to
resectable disease. Several studies showed a similar response rate and five-year OS among younger and older
individuals who received neoadjuvant chemotherapy followed by liver resection[80,81].
Although there is no firm data on solitary pulmonary
metastases, metastasectomy may be considered for fit
older patients with isolated pulmonary metastases[82].
Older age (> 60-year-old), male, and increased lung metastases are negative predictors for survival after pulmonary metastatectomy[83].

ment in RR and PFS, but failed to show significant OS
benefit[73-75]. Cetuximab is given as a weekly infusion, although some data support the safety and efficacy of every other week dosing, which is often done for patients
convenience.
The dosing regimen is cetuximab 400 mg/m 2 Ⅳ
loading on first treatment day 1, and then 250 mg/m2 Ⅳ
weekly, with irinotecan 180 mg/m2 Ⅳ, bevacizumab 5
mg/kg Ⅳ, LV 400 mg/m2 Ⅳ, and 5-FU 400 mg/m2 Ⅳ
bolus on day 1, followed by 2400 mg/m2 continuous Ⅳ
infusion over 46 h; every 2 wk.
FOLFIRI + aflibercept
Aflibercept in combination with FOLFIRI is approved
for treatment of patients with mCRC that is resistant
to or has progressed following an oxaliplatin-containing regimen. A placebo controlled trial compared FOLFIRI with or without aflibercept given in patients who
failed a oxaliplatin containing regimen. An improved
median PFS and OS were observed in patients receiving aflibercept[44].
The dosing regimen is aflibercept 4 mg/kg, followed
immediately by the FOLFIRI regimen (irinotecan 180
mg/m2 Ⅳ, bevacizumab 5 mg/kg Ⅳ, LV 400 mg/m2
2
Ⅳ, and 5-FU 400 mg/m Ⅳ bolus on day 1, followed by
2
2400 mg/m continuous Ⅳ infusion over 46 h) every 2
wk.

Tolerability of Chemotherapy in
Elderly Patients
When treating elderly patients with cancer one has to
consider drug pharmacokinetics and pharmacodynamics. Elderly patients have age related changes in organ
function as well as comorbidities. Drug toxicities may be
due to a reduction in renal or hepatic function. Also, impaired drug efficacy may be due to age-related decreased
intestinal absorption (for oral medications).

Assessing Functional Status of
Elderly Patients

Single agent panitumumab
Panitumumab as a single agent is approved for treatment
of K-ras wild-type mCRC. Studies evaluating the addition of panitumumab to either FOLFOX or FOLFIRI
have shown improvement in PFS, but no survival benefit. However, lower survival and increased toxicity were
observed when panitumumab was combined with other
agents, including oxaliplatin and bevacizumab [48,76-78].
For this reason, panitumumab is not indicated for use in
combination with chemotherapy. The dosing regimen is
6 mg/kg Ⅳ every 2 wk.

Since chronological age is a poor marker of a patient’s
functional status, several methods of functional assessment may be used.
Eastern Cooperative Oncology Group performance status
Eastern Cooperative Oncology Group (ECOG) performance status (PS) (Table 2) is useful to assess a patient’s ability to tolerate chemotherapy and their short-term prognosis. Patients with a poor performance status (PS) (e.g.,
ECOG PS > 2) usually tolerate chemotherapy poorly and
have shorter median OS. Older patients with poor PS
also often have more functional impairment[84].

Single agent regorafenib
Oral regorafenib is approved for patients with metastatic
colon cancer that has progressed after all standard therapies. In a randomized trial comparing regorafenib to best
supportive care, regorafenib showed a modest though
statistically significant improvement in PFS and median
OS[55].
The dosing regimen is 160 mg once daily for 21 d of
a 28-d cycle.

ADL and IADL scales
Activities of Daily Living (ADL) and Instrumental Activities of Daily Living (IADL) scales are more representative of a patient’s functional status. ADL refers to the
skills that are necessary for basic living such as self-care
and include feeding, grooming, transferring, and toileting. IADL refers to the skills required to live independently in the community including shopping, managing
finances, housekeeping, preparing meals, and the ability
to take medications.

Metastasectomy
In a large international multicenter cohort study evaluating the outcome of liver surgery for metastatic colon
cancer in patients age 70 and older, a 3-year survival rate
of 57% and a 60-d perioperative mortality rate of 4%
were observed[79]. These results were comparable to pre-

WCGO|www.wjgnet.com
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Assessment of functional status with the ADL and IADL
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Table 2 Eastern Cooperative Oncology Group performance status
Grade
0
1
2
3
4
5

Description
Fully active, able to carry on all pre-disease performance without restriction
Restricted in physically strenuous activity but ambulatory and able to carry out work of a light or sedentary nature, e.g., light housework,
office work
Ambulatory and capable of all self-care but unable to carry out any work activities. Up and about more than 50% of waking hours
Capable of only limited self-care, confined to bed or chair more than 50% of waking hours
Completely disabled. Cannot carry on any self-care. Totally confined to bed or chair
Dead

scales is a component of the comprehensive geriatric
assessment (CGA) scale that is used by geriatricians to
identify frail older patients at high risk of adverse outcomes such as falls, hospitalization, and death. The task
force of International Society of Geriatric Oncology
recommends the use of CGA in the care of older cancer
patients[85].

Short term 5-FU/LV continuous infusion is preferable to a 5-FU bolus due to a favorable toxicity profile[88].
When patients progress, FOLFOX can be changed
to FOLFIRI, or vice-versa, while maintaining treatment
with bevacizumab[89]. If the patient is initially treated
with a fluoropyrimidine alone, then the addition of either oxaliplatin or irinotecan could be considered. This
is especially relevant if the patient has an improvement
in functional status. If the patient has a K-ras wild type
tumor, cetuximab can be added to FOLFIRI, especially
if a FOLFIRI-based regimen was not used first-line. Another alternative is to give FOLFIRI plus ziv-aflibercept
when a FOLFOX regimen has already been given as
first-line therapy and the patient has progressed.
If the patients functional status declines or does not
improve, therapy with single agent panitumumab, cetuximab, regorafenib, or even best supportive care (BSC),
are options.

Chemotherapy Selection in
Elderly Patients
There is no ideal chemotherapy regimen that fits all
patients and so a regimen needs to be tailored to each
individual. Important considerations when treating elderly patients include convenience and tolerability. While
using a 5-FU based regimen, patients will require a portable outpatient infusion pump and an indwelling venous
catheter. Otherwise, patients will have to be admitted to
the hospital for at least 48 h in order to complete a 5-FU
continuous infusion. In our institution, bolus 5-FU is
often omitted if there is a concern for increased toxicity
in the metastatic setting.
Capecitabine, on the other hand, is given orally.
Often times, this drug may be a better alternative for
selected patients. However, since capecitabine has to be
taken twice daily for 14 d, compliance may be an issue.
We recommend that patients who are treated with oral
capecitabine use a pill container with scheduled compartments to help with compliance. Nursing staff can also
monitor the frequency of refills. In our center, patients
are given an individualized chemotherapy calendar.
In the adjuvant setting, we recommend 5-FU continuous Ⅳ infusions or oral capecitabine alone for six
months for patients age 70 and older.
In the metastatic setting, FOLFOX has a comparable
activity to FOLFIRI[86,87]. The choice of which to use
should be based upon the expected toxicities of each
regimen and the patients comorbidities. If there are no
contraindications, bevacizumab may be added to either
regimen. A fluoropyrimidine can be given to a patient
either via an intravenous infusion (5-FU) or by an oral
route (capecitabine). If patients are not considered candidates for more intensive therapy due to a poor functional status, then oxaliplatin or irinotecan should not be
given. In that case, either an intravenous 5-FU infusion
or oral capecitabine with or without bevacizumab is an
appropriate option.

WCGO|www.wjgnet.com

Best Supportive Care
Many clinical trials were designed to compare drug therapy
versus BSC, especially for patients resistant to multiple
lines of chemotherapy[90]. BSC is palliative treatment
without using chemotherapy with the intent to maximize
quality of life (QOL). Appropriate BSC includes antibiotics, analgesics, antiemetics, thoracentesis, pleurodesis,
blood transfusions, nutritional support, and also focal
external-beam radiation for symptomatic control[91].
Symptom assessment and management is paramount
to provide BSC. Once assessed, symptoms should be
managed in accordance with one of the many existing
evidence-based guidelines[92].

Whom to Treat
There is a general agreement that frail older patients,
those with significant functional impairment or an
ECOG PS of 3 to 4, should be offered palliative measures aimed at maintaining QOL. Most of the time, they
have poor tolerance to aggressive treatment for their
cancer. However, active and fit older patients with minimal comorbidities should be treated in the same fashion
as younger patients with metastatic colon cancer[93]. Patients with metastatic colon cancer who have a PS of 2
or less should be considered for chemotherapy, particularly if their PS decline is believed to be cancer related.
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Table 3 Most common side effects of active agents in colon cancer and their management
Agent
Fluoropyrimidine
5-FU
Capecitabine
Oxaliplatin

Major side effects

Management

Stomatitis, diarrhea, hand-foot syndrome
Vomiting
Pancytopenia

Identification and early symptom management
Dose interuption or reduction if progression (grade 2 or worse)
Adjustment of route of administration: bolus vs continuous infusion
Predetermined treatment parameter
Education about exposure to cold, dose modification, “stop and go” strategy, and
use of neuromodulatory agents
Predetermined treatment parameter
Identification and early symptom management.
Dose interuption or reduction if progression (grade 2 or worse)
Premedication with atropine sulfate
Proper instruction for the use of anti-motility agent to control diarrhea
Predetermined treatment parameter
Identification and early symptom management
Proper instruction for the use of anti-motility agent to control diarrhea
Dose interuption or reduction if progression (grade 2 or worse).
Blood pressure monitoring and adding anti-hypertensive agent if needed
Avoid in high risk patients.
Close monitoring if used in patients at risk
Regular monitoring of urine protein secretion with urine dipstick or 24HR
urine protein to creatinine ratio
Holding medication prior to elective surgical procedure (6-8 wk)
Appropriate healing time before re-starting medication post-op
Identification and early symptom management
Dose modification

Peripheral neuropathy (dose limiting)
Pancytopenia
Nausea, vomiting, diarrhea, fatigue

Irinotecan

Diarrhea
Pancytopenia

Anti EGFR
Cetuximab
Panitimumab
Anti VEGF
Bevacizumab
Ziv-aflibercept

Receptor TKI inhibitors
Regorafenib

Skin toxicity (rash, dryness, pruritus)
Mucositis
Diarrhea
Wound healing impairment
Thromboembolism
Bowel perforation
Proteinuria
Hypertension

Hand-foot skin syndrome, rash
Diarrhea, hypertension

5-FU: Fluorouracil; EGFR: Epidermal growth factor receptor; VEGF: Vascular endothelial growth factor; TKI: Tyrosine-kinase inhibitor.

side effects occur. We summarize the most common side
effect profiles of active agents in colon cancer and their
managements in Table 3.

Although the incidence of postoperative morbidity
and mortality increases with advancing age, elderly patients still benefit from surgery and therefore should be
evaluated for resectability[94].

CONCLUSION

Strategies in Treating Elderly
Patients

Treating elderly patients with advanced and metastatic
colon cancer is often challenging due to a lack of strong
evidence from which to choose the most appropriate
regimen. Elderly patients with locally advanced and metastatic colon cancer will benefit from chemotherapy and
biologic agents. Fit elderly patients are especially appropriate for treatment and should be offered the same regimens as their younger counterparts. Treatment related
toxicities and QOL should be monitored very closely in
elderly patients. For this reason, more frequent followup of elderly patients receiving chemotherapy should be
arranged. In frail elderly patients, sequential single agent
chemotherapy may be more tolerable than combination
therapy.
The decision to treat elderly patients with advanced
and metastatic colon cancer requires the incorporation
of a thorough evaluation of the patients functional status, including ECOG PS and also ADL/IADL capacity
as well as estimated life expectancy. Chronological age
does not always correlate with a patient’s functional
status. If a patients decline in functional status is due to
cancer, chemotherapy should be considered since a treatment response may lead to clinical improvement.
Elderly patients with locally advanced and metastatic
colon cancer attain significant benefit from chemotherapy and biologic agents. Chronological age does not
always correlate with a patient’s functional status. Fit

After carefully selecting an appropriate chemotherapy
regimen for elderly patients, the following are additional
strategies to improve tolerability and successful completion of a planned treatment.
Prepare the patient for what to expect
Discussing chemotherapy and their side effects during an
office visit will encourage patients to read the drug fact
information sheets provided. When patients understand
what to expect during treatment and what actions to take
when they experience side effects they will be reassured
and less anxious. In our center, patients are encouraged
to participate in the chemotherapy teaching class led by
oncology certified nurses.
Early side effect management
Elderly patients are more susceptible to toxicities when
receiving chemotherapy. For example, patients age 70
and older with metastatic colon cancer on 5-FU-based
chemotherapy are more prone to diarrhea, vomiting,
stomatitis, and neutropenia[95,96]. Therefore, a follow up
appointment should be scheduled early, especially during
the initiation of a new regimen. Patients should have access to immediate medical attention when the expected

WCGO|www.wjgnet.com

1246

February 8, 2015|First Edition|

Kurniali PC et al . Colon cancer in elderly patients

elderly patients should be offered the same regimens as
their younger counterparts. A chemotherapy regimen
should be carefully selected based on patients characteristic and underlying medical problems. Frequent followup for elderly patients receiving chemotherapy is often
required. If a patients decline in functional status is due
to cancer, chemotherapy should be considered since a
treatment response may lead to clinical improvement.
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Targeting cell death signaling in colorectal cancer: Current
strategies and future perspectives
Bruno Christian Koehler, Dirk Jäger, Henning Schulze-Bergkamen
rapidly emerging and new types of controlled cellular
death have been identified. To meet this progress in
cell death research, the implication of autophagy and
necroptosis for colorectal carcinogenesis and therapeutic approaches will also be depicted. The main focus of
this topic highlight will be on the revelation of the complex cell death concepts in colorectal cancer and the
bridging from basic research to clinical use.
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Core tip: This review highlights current strategies targeting cell death signaling in colorectal cancer. The role
of apoptosis, autophagy and necroptosis in the normal
colon mucosa as well as in colorectal cancer onset and
therapy is defined. Relevant small molecule compounds
as well as antisense based approaches for the treatment of colorectal cancer are illustrated. Furthermore,
clinical trials investigating new cell death based compounds are discussed. Finally, future directions in translational cell death research are discussed.

Abstract
The evasion from controlled cell death induction has
been considered as one of the hallmarks of cancer
cells. Defects in cell death signaling are a fundamental
phenomenon in colorectal cancer. Nearly any non-invasive cancer treatment finally aims to induce cell death.
However, apoptosis resistance is the major cause for
insufficient therapeutic success and disease relapse
in gastrointestinal oncology. Various compounds have
been developed and evaluated with the aim to meet
with this obstacle by triggering cell death in cancer
cells. The aim of this review is to illustrate current approaches and future directions in targeting cell death
signaling in colorectal cancer. The complex signaling
network of apoptosis will be demonstrated and the
“druggability” of targets will be identified. In detail,
proteins regulating mitochondrial cell death in colorectal cancer, such as Bcl-2 and survivin, will be discussed
with respect to potential therapeutic exploitation. Death
receptor signaling and targeting in colorectal cancer
will be outlined. Encouraging clinical trials including cell death based targeted therapies for colorectal
cancer are under way and will be demonstrated. Our
conceptual understanding of cell death in cancer is
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CELL DEATH IN THE NORMAL
COLORECTUM
The crypts of the colorectal mucosa are organized in a
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polarized fashion. Very few stem cells at the base of a
crypt comprise the pool of the regenerative epithelium
in which cells travel from bottom to top of the crypt. On
the apical edge of the mucosa, about 1010 cells per day die
by apoptosis and are subsequently shed in the lumen[1].
This fact illustrates the essential need of a proper regulated cell death for the homeostasis of a normal colorectal
mucosa. However, defective signaling or dysbalanced regulation of apoptosis is a very likely cause for the initiation
and progression of an adenoma to carcinoma sequence
ending up in colorectal cancer (CRC). Of note, proteins
relevant for apoptosis (e.g., Bak or Bcl-2) are not equally
expressed in all parts of the colorectal mucosa pointing
on distinct regulation of death in the intestine[2,3].
In addition to apoptosis as the classical form of programmed cell death, autophagy, a controlled process of
cellular self digestion of great importance in situations
of cellular stress or upon energy deprivation, has been
shown to be active and relevant in colorectal glands. In
contrast to apoptosis, the autophagic flux intensity decreases in the crypt from bottom to top[4]. This has been
indicated by high expression levels of proautophagic
protein Beclin-1 and the conversion of LC3-Ⅰ to LC3-Ⅱ
in lower crypt cells. On their way to the apex of a crypt
the epithelial cells lose Beclin-1 expression and accumulate high levels of SQSTM1/p62, which is an ubiquitinassociated adaptor protein maintaining autophagic flux[4].
In summary, the integrity of the complex interplay of
cell death signaling is fundamental for mucosal development and homeostasis in the colorectum. Defective or
dysbalanced cell death signaling is involved in the pathogenesis of a variety of colorectal diseases from chronic
bowel diseases (Crohn’s disease as well as ulcerative colitis) to colorectal carcinoma.

for these contradictory reports might be due to the extraordinary heterogeneity of CRCs and the broad variety
of the carcinogenesis driving mutations[5,19,20]. The aim of
this review is to identify possible targets in the cell death
signaling network and discuss the compounds available to
foster killing of colorectal cancer cells.

TARGETING CELL DEATH IN
COLORECTAL CANCER
Apoptosis: Implications for therapy
Defects in apoptosis signaling are common in colorectal
cancers. An acquired resistance towards cell death may be
a key feature of both, carcinogenesis and therapy resistance[21]. However, proteins within the apoptosis signaling
pathways have been evaluated for their value as predictive
and or prognostic markers as well as targets for therapeutic approaches[18]. Figure 1 shows a synopsis of apoptosis
signaling and indicates relevant targets and compounds.

INTRINSIC PATHWAY
Mitochondria are in the very centre of the intrinsic pathway of apoptosis. The mitochondrial membrane integrity
is regulated by the Bcl-2 family of proteins. A tight balance of pro- and antiapoptotic Bcl-2 proteins governs
cell’s fate at the mitochondrial surface. In response to
several unfavorable conditions (e.g., growth factor withdrawal, DNA damage), this balance shifts towards death.
In this case, the proapoptotic proteins (e.g., BAX and
BAK) are released by their antiapoptotic relatives (Bcl-2,
Bcl-xL, Mcl-1, Bcl-w and A1)[22]. The proapoptotic proteins finally lead to mitochondrial outer membrane permeabilisation and the immediate release of cytochrome
C (cytC) into the cytosol. Together with APAF-1 and
Caspase 9, cytC forms a death inducing protein platform
called apoptosome which in turn leads to activation of
caspase 3 as the central downstream event of cell death
execution[23].

CELL DEATH IN INTESTINAL DISEASE
AND CARCINOGENESIS
Colorectal carcinoma can occur sporadically, the most
common situation, on the base of defined mutations
and also as a final consequence of chronic inflammatory
diseases of the intestine[5,6]. The intriguing field of cancer
related to chronic inflammation will not be in the focus
of this review and the reader might refer to comprehensive literature by others addressing this issue[7-11].
During the development of CRCs from benign polyps through adenomas and finally adenocarcinomas, cell
death plays a fundamental role. Key regulating proteins
of an appropriate mucosal cell death undergo changes
in expression during the transition of an adenoma-carcinoma-sequence[12-14]. For instance, antiapoptogenic Bcl-2
gets lost during the development from adenoma to carcinoma[14]. However, especially the value of cell death related proteins as biomarkers for prognosis and prediction
of CRC is of great interest, but the available literature is
inconsistent and controversial[15-17]. In summary, apoptosis signaling proteins are in the context of biomarkers
either ill defined or need further validation[18]. The reason
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BH3-mimetics
Within the intrinsic pathway of apoptosis, the antiapoptotic Bcl-2 proteins have been extensively studied as
“druggable” targets. Various small molecules targeting the
antiapoptotic proteins by binding to their BH3 cleft. This
mechanism of action causes a release of multidomain
proapoptotic Bcl-2 proteins (e.g., Bim, Bak or/and Bax)
which in turn promote cell death. ABT-737 and its orally
available derivate ABT-263 (navitoclax) are potent inhibitors of Bcl-2, Bcl-w and Bcl-xL. ABT-263 has recently
been shown to induce cell death in colorectal cancer cells
in vitro synergistically with the inhibition of the prosurvival kinase MAP kinase/ERK kinase 1/2[24]. This mechanism of death induction by ABT-263 was completely
dependent on Bax and Bim. Several phase I trials in solid
cancers have proven the safety of ABT263 in combination with established therapy regimes (www.clinicaltrials.
gov). ABT-737 has been shown to act synergistically with
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Figure 1 Apoptosis signaling and cell death relevant drugs. Cell death based cancer therapy can be approached by targeting proteins in the extrinsic or intrinsic
pathway. Relevant agents, currently under clinical investigation, are listed and placed to their targets. APAF1: Apoptotic protease activating factor-1; CytC: Cytochrome
C; IAP: Inhibitors of apoptosis; tBID: Truncated BID; FADD: Fas-associated protein with death domain; TNF: Tumor necrosis factor; TRAIL: Tumor necrosis factor related apoptosis-inducing ligand.

oxaliplatin on CRC cells in vitro[25]. An ex vivo evaluation
of ABT-737 in samples of ovarian tumors is under way
(www.clinicaltrials.gov). In addition, ABT-737 enhanced
apoptosis in CRC cells induced by cyclo-oxygenase-2 inhibitor celecoxib[26]. Importantly, the sensitivity of cancer
cells towards ABT-737 is dictated by the expression of
NOXA and its control by Mcl-1, which is not targeted by
ABT-737[27,28]. Interestingly, Mcl-1 sparing BH-3 mimetics such as ABT-737, ABT-199 and ABT-263, have been
shown to effectively induce apoptosis in hypoxic regions
of human colorectal tumor spheres. Hypoxia led to a
profound downregulation of Mcl-1 which is responsible
for ABT-737 resistance in many settings[29]. This work is
of great interest since few normal tissues are exposed to
hypoxia, but it is a common challenge for growing tumors[30]. HA14-1 is a highly selective small molecule targeting Bcl-2 only. HA 14-1 has been shown to overcome
TRAIL resistance in CRC cells by counteracting Bcl-2
overexpression[31,32].
Obatoclax is a first-in-class BH-3 mimetic with an
inhibitory profile including Bcl-2, Bcl-xL, Bcl-w, Mcl-1
and A1 (pan-Bcl-2-inhibitor)[33]. Given the crucial role of
Mcl-1 for resistance towards BH-3 mimetics, obatoclax is
a promising new agent targeting the complete antiapop-
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toic Bcl-2 protein family members at once. Few studies
investigated the potency of obatoclax for colorectal cancer treatment. It has been recently shown that cell death
induction through inhibition of the proproliferative protein Notch by gamma secretase inhibitors is fostered by
obatoclax[34].
Oblimersen is an antisense oligonucleotide targeting the first six codons of Bcl-2. Antisense technology
represents a highly specific approach for downregulation
of antiapoptotic proteins without off-target effects[35]. A
phase Ⅰ trial has shown the safety of oblimersen in combination with irinotecan when intravenously administered
in patients with metastatic CRC[36].
In summary, Bcl-2 proteins are context-sensitive targets in colorectal cancer treatment alongside established
chemotherapy or radiation. Future studies are urgently
warranted to reveal the potential of BH-3 mimetics in
colorectal cancer in the clinical setting.
IAP inhibitors
The inhibitor of apoptosis (IAP) family acts by blocking
caspase activity (primarily caspase 3). IAPs are found to
be overexpressed in several cancer entities including CRC
and are able to protect cancer cells from various death
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stimuli[37,38]. Several compounds inhibit IAPs (primarily
XIAP and Survivin). AEG35156 is a second generation
antisense oligonucleotide targeting XIAP. Preclinical and
early clinical data revealed a promising death-inducing
potential of AEG35156 in several solid tumor entities
including CRC[39-42]. Survivin is a second promising target
among the IAP family overexpressed in CRC. Survivin
antisense oligonucleotides strikingly cleared the way for
death induction in CRC cells in vitro[43]. Embelin, a naturally occurring benoquinone, has been proven effective
in various tumor entities by targeting survivin and other
antiapoptotic proteins (Bcl-2 and Bcl-xL)[44]. In the colon, Embelin was able to sufficiently attenuate colitis and
carcinoma development in rodents[45,46]. Finally, a double
edged approach targeting survivin and XIAP might be a
very promising approach for CRC treatment[47].

approved for regional treatment of melanoma and soft tissue sarcoma in Europe. The use of TNF-α as a systemic
approach is hampered by severe toxicity and adverse side
effects such as hypotension, organ failure and cachexia[57].
The efficacy of TNF-α for CRC treatment remains to be
clarified, but might be restricted due to TNF-α’s nature
as a proinflammatory cytokine. TNFerade® is an adenoviral delivered, intratumoral therapy with a proven safety in
rectal cancer patients[58,59]. In advanced pancreatic cancer,
TNFerade® was safe but did not prolong survival of patients[60]. The final investigation of TNFerade® for CRC
treatment remains elusive. Furthermore, human monoclonal antibody-cytokine fusion protein L19-TNF has
been shown to be safe in solid tumors and effective in
sarcomas[61,62]. Again, more studies addressing the efficacy
for CRC treatment are needed.

SMAC mimetics
Second mitochondria activator of caspases (SMAC)/
Diablo is a mitochondria derived, proapoptotic protein
acting by blocking IAPs thereby promoting caspase dependent cell death[48]. SMAC mimetics have been shown
to strongly sensitize CRC cells towards NSAID induced
apoptosis through a feedback amplification resulting
in the activation of caspase 3 [49]. In TRAIL-induced
apoptosis in CRC cells, SMAC/Diablo release from the
mitochondria plays a pivotal and role and is Bax dependent[50,51]. Further studies are warranted to clarify the
exact role of SMAC for colon carcinogenesis and CRC
therapy.

CD95 (Apo1/Fas)
CD95 and its ligand have a highly complex role in the
colorectal mucosa as well as in onset and progression of
CRC. In CRC tissue, CD95 has been shown to be expressed at higher levels compared to adjacent healthy mucosa[63]. Tumor stromal cells and infiltrating immune cells
should be considered as bystander targets of CD95 triggering[64,65]. There is some evidence for a metastasis promoting function of CD95 signaling in colorectal cancer
via induction of epithelial to mesenchymal transition[66].
As response to hypoxia and radiation, CD95 becomes activated on CRC cells and induces local invasion and promotes liver metastasis in mice[67,68]. In addition, invasive
properties of CRC cells have been linked to CD95 signaling[69,70]. At least in vitro, CD95 participates in the activity
of PEG-liposomal oxaliplatin induced death in CRC[71].
The anti-Fas monoclonal antibody CH-11 showed antitumor activity in CRC cells with high expression levels
of CD95. This death inducing effect was effectively
prevented by overexpression of Bcl-2 pointing on a pivotal role of mitochondria for CD95 signaling in CRC[72].
Moreover, there is evidence for a regulatory effect of
other antitumor drugs [5-fluorouracil (5-FU), mitomycin
(MM), cisplatin (CP) and all-trans retinoic acid] on CD95
expression of CRC cells. Here, MM and CP were able to
increase CD95-induced apoptosis. By contrast, 5-FU led
to a receptor downregulation causing immune escape of
CRC cells[73]. In summary, CD95’s value as a therapeutic
target in CRC is complex and might be limited due to the
multifaceted role of CD95 in immune-mediated tumor
surveillance[74]. As for TRAIL detailed below, several ways
of resistance to CD95-induced death further complicate
CD95-based therapeutic approaches[75-77].

EXTRINSIC PATHWAY
The extrinsic pathway of apoptosis becomes activated in
case of binding of a specific ligand to its surface death
receptor. Most engaged receptors belong to the tumor necrosis factor receptor family (TNFR, CD95/FAS, TRAIL)
and share broad similarity in structure and action[52,53].
In response to ligand binding, the receptor homotrimerises and an adaptor molecule (FADD, TRADD) containing a death domain (DD) is recruited to the cytosolic DD
of the receptor. Procaspase 8 is hereafter recruited and
catalytically activated in its active form. Finally, caspase 8
leads to an activation of caspase 3 where extrinsic and intrinsic pathways of apoptosis converge[54]. In addition to
this direct road to death via caspase 8 and caspase 3, there
is a possible detour integrating mitochondria to enhance
the death signal. The BH3 only protein Bid is a direct target of Caspase 8 and after cleavage of Bid truncated Bid
(tBid) is able to activate mitochondria herewith involving
intrinsic apoptosis[55,56].
The receptors involved in extrinsic cell death signaling
have been shown to be promising targets. Various compounds and approaches aim to induce apoptosis via direct
receptor activation.

Tumor necrosis factor inducing ligand-system
Tumor Necrosis factor inducing ligand (TRAIL) receptors have been considered as extraordinary promising
antitumor targets, since activation preferably kills tumor
cells while sparing healthy cells[54]. However, normal colon mucosa epithelium is resistant to TRAIL-induced
death[78]. TRAIL directly targets death receptor 4 (DR4)

Tumor necrosis factor-α /tumor necrosis factor receptor
Recombinant tumor necrosis factor-α (TNF-α) has been
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mitochondrial activation[90]. At the receptor level, mutations of caspase 8 have been reported to cause TRAIL
resistance[91]. Moreover, high expression levels of FLIP
counteract the interaction between the adaptor FADD
and Caspase 8 in CRC cells[92,93]. Pennarun and coworkers
presented proof of concept of a combined approach:
Downregulation of Mcl-1 and FLIP by multikinase inhibitor sorafenib and NSAID aspirin resensitized cells
towards TRAIL [94]. These data are indicative for the
feasibility of a combination approach of TRAIL receptor targeting and mitochondrial activation, e.g., by BH3mimetics.
Taken together, a final and clinical proof of concept
for individualized TRAIL tailored therapy for CRC is still
elusive and large cohort prospective trials addressing this
issue are needed. Table 1 provides an overview of strategies and trials targeting TRAIL receptors in CRC. The
awaited results from the Dulanermin trial in metastatic
CRC might gain important information for further study
designs using TRAIL based therapy.

Table 1 Targeting apoptosis in colorectal cancer: An overview of current clinical trials
Drug

Target

Smac mimetics
Survivin peptide
vaccine
Oblimersen
Dulanermin
Tigatuzumab
CS-1008
HGS-ETR1
HGS-ETR2
rhApo2L/TRAIL

IAPs
survivin
Bcl-2
DR4/5 dual
DR5
DR5
DR4
DR5
DR4/DR 5

Conatumumab
ABT-263

DR5
Bcl-2/Bcl-xl

ABT-737
Gossypol

Bcl-2/Bcl-xl
Pan-Bcl2

Clinical

1

Ref.

Phase Ⅰ (NCT01573780)
[49,139]
Phase Ⅰ-Ⅱ (NCT00108875) [140,141]
Phase Ⅰ (NCT00004870)
Phase Ⅰb (NCT00671372)
Phase Ⅰ
Phase Ⅰ (NCT01220999)
Preclinical in vivo
Phase Ⅰ (NCT00428272)
Phase Ⅰ-Ⅱ
(NCT00819169)
Phase Ⅱ (NCT01327612)
Phase Ⅰ (NCT00891605,
NCT01009073)
Preclinical in vivo
Preclinical in vivo

[142,143]
[86]
[144]
[145]
[79]
[79,146]
[147]
[148]
[24]
[25,26,30]
[149]

1

Further detailed information on clinical trials: www.clinicaltrials.gov.
The compounds included in the table directly target apoptotic proteins
and show antitumor effects in vivo. The phase of the clinical trials is stated
and trial identifier indicated in brackets where applicable. IAP: Inhibitors
of apoptosis; DR: Death receptor; TRAIL: Tumor necrosis factor related
apoptosis-inducing ligand.

ALTERNATIVE CONTROLLED CELL
DEATH IN COLORECTAL CARCINOMA
The conceptual understanding of cell death is under constant expansion and various subtypes of cellular death
have been defined[1,95,96]. Among the emerging cell death
concepts, this work will deeper discuss necroptosis and
autophagy in order to dissect the current knowledge concerning colorectal carcinogenesis and CRC treatment.

and death receptor 5 (DR5). The recombinant, soluble
ligand rhApo2L/TRAIL as well as several antibodies targeting DR4 and/or DR5 have been developed and tested
for clinical use.
The agonistic DR4 antibody HGSETR1 (Mapatumumab) and the agonistic DR5 antibody HGSETR2
(Lexatumumab) induced apoptosis in vitro as well as in
xenograft bearing nude mice when combined with radiation[79]. In addition, both agonistic antibodies have strong
synergistic effects with the mitosis disrupting agent paclitaxel in CRC cells in vitro and in vivo. This sensitizing
effect is due to an upregulation of the cognate receptors[80]. Several other antibodies targeting DR4 or DR5
have been shown to have strong antitumor potential on
CRC cells[81-85]. Dulanermin (rhApo2L/TRAIL), an optimized and soluble form of TRAIL, has been successfully
evaluated in early clinical trials[86]. A clinical trial with Dulanermin in combination with a chemotherapy backbone
(FOLFIRI) for patients with metastatic CRC has been
completed recently and data from this trial should be
available soon (www.clinicaltrials.gov).
It is important to have in mind that several CRC cells
show intrinsic or acquired resistance towards TRAILinduced apoptosis. Several proteins have been shown to
counteract TRAIL-induced apoptosis. For instance, two
decoy receptors within the TRAIL system can counteract
DR4 and DR5 activation[87]. Moreover, the interference
of antiapoptotic Bcl-2 proteins with TRAIL-receptormediated apoptosis has been reported[54,88]. Again at the
mitochondrial level, Bax is apparently mandatory for
TRAIL’s efficiency to kill CRC cells, since Bax deficiency
completely abrogates TRAIL-induced death [89]. Furthermore, high levels of XIAP block TRAIL-induced
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Necroptosis
Necrosis has long been considered as a passive, mainly
accidental and uncontrolled form of cellular death. To
date there is a growing body of literature implicating a
tight regulation of necrotic processes similar to apoptosis[97]. Therefore, a programmed form of necrosis, termed
necroptosis, has been defined. The signaling events
responsible for initiation and execution of necroptosis
have been studied best in the context of TNFR signaling.
Necroptosis is crucially mediated by receptor-interacting
protein 1 (RIP 1) along with its cognate kinase RIP3.
Upon TNF induction, a multimeric complex containing
FADD, caspase 3, RIP 1 and RIP 3 assembles[98]. This
complex is termed complex IIb or necrosome. The determination of cells’ fate is complicated by the observation
that the ubiquitination status of the engaged proteins (e.g.,
RIP) appears to be the master switch between apoptosis
and necroptosis[99]. Necroptosis has also been demonstrated after activation of TRAIL receptors on hepatocytes and colorectal cancer cells[100]. Mechanistically, there
are various central proteins involved in both, apoptosis
and necroptosis. Which form of cell death prevails, is cell
type and stimulus dependent[101-103]. Necroptosis and its
role in various diseases, including CRC and inflammatory
bowel disease, are currently under investigation[104-107].
There is evidence for a central role of caspase 8 as a key
switch from apoptosis to necroptosis in carcinoma re-
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Table 2 Targeting autophagy in colorectal cancer: An overview of current clinical trials
Drug
Hydroxychloroquine
Everolimus/rapamycin

1

Target

Clinical

Autophagosome
mTOR

Phase Ⅰ (NCT01206530) Phase Ⅱ (NCT01006369)
Phase Ⅱ (NCT00419159, NCT01387880)

Ref.
[122,150]
[126,127,151]

1

Further detailed information on clinical trials: www.clinicaltrials.gov. The compounds shown target relevant processes or proteins involved in autophagy signaling. The phase of clinical trials is stated and trial identifier indicated in brackets where applicable. mTOR: Mammalian target of rapamycin.

lated inflammatory bowel disease[104].
The relevance of necroptotic cell death for colorectal
cancer cells has been evaluated preclinically in the context
of azathioprine plus buthionine sulfoximine treatment
in CRC and HCC[108]. This work shows a necroptosis
phenotype with mitochondrial dependency illustrating
the interplay between necroptosis and apoptosis. Another study investigated the role of hypoxia for necroptotic death in colorectal cancer cells. In this study, RIPdependent necroptosis can be conferred by pyruvate
scavenging of mitochondria derived radicals[109]. Finally,
targeted approaches to induce necroptotic cell death in
cancer cells are still missing due to the absence of appropriate compounds for clinical usage so far. It has been
shown that TRAIL receptor ligation causes necroptosis
in an acidic extracellular milieu. Necrostatin-1, a chemical
inhibitor of RIPK1, sufficiently blocked TRAIL-induced
necroptosis in this experimental setting[100]. An indirect
or secondary activation of necroptosis has been reported
after treatment of CRC cells with TRAIL or inhibition
of the multifaceted kinase GSK3-β[100,110].

trials (www.clinicaltrials.gov, Table 2)[117]. Various other
compounds or drugs are known regulators of autophagy
and have been evaluated preclinically as treatment options for CRC[118-121]. In vitro, Chloroquine has been effective in overcoming 5-FU resistance in CRC cells[122,123].
Intriguingly, the approved chimeric anti-EGFR antibody
cetuximab exerts its antitumor effect at least partly via
autophagy-induced cell death[123].
Counterintuitive, drugs directly inducing autophagy
are under clinical investigation as therapeutic approaches
in CRC, too. Mammalian target of rapamycin is a prominent target to induce lethal autophagy in colorectal cancer cells[124]. The Rapamycin derivate Everolimus has
recently been established for the treatment of colorectal
neuroendocrine tumors[125]. A Phase Ⅱ study with Everolimus showed appropriate tolerability, but failed to show
meaningful efficacy in heavily pretreated patients with
metastatic CRC[126]. Another trial using a combination of
vascular endothelial growth factor receptor tyrosine kinase inhibitor tivozanib with everolimus resulted in stable
disease of 50 % of all patients with metastatic cancer enrolled[127,128]. These partly contradictory findings highlight
the important implication of autophagy in colorectal carcinogenesis.
Importantly, there is a broad overlap of the apoptosis and autophagy signaling network. Most prominently,
Bcl-2 proteins function as both, inhibitors of apoptosis and autophagy by binding proautophagic Beclin1.
Therefore, it has been shown that BH3-mimetics induce
apoptosis and autophagy. For instance, ABT-737 can
synergistically induce cell death with the COX2 inhibitor celecoxib in CRC cells by facilitating autophagy and
apoptosis[26,129].

Autophagy
Autophagy is an evolutionary conserved process by
which cells collect proteins and organelles, deliver them
to the lysosomal compartment where the cargo is finally
degraded for recycling[111]. The implications of autophagy
for cell physiology as well as for onset and progression
of various diseases including cancer are rapidly emerging[112,113]. A disruption of autophagic flux leads to an intracellular accumulation of organelles, protein aggregates
and lipid droplets. These accumulations may lead to the
production of reactive oxygen species and cause metabolic insufficiency. Especially in stressful situation and
in conditions of energy deprivation, a disruption of autophagic flux can promote carcinogenesis. For instance,
the allelic loss of the essential autophagy protein Beclin 1
(also known as Atg6) causes HCC in mice[114,115].
By contrast, autophagy is essential for the survival of
cancer cells and cancer cells show an extraordinary high
level of autophagy. However, autophagy induction promotes survival under conditions of hypoxia and growth
factor withdrawal[116]. Autophagosome formation is most
prominent in tumors growing in a hypoxic environment.
With regard to these findings, drugs inhibiting autophagy
are promising anticancer agents. The anti-malaria drug
Chloroquine is a known inhibitor of autophagy and is
currently being under investigation in several clinical
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CROSSTALK BETWEEN APOPTOSIS,
NECROSIS AND AUTOPHAGY:
MULTI-DEATH TARGETING STRATEGIES
The past decade of cell death research has shown that
necrosis, apoptosis and autophagy are regulated by similar pathways engaging the same proteins. It might be
worthwhile targeting the apoptotic and autophagic machinery in a combined approach, since a massive induction of autophagy is able to drive cancer cells in apoptotic death. Recently, various efforts in this direction have
been made in order to overcome cell death resistance in
colorectal cancer. For instance, silibin, a plant derived
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natural compound, is able to induce both, apoptosis and
autophagy[130]. In line with these observations, compound
C, a small molecule inhibitor of AMP-activated protein
kinase, is able to sufficiently suppress colorectal cancer
cell growth by inducing apoptosis and autophagy[131]. The
capability of such a double-edged approach has been
successfully proven in vivo in a model of hepatic metastasis in mice[132]. Future studies are needed to further exploit combinatorial approaches for cell death induction in
colorectal cancer.

2

3
4

5

CONCLUSION

6

From an oncological point of view, it is of outstanding
importance to further increase research efforts aiming at
more effective and individualized therapies. The effectiveness of monotherapeutic systemic approaches in colorectal cancer treatment is limited. However, combined
therapy regimes are now state of the art. Manipulation
of cell death represents a promising tool to further amplify response to chemotherapy. In addition to direct cell
death induction in cancer cells, triggering cell death via
cancer-directed immunotherapy or immunomodulation
with the aim to overcome major mechanisms of immune
resistance, is a newly arising field[133]. For example, recent
reports on long-term results from first-in-human clinical
trials using anti-PD1 antibody-based immunotherapy are
encouraging[134]. Future trials are warranted to identify the
best combinatorial approach yielding at cell death induction in cancer cells.
On the way to personalized oncology, it will be mandatory to broaden our knowledge concerning the selection of patients for a specific therapeutic setting. Having
in mind that cell death relevant proteins vary in their expression in different subsets and stages of CRC, a stratification of patients to identify those who benefit most of
a manipulation of apoptosis requires further research.
Finally, the question whether and how cell death
could be measured to monitor therapy in patients needs
further attention. There are some elegant and encouraging studies evaluating liquid biopsy markers for cell death
in cancer[135,136]. In addition, imaging of cell death on routine basis for non-invasive monitoring of tumor biology
and therapeutic response might open new windows for
therapy surveillance and outcome prediction in colorectal
cancer[137,138].
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recurrence and survival, and we suggest further multiinstitutional studies to evaluate new treatment strategies. Moreover, while current literature is sufficient to
consider positive IPCC as a pejorative prognostic factor,
further studies are also needed to propose adjuvant
treatment for patients with positive IPCC.

Abstract

INTRODUCTION

Free cancer cells can be detected in peritoneal fluid
at the time of colorectal surgery. Peritoneal lavage in
colorectal surgery for cancer is not used in routine, and
the prognostic significance of intraperitoneal free cancer cells (IPCC) remains unclear. Data concerning the
technique of peritoneal lavage to detect IPCC and its
timing regarding colorectal resection are scarce. However, positive IPCC might be the first step of peritoneal
spread in colorectal cancers, which could lead to early
specific treatments. Because of the important heterogeneity of IPCC determination in reported studies, no
treatment have been proposed to patients with positive
IPCC. Herein, we provide an overview of IPCC detection
and its impact on recurrence and survival, and we suggest further multi-institutional studies to evaluate new
treatment strategies.

Intra-operative peritoneal lavage can be used to detect
intraperitoneal free cancer cells (IPCC) in order to determine the presence of peritoneal spread in intra abdominal malignancies. IPCC are considered as an important
prognostic tool in ovarian [1-3] and gastric cancers [4-7].
Colorectal cancer is one of the most frequent cancers
worldwide[8], with development of peritoneal carcinomatosis in 10%-30% of patients[9,10]. The development of
curative treatments for peritoneal carcinomatosis, such as
cytoreductive surgery and intraperitoneal chemotherapy
showed effective outcomes, especially in malignancies of
colorectal origin[11,12], and thus raised the interest for free
malignant cells detection. In colorectal cancer, different
therapeutic strategies could be proposed if IPCC were
confirmed to be an important prognostic factor. Several
techniques, such as pathological examination, immunocytochemistry (ICC) and polymerase chain reaction (PCR)
have been described to determine the presence of IPCC
and were used at various times before or after resection.
The heterogeneity of peritoneal lavage techniques, timing
and samples analysis were the main issues to clarify the
impact of IPCC on prognosis and risk to develop recur-

Original sources: Passot G, Mohkam K, Cotte E, Glehen O.
Intra-operative peritoneal lavage for colorectal cancer. World J
Gastroenterol 2014; 20(8): 1935-1939 Available from: URL:
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rence. The aim of this review was to report and discuss
the significance of IPCC detection in patients treated for
a colorectal cancer in a curative intent.

hMAM-B to conventional cytology enhanced diagnostic
sensitivity from 25.8% to 51.7% and could be considered
as the most effective association.
Timing of peritoneal lavage
Peritoneal lavage was mainly performed after the abdomen was opened and before any manipulation of the
tumor, but a few series also reported analysis after tumor
resection. Two studies reported both pre and postresection IPCC detection by PCR[17,33]. The detection rate before resection was similar in both studies (12%-14%), but
the post resection detection rate were contradictory, as it
was lower than the pre resection rate in one study (3%)[33],
and higher in the other (20%)[17]. Data are missing to
recommend a precise timing of sampling. However, the
evolution of IPCC detection rate between before and after resection could be a prognostic factor suggesting that
peritoneal lavage analysis should be performed before
and after resection.

PERITONEAL CYTOLOGY TECHNIQUE
Techniques used
Peritoneal cytology can be performed without lavage
when free peritoneal fluid is present. In the absence of
peritoneal fluid, a lavage with saline serum (NaCl 0.9%) is
needed. The volume of fluid used was extremely variable,
ranging from 50 to 1000 mL[13-25], but most authors proposed a small amount of liquid (100-200 mL) delivered
around the tumor, where most cells are supposed to be.
IPCC were usually sought in peritoneal fluid by conventional cytology. After peritoneal lavage, the collected
fluid was centrifuged and the sediment was smeared on
slides and stained by the Giemsa or/and Papanicolaou
methods. If at least one cancer cell was identified, cytology was considered positive. A clear-cut identification
between benign and malignant cases could be achieved
in most cases, but in 2% of cases, the analysis was still
inconclusive[26]. Yield rate of positive IPCC detection by
conventional cytology varied from 4% to 35.5%[14,15,20,26-30].
To increase the sensitivity of conventional cytology, ICC
has been proposed with various monoclonal antibodies evaluated Ks20.8, Lu5 and Ber-Ep4[18], C1P83, Ra96,
CA19-9[31], CK20[32] and 17-lA14 and Kl-1[22], along with
PCR or reverse transcriptase PCR to detect cytokeratin 20,
carcinoembryonic antigen, laminin g2, ephrin B4, matrilysin mRNA[17,33], Kras mutation on exon 1 or 2, Braf mutation[34] or human mammaglobin (hMAM) and hMAM-B
expression[35], or even fluorescence in situ hybridization[35]. Yield rate of positive IPCC detection varied from
20%-30% and 8%-40% for ICC and PCR, respectively.
Bosch et al[18] reported one case of positive ICC within a
control group of benign lesion, resulting in a specificity
of 97% for ICC. PCR techniques present a similar issue
by detecting DNA from benign cells[36]. Other techniques
such as immunofluorescence for epithelial markers[37] or
serosal stamp[38,39] have been proposed and evaluated by a
few teams. Even if serosal stamp cytology appeared to be
more sensitive than conventional cytology to detect IPCC,
its clinical impact was insufficiently evaluated, and its impact on recurrence or survival remains uncertain[39].
To the best of our knowledge, no prior study has
compared the different techniques of IPCC detection.
Due to the important heterogeneity of these techniques,
conventional cytology may be proposed as the standard
IPCC detection technique in further clinical trials, given
that it is reproducible and widely used. Its specificity is
high (100%), while its sensitivity is variable. To improve
diagnostic accuracy and sensitivity of conventional cytology, inconclusive cases could be reviewed by an expert
panel as suggested by Piaton et al[26], or ICC could be associated as suggested by Yang et al[32] with the added risk
of decreasing specificity[35]. In a study detailing improved
effusion analysis, Fiegl et al[35] suggested that for gastrointestinal carcinomas, the addition of real time-PCR for
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PROGNOSTIC IMPACT
For colorectal cancer, as well as in gastric and ovarian
cancer, the objective of IPCC detection was to evaluate
the impact on survival and local recurrence, in order to
discuss intraperitoneal treatment or adjuvant systemic
chemotherapy. Few studies[14,22,31,34,38,40], with less than 200
patients included in each, reported a trend between cancer stage and positivity of peritoneal lavage. The study by
Noura et al[13] on 697 patients reported a significant correlation between cancer stage and positivity of peritoneal
lavage.
Rekhraj et al[41] reported a meta-analysis in 2007 in
order to determine the impact of IPCC on local and
general recurrence of patients treated with curative intent. They analyzed 9 studies for a total of 1182 patients.
Three studies included patients with stage Ⅳ colorectal
cancer. They reported a significantly higher risk to develop overall recurrence for patients with positive IPCC.
The risk rose from 25% for negative pre-resection IPCC
to 46% for pre-resection positive IPCC and from 17%
for negative post-resection IPCC to 52% for post-resection IPCC. Pre-resection positive IPCC was a significant
risk factor for local recurrence (21% vs 12% for negative
post-resection IPCC), while the risk for post-resection
positive IPCC was not significant (18% for positive IPCC
vs 8% for negative IPCC). Two studies[28,42] demonstrated
a higher rate of peritoneal recurrence for positive IPCC
compared to negative IPCC.
Alex et al[43] reported a more recent meta-analysis that
a mean weighted yield of 8.4%, 28.3% and 14.5% for
conventional cytology, ICC and PCR, respectively, which
aimed to determine the outcome of patients with positive
peritoneal lavage treated for colorectal cancer with curative intent. The authors excluded studies that included
patients presenting with synchronous peritoneal carcinomatosis. Twelve studies including 6 published after
2007 were analyzed, with 1880, 1711 and 1096 patients
for mortality analysis, peritoneal recurrence analysis and
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Table 1 Demographic and outcome data from studies involved more than 100 patients
Patients (n )

Ref.

Method of IPCC
detection

Lavage

Timing of
sampling

Yield rate of
positive IPCC

Noura et al[13]

697

Cyto

100 mL NaCL

Before

2.20%

Nishikawa et al[21]

410

Cyto

200 mL NaCl

Before

7.60%

Fujii et al[15]
Kristensen et al[34]

293
237

Cyto
PCR

200 mL NaCl
200-600 mL NaCl

Before
After

6.00%
8.00%

Lee et al[16]

234

Cyto

1000 mL NaCl

Before

8.00%

Katoh et al[14]

226

Cyto

100 mL NaCl

Before

14.60%

Yamamoto et al[42]

189

Cyto

50 mL NaCl

Before

5.80%

Temesi et al[23]

145

Cyto

Before

17.00%

Vogel et al[31]

135

ICC

100 mL NaCl

Before

23.00%

Lloyd et al[17]

125

PCR

100 mL NaCl

Before
After

13.00%
20.80%

Schott et al[22]

109

ICC

1000 mL NaCl

Before

31.00%

Significant impact
Overall survival

Global recurrence

Yes
(5 yr 87% vs 50%)
Yes
(5 yr 68% vs 20.6%)
NS
Yes
(median 47 mo vs 22 mo)
Yes
(mean 32 mo vs 25 mo)
Yes
(5 yr 79% vs 14%)
Yes
(5 yr 76% vs 46%)
ND

ND

Yes
(5 yr 85% vs 23%)
NS pre
Yes post
(mean 88 mo vs 44 mo)
Yes
(4 yr 60 mo vs 28 mo)

Yes
(30% vs 60%)
NS
ND
ND
Yes
ND
(26% vs 55%)
ND
(23% vs 56%)
ND
ND
(4% vs 22%)
Yes
(47% vs 85%)

Global recurrence range at end of study follow up. IPCC: Intraperitoneal free cancer cells; ND: Not determinable; NS: Not Significant; Cyto: Conventional
cytology; PCR: Polymerase chain reaction; ICC: Immunocytochemistry.

the sensitivity for inconclusive cases.
Positive IPCC appeared to be a pejorative prognostic
factor of overall recurrence and survival. These findings
might be explained by cell exfoliation into the peritoneal
cavity along with systemic diffusion. According to this
hypothesis, the presence of IPCC during a curative surgery for stage Ⅰ, Ⅱ or Ⅲ colorectal cancer could be considered as a pejorative prognostic factor. Even if the rate
of patients with positive IPCC was variable among the
reported studies, adjuvant chemotherapy should be evaluated for these patients in a large multi-institutional study.
The other treatment that could be proposed for patients with positive IPCC could be prophylactic intraperitoneal chemotherapy. Local recurrences were not well
described and included lymphatic, anastomotic or peritoneal recurrences. However, the low sensitivity of morphological examinations for peritoneal carcinomatosis
diagnosis[45] could under-estimate the rate of peritoneal
recurrence in patients with positive IPCC. In a systematic
review, Honoré et al[46] assumed that patients with positive
IPCC have an unknown risk of developing peritoneal
carcinomatosis. One issue was the average risk to develop
peritoneal carcinomatosis for patient with positive IPCC,
with an important variability among reported studies.
But this risk remains probably under estimated because
of the low sensitivity of morphological examinations to
diagnose peritoneal carcinomatosis. Another issue was
the large heterogeneity in positive IPCC incidence in
reported studies with a mean yield rate of 8%-15%[41,43],
raising the question of the efficacy of conventional cytology in routine. Intraperitoneal chemotherapy combined
with surgery is an aggressive treatment[47] associated with

overall recurrence analysis, respectively. Positive peritoneal lavage was associated with an increase in all 3 parameters. Mohan et al[24] reported the same findings in a recent
review. Other studies reported opposite results[15,19,33,44],
but only one[15] of these included more than 200 patients.
All other studies including more than 200 patients[13,14,16,21]
found a significant impact of positive peritoneal lavage
on survival and recurrence. A large multi institutional
study is needed to confirm the impact of positive peritoneal lavage on survival and recurrence.
Table 1 reports lavage techniques, yield rate of positive IPCC detection and impact on survival and global
recurrences in the main studies.

HOW CAN PERITONEAL CYTOLOGY
BE INTEGRATED IN THE OVERALL
MANAGEMENT OF COLORECTAL
CANCER
Positive peritoneal lavage for stage Ⅰ , Ⅱ and Ⅲ of
colorectal cancer appears to be a prognostic factor of local recurrence, overall recurrence and poor survival, but
the studies discussed here present an important heterogeneity in lavage techniques and analysis. Standardization is
needed in order to integrate peritoneal lavage into routine
clinical practice. Peritoneal lavage might be realized twice,
after the abdomen has been opened and before closure
with 100-200 mL of saline (NaCl 0.9%). Conventional
cytology remains the standard to determine positive
IPCC, and a panel analysis or ICC or PCR could increase
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an increased morbidity, and therefore requires expertise.
Data available about peritoneal recurrence and the impact of intra-peritoneal chemotherapy are insufficient
to propose intraperitoneal chemotherapy routinely. The
risk to develop peritoneal carcinomatosis for this patient
population could be evaluated by a second look surgery,
as proposed by Sugarbaker[48]. In the author’s series, patients treated for stage Ⅰ, Ⅱ or Ⅲ colorectal cancer with
limited surgical history underwent a laparoscopic second
look in order to limit morbidity. The exploration enabled
the detection of limited carcinomatosis and could lead to
a curative treatment combining systemic chemotherapy,
cytoreductive surgery +/- intraperitoneal chemotherapy.
This study showed that patients with positive IPCC had a
higher risk of developing peritoneal carcinomatosis, and
could therefore benefit from a prophylactic treatment
with intra-peritoneal chemotherapy.

9

10

11

12

13

CONCLUSION
Positive intraperitoneal free cancer cells are a prognostic
factor of recurrence and survival for patients treated
for stage Ⅰ, Ⅱ and Ⅲ colorectal cancer. These findings should be supported by a large multi-institutional
study to determine the real prevalence of positive IPCC.
Moreover, while current literature is sufficient to consider
positive IPCC as a pejorative prognostic factor, further
studies are also needed to propose adjuvant treatment for
patients with positive IPCC.
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plays a role in the early steps of CRC carcinogenesis
by promoting chromosomal instability, the prognostic
role of telomere length in CRC is still under debate. The
activation of telomerase reverse transcriptase (TERT),
the catalytic component of the telomerase complex,
allows cancer cells to grow indefinitely by maintaining
the length of the telomeres, thus favouring tumour formation/progression. Several studies indicate that TERT
increases with disease progression, and most studies
suggest that telomerase is a useful prognostic factor.
Plasma TERT mRNA may also be a promising marker
for the minimally invasive monitoring of disease progression and response to therapy.
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Core tip: Telomere/telomerase interplay is an important
mechanism involved in both genomic stability and cellular replicative potential. Telomere shortening is an early
event that contributes to genetic instability, which plays
a key role in the early steps of carcinogenesis. The activation of telomerase, which preserves replicative potential by maintaining the length of telomeres, occurs
during the adenoma-carcinoma sequence and increases
during tumour progression. While the prognostic value
of telomere length is controversial, most studies agree
that the level of telomerase in tumours represents a
useful prognostic marker. Circulating telomerase reverse transcriptase is a promising marker for the minimally invasive monitoring of disease and response to
therapy.

Abstract
Colorectal cancer (CRC) is the third most common cancer worldwide and, despite improved treatments, is still
an important cause of cancer-related deaths. CRC encompasses a complex of diseases arising from a multistep process of genetic and epigenetic events. Besides
heterogeneity in the molecular and biological features
of CRC, chromosomal instability is a hallmark of cancer
and cancer cells may also circumvent replicative senescence and acquire the ability to sustain unlimited proliferation. Telomere/telomerase interplay is an important
mechanism involved in both genomic stability and
cellular replicative potential, and its dysfunction plays
a key role in the oncogenetic process. The erosion of
telomeres, mainly because of cell proliferation, may
be accelerated by specific alterations in the genes involved in CRC, such as APC and MSH2 . Although there
is general agreement that the shortening of telomeres
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response (DDR), and the cells undergo replicative senescence and apoptosis[10]. If protective mechanisms, such
as that of the TP53 protein, are inactive, cells continue
to proliferate; the further erosion of telomeres impairs
their role in protecting chromosome ends and ultimately
causes chromosomal instability[12]. Thus, telomere erosion may play two conflicting roles: tumour suppression
by inducing cell death, and tumour promotion by causing genetic instability, a key event in the initiation of
carcinogenesis. It has been recently advanced that short
telomeres may also affect genome-wide DNA methylation, which may modulate oncogene and oncosuppressor
gene expression[13]. However, cell division-associated telomere shortening prevents unlimited cell proliferation and
thus tumour development/progression. To escape this
proliferation barrier, cells must stabilise their telomeres.
Most tumours maintain their ability to grow indefinitely
through the inappropriate expression of telomerase, a
ribonucleoprotein complex containing an internal RNA
component [telomerase RNA (TR), or telomerase RNA
component] and a catalytic protein with telomere-specific
reverse transcriptase activity [telomerase reverse trancriptase (TERT)][14]. TERT which synthesises de novo telomere
sequences by using TR as a template, is the rate-limiting
component of the telomerase complex, and its expression is correlated with telomerase activity[15]. While TR
has broad tissue distribution and is constitutively present
in normal and tumour cells, expression of TERT, which
is usually repressed in normal somatic cells, occurs in
germ-line cells and most cancer cells. TERT is essential
for unlimited cell growth and thus plays a critical role in
tumour formation and progression[16].
Regulation of telomerase operates at several biological levels: transcription, mRNA splicing, subcellular localisation of each component and the assembly of TR
and TERT in an active ribonucleoprotein. Transcription
of the TERT gene is most likely the key determinant
in the regulation of telomerase activity; notably, TERT
transcriptional activity is specifically up-regulated in cancer cells, but is silent in most normal cells. The TERT
gene consists of approximately 35 kb DNA and comprises 16 exons and 15 introns. At the transcriptional
level, more than 20 transcription factor-binding sites
that act as activators or repressors have been identified
within the TERT promoter. The cooperation of MYC
and SP1 is required for the full activation of the TERT
promoter, while TP53, through its interaction with SP1,
down-regulates TERT. TERT is also directly activated
by nuclear factor-κB, hypoxia-inducible factor (HIF)-1,
and the ETS/MYC complex. The histone methyltransferase SMYD3 also directly contributes to inducible and
constitutive TERT expression in normal and malignant
human cells. TERT expression is suppressed by the oncosuppressor genes WT127 and MEN1, and through the
MAD/MYC and TGF-β/SMAD pathways. The cell cycle
inhibitors p16INK4a and p27KIP1 have also been shown
to down-regulate TERT expression in cancer cells[17].
Regulation of TERT transcription may also involve
DNA methylation, because the TERT promoter contains

INTRODUCTION
Colorectal cancer (CRC) is the third most common cancer worldwide; over 1.2 million new cancer cases and
nearly 600000 deaths are estimated to have occurred in
2008[1]. Despite improved treatments, increased awareness and early detection, which have all contributed to
prolonged survival, CRC is still an important cause of
cancer-related deaths[1]. CRCs encompass a complex of
diseases with different molecular pathways and biological characteristics arising from a multi-step process that
involves several genetic and epigenetic events[2,3]. The
stepwise change in morphology from normal epithelium
to carcinoma occurs through a multi-step genetic model
with the loss of the functions of tumour suppressor
genes, such as adenomatous polyposis coli (APC) and
TP53, and the gain of the function of oncogenes, such
as KRAS. Recent genome-wide sequencing analyses have
estimated as many as 80 mutated genes in CRC. Although
a smaller number of mutations are considered drivers
of tumourigenesis, multiple genetic hits are required for
tumour onset and progression[4]. Many efforts have been
made to identify molecular markers that predict the outcome of CRC patients, and several genetic and epigenetic
alterations that are involved in the development of CRC
have been proposed as prognostic markers of disease
progression; however, no agreement has been reached[5,6].
Besides great heterogeneity of the molecular and biological features, chromosomal instability may play a key role
in the early steps of carcinogenesis[7]. Cancer cells may
also circumvent replicative senescence and acquire the
ability to sustain unlimited proliferation[8]. Telomere/
telomerase interplay is an important mechanism involved
in the genomic stability and cellular replicative potential,
and telomere/telomerase dysfunction has emerged as
playing a key role in carcinogenesis. Here, we review the
role of telomeres and telomerase in the genesis and progression of CRC.

TELOMERES AND TELOMERASE
Telomeres are specialised DNA structures located at the
end of chromosomes; they are essential for stabilising
chromosomes by protecting them from end-to-end fusion and DNA degradation[9]. In human cells, telomeres
are composed of (TTAGGG)n tandem repeats that are
associated with the capping proteins Telomeric Repeat
binding Factor (TRF)1, TRF2, Repressor/Activator Protein1 (RAP1), TRF1-interacting Nuclear protein 2 (TIN2),
TTP1 (also known as TINT1, PTOP, PIP1), and Protection Of Telomers 1 (POT1), which constitute the shelterin complex[10]. Telomeres are progressively shortened
during each cell division by replication-dependent loss of
sequences at the DNA termini, caused by the failure of
DNA polymerase to completely replicate the 3’ end of
chromosomes[11]. When telomeres become critically short
(i.e., the Hayflick limit), they are no longer protected by
the shelterin complex; at that point they are recognised as
DNA double-strand breaks that trigger a DNA damage
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cient DNA mismatch repair (MMR) system. Alterations
to one of the seven known MMR genes (MSH2, MLH1,
MSH6, PMS1, PMS2, MSH3, and MLH3) cause unrepaired errors in the nucleotide repeat sequences, known as
microsatellites. Methylation of promoters of MMR genes,
particularly MLH1, is the most frequent mechanism for
silencing MMR genes in sporadic CRCs, which in fact
is frequently associated with the GpG island methylator
phenotype[4,30]. While the significance of telomere alterations in MSI is unclear, telomere dysfunction may be considered a major driving force in the generation of CIN.
Several studies have demonstrated that telomeres are
shorter in CRCs than in the adjacent mucosa (Table 2).
While telomere length in somatic cells primarily reflects
cellular proliferation, in tumour cells it reflects the balance between cellular proliferation with telomere loss
and telomerase activity with de novo synthesis of telomeric
sequences. Evidence that telomeres are shorter in CRCs
than in adjacent mucosa, even in well-differentiated tumours, strongly supports the concept that telomere erosion is a critical initial event in colorectal carcinogenesis.
TRF1 is a main negative regulator of telomere length;
over-expression of TRF1 in colorectal cells is correlated with shorter telomeres[38]. Telomere shortening in
colorectal polyps was recently correlated with large-scale
genomic rearrangements[43]. Notably, telomere shortening
in adenomas is not correlated with polyp size. In addition, the great differences in telomere length (differences
of up to 4.6 kb between normal mucosa and polyps)
are too large to be explained by replicative telomere erosion alone. Thus, the telomere length in CRC may reflect
the short telomere length in the cells that originated the
tumours, and telomere erosion may even precede the
colorectal adenomagenesis[43]. Because this pattern has
been observed in colorectal adenomas from patients with
familial adenomatous polyposis, it remains to be established whether it also occurs in sporadic CRCs.
Approximately 15% of CRCs present MSI, whereas
the TP53 gene is the known major genetic alteration in
CRCs with chromosomal instability and stable microsatellites (MSS)[5,44]. A study performed on a large number
of CRCs demonstrated that both MSI and MSS tumours
have shorter telomeres compared with adjacent mucosa,
but MSI cancers have shorter telomeres than MSS cancers[41]. This result matches another study[45]. The MSI
pathway involves the failure of the MMR system [46],
which maintains genetic stability by repairing DNA replication errors and preventing chromosomal recombinations; a deficiency in MMR helps cells overcome cellular
crises caused by the critical shortening of telomeres[47].
Thus, cells from MSI cancers may undergo more replicative cycles and more pronounced shortening of telomeres
before stabilising compared with cells from MSS cancers.
The difference is particularly great and significant when
MSI tumours are compared with MSS tumours carrying
the wild-type TP53 gene. Notably, MSS tumours with a
mutated TP53 gene have slightly shorter telomeres than
MSS tumours with the wild-type TP53 gene do. In cells

Table 1 Telomeres and telomerase: outstanding questions regarding their role in the genesis and progression of colorectal
cancer
Is the shortening of telomeres an early or late event in colorectal carcinogenesis?
Does telomere shortening play a role in genomic instability?
Do telomere lengths correlate with telomerase expression/activity?
Do telomere lengths correlate with disease progression?
Do levels of telomerase expression/activity increase with disease progression?
Do telomere and/or telomerase act as prognostic markers for disease
outcome?

a cluster of CpG sites. At the post-transcriptional level,
modulation of telomerase may occur by alternative splicings that may be tissue-specific; at least 10 different variants of TERT mRNA have been described, and some
of these splicing products may exert a dominant negative
function by competitive interaction with components of
the telomerase complex[18,19]. Telomerase activity is also
controlled through post-translational modifications of
the TERT protein. Phosphorylation of the protein at
critical sites by the PI3K/AKT kinase pathway seems to
be crucial for telomerase activity[20]. Telomere-associated
shelterin plays a role in the activity of telomerase; TPP1
is heterodimerised with POT1 and the POT1-TPP1 complex can recruit and stimulate telomerase activity, thereby
regulating telomere length through the TPP1-telomerase
interaction[21]. Notably, recent studies have suggested
that, in addition to maintaining telomere length, TERT
is involved in several other cell functions. The expression
of TERT increases replicative kinetics[22,23], promotes cell
growth under adverse conditions and may also act as an
anti-apoptotic agent[24-26]. High levels of telomerase confer resistance to several antineoplastic drugs[27,28].
We direct our attention here to the questions listed in
Table 1. The answers to these questions are important in
defining the role of telomere/telomerase interplay in the
CRC carcinogenesis.

TELOMERES AND GENETIC INSTABILITY
IN THE GENESIS OF COLORECTAL
CANCERS
There are at least two major pathways by which molecular
events can lead to CRC; most CRCs (approximately 85%
of cases) are characterised by chromosomal instability
(CIN), while the other CRCs have a microsatellite instability (MSI) phenotype. CIN is a dynamic process of allelic
imbalance at several chromosomal loci, with chromosome amplification and translocation, and it is an efficient
mechanism for causing the loss of oncosuppressor genes,
such as APC, TP53, and SMAD family member 2 and 4
involved in the TGF-β signaling pathway, and the activation of oncogenes, such as KRAS and BRAF, which
activate the mitogen-activated protein kinase signalling
pathway[29]. The MSI phenotype is generated by a defi-
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Table 2 Telomere lengths and colorectal cancer
Ref.

Cases

Main findings

Hastie et al[31], 1990

23 (20 CRCs, 3 adenomas) and patient-matched TL
Decrease with age in non-cancerous cells (33 bp per year)
non-cancerous mucosa
Shorter in CRCs and adenomas than in normal mucosa
(frozen samples)
Engelhardt et al[32], 1997
80 (50 CRCs, 20 polyps, 10 colitis) and CRC TL
Shorter in CRCs than in normal mucosa
patient-matched non-cancerous mucosa
Shorter in CRCs than in polyps and colitis
(frozen samples)
Longer in late-stage cancer with higher telomerase activity
Do not differ between colon and rectum cancer
Takagi et al[33], 1999
61 CRC (including 12 non-ulcerating and 39 TL
Shorter in non-ulcerating CRCs than in normal mucosa
ulcerating tumours, according to Borrmann's
Shorter in non-ulcerating than in ulcerating tumours
classification) and patient-matched nonNot correlated with tumour stage or grade
cancerous mucosa
Not correlated with telomerase activity
(frozen samples)
Katayama et al[34], 1999
35 (26 CRCs, 9 polyps)
TL
Do not differ between CRCs and polyps
(frozen samples)
Nakamura et al[35], 2000
124 CRC and patient-matched non-cancerous TL
Shorter in CRCs than in normal mucosa
mucosa
Decrease with age in both cancer and non-cancerous cells (44 and 50 bp/yr)
(frozen samples)
Plentz et al[36], 2003
10 (adenoma-carcinoma transition)
TL
Shorter in high-grade dysplastic areas than in the surrounding adenoma
(paraffin-embedded samples)
Gertler et al[37], 2004
57 CRC and patient-matched non-cancerous TL
Shorter in CRCs than in adjacent mucosa
mucosa
Decrease with age only in non-cancer cells (19 bp per year)
(frozen samples)
Correlate with tumour stage, being longer in advanced tumours
Correlate with TERT mRNA levels
Lead to a poor prognosis if TL cancer/TL non-cancer > 0.9
Do not differ between colon and rectum cancer
Garcia-Aranda et al[38], 2006
91 CRC (23 right-colon, 13 left-colon, 55
TL
Shorter in CRC than in adjacent mucosa
rectum) and patient-matched non-cancerous
Shorter in right-colon cancers than in tumours located in other sites
mucosa
Shorter in poorly differentiated tumours
(frozen samples)
Tend to be longer in telomerase-positive CRCs
Have prognostic value (longer telomeres: poor clinical outcome)
Correlated with the expression of TRF1 protein
O’Sullivan et al[39], 2006
38 (26 adenomas, 12 CRCs)
TL
Shorter in adenomas than in adjacent and distant mucosa
(paraffin-embedded samples)
Similar in CRCs and adjacent and distant mucosa
Raynaud et al[40], 2008
15, each case with normal mucosa, low-grade TL
dysplasia, high-grade dysplasia and carcinoma Shorter in low-grade and high-grade dysplasia than in carcinoma
Inversely correlated with activation of the DDR pathway
(paraffin-embedded samples)
Rampazzo et al[41], 2010
118 CRC (53 right-colon, 30 left-colon, 35
TL
Shorter in CRCs than in adjacent mucosa
rectum) and patient-matched non-cancerous
Shorter in right-colon cancers than in tumours located in other sites
mucosa
Shorter in MSI than in MSS tumours
(frozen samples)
Decrease with age only in non-cancer cells
Not correlated with tumour stage or grade
Not correlated with TERT mRNA levels
Valls et al[42], 2011
147 CRC and patient-matched non-cancerous TL
Shorter in CRCs than in adjacent mucosa
mucosa
In cancer correlate with TL in normal mucosa
(frozen samples)
Do not differ between colon and rectum cancer
Not correlated with tumor stage
Have prognostic value (TL cancer/TL non-cancer ≤ 1: higher OS)
Roger et al[43], 2013
135 (85 polyps from 10 patients with FAP, 50 TL
Shorter in polyps than in normal mucosa
CRCs)
Correlated with genomic rearrangement in polyps
(frozen samples)
Independent of adenoma size
In polyps may reflect the TL of the originating cells
TL: Telomere lengths; CRC: Colorectal cancer; DDR: DNA damage response; OS: Overall survival; FAP: Familial adenomatous polyposis.

with mutated TP53, telomeres may protract their shortening with cell proliferation. However, TP53 is a wellknown negative regulator of the TERT promoter, and
mutated TP53 protein may also result in TERT activa-
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tion, so telomere stabilisation may occur earlier than it
does in MSI tumours[41].
The down-regulation of MSH2 is associated with
greater telomere shortening than in control cells; thus
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Genetic instability

Cell proliferation (MMR, APC)

Telomere shortening

TERT activation

Maintenance of telomere length
Tumor
progression

Increasing telomerase expression

Figure 1 Model of telomere/telomerase interplay in the carcinogenesis of colorectal cancer. Telomere shortening is mainly caused by cell proliferation in preneoplastic lesions. Erosion of telomeres may be accelerated by mutations in specific genes, such as the adenomatous polyposis coli (APC) gene or DNA mismatch
repair (MMR) system genes. The activation of telomerase reverse transcriptase (TERT), the catalytic unit of the telomerase, occurs during the adenoma-carcinoma
sequence; TERT and telomerase activity levels increase with tumour progression. Inserts: Immunohistochemical analysis of TERT expression in stage Ⅰ (left) and
stage Ⅳ (right) tumours. Mayer's haematoxylin counterstaining; original magnification × 20.

MSH2 deficiency may accelerate telomere shortening[48].
It is worth noting that the leukocyte telomeres of patients with Lynch syndrome, a hereditary CRC syndrome
caused by germline mutations in MMR genes are shorter
than those of age-matched controls[49]. Whether a shorter
telomere length in leukocytes is a risk factor for CRC or
a consequence of either disease treatment or disease burden is a controversial question[50-52], but there is general
agreement that telomere shortening is an early event in
colorectal carcinogenesis, even in sporadic CRC (Figure
1). Activation of the DDR is almost universal during the
earliest stages of carcinogenesis[53,54]. A recent study suggested that telomere length is inversely correlated with
activation of the DDR pathway, and telomere fusion may
lead to general genomic instability[40].
While there is general agreement that telomere
shortening, which is mainly caused by high proliferation
of preneoplastic lesions and most likely accelerated by
alterations in genes such as APC and MSH2, is an early
event in the CRC carcinogenesis, there is no agreement
concerning the role of telomere length as a marker of
disease progression. Only a few studies report that telomeres are longer in late stage cancer than in preneoplastic
lesions and/or early neoplastic stages; the activation of
telomerase and/or high levels of telomerase expression
may explain the increase in telomere length with disease
progression[37,38]. However, other studies have not indicated any correlation between telomere length and tumour
stage or grade (Table 2). Telomere lengths may stabilise
with tumour progression because of increased telomerase
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activity that compensates for replicative telomere loss[41,55].

TELOMERASE AS A MARKER OF
DISEASE PROGRESSION IN COLORECTAL
CANCER
Two main strategies are used to estimate telomerase
levels: quantification of TERT mRNA and quantification of telomerase activity. The telomerase level, even in
telomerase-positive tumour cells, is estimated to be relatively low (approximately 100 molecules per cell), so its
detection, either as mRNA or activity, requires methods
based on polymerase chain reaction (PCR) amplification.
In general, all quantitative data acquired with real-time
PCR must be normalised by a housekeeping gene. The
ideal housekeeping gene should not vary with disease
progression. The glyceraldehyde 3-phosphate dehydrogenase gene, which is often employed as housekeeping
gene, is activated by HIF and is thus expressed at higher
levels in advanced disease than in tumours at early stages.
Other genes, such as the hypoxanthine-guanine phosphoribosyltransferase 1 (HPRT1) gene, which does not vary
with tumour stage[56], allow a more reliable estimation
of TERT levels. In CRC, a study by real-time PCR with
HPRT1 as a housekeeping gene demonstrated that there
is a good relationship between the levels of all TERT
transcripts and the full-length TERT transcript; in addition, levels of TERT mRNA correlated with telomerase
activity, as estimated with a telomere repeat amplification
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protocol (TRAP) assay[54]. Although there are no clinically
approved telomerase assays, several promising approaches have recently been published[57].
There is general agreement that TERT levels and
telomerase activity increase with the adenoma-carcinoma
sequence[60,64,70], and are higher in CRCs than in adjacent
non-cancerous mucosa (Table 3). Normal adjacent mucosa may have some detectable TERT mRNA and telomerase activity, mainly because of intestinal crypt basal
cells[55,58]. These findings strongly support the hypothesis
that telomerase activation is subsequent to telomere erosion (Figure 1).
Most studies have demonstrated that TERT expression and/or telomerase activity increase with tumour
progression (Figure 2A and Table 3). Well-differentiated
and moderately differentiated tumours have significantly
lower TERT levels than poorly differentiated tumours
do, and late-stage tumours (Dukes C and D) show higher
telomerase activity than early-stage tumours[63,67]. Only a
few studies have found no correlation between levels of
telomerase activity, as assessed by the semi-quantitative
TRAP assay, and tumor progression[38,58,61]. Unlike telomere length, levels of telomerase expression/activity do
not correlate with MSI status and increase with disease
progression in both MSI and MSS tumours[68,73]. The
finding that TERT mRNA is higher in tumours bearing
TP53 mutations[66] may support the hypothesis that high
TERT expression is a marker of poor outcome and poor
response to therapy[27,73].

effect is independent of pathologic stage. In particular,
over a median follow-up of 70 mo, patients with high
levels of TERT mRNA (above the median) had approximately double the risk of death compared with patients
with low levels of TERT (below the median) did[73]. Only
two studies analysed stage Ⅱ patients in detail. In one
study, in which telomerase activity was determined with
TRAP assay, patients with telomerase-positive CRCs had
longer disease-free survival (DFS) than did patients with
telomerase-negative tumours[62]. In the second study,
TERT levels estimated using real-time PCR significantly
stratified stage Ⅱ patients; stage Ⅱ patients with high
TERT levels showed significantly worse median OS and
DFS than patients with low TERT levels did[73].
In recent years, great efforts have been made to identify markers for minimally invasive early diagnosis and/or
monitoring of disease. The expression of epithelial cell
adhesion molecules has been used primarily to detect
CRC cells in the hematopoietic milieu, and the detection of circulating cancer cells is a promising approach,
although its diagnostic/prognostic role needs to be established[79]. The detection of cancer-related RNA molecules
in plasma has recently been proposed as a marker of cancer onset and outcome, and ongoing studies indicate that
circulating microRNAs may be biomarkers for the early
detection of CRC[80,81]. Within this framework, recent
studies suggest that cell-free circulating TERT mRNA is
also a potential marker of disease.
Transcripts of TERT have been detected in the
plasma of patients with different tumours, including
CRC[82,83]. In a series of CRCs (stage Ⅰ to stage Ⅳ), the
TERT mRNA levels in plasma were related to those in
tumours[55] (Figure 2B). In addition, while 95% of patients with tumours had detectable cell-free circulating
TERT, aged-matched controls were negative in almost
all cases[55]. This finding suggests that TERT levels in
plasma reflect those in tumours. Very promising findings
have been reported in patients with rectal cancer who
underwent chemoradiotherapy (CRT) prior to surgery;
plasma TERT was significantly decreased in patients who
underwent a complete pathologic response, but remained
unchanged or increased in patients who did not respond
to CRT[84] (Figure 2C). These findings also suggest that
circulating TERT is a useful marker for monitoring the
response to therapy. However, further studies with a prospective design and with a large sample sizes are required
to clearly define the prognostic role of telomerase in
CRC patients and to ascertain the cut-off values and reliability of circulating TERT as a marker for monitoring
disease outcome and response to therapy.

TELOMERASE, BUT NOT TELOMERES,
MAY ACT AS A PROGNOSTIC FACTOR
IN COLORECTAL CANCERS
Pathologic tumour staging remains a key determinant
of CRC prognosis and treatment. Invasive cancers are
confined within the wall of the colon (stages Ⅰ and Ⅱ),
but if untreated they spread to regional lymph nodes
(stage Ⅲ) and then metastasise to distant sites (stage Ⅳ).
Although radical resection and adjuvant therapy are effective curative treatments, the risk of disease recurrence
cannot be foreseen, even among patients at the same
tumour stage. Although 5-fluorouracil-based adjuvant
chemotherapy is the standard care for stage Ⅲ patients,
the role of adjuvant therapy for stage Ⅱ is still debated.
The controversial results obtained in various studies[74-78]
may reflect the molecular and biological heterogeneity
of CRC and highlight the need for definitive prognostic
markers able to stratify patients.
While most studies do not confirm the prognostic
role of telomere length (Table 2), there is general agreement that high levels of TERT and/or telomerase activity are associated with poor prognosis (Table 3) Only two
studies do not confirm the prognostic value of TERT[72]
or telomerase activity[62]. High levels of TERT mRNA
and/or telomerase activity have been associated with
worse overall survival (OS) and this negative prognostic
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CONCLUSION
Besides extensive heterogeneity in the molecular and biological features of CRC, chromosomal instability plays a
key role in the early steps of carcinogenesis. The majority
of studies agree that telomere shortening is an early event
in the oncogenetic process and that telomere erosion
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Table 3 Telomerase as a marker of disease in colorectal cancer
Ref.

Cases

Main findings

Engelhardt et al[32],
1997

80 (50 CRCs, 20 polyps, 10 colitis) cancerous Telomerase activity
and 50 CRC patient-matched non-cancerous Absent in normal tissues
Higher in CRCs than in nonneoplastic lesions
mucosa specimens
Higher in late-stage than in early-stage tumours
Tatsumoto et al[58],
100 CRC and patient-matched nonTelomerase activity
2000
cancerous mucosa specimens
Higher in CRC than in adjacent non-cancerous mucosa
Detectable in adjacent non-cancerous mucosa derived from intestinal crypt basal cells
Not correlated with CRC stage or grade
Has prognostic value for OS and DFS (high telomerase activity: poor prognosis)
Niiyama et al[59], 2001
140 CRC and patient-matched nonTERT mRNA and telomerase activity
cancerous mucosa specimens; 20 adenomas Higher in CRCs than in adenomas
Higher in adenomas than in normal mucosa
Naito et al[60], 2001
66 (50 adenomas, 6 mucosal carcinomas, 10 Positive correlation between TERT mRNA and telomerase activity
TERT levels increase with adenoma-carcinoma sequence
invasive carcinomas) specimens
Gertler et al[61], 2002
57 CRC and patient-matched non-cancerous Both CRC and adjacent non-cancerous mucosa are positive for TERT
TERT levels lower in tumours than in non-cancerous mucosa in most cases
mucosa specimens
TERT levels not correlated with tumour stage
TERT has prognostic value for OD and DFS (high telomerase activity: poor
prognosis)
Kawanishi-Tabata
122 CRCs, stage Ⅱ
80% of CRC are telomerase-positive
Higher percentage of telomerase-positive tumours in the colon than in the
et al[62], 2002
(52 colon, 70 rectum)
rectum
High telomerase activity: Good prognosis
Ghori et al[63], 2002
30 CRCs and 20 patient-matched nonTelomerase activity
Higher in CRCs than in adjacent non-cancerous mucosa
cancerous mucosa specimens
Correlated with Duke's stage
Boldrini et al[64], 2002 36 CRC and patient-matched non-cancerous Telomerase activity
mucosa specimens, 8 adenomatous polyps, Absent in normal mucosa and adenomas
Higher in CRCs than in dysplastic polyps
9 dysplastic polyps
Higher in late-stage than in early-stage tumours
Maláska et al[65], 2004 41 CRC and patient-matched non-cancerous Telomerase activity
Present in 83% of CRCs
mucosa specimens
Absent or at very low level in normal mucosa
Higher in metastatic tumours
Boldrini et al[66], 2004
43 CRCs
TERT levels and telomerase activity higher in tumours with mutated TP53
Sanz-Casla et al[67],
103 CRCs
Telomerase activity increases with tumour progression (Duke's stage)
Higher percentage of telomerase-positive tumours in the colon than in the
2005
rectum
Telomerase activity has prognostic value for DFS (high telomerase activity:
poor prognosis)
Garcia-Aranda et al[38], 91 CRC and patient-matched non-cancerous Telomerase activity
Present in 81% of CRCs
2006
mucosa specimens
Present at very low levels in 15% of normal samples
Not correlated with tumour progression
No prognostic value
Vidaurreta et al[68],
97 CRCs
Telomerase activity
Present both in MSI and MSS tumours
2007
Has prognostic value for OS (high telomere activity: poor prognosis)
Bautista et al[69], 2007 108 rectal cancer and patient-matched non- Telomerase activity
Higher in rectal cancer than in normal mucosa
cancerous mucosa specimens
Not correlated with tumour stage and grade
Has prognostic value for DFS and OS
Terrin et al[55], 2008
85 CRC and 42 patient-matched nonTERT levels
Higher in CRCs than in adjacent non-cancerous mucosa
cancerous mucosa specimens, 49 plasma
Increase with tumour stage and grade
samples
Not correlated with MSI status
Not correlated with tumour location
Plasma TERT levels correlated with tumour TERT levels
Valls Bautista et al[70], 6 cases, each with cancer, polyps and normal Telomerase activity
Increases with adenoma-carcinoma sequence
2009
mucosa; 8 polyps and normal mucosa
Kojima et al[71], 2011
106 CRC and paired adjacent non-cancerous Elongation of the 3’OH of telomere by telomerase may increase Malignant
mucosa specimens
potential of cancer cells
Telomerase activity has prognostic values for OS (telomeraseactivated
without 3'OH shortened telomeres: poor prognosis)
Safont et al[72], 2011
48 CRC and adjacent non-cancerous mucosa Plasma TERT levels correlated with tumour TERT levels
Higher circulating TERT levels in stage Ⅳ tumours
specimens and 48 plasma samples
No correlation between telomerase expression and prognosis
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Bertorelle et al[73], 2013

137 CRCs

TERT levels:
Increase with tumour stage and grade
Not correlated with MSI status
Not correlated with tumour location
Have prognostic value for OS and for both OS and DFS for stage Ⅱ patients
(high TERT levels: poor prognosis)

CRC: Colorectal cancer; DFS: Disease free survival; OS: Overall survival; TERT: Telomerase reverse transcriptase; MSI: Microsatellite instability.
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Figure 2 Representative panels of telomere length and telomerase reverse transcriptase levels. A: Relative telomere length in tumours (K) and adjacent mucosa (N) according to tumour stages Ⅰ (30 samples), Ⅱ (45 samples), Ⅲ (29 samples), and Ⅳ (29 samples). The cases included those reported in Rampazzo et
al[41]. Telomere length was significant shorter in tumours than in adjacent mucosa (bP < 0.0001) at all tumour stages, but telomere lengths did not significantly differ
with tumour stage. Relative telomere length was estimated using real-time polymerase chain reaction (real-time PCR)[41]; B: Telomerase reverse transcriptase (TERT)
levels in tumours (K) and adjacent mucosa (N) according to tumour stages Ⅰ (K: 25 samples, N: 17 samples), Ⅱ (K: 35 samples; N: 10 samples), Ⅲ (K: 15 samples;
N: 5 samples), and Ⅳ (K: 30 samples; N: 22 samples). The cases included those reported in Terrin et al[55]. TERT levels were significantly higher in tumours than in
adjacent mucosa and significantly increased (bP < 0.01) with tumour stage. TERT levels were estimated using real-time PCR[41,55]; C: Plasma TERT levels before and
after the chemoradiotherapy prior to surgery in responders (35 samples) and non-responders (42 samples) with rectal cancer. The cases included those reported in
Pucciarelli et al[84]. TERT levels in plasma were estimated using real-time PCR[84]. Boxes and whiskers: 25th-75th and 10th-90th percentiles, respectively; the median is
the central line in each box.

leads to genetic instability. Telomerase, which maintains
telomere length and preserves the cell’s replicative potential, is activated during the adenoma-carcinoma sequence
and its activity increases during tumour progression.
While most studies do not confirm the prognostic
role of telomere length, there is general agreement that
high levels of TERT and/or telomerase activity are associated with poor prognosis. Emerging data also suggest that circulating TERT levels reflects tumour TERT
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levels. Overall, there is sufficient evidence to indicate that
telomerase is a useful marker for monitoring and predicting disease outcome. A caveat to the use of telomerase
as a marker is the availability of simple and reliable assays
to quantify telomerase expression and/or activity. The
use of reliable assays will allow researchers to compare
data and to define useful cut-off values to discriminate
between patients at low and high risk of disease progression. Further studies with a prospective design and large
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sample sizes are required to clearly define the prognostic
role of telomerase and to acertain its reliability as a circulating biomarker for the minimally invasive monitoring
of disease and the response to therapy.
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Core tip: Lymphadenectomy of colorectal cancer is a
decisive factor for the prognostic staging of the patient.
A limit of 12 lymph nodes (LNs) is still not the gold
standard and accessible only in highly specialized centers. There are different variables that can affect the
retrieval of LNs; some are non-modifiable and pose the
question of whether the minimum number of examined
LNs must be individually assigned.

Abstract
Lymphadenectomy of colorectal cancer is a decisive
factor for the prognostic and therapeutic staging of the
patient. For over 15 years, we have asked ourselves
if the minimum number of 12 examined lymph nodes
(LNs) was sufficient for the prevention of understaging.
The debate is certainly still open if we consider that a
limit of 12 LNs is still not the gold standard mainly because the research methodology of the first studies has
been criticized. Moreover many authors report that to
date both in the United States and Europe the number
“12” target is uncommon, not adequate, or accessible
only in highly specialised centres. It should however be
noted that both the pressing nature of the debate and
the dissemination of guidelines have been responsible
for a trend that has allowed for a general increase in
the number of LNs examined. There are different variables that can affect the retrieval of LNs. Some, like
the surgeon, the surgery, and the pathology exam, are
without question modifiable; however, other both patient and disease-related variables are non-modifiable
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INTRODUCTION
In 1998, Curti et al[1] stressed that continually talking about
the lymphadenectomy of colorectal cancer makes for incredibly monotonous reading. In fact, even though it has
been proven that the excision of lymph nodes (LNs) in
colorectal cancer is a crucial measure, in the last decade the
problem has mainly shifted its focus to the physical dimensions of the lymph nodal excision and, more specifically,
to the number of LNs to be removed. Even if in this area
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there are precise indications, in reality, they are not always
respected due to, above all else, the large number of variables that can interfere with the sampling of the LNs.

NUMBER OF LNs NECESSARY FOR A
CORRECT STAGING
Many authors[17,27,28,56] claim that in clinical practice there
should be no set limit to the number of LNs examined since
in addition to survival, as has already been mentioned, there
is a direct correlation between the number of examined
LNs and the number of LNs with metastasis[4,14,24,28, 57-59].
However, in light of this observation, we have to ask
ourselves what the minimum number of LNs is, beyond
which there is no change in the staging if not within acceptable limits. Therefore, along with McDonald et al[6]
we believe that a “ceiling effect may be reached”, above
all for the purposes of allowing pathologists to realize the
point at which they can feel satisfied with their search no
matter how many LNs may be left in the piece removed.
In fact, there is no doubt that in the “real world”, pathologists, with the methods that are presently available, do
not or simply cannot sample all removed LNs especially
when they are small[15].
In light of this, the number of LNs to be sampled
still varies widely even though it has been discussed for
over 20 years. In fact, since 1990, at the World Congress
of Gastroenterology in Sydney, 12 was established as the
minimum standard of LNs to be examined since this
number would allow for a correct diagnosis of N0 in
90% of cases[6,21,51,60].
This number, referred to as “magic”[50], was later included in many guidelines and has been endorsed by a
large number of United States and European organizations[7,9,17-19,36,40, 50,51,61,62].
In this regard, what Stocchi et al[41] have recently reported seems paradigmatic. He claims that, considering
only patients treated for stage II colon cancer, the examination of at least 12 LNs is associated with an improvement in results; this improvement reduces if a smaller
sample of LNs get examined, but it does not increase
with a larger sample of LNs.
Other data reported by Nelson et al[51], Norwood et al[19],
and Lee et al[58] show data compatible with Stocchi’s theory.
Nelson et al[51] report that by examining 12 LNs, the
lymph nodal positivity is correctly identified in 90% of
patients; Norwood et al[19] claim that only when the number of LNs is < 12 there is a reduction in the survival
rate; finally, Lee et al[58] reports that the examination of a
number of LNs ≥ 12 increases the chance of diagnosing
positive LNs by 30%.
In light of this data, the number 12 indeed seems correct, but this is not the case of course if in 2012 Fingerhut[4] still asked himself, “Why all the fuss?”
The debate is certainly still open if we consider that a
limit of 12 LNs is, as of today, still not the gold standard
mainly because the research methodology of the first
studies[40,63,64], which do not go beyond a level of Ⅲ or Ⅳ
and a grade C recommendation, has been criticized[6,51].
In fact, in the literature there is no uniformity in determining what the minimum lymph nodal sampling is to
allow for a greater diagnosis of positive LNs, a different

MEANING OF LYMPHADENECTOMY
All histological staging, even the recent seventh edition
of the AJCC[2], has considered the metastatic involvement of the LNs a determining factor for the staging of
the colorectal tumor[3-28] as long as examined in sufficient
numbers to ensure the “certainty” of a patient’s prognostic classification[13]. Actually, this is not the case, since as
we shall see, the lack of reliable data makes the current
staging systems inadequate. This lack creates episodes
of “stage migration,” which are likely responsible for the
20%-25% of the cases in which a node-negative patient
relapses[29-34], as well as for better prognoses for patients
staged IIIa than for those staged Ⅱb[31-34].
The correct staging of a patient treated for colorectal cancer is also critical in the planning of adjuvant
therapies that certainly, especially for stage Ⅲ, ensure
improved outcomes and may not be prescribed to a
patient who has a falsely-judged more “favorable” staging[3,8,10,11,15,17,19,22-24,27,31,33,35-37]. In this context, some authors
as well as some organizations such as the American
Society of Clinical Oncology (ASCO) and the National
Comprehensive Cancer Network (NCCN) recommend
adjuvant chemotherapy to patients for whom the LN
study proved insufficient[7,21,25,35,38,39].
In addition to its accuracy in staging, the LNs excision also seems to be an independent prognostic factor.
Many case-study reviews[3-5,10,11,14,19,20,24-28,35,40-49], particularly
in patients with stage Ⅱ, report a directly proportional
relationship between the number of LNs removed and
survival. In this regard, it seems appropriate here to refer to the systematic review of Chang et al[24] who report
that in 16 of 17 studies the increased survival of patients
with stage Ⅱ colon cancer was associated with increased
numbers of LNs evaluated. The most likely explanation
is that the higher the number of LNs examined the better select the group of node-negative patients with a better prognosis for which surgery alone should be curative.
Other authors[1,21,40,50], however, believe that in patients
with more advanced stages, the lymphadenectomy can
be therapeutic both by improving tumor clearance by the
surgeon and by reducing the metastatic spread through
lymphatic drainage. Not all authors agree with this latter
view[5,11].
Last but not least, it must be noted that organizations
such as the American College of Surgeons, the ASCO,
and the National Quality Forum consider the entity of
the lymphadenectomy as a way to gauge the quality of a
center dealing with this type of pathology[51-55]. Concerning this issue, not all are in agreement mainly because the
number of LNs removed may not reflect the quality of
the surgeon or the pathologist but, as we shall see later,
may be tied to unchangeable factors inherent in the patient or the tumor[6,50].
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Table 1 Minimum lymph node sampling recommended for a
correct staging

Table 2 What “could interfere” with the lymph node count
Modifiable factors

Under 12 LNs

LNs At least 12 LNs LNs Over 12 LNs

n
Caplin et al[65]
Maurel et al[66]
Mekenkamp et al[67]
Yoshimatsu et al[26]
Sarli et al[35]
Cianchi et al[68]

7
8
8
9
9
9

n
Nir et al[18]
Norwood et al[19]
Stocchi et al[41]
Wong et al[46]
Kukreja et al[50]
Nelson et al[51]
Lee et al[58]
Bilimoria et al[69]
Storli et al[70]

12
12
12
12
12
12
12
12
12

Surgeons
Pathologist
Specialization
Lack of training
Case volume
Lack of time
Surgical technique Techniques
Emergency
Extension
Laparoscopy
Unmodifiable factors Patient related
Disease related
Advanced age
Tumor site
Female
Tumor staging
Obesity
Pre-operative radiotherapy

LNs

n
Swanson et al[57]
Wong et al[71]
Tepper et al[72]
Wong et al[73]
Chen et al[48]
Mukai et al[74]
Goldstein et al[75]
Tsai et al[25]
Le Voyer et al[27]
Joseph et al[76]
03 (T3)
Joseph et al[76]
03 (T4)

13
14
14
14
15
15
17
18
20
30

equate in 48% to 63% of cases[79,80].
Similar experiences are also reported in Europe; in
fact, in Germany in 2009, the Dutch Surgical Colorectal
Audit[77] reported that in 73% of colon cancers and 58%
of rectum cancers, the number of LNs examined was
[81]
[82]
≤ 10; in England, Johnson et al and Mitchell et al
have recently pointed out that the limit of 12 LNs was
not reached between 33% and 50% of colorectal cancer
cases.
It should however be noted that both the pressing
nature of the debate and the dissemination of guidelines
have been responsible for a trend that, over the years,
has allowed for a general increase in the number of LNs
examined, thus enabling the U.S. to increase the number
of hospitals that reach the target of 12 LNs from 15% in
1995-96 to 38% in 2004-05[69] and in 2005-2008[52] reach
the figure of 92% albeit only in centers that are members of the NCCN and are thus made up of top institutions[69]. This, however, is probably not the case in smaller
hospitals[9,21].

40

LN: Lymph node.

staging that justifies adjuvant chemotherapies, or, ultimately, a better survival rate (Table 1).
This confusion is also documented by McDonald et
al[6] who, citing 10 observational studies that analyzed
more than 43000 patients, points out that not only is
there no agreement on what the LN cut-off point should
be, but that in a wide range of LNs examined (between 6
and 21) the actual cut-off point fluctuated. This range is
similar to the one reported by Valsecchi et al[21] (between
6 and 17) and lower than the one reported by Noura et
al[42] (between 6 and 40).
This variety of data leads us to ask what our main
objective is when we examine LNs? If the goal is to “certify” a node-negative patient, then evaluating a number
of LNs equal to 12 or perhaps even higher is likely to
be necessary; if instead metastatic LNs are identified, it
is then possible to “settle” for a smaller number of LNs
which, according to some authors[46], are easier to identify
as they are more visible and palpable. However, even in
this respect “everything and the opposite of everything”
can be said if considering what is reported by some authors[35,60,77] who claim that about 50% of enlarged LNs
are negative or only an expression of a vigorous immune
response, while 45%-78% of metastatic LNs have a less
than 5 mm diameter.
Gelos et al[78], however, focuse on yet another aspect,
arguing that in patients with a malignancy at an earlier
stage which can lead to a lower immune response, it is
likely that we can settle for a sample of less than 12 LNs.
The fact that even today the number “12” target is
“uncommon, “not adequate,” or accessible only in highly
specialized centers[21,41,50] is demonstrated by the fact that
in the United States in 2001[4], the number of 12 sampled
LNs was reached for only 44% of patients and that the
target of patients increased to 75% in only 38% of hospitals in 2004-05[69], 15 years after Sydney. Moreover, once
again in the United States, reports published between
2005 and 2010 revealed that, despite the “dense forest of
articles”[79] lymphadenectomy was still considered inad-
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WHAT CAN INTERFERE WITH LYMPH
NODAL COUNT
Ideally, the surgeon should remove all the LNs pertaining to the tumor and the pathologist should sample and
examine them thoroughly. However, even if this were
carried out, all authors agree that there would be “unmodifiable” factors patient-related and disease-related
that could make a node-count problematic (Table 2).
In our opinion, all the variables, modifiable and unmodifiable, that can affect lymph nodal sampling should
be examined so as to make the work of both the surgeon
and of the pathologist more efficient.
Modifiable factors
Surgeons and surgery: The extent to which a surgeon’s experience, specialization and case volume impact the quality of a performed surgery has often been considered a
possible factor which can affect the number of removed
LNs[3,11,21,23,41,83] (Table 3).
Even if this seems logical[35], if we consider Table 3
we can see that although the “surgeon variable” is considered an “independent factor”, there is no clear differ-
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Table 3 Surgeon’s experience vs lymph nodes harvested
Surgeon's experience

Statistical analysis

LN harvested (expert vs no expert)

> 15 yr
5 colon/yr
Colorectal surgeon
Largest case volume

MA: se independent factor (P < 0.05)
MA: se significant predictor (P = 0.001)
UA: se P = 0.002
MA: se independent variable (P = 0.018)

13 vs 11 LN
Not specified
11 vs 9 LN
86% vs 83.6% pts with ≥ 12 LN

Leung et al[11]
Valsecchi et al[21]
Shaw et al[23]
Stocchi et al[41]

MA: Multivariate analysis; UA: Univariate analysis; LNs: Lymp nodes; se: Surgeon’s experience.

bers of collected LNs[19,40,56,86], more reliable data is available with regards to the influence of laparoscopic surgery
on lymph nodal sampling, whose efficacy has been questioned. Actually, in addition to the COST[91], COLOR[92]
and CLASICC[93], other prospective randomized trials
have opted for an overlap of the two techniques (Table
4). More significantly, a recent meta-analysis[100] of 24
randomized trials has shown no significant differences
between the two approaches concerning the number of
LNs examined. On the contrary, Lujan et al[101] has reported advantages in favor of laparoscopic surgery with
regards to the number of LNs sampled in patients suffering from rectal cancer (13.63 vs 11.57, P = 0.026); similarly El-Gazzaz et al[102] have reported, a greater number
of metastatic LNs removed (2.2 ± 3.8 vs 1.6 ± 4, P = 0.03),
despite not being able to pin-point the exact reasons.

Table 4 Lymph node sampling in laparoscopic vs open
approaches
Laparoscopy

COST[91]
Veldkamp et al[92]
Guillou et al[93]
Kang et al[94]
Braga et al[95]
Hewett et al[96]
Liang et al[97]
Leung et al[98]
Benhaim et al[99]

Open

Patients

LNs

Patients

n

n

n

435
627
526
170
134
294
135
203
235

12
10
12
17
14.5
13
15.6
11.1
26.8

428
621
268
170
134
298
134
200
296

LNs

n
12
10
13.5
18
15.3
13
16
12.1
25.9

Only prospective or prospective randomized trials in over 250 patients.
COST: Clinical Outcomes of Surgical Therapy Study Group; LNs: Lymp
nodes.

Pathologists: A review of the literature, even if there
are still conflicting view points[22,41,84], soon reveals that
the diligence of a “pathology staff ” (pathologists,
pathology assistants, pathology residents, pathology
technicians) could affect the number of LNs sampled[10,11,21,35,50,53,60,61,79,86] and that the simple lack of time,
more than the lack of educational training, especially
seems to interfere with this data[6,8,27,60,77]. This is indeed
confirmed by the fact that, paradoxically, first-year “pathology residents”[8] or “pathologists’ assistants” who
have “more time with fewer distractions”[77] carry out better lymph nodal samplings than “pathologists”, especially
for cancer of the rectum.
Moreover, from the multivariate analysis of Leung et
al[98] we can deduce that pathologists and surgeons independently affect the lymph nodal sampling (P < 0.05 and
P = 0.01 respectively) and that pairing surgeon/pathologist does not serve to compensate for the differences.
Valsecchi et al[21] also, in his analysis, support Leung’s
data[98], but report for “surgeon’s experience” a major risk
factor (“OR = 2.33; 95%CI: 1.4-3.9, P = 0.001” vs “OR
= 1.9; 95%CI: 1.1-3.2, P = 0.01” respectively) in contrast,
Evans et al[86] find no significant differences among surgeons but does so only among pathologists.
The possibility of having more time may also be useful for the implementation of procedures which have
been widely recommended [7,27,30,40]. Such procedures
include the fat clearance technique or the intra-arterial
injection of blue methylene, among others, which seem
to improve performance. However, in addition to being
costly[11,23,27,60], these procedures are difficult to carry out

ence between surgeon with greater and lesser experience
compared to harvested LNs.
Indeed other authors consider this correlation inconsistent[8,19,22,53,78,84-86] as it does not record statistical differences related to surgeon expertise or between colorectal surgeons and general surgeons, thus giving other
authors[9,87,88] the opportunity to dwell, instead, on the
importance of an educational strategy that allows for a
more accurate surgical technique. From this perspective,
we must keep in mind that even though American studies[36,46,69] have reported that a hospital’s volume of surgery could affect lymph nodal sampling, Porter et al[37] and
Dejardin et al[89] have recently reported that the simple
implementation of guidelines within a center in addition
to recommendations or the application of audit strategies
may eliminate any differences between hospitals. This
leads us to believe that a correct approach to the problem
can bridge the “gap” between “current and best available
evidence.” The above authors’ implication seems to reveal that a diligent surgical technique, which above all else
ensures an adequate and “potentially measurable” sample
of mesocolon[21,41,87,88], can simply guarantee a sufficient
number of LNs to be sampled. Whether the greater
length of the intestine removed can determine more
lymph nodal sampling is, in fact, a matter of controversy.
While some authors lean toward this hypothesis[19,21,78],
others refute it completely[90].
Although, as of present, literature has not offered
conclusive data as to whether emergency surgeries are
responsible for limited resections and hence smaller num-
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in centers with a high case volume[3,23]. Therefore, while
the NCCN[39] recommends that if a pathologist samples
< 12 LNs, a greater amount of tissue must be examined,
the American College of Pathologists[103] adds that in
these cases the use of additional techniques is necessary
even though there is still no consensus on the precise
technique to be recommended.
In light of these considerations, especially for pathologists, it seems that, particularly in today’s society, the
“ceiling effect” must be reached (which is 12 or greater)
in order to optimize time, costs and human resources.

When we consider, instead, the non-advanced tumors
interesting is that recently report by Benhaim et al[99], the
first in the literature, that determine the total number of
LNs examined after colectomy for an endoscopically removed malignant polyp. In these patients the mean number of LNs examined was significantly lower compared
to both patients operated for colon cancer at any stage
(11.63 vs 26.23, P = 0.0006) and patients operated for colon cancer at pT1 stage (11.85 vs 19.21, P = 0.018). Considering the fact that none of the patients who underwent a colectomy after endoscopic polypectomy showed
a relapse, the authors suggest that the rule of 12 LNs can
not be applied to malignant polyps as more than 12 LNs
were examined in only 41% of patients who underwent a
colectomy for such lesions.
It is also generally agreed[3,56,80,86,107,111] that pre-operative radiotherapy is responsible for either a minor, absent,
or at best widely variable lymph nodal sampling, irrespective of the characteristics of the patients or treatment[17].
Evans et al[86], Deodhar et al[3], Tekkis et al[56] therefore
refer to an average lymph nodal sampling of 7, 9.54 e 9.8
LNs respectively, while Doll et al[111], Govindarajan et al[112]
and Rullier et al[113] report a statistically significant difference between patients treated with neoadjuvant radiochemotherapy or surgery alone (respectively 12.9 vs 21.4, P >
0.0001, 10.8 vs 15.5, P > 0.001, 13 vs 17, P > 0.001).
This appears to be due to inflammatory postradiotherapy processes which cause stromal fibrosis of
the LNs and of their subsequent reduction in size[6,17,67].
Rullier et al[113] report that for every Gy of radiation, the
sampled LNs number will be less than 0.21% and Norwood et al[19] show that this reduction is evident especially
when pre-operative radiotherapy is used in combination
with chemotherapy.
It is perhaps interesting to note that, in this case,
the reduction in the number of sampled LNs, although
oncologically favorable does not affect the survival rate
but rather must be viewed as a positive response to neoadjuvant treatment[6,111-113]. This has led some authors[17]
to conclude that the limit of 12 LNs is unrealistic for the
stage of rectal cancer of patients who are treated with
neoadjuvant therapy.

Unmodiafiable factors
Patient-related: The patient-related variables are among
those for which there is less debate and difference of
opinion. In the literature, in fact, it is agreed that advanced age could negatively affect lymph nodal sampling[10,40,41,44,48, 50,53,60,80,104-108], decreasing by 9% for every
10 years of age[107]. Among the hypotheses put forth, we
must remember that surgery performed on a patient of
advanced age cannot be extensive because of the presence of comorbidities[3,10,40], in addition to the physiological involution of LNs[10,40,56] and the weaker response of
the immune system[41].
Similarly, most authors[19,22,36,85,90,107], with regards to
gender, do not report a different LN retrieval while only
some[60,79,109] mention greater sampling in females.
Not all authors, on the other hand, are in agreement
on the role that obesity may have during lymphadenectomy; some authors[5,110], in fact, have shown either a
higher LN retrieval in non-obese patients or a lower one
in patients with high body mass index (BMI), probably
due to the more difficult surgical dissection[9,40,51,84]. Kuo et
al[5], which refer in his experience as the BMI is associated
with LNs harvest, highlights that the larger LN retrieval
in non-obese patients is due to a bigger number of right
colon cancers. However, the relationship between BMI
and LN sampling still remains an open question. In fact
many authors do not report such a correlation[9,22,61,84].
Disease-related: Also with regards to the unchangeable disease-related variables, the literature is mostly
consistent. All authors, in fact, agree that it is more difficult to achieve the target of 12 LNs when the tumor
is located in the rectum, possibly due to the smaller size
of the LNs, in spite of the higher percentage of malignant nodes retrieved[3,53]. With regards to the colon, the
number of LNs sampled is definitely higher in the right
colon[3,5,6,10,18,21,22,25,36,41,44,52,60,61,78,80,84,107,108] either because of
the greater length of the mesentery root[5,90] or due to a
different embryological development that would ensure a
greater number of LNs[78].
Tumor characteristics have often been thought to have
an effect on lymph nodal sampling; the greater the size
and the more advanced the tumor staging (T and grading),
the greater the number of LNs retrieved[9,10,21,22,25,31,78,86,107],
this probably due either to a greater immune response[78]
or to more aggressive surgery[9,10].

WCGO|www.wjgnet.com

CAN THE “LYMPH NODAL RATIO” BE
USEFUL IN THE EVENT OF INADEQUATE
SAMPLING?
The seventh edition of the AJCC classification[2], as mentioned previously, subdivides patients treated for colorectal cancer into prognostic categories according to the
number of metastatic LNs. The accuracy of the staging is,
however, influenced by the number of retrieved LNs that
must be ≥ 12. The lymph nodal ratio (LNR)[49], which is
the relationship between positive nodes divided by the total number of retrieved nodes, is in our opinion, justified
mainly because it means not having to reach the so called
“magic number.” The LNR prognostic validity could in
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fact be effective also in cases of reduced lymph nodal
sampling[12,16,45,114]. However, not all authors who have
written on the subject agree[6,43,49]. The LNR, independent
of the number of LNs sampled, is also justified since, taken with the AJCC classification, it would allow us to subdivide, according to the risk involved, stage Ⅲ patients
reducing the excessive prognostic heterogeneity[12,16,45].
In light of this, reviewing and taking into consideration the work of Bamboat et al[8], Qiu et al[12], Song et
al[13], and Greenberg et al[114] in 2011, the LNR seems to
be an independent prognostic factor in colorectal cancer, superior to the classification based only on N stage
(number of positive modes). In fact, based on the LNR
analysis, Greenberg et al[114] himself state that the survival
rate of stage Ⅲ patients with favorable LNR is similar to
that of stage Ⅱ patients.
Conversely, Noura et al[42] only one year before published an interesting and somewhat more cautious editorial. In fact, the author reported that even though the
LNR seemed to be a more reliable prognostic factor, its
validity, in actuality, could not be completely agreed upon.
In fact, clinical records were very different, randomized
and multi-centric studies were lacking, and, most importantly, a uniformly valid cut-off was missing.
One thing is certain, given the importance of both
the lymph nodal sampling and of the evidence of the
lymph nodal metastasis, it is unthinkable that a pathologist could stop after “having found” the first neoplastic
LN[78]. However, it is not exactly clear what the “ceiling
effect” is even in this case.

low for more involved and expensive techniques on only
a few LNs[29,30,32-34] which would reveal micrometastases
or isolated tumor cells.
The identification of the sentinel LNs, actually still
remains a controversy among those authors who consider the mesenteric lymph drainage, especially in the
rectum, too complicated[32,40], and the majority of authors who, on the other hand, maintain that an aberrant
lymphatic drainage occurs only in a small percentage of
cases[27,29,33,34].
As certainly interesting, the biological aspects of the
tumor still remain the subject of speculation. Some authors suggest that reduced survival is not necessarily due
to an inappropriate dissection performed by the surgeon
and the pathologist, but may be linked to a cancer that is
quite virulent and is hence responsible for a low immune
response from the patient[35,40,57,117]. Still, some other authors[11,40,41,46,47,118,119] maintain that an elevated sampling
could be determined by a vigorous immune response;
this, in turn, is determined by the molecular instability of
the tumor, which manifests itself as a high rate of “neoantigens” and therefore causes a more limited neoplastic
progression. Not coincidentally, these malignancies are
located in the right colon[41,44,118], where, as mentioned,
more LNs are found.
As has already been pointed out, the obsession with
the number 12 has its origins in studies which lack clear
statistical evidence. Just as Curti et al[1] asserted that, as
of 1998, not even a single prospective study had been
published, authors still today are calling for prospective
controlled studies that are, without question, difficult to
predict both for a number of ethical reasons and for the
sheer volume of clinical records. Hence, obtaining reliable data that would allow us to go beyond this obsession
with the number 12 will not be easy.

CONCLUSION
Despite the fact that numerous authors have expressed
their opinions on the number of LNs sampled, it can be
gathered that the number is between 6 and 40[42]. Therefore, only in light of this wide range, should we all refer
to the minimum number of LNs (now the obsessive “12”)
which can allow us to avoid the so-called “Will Roger’s
phenomenon”[115] responsible for understaging.
Even if the surgeon and pathologist, as variables in
the equation, could improve simply by standardizing
surgical technique and by increasing the amount of time
dedicated to this procedure, the other, more important
variables[22,31,114], namely patient and cancer-related, are
not as easily modifiable. It is with these latter two variables in mind that we still pose the question whether it is
possible, as we hope, to establish a universally valid cutoff node for all patients or whether it should instead be
varied according to individual cases[6,78].
Today, a valid perspective is still necessary for the
identification of the sentinel LNs (at least 3)[116]. This approach is based on the idea that the lymphatic flow originating from the tumor occurs “step by step”[35,117] and
the purpose of this technique in colorectal cancer would
be not so much to modify the size of the resection, as
has happened with other diseases, but for its “potential”
effects on improving the staging[29,31,40,41] since it would al-
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Abstract
Colorectal cancer (CRC) is one of the most frequent
neoplasms and an important cause of mortality in
the developed world. This cancer is caused by both
genetic and environmental factors although 35% of
the variation in CRC susceptibility involves inherited
genetic differences. Mendelian syndromes account for
about 5% of the total burden of CRC, with Lynch syndrome and familial adenomatous polyposis the most
common forms. Excluding hereditary forms, there is an
important fraction of CRC cases that present familial
aggregation for the disease with an unknown germline
genetic cause. CRC can be also considered as a complex disease taking into account the common diseasecommom variant hypothesis with a polygenic model of
inheritance where the genetic components of common
complex diseases correspond mostly to variants of
low/moderate effect. So far, 30 common, low-penetrance susceptibility variants have been identified for
CRC. Recently, new sequencing technologies including
exome- and whole-genome sequencing have permitted
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registries[3]. Around 60% of cases are diagnosed in the
developed world[3]. The highest incidence rates are found
in Australia and New Zealand, North America and Europe, whereas the lowest rates are registered in Africa
and South-Central Asia[2] (Figure 1).
CRC survival depends on the stage of disease at diagnosis and typically ranges from a 90% 5-year survival
rate for cancers detected at the localized stage to 10%
for people diagnosed of a distant metastatic cancer[4].
The lifetime risk of CRC in the general population is
about 5% in Western countries, but the likelihood of
CRC diagnosis increases progressively with age, being
more than 90% in individuals over age 50, and 70% of
these over 65[4].
CRC is believed to develop from polyps, which have
been traditionally classified as either hyperplastic or adenomatous. Until recently, according to the adenomacarcinoma sequence proposed by Vogelstein et al[5] the
adenoma was considered the exclusive precursor lesion
while hypeplastic polyps were deemed to have no malignant potential. However, it is now recognized that
lesions, formerly classified as hyperplastic, represent a
heterogeneous group of polyps with a characteristic serrated morphology, some of which have a significant risk
of malignant transformation through the serrated neoplasia pathway[4].

to add a new approach to facilitate the identification of
new genes responsible for human disease predisposition. By using whole-genome sequencing, germline
mutations in the POLE and POLD1 genes have been
found to be responsible for a new form of CRC genetic
predisposition called polymerase proofreading-associated polyposis.
© 2015 Baishideng Publishing Group Inc. All rights reserved.

Key words: Colorectal neoplasm, genetic predisposition
to disease; Next generation sequencing; Genotypephenotype correlation; Genetic variant; Single nucleotide polymorphism
Core tip: Colorectal cancer (CRC) is caused by both
genetic and environmental factors although 35% of
the variation in CRC susceptibility involves inherited
genetic differences. Mendelian syndromes account for
about 5% of the total burden of CRC. Excluding hereditary forms, there is an important fraction of CRC
cases that present familial aggregation for the disease
with an unknown germline genetic cause. Recently,
new sequencing technologies have permitted to add
a new approach to identify new genes responsible for
human disease predisposition. By doing so, germline
mutations in the POLE and POLD1 genes have been
found to be responsible for a new form of CRC genetic
predisposition.

GENETIC AND ENVIRONMENTAL RISK
FACTORS

Original sources: Esteban-Jurado C, Garre P, Vila M, Lozano
JJ, Pristoupilova A, Beltrán S, Abulí A, Muñoz J, Balaguer F,
Ocaña T, Castells A, Piqué JM, Carracedo A, Ruiz-Ponte C,
Bessa X, Andreu M, Bujanda L, Caldés T, Castellví-Bel S. New
genes emerging for colorectal cancer predisposition. World J
Gastroenterol 2014; 20(8): 1961-1971 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v20/i8/1961.htm DOI:
http://dx.doi.org/10.3748/wjg.v20.i8.1961

As other complex diseases, CRC is caused by both genetic and environmental factors. The role of environmental factors on colorectal carcinogenesis is indicated
by the increase in CRC incidence in parallel with economic development and adoption of Western diets and
lifestyles, responsible for the high incidence of CRC in
industrialized countries[7]. Although the majority of CRC
occur mostly in industrialized countries, their incidence
rates are rapidly rising in economically transitioning
countries in the world[8]. These observations highlight
the importance of environmental influences on CRC
development and suggest that Western lifestyle risk factors play an important role in the etiology of the disease.
However, although environmental causes such as smoking and diet are undoubtedly risk factors for CRC, twin
studies have shown that 35% of the variation in CRC
susceptibility involves inherited genetic differences[9,10].
In that sense, a minority of CRC cases (about 5%) show
strong familial aggregation and belong to the well-known
hereditary CRC forms mainly caused by germline mutations in APC, MUTYH and the DNA mismatch repair
genes[11]. Approximately 30% of CRC cases show some
family history of the disease but do not fit in the previous category and are regarded as familial CRC, whereas
a majority of cases do not show any familial aggregation
and correspond to sporadic CRC. For instance, familial
CRC accounted for about 30% of all CRC cases in an

INTRODUCTION
Colorectal cancer (CRC) is one of the most frequent
neoplasms and an important cause of mortality in the
developed world. Approximately 5% of the population develops CRC and this figure is expected to rise
as life expectancy increases[1]. For 2015, approximately
473200 new cases are predicted and 233900 individuals
will die from this disease in Europe[2]. When taking into
account both genders together, it corresponds to the
most frequent neoplasm in Spain. Although there has
been recent progress in CRC clinical management and
treatment that has permitted to reduce the number of
cases in the developed countries, it is foreseen that its incidence will increase worldwide with developing nations
bearing the brunt of the rise. The incidence of CRC varies widely between countries, depending on their degree
of development and also on the quality of their cancer
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Figure 1 Colorectal cancer in the world. A: Estimated age-standarized incidence rate per 100000 individuals (both genders and all ages); B: Estimated age-standarized incidence and mortality rate per 100000 individuals by genders (data adapted from Ferlay et al[2]).

epidemiological study in the Spanish population[12].

polyposis syndrome, which are further described below.
Hereditary Nonpolyposis Colorectal Cancer (HNPCC;
MIM No.120435), also known as Lynch syndrome, is
the most common form of hereditary CRC accounting for at least 3% of all CRC. HPNCC is an autosomal
dominant syndrome defined clinically by the Amsterdam
criteria (Table 2), which are used in clinical practice to
identify individuals at risk for this disease who require
further evaluation and are based on strong familial aggregation and early onset. It is characterized by earlyonset CRC (mean age at diagnosis, approximately 45
years), excess synchronous and metachronous colorectal
neoplasms and right-sided predominance compared to
sporadic neoplasms. In addition, there is an increased

HEREDITARY CRC
Mendelian cancer syndromes account for about 5% of
the total burden of CRC[11]. The genetic components involved in these less frequent hereditary forms were successfully identified using linkage analysis in the past two
decades and they correspond to rare highly penetrant
alleles that predispose to CRC. Two major subgroups
can be clinically divided on the presence or absence of
colorectal polyposis. An overview of all CRC syndromes
is provided in Table 1. The most frequent forms are
hereditary nonpolyposis colorectal cancer and familial
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Table 1 Hereditary colorectal cancer genes

Familial adenomatous polyposis
Hereditary non-polyposis CRC (Lynch syndrome)

Peutz-Jeghers
Juvenile polyposis
Cowden’s disease

Gene

Chromosome

Mendelian pattern

Function

APC
MUTYH
MLH1
MSH2
MSH6
PMS2
LKB1
SMAD4
BMPR1A
PTEN
KLLN

5q
1p
3p
2p
2p
7p
19p
18q
10q
10q
10q

AD
AR
AD
AD
AD
AD
AD
AD
AD
AD
AD

Regulation of canonical Wnt signaling pathway
Base-excision repair
Mismatch repair
Mismatch repair
Mismatch repair
Mismatch repair
Regulation of Wnt signaling pathway
TGFBR signaling pathway
TGFBR signaling pathway
Negative regulation of PI3K signaling
Apoptotic process

CRC: Colorectal cancer; AD: Autosomal dominant; AR: Autosomal recessive; TGFBR: Transforming growth factor beta receptor; PI3K: Phosphatidylinositol
3-kinase.

Table 2 Amsterdam criteria in Lynch syndrome
Amsterdam criteria Ⅱ

Amsterdam criteria Ⅰ
At least three relatives with CRC; all of the following must be
met:

At least three relatives with colorectal, endometrial, small bowel, ureter, or renal pelvis
cancer; all of the following must be met:

One affected individual is a first degree relative of the other
two
At least two successive generations affected
At least one CRC diagnosed before the age of 50 years
Familial adenomatous polyposis has been excluded

One affected individual is a first degree relative of the other two
At least two successive generations affected
At least one tumor diagnosed before the age of 50 years
Familial adenomatous polyposis has been excluded

CRC: Colorectal cancer.

incidence of extracolonic neoplasms (endometrial, small
bowel, gastric, upper urinary tract, ovarian, brain and
pancreatic tumors) being endometrial cancer the most
common malignancy associated with Lynch syndrome.
Indeed, Lynch syndrome is responsible for approximately 2% of all endometrial cancers[13]. The lifetime risk
for developing CRC in individuals affected with Lynch
syndrome have been estimated in approximately 66%
for men and about 43% for women. The cumulative risk
of endometrial cancer is approximately 40% and the
lifetime risk of endometrial cancer or CRC in women is
approximately 73%[14]. Lynch syndrome tumors develop
as a consequence of defective DNA mismatch repair
(MMR) associated with germline mutations in the MMR
genes, including MSH2 on chromosome 2p16, MLH1
on chromosome 3p21, MSH6 on chromosme 2p16,
and PMS2 on chromosome 7q11. In addition, germline
epigenetic inactivation of MLH1, by hypermethylation
of its promoter, can also lead to Lynch syndrome[15].
Recently, germline deletions of the 3’ region of EPCAM
gene were found in a subset of families with Lynch syndrome. This deletion leads to promoter hypermetilation
of MSH2, located upstream of the deleted gene[16]. The
MMR system is necessary to maintaining genomic fidelity by correcting single-base mismatches and insertiondeletion loops during DNA replication. As a consequence, Lynch syndrome tumors accumulate errors in
short repetitive sequences, a phenomenon called microsatellite instability (MSI), which is considered a landmark for this disease. It is noteworthy to mention that in
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sporadic MSI CRC cancers, loss of expression of MLH1
due to hypermethilation of its promoter is a frequent
event, and it is linked with the somatic mutation V600E
in the BRAF gene[17].
Familial Adenomatous Polyposis (FAP; MIM No.175100)
is the most common polyposis syndrome, classically characterized by the development of hundreds to thousands
of adenomatous polyps in the rectum and colon. FAP is
an autosomal dominant disease and accounts for approximately 1% of all CRC cases. In the majority of patients
polyps begin to develop during the second decade of life
and nearly 100% of untreated patients will have malignancy
by ages 40-50 years. Individuals with FAP can also develop
a variety of extracolonic manifestations, including cutaneous lesions such as fibromas, lipomas, sebaceous and
epidermoid cysts, facial osteomas, congenital hypertrophy of the retinal pigment epithelium, desmoid tumours
and extracolonic cancers (tyroid, liver, biliary tract and
central nervous system)[18]. Duodenal cancer is the second most common malignancy in FAP, with a lifetime
risk of approximately 4%-12%. Adenomatous polyps are
also found in the stomach and duodenum, especially the
periampullary area and can develop into adenocarcinomas.
After colectomy, periampullary carcinoma is the most
common malignancy, occurring in approximately 5%-6%
of the patients[19]. Some lesions such as skull and mandible osteomas, dental abnormalities and fibromas are
indicative of the Gardner syndrome, a clinical variant of
FAP where the extracolonic features are prominent. FAP
is caused by germline mutations in the APC gene on
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chromosome 5q22, which encodes a tumor suppressor
protein that plays an important role in the Wnt signaling
pathway. Most patients have a family history of colorectal polyps and cancer, but de novo APC mutations are
responsible for approximately 25% of cases[11].

parallel sequencing, is based in sequencing millions of
DNA fragments at the same time[34]. It consists in a mix
of techniques of DNA shearing, PCR amplification and
sequencing through modified nucleotides attached to a
reversible terminator and a fluorophore, which permits
fluorescent detection with an imaging system. Once the
fragments are sequenced, they are assembled de novo
or aligned with a reference genome by bioinformatics
tools and positions that differ are designated as variants.
Variants are annotated assigning their position in a gene,
retrieving frequency information from genetic variation
databases and categorizing them by their functional class
(nonsense, missense, synonymous, frameshift, splicing,
intronic, untranslated regions, regulatory).
The advantage of NGS comparing with conventional
Sanger sequencing is that millions of DNA fragments
are sequenced at the same time which permits to have
an entire human genome sequenced in few days, and
the cost is greatly reduced. However, data analysis that
includes filtering of the false positives and prioritization of the candidate variants for the studied phenotypic
condition is the main bottleneck of NGS, being time
consuming and requiring different strategies that will be
discussed later. Another disadvantage of NGS is that
PCR amplification and sequencing reaction steps systematically introduce mistakes, producing base-calling
errors and shorter sequenced fragments that difficult
the mapability to the reference sequence. Due to recent
technology and variant calling algorithm improvements,
NGS is probably nowadays more accurate than conventional Sanger sequencing[35]. However, although there
is a very small error rate associated with NGS, a huge
amount of false positives are still detected since millions
of variants are sequenced per genome[36]. Thus, after
data analysis and selection of the candidate variants it is
necessary to validate them using a technology with a different systematic error associated, such as conventional
Sanger sequencing, which increases the costs and time
of the analysis.
In order to detect genomic sequence variation by
NGS, it is possible to sequence the entire genome (wholegenome sequencing, WGS) or capture and sequence
only specific regions of interest (targeted enrichment).
The most commonly used application for NGS target
enrichment in the human genome is whole-exome sequencing (WES) that captures and amplifies the entire
protein coding sequence (1% genome), flanking intronic
regions and some noncoding RNAs[37]. It is a cost effective approach for detecting rare high penetrance variants based on the fact that for Mendelian disorders over
the 85% of causative mutations are in coding regions.
One advantage of WES is that is about much cheaper
than WGS, which allows sequencing a larger number
of samples with better accuracy or coverage. The term
coverage corresponds to the read depth or depth and
it is the average number of times that a nucleotide has
been sequenced in a different sequencing read. Also,
the data analysis pipelines are simpler in WES than for

APPROACHES TO IDENTIFY GENETIC
VARIANTS FOR CRC RISK
Among CRC cases of unknown inherited cause, there
are large families with a clear positive family history of
CRC, which are likely caused by highly penetrant risk
loci. In the last few years, it has been described that approximately 40%-50% of CRC families that fulfill the
Amsterdam Criteria for Lynch syndrome do not show
evidence of MMR deficiency. Studying relatives in such
families showed that CRC risk is lower than in those
families with Lynch syndrome, that CRC diagnosis is in
average 10 years later and that there is no increased incidence of extracolonic malignancies[20,21]. The designation
of Familial CRC type X was proposed to describe this
type of CRC clustering[20]. Meanwhile, genes responsible
for this new entity are unknown, and most patients are
included in the heterogeneous group of non-syndromic
familial CRC.
Recently, there have been several efforts to identify
additional genetic factors that predispose to CRC with
uneven success. Linkage analysis in affected families
were able to pinpoint chromosomal regions of interest
such as 9q22 and 3q22 but no clear CRC predisposition
genes were identified after screening for interesting candidates within these areas[22,23].
Since the known high-risk syndromes only account
for a small minority of CRC cases, there has been an
intensified search for low-penetrance genetic variants
that probably underlie part of the hereditary predisposition and together with environmental interactions
are responsible for CRC as a complex disease. Therefore, the common disease-common variant hypothesis
has been also considered, being a polygenic model of
inheritance where the genetic components of common complex diseases correspond mostly to variants
of low/moderate effect (typically < 1.5-fold increased
risk) that appeared at an elevated frequency in the
population (> 5%), each exerting a small influence on
disease risk. In this regard, case-control genome-wide
association studies (GWAS) have been more successful
by discovering up to now 31 common, low-penetrance
genetic variants involved in CRC susceptibility [24-32]
(Table 3).

OVERVIEW OF NEW SEQUENCING
TECHNOLOGIES
Until recently, the Sanger method was the dominant
approach and gold standard for DNA sequencing [33].
Next generation sequencing (NGS), also called massive
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Table 3 Genetic variants associated with colorectal cancer susceptibility identified by genome-wide association studies (as for September 2013)
SNP
rs693267
rs4939827
rs16892766
rs3802842
rs4779584
rs10795668
rs4444235
rs9929218
rs10411210
rs961253
rs6691170
rs10936599
rs11169552
rs4925386
rs1957636
rs4813802
rs2736100
rs1321311
rs3824999
rs5934683
rs12080929
rs11987193
rs10774214
rs647161
rs2423279
rs11903757
rs10911251
rs3217810
rs3217901
rs59336

Region
8q24.21
18q21.1
8q23.3
11q23.1
15q13.3
10p14
14q22.2
16q22.1
19q13
20p12.3
1q41
3q26.2
12q13.3
20q13.33
14q22.2
20p12.3
5p15.33
6p21
11q13.4
Xp22.2
1p33
8p12
12p13.32
5q31.1
20p12.3
2q32.3
1q25.3
12p13.32
12p13.32
12q24.21

Gene
MYC
SMAD7
EIF3H
?
GREM1
?
BMP4
CDH1
RHNP2
BMP2
DUSP10
TERC
?
LAMA5
BMP4
BMP2
TERT
CDKN1A
POLD3
SHROOM2
SLC5A9
DUSP4
CCND2
PITX1
HAQ1
NABP1
LAMC1
CCND2
CCND2
TBX3

WGS. However, WES need for larger amounts of DNA
sample and only covering coding variants are among the
shortcomings for this technique. It is noteworthy mentioning that NGS target enrichment can also be used to
sequence a panel of known genes for clinical diagnosis[33]
or regions of linkage disequilibrium for a disease.
The election of individuals to sequence is a critical
process to take into account for further analysis and will
depend of the disease phenotype and pattern of genetic
inheritance. Also, it should be noted that is possible to
obtain good results with NGS when using carefully selected patients in contrast to GWAS, where number of
cases and controls that are compared needs to be much
higher in order to obtain statistically significant findings. For diseases with genetic heterogeneity as human
cancers, different strategies can be used including the selection of families with strong disease aggregation or sequencing sporadic cases with early onset for the disease.
Both situations are suggestive of the involvement of a
germline predisposition. When focusing in families with
several affected members, sequencing can be performed
in several cases in each family and only those shared
variants will be taken into account. On the other hand,
if sporadic early-onset cases are chosen, genes with variants in different individuals can be selected. Sequencing
non affected individuals of the same family can be useful to discard the variants shared with patients, as long as
the disease has complete penetrance or it is quite likely

WCGO|www.wjgnet.com

Sample size

Effect size

(cases/controls)

OR (95%CI)

8264/6206
8413/6949
18831/18540
14500/13294
7922/6741
18831/18540
20288/20971
20288/20971
20288/20971
20288/20971
18185/20197
18185/20197
18185/20197
18,185/20,197
24910/26275
24910/26275
16039/16430
21096/19555
21096/19555
21096/19555
2317/2447
2317/2447
11870/14190
11870/14190
11870/14190
15752/21771
15752/21771
13654/16022
15752/21771
15752/21771

1.21 (1.15-1.27)
1.18 (1.12-1.23)
1.25 (1.19-1.32)
1.12 (1.07-1.17)
1.26 (1.19-1.34)
1.12 (1.10-1.16)
1.11 (1.08-1.15)
1.10 (1.06-1.12)
1.15 (1.10-1.20)
1.12 (1.08-1.16)
1.06 (1.03-1.09)
0.93 (0.91-0.96)
0.92 (0.90-0.95)
0.93 (0.91-0.95)
1.08 (1.05-1.11)
1.09 (1.06-1.12)
1.07 (1.04-1.10)
1.10 (1.07-1.13)
1.10 (1.07-1.13)
1.07 (1.04-1.10)
0.86 (0.78-0.95)
0.78 (0.70-0.87)
1.04 (1.00-1.09)
1.07 (1.02-1.11)
1.07 (1.03-1.12)
1.16 (1.10-1.22)
1.09 (1.06-1.13)
1.20 (1.12-1.28)
1.10 (1.06-1.14)
1.09 (1.06-1.13)

that the non affected individuals will not express the disease in their lifetime.
Data filtering and prioritization in NGS
Based on several recently sequenced individual genomes
a pattern has been recognized that, in general, approximately 3-4 million variants are expected to be found in a
human genome by WGS[38] and 20000 single nucleotide
variants are to be found in a human exome by WES[39],
so it is necessary to do a filtering strategy in order to
eliminate as many false positives as possible. The first
filter to apply is for those variants that do not pass a
coverage threshold (typically 5-10x).
The second filtering process is based on the kind of
inheritance, penetrance and frequency of the disease.
Regarding the inheritance, for monogenic diseases where
unrelated affected individuals have been sequenced, it is
necessary to select only the genes that have variants in all
of them. If a disease with genetic heterogeneity is studied, variants shared between the affected members of
the same family and not shared by the unaffected ones
will be chosen. Also, if dominant inheritance is present heterozygous mutations will be expected, whereas
homozygous or compound heterozygous mutations will
be selected in the case of recessive inheritance. However, variants in the non pseudoautosomal regions of
X chromosome for dominant inheritance have to take
into account also. In men, they will be annotated as
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homozygous and it is necessary to select these variants
too and not filter them out. Regarding variant effect on
protein, it is assumed that high penetrance mutations
are causative of Mendelian disorders with a large effect
on protein function. Therefore, a positive selection for
variants with a strong effect on the protein is advised
including those affecting canonical splice sites, as well as
frameshift, nonsense and missense mutations.
Proportionally, more deleterious than polymorphic
variants are expected to be rare so a causative mutation
is not expected to be present at a high frequency in the
general population[40]. Thus, variants present at high frequency at reference genetic variation databases can be removed as potential candidates to be causative mutations.
However, many variants can still remain for each individual as putative causative mutations for the disease
after filtering. A logical approach to reduce the number
of candidate variants is to prioritize the mutations in
genes previously implicated with the studied disease.
Also, since the protein products of genes responsible
for the same disorder tend to physically interact with
each other so as to carry out certain biological functions,
another approach for the prioritization strategy will be
to include genes interacting with those previously implicated with the studied disease[41]. Finally, knowledge of
the pathways implicated in a disease can be helpful also
to prioritize those genes related with those pathways. After filtering and prioritization, a list of candidate variants
will be available.
Sequencing validation by Sanger sequencing or any
other PCR technology designed to detect a specific
nucleotide change is necessary after NGS to confirm
the prioritized variants and exclude sequencing artifacts.
Also, segregation analysis in families permits to check if
a candidate variant segregates correctly with the disease.
Therefore, affected members need to be carriers and
non-affected individuals old enough to be expressing the
disease should be non-carriers in order to find correct
segregation of the candidate variant with the studied disease. Additionally in the case of hereditary cancer, when
heterozygous candidate variants with correct segregation are identified, it is necessary to confirm if there is
loss of the second allele in the tumor DNA in order to
establish the candidate gene as a tumor suppressor gene.
Case-control screening studies can also be performed in
order to identify additional carriers of the candidate variants in ample disease cohorts and further demonstrate
its absence in controls. Finally, functional assessment of
the candidate variant and affected gene will be also necessary to further confirm the negative effect of the variant in the protein and prove its involvement in disease
development by in vitro studies and animal models.

permitted to add a new approach to facilitate the identification of new genes responsible for human disease
predisposition. Indeed, some seminal efforts have been
already completed very recently for CRC. However, before these high-throughput technologies have yielded
results in CRC families, some previous low-throughput
sequencing studies reported directed screening of some
plausible gene candidates for various reasons. Most studies have not been replicated in additional cohorts and,
therefore, there is a strong need to further validate them
before considering these genes as hereditary CRC genes
perse.
A truncating mutation was found in the CDH1 gene in
a family with predisposition to CRC and gastric cancer,
suggesting that germline mutations in this gene could
contribute to early onset CRC and gastric cancer [42].
Later on, the AXIN2 gene, a component of the Wnt
signaling, was found to be mutated in a Finnish family
with severe permanent tooth agenesis and CRC[43]. In a
subsequent study in patients with unexplained hamartomatous or hyperplastic/mixed polyposis, two early-onset
disease patients were found to have germline mutations in ENG, encoding endoglin, previously associated
only with hereditary hemorrhagic telangiectasia[44]. This
study suggested ENG as a new predisposition gene for
juvenile polyposis, however this gene was found to be
mutated in an additional study only in patients with ≥
5 cumulative lifetime gastrointestinal polyps but not in
juvenile polyposis[45]. EPHB2 was also evaluated as a
candidate tumor suppressor gene for CRC and found
mutated in 3 out 116 population-based familial CRC
cases, suggesting this gene may contribute to a small
fraction of hereditary CRC[46]. In 2009, the GALNT12
gene was also found mutated in the germline of 6 CRC
patients[47]. This gene encodes one of the proteins involved in mucin type O-linked glycosylation and it is located in chromosomal region 9q22, previously involved
in familial CRC. A more recent study detected additional
deleterious variants in this gene reinforcing its role as
a new candidate gene for hereditary CRC[48]. Also, an
inherited duplication affecting the protein tyrosine phosphatase PTPRJ and causing epigenetic silencing of this
gene was detected in a CRC family without polyposis
and MMR alteration, being indicative of its contribution to a fraction of hereditary CRC with unknown basis[49]. Afterwards, BMP4, a gene close to 2 of the CRC
genetic susceptibility variants identified by GWAS, was
also screened in 504 genetically enriched CRC and 3
pathogenic mutations were identified[50]. Then, it could
be plausible that some genes identified by CRC GWAS
could be also involved in hereditary CRC. In 2011, the
BMPR1A gene, previously involved in juveline polyposis
and mixed polyposis germline predisposition, was also
found mutated in familial CRC type X cases, expanding its phenotype also to this CRC hereditary form[51].
Finally, Cowden syndrome individuals without germline
PTEN mutations were found to carry germline mutations in PIK3CA and AKT1, expanding the genetic spec-

NEW GENES IDENTIFIED FOR CRC
GENETIC PREDISPOSITION
New sequencing technologies made available recently
including exome- and whole-genome sequencing have
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trum of this hereditary CRC condition[52].
Regarding NGS studies to identify new CRC predisposition genes, Palles et al[53] reported very recently
the identification of germline mutations in the POLE
(polymerase (DNA directed), epsilon, catalytic subunit) and POLD1 (polymerase (DNA directed), delta
1, catalytic subunit) genes in individuals with multiple
colorectal adenomas, carcinoma or both, using wholegenome sequencing[54]. POLE and POLD1 encode the
catalytic and proofreading activities of the leading-strand
DNA polymerase ε and the lagging-strand polymerase
δ. The proofreading capacity of the exonuclease domain
is essential for the maintenance of replication fidelity
and may act not only on newly misincorporated bases
but also on mismatches produced by non-proofreading
polymerases. They identified a heterozygous p.Leu424Val
missense variant in POLE DNA polymerase in a family affected with adenomas and CRC and a p.Ser478Asn
missense variant in POLD1 in a second family with CRC.
The same POLD1 p.Ser478Asn variant was also identified in the affected members of an independent family.
These findings were further validated in a screen of 3,085
individuals with CRC, enriched for a family history of
colorectal tumors, in which they detected 12 individuals
with the p.Leu424Val variant in POLE and one additional individual with the pSer478Asn in POLD1. Functional
assessment supported the importance of these mutations in POLE and POLD1. Mutagenesis studies of Polδ
and Pol3 in yeast showed that the mutation of the equivalent residue produces a mutator phenotype and loss
of the proofreading activity of the protein[53,55,56]. Also,
mice expressing proofreading-impaired Pole and Pold1
in a homozygous state developed spontaneous intestinal
adenocarcinomas or a spectrum of cancers[57]. Thus,
germline variants in POLE and POLD1 predispose to
individuals to either a multiple colorectal adenoma phenotype similar to that observed in MUTYH-associated
polyposis or a HNPCC phenotype, in which carriers
develop early-onset CRC. Although additional studies
will be needed to evaluate these rare germline variants in
POLD1 and POLE and their associated phenotypes, the
authors suggest that screening for these variants should
be considered in patients with an unexplained personal
or family history of multiple adenomas, early onset CRC
or both. On the other hand, carriers are potential candidates for regular and frequent colonoscopic surveillance
starting at an early age.
Two additional reports using exome sequencing have
also been published very recently but their results are
not as solid as those for the polymerase genes previously
mentioned. A cohort of 50 sporadic CRC patients was
sequenced including 18 early-onset cases with a relatively
low coverage in the first study[58]. Variants were biased
selected when found in a list of 1,138 genes likely to play
a role in CRC. Further selection to include only those
genes undergoing bialleic inactivation yielded FANCM,
LAMB4, PTCHD3, LAMC3 and TREX2 as potential tumor suppressor candidates. In the second study,
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exome sequencing was completed for 40 familial cases
from 16 families by selecting distant relatives to decrease
the number of shared, non-predisposition variants[59].
Data was analyzed firstly by an agnostic search for CRC
predisposition genes not taking into account a biased
list of candidates, and secondly by selecting genes previously involved in CRC predisposition or within CRC
linkage regions. Two missense variants in the CENPE
and KIF23 genes that complied with family segregation
and belong to regions on chromosomes 1 and 15 formerly linked to CRC were considered the more plausible
candidates for CRC predisposition but additional studies
are needed to further elucidate their role.

CONCLUSION
CRC is one of the most frequent neoplasms and an
important cause of mortality in the developed world.
CRC is caused by both genetic and environmental factors although 35% of the variation in CRC susceptibility
involves inherited genetic differences. Mendelian cancer
syndromes account for about 5% of the total burden of
CRC, being Lynch syndrome and familial adenomatous
polyposis the most common forms. Familial CRC type X
is an example of CRC with unknown inherited cause. A
clear positive family history of CRC is present (Amsterdam criteria for Lynch syndrome are fulfilled) although
MMR is proficient. When considering CRC as a complex disease, low-penetrance genetic variants probably
underlie part of the hereditary predisposition together
with environmental interactions. So far, 30 susceptibility
variants have been identified for CRC. New sequencing
technologies made available recently including exomeand whole-genome sequencing have permitted to add
a new approach to facilitate the identification of new
genes responsible for human disease predisposition.
Germline mutations in the POLE and POLD1 genes are
responsible for a new form of CRC genetic predisposition called polymerase proofreading-associated polyposis.
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improve outcomes. Normalization of preoperative hemoglobin levels is a World Health Organization recommendation. Iron repletion should be routinely ordered
when indicated. Oral iron is poorly tolerated with low
adherence based on published evidence. Intravenous
iron is safe and effective but is frequently avoided due
to misinformation and misinterpretation concerning
the incidence and clinical nature of minor infusion reactions. Serious adverse events with intravenous iron
are extremely rare. Newer formulations allow complete
replacement dosing in 15-60 min markedly facilitating
care. Erythropoiesis stimulating agents may improve
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Management used to minimize or eliminate allogeneic
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Abstract
Anemia, usually due to iron deficiency, is highly prevalent among patients with colorectal cancer. Inflammatory cytokines lead to iron restricted erythropoiesis
further decreasing iron availability and impairing iron
utilization. Preoperative anemia predicts for decreased
survival. Allogeneic blood transfusion is widely used to
correct anemia and is associated with poorer surgical
outcomes, increased post-operative nosocomial infections, longer hospital stays, increased rates of cancer
recurrence and perioperative venous thromboembolism. Infections are more likely to occur in those with
low preoperative serum ferritin level compared to those
with normal levels. A multidisciplinary, multimodal,
individualized strategy, collectively termed Patient
Blood Management, minimizes or eliminates allogeneic
blood transfusion. This includes restrictive transfusion
policy, thromboprophylaxis and anemia management to
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Core tip: Anemia, usually due to iron deficiency, is
highly prevalent among patients with colorectal cancer.
Both anemia and allogeneic blood transfusion are associated with poorer outcomes. Anemia management,
within a multidisciplinary, multimodal, individualized
strategy to minimize or eliminate allogeneic blood
transfusion, is indicated to improve outcomes. Intravenous iron is safe and effective but underused, despite the extremely low risk of causing serious adverse
events. Newer intravenous iron formulations allow
complete replacement dosing in 15-60 min markedly
facilitating care. Erythropoiesis stimulating agents may
improve response rates.
Original sources: Muñoz M, Gómez-Ramírez S, MartínMontañez E, Auerbach M. Perioperative anemia management

1301

February 8, 2015|First Edition|

Muñoz M et al . Anemia management in colorectal cancer

hemorrhage, neoadjuvant chemotherapy or radiotherapy,
and nutritional deficiencies. These may be exacerbated by
activation of the immune system with release of inflammatory cytokines such as tumor necrosis factor alpha
(TNF-α), interferon gamma (IFN-γ), and interleukins
(IL)-1, -6, -8 and -10[18-20]. These inflammatory mediators
cause anemia via a variety of pathophysiological mechanisms (Figure 1): (1) decreased red cell half-life due to
dyserythropoiesis with red cell damage and increased
erythrophagocytosis (TNF-α); (2) inadequate EPO response for the severity of anemia; (3) impaired responsiveness of erythroid cells to EPO (IFN-γ, IL-1, and
TNF-α); (4) inhibited proliferation and differentiation of
erythroid cells (IFN-γ, IL-1, TNF-α, and α-1-antitrypsin);
and (5) pathologic iron homeostasis due to increased divalent metal transport 1 (IFN-γ) and transferrin receptor
expression (IL-10) in macrophages, reduced ferroportin 1
expression (IFN-γ and IL-6-induced high hepcidin levels)
in enterocytes and macrophages, and increased ferritin
synthesis (TNF-α, IL-1, IL-6, IL-10).
Transferrin-bound iron is the primary iron source
for erythropoiesis, entering the erythroblast by a process
involving transferrin receptor-mediated endocytosis. This
iron may be obtained by absorption of dietary iron and/
or mobilization of iron stores at macrophages and liver.
Dietary non-hem iron primarily exists in an oxidised (Fe3+)
form which is reduced to the Fe2+ form by a ferrireductase enzyme, before being transported across the intestinal epithelium by a carrier protein called divalent metal
transporter 1. Dietary heme iron enters the enterocyte by
heme carrier protein, is metabolised by heme oxygenase
to release Fe2+, which enters a common pathway with dietary non-hem iron before being exported by ferroportin
1 across the basolateral membrane of the enterocyte (absorbed iron). Iron export from the stores at macrophages
and hepatocytes is also accomplished primarily by ferroportin 1. Iron is then oxidized, released into the circulation, bound to transferrin and transported to sites of use
(Figure 2)[19,20].
The amount of iron required for daily renewal of red
blood cells (20-30 mg) is provided mostly by senescent
erythrocyte iron recycling at macrophages. Therefore, as
daily absorption (1-2 mg) just balances daily loss, internal
turnover of iron is essential to meet the bone marrow
requirements for erythropoiesis.
Hepcidin, a 25-amino acid peptide produced mainly
by hepatocytes in response IL-6 levels, plays a major
role in dysregulation of iron homeostasis during inflammation. Once synthesised, hepcidin is secreted into the
bloodstream and interacts with ferroportin 1 (the only
known iron exporting protein) at enterocyte basolateral
membrane, hepatocytes and macrophages (Figure 2). The
binding of hepcidin to ferroportin 1 causes internalization
and lysosomal degradation of the carrier protein. Thus,
hepcidin regulates the rate of iron absorption by villous
enterocytes and the rate of iron recirculation from macrophages and hepatocytes, resulting in hypoferremia. In
addition, inflammatory mediators increased divalent metal

in colorectal cancer patients: A pragmatic approach. World J
Gastroenterol 2014; 20(8): 1972-1985 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v20/i8/1972.htm DOI:
http://dx.doi.org/10.3748/wjg.v20.i8.1972

PREVALENCE OF ANEMIA AND IRON
DEFICIENCY
Anemia is one of the most frequent extraintestinal manifestations of colorectal cancer (CRC), and may be present in 30%-75% of patients, predicated on the level of
hemoglobin (Hb) used to define anemia and tumor localization and stage[1-7]. A study on 358 patients with CRC
reported a 25% prevalence of moderate to severe anemia
(Hb < 10 g/dL). The multivariate analysis revealed that
age, tumor site (right colon), and tumor size (large size),
but not clinical stage or histological type, were significant
contributing factors[2]. These results were corroborated
by a study of 1189 Norwegian patients[7]. Lastly, a recent
study showed that iron deficiency (ID) in CRC was associated with poor performance and more advanced disease[8].

CONSEQUENCES OF ANEMIA
Preoperative anemia is the major predictive factor for
allogeneic blood transfusion (ABT) in surgeries with
moderate to high perioperative blood loss, which is causative in postoperative anemia and aggravates pre-existing
anemia[9]. In CRC resection, a hematocrit of less than
30% has been shown to be an independent risk factor for
perioperative ABT[6,7,10,11]. Even mild-to-moderate preoperative anemia has been linked to increased postoperative
morbidity and length of hospital stay as well as decreased
disease-free survival after resection[12-14]. This is supported
by a recent publication in which preoperative anemia
significantly worsened overall survival (P = 0.040) in the
univariate analysis[15]. However, in the multivariate analysis the difference did not approach statistical significance.
Both preoperative anemia and ID without anemia
increase the rate of postoperative nosocomial infection.
Following abdominal surgery, infections were significantly
more likely with low preoperative serum ferritins compared with normal levels. The data were especially poignant in that confounders including Hb level were taken
into account in the analysis[16]. Zago et al[17] evaluated the
relationship of vitamin and mineral levels to wound complications in 100 abdominal surgical procedures, and noted low plasma retinol (a marker of low vitamin A intake)
and high erythrocyte protoporphyrin (an early marker of
ID) to be surrogates of increased complications. Further
evaluation of the benefits of these measurements as a
standard of care appears warranted.

PATHOPHYSIOLOGY OF ANEMIA
In CRC, preoperative anemia can be attributed to chronic
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transporter 1 (IFN-γ), transferrin receptor expression
(IL-10) and ferritin synthesis (TNF-α, IL-1, IL-6, IL-10)
in macrophages leading to increased iron storage[18-20].
Hypoferremia and increased reticuloendothelial iron
result in decreased iron availability referred to as iron restricted erythropoiesis or functional iron deficiency (FID);
formerly referred to as anemia of chronic disease. This is
characterized by low serum iron and decreased transferrin
saturation, in the face of adequate body iron stores defined by the presence of stainable iron in the bone marrow and/or a serum ferritin value within or above normal
limits. Finally, when persisting decreased iron absorption
and/or chronic blood loss are present, FID may evolve
to absolute iron deficiency (FID + ID). While hepcidin
affects iron trafficking in FID and FID + ID, individuals

WCGO|www.wjgnet.com

suffering from FID + ID have significantly lower hepcidin levels than those with FID without ID[21]. Individuals
with both, in contrast to FID alone, absorb some dietary
iron from the gut and mobilize some iron from macrophages. Thus, hepcidin levels may be useful in differentiating between FID and FID + ID and in selecting appropriate therapy for these patients[21]. This is supported by a
recent presentation by Steensma et al[22] who noted a 92%
response rate to intravenous (iv) iron in chemotherapy
induced anemia patients with low pretreatment hepcidin levels. Hepcidin levels have been also shown useful
in predicting non-responsiveness to oral iron therapy in
patients with IDA[23]. Ward et al[24], in a cohort of 56 CRC
patients, measured hepcidin in urine and determined hepcidin mRNA expression and hepcidin cellular localization
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Table 1 Main laboratory tests for the assessment of iron depletion
Laboratory test

Normal values
Conventional units

Iron status in the body
Serum iron
Transferrin
Transferrin saturation
Ft
sTfR1
sTfR/log Ft
Iron deficient red cell production
Hb
Mean corpuscular volume
Red cell distribution width
Mean corpuscular Hb
Hypochromic red cells
Reticulocyte Hb content

50-180 g/dL
200-360 mg/dL
20%-50%
30-300 ng/mL
0.76-1.76 mg/L
<1
12-16 g/dL ♀
13-17 g/dL ♂
80-100 fL
11-15
28-35 pg
< 5%
28-35 pg

2

Conversion factor

SI units

× 0.179
× 0.01

9-32 mol/L
2-3.6 g/L

× 2.247

65-670 pmol/L
6.4-25.7 nmol/L

× 0.62063

7.5-10 mmol/L
8-10.5 mmol/L

1

Normal values may differ depending on the assay used; 2To convert the concentrations values in conventional unit into SI units multiply figures by the conversion factor; 3In fact, although widely used, this factor
allows for the calculation the molar concentration of hemoglobin subunits. Thus, the molar concentration
of hemoglobin (Mw 64 kDa) is 4-fold times lower (2-3 mmol/L). Ft: Ferritin; sTfR: Soluble transferrin receptors; Hb: Hemoglobin; sTfR/log Ft: Ratio of sTfR to serum Ft.

in CRC tissue. Hepcidin immunoreactivity was found in
34% specimens from patients with CRC and was correlated with ferroportin inhibition. Urinary hepcidin was
positively associated with increasing CRC tumor stage,
but not with anemia. This suggests that CRC hepcidin,
rather than hepatic hepcidin, is involved in a proportion
of cases of CRC-associated anemia more likely to be IDA
(or FID + ID) rather than FID and will respond to iv iron
rather than oral iron[25].

estimate of body iron stores (1 ng/mL of ferritin = 8 mg
of stored iron)[34]. ID is defined as a ferritin level < 30
ng/mL regardless patient’s inflammatory status.
In the presence of inflammation, TSAT < 20% and
ferritin 30-100 ng/mL suggest absolute ID, whereas FID
is generally defined by TSAT < 20% and ferritin ≥ 100
ng/mL[30,32,33,35] (Figure 3). However, though ferritin values > 100 ng/mL argue against concurrent absolute ID
in the setting of inflammation, this test is imperfect due
to its acute phase reactivity. Other tests can be utilized to
evaluate for a component of ID, which if present suggests a benefit toward iron supplementation. These tests
include measurement of the ratio of the sTfR to log ferritin and percent circulating hypochromic erythrocytes
(increased in IDA and FID + ID), and the reticulocyte
Hb content (low with IDA and FID + ID) (Table 1).
Where available, hepcidin will help the diagnostic evaluation in this regard; if suppressed, a component of absolute ID is implied. IDA should be considered if anemia
with a TSAT < 20% and/or ferritin 30 ng/mL, with or
without inflammation (Figure 3). Low MCV (< 80 fL)
is a reliable and routinely part of the automated CBC,
but is a late indicator. In addition, IDA without microcytosis may occur early in iron deficiency anemia prior to
the development of iron deficient erythropoiesis, when
there is coexistinmg vitamin B12 or folate deficiency, postbleeding reticulocytosis, initial response to iron treatment,
alcohol intake or mild myelodysplasia.
When anemia in CRC cannot be explained by IDA or
FID + ID, it is important to consider other causes that
would demand specific treatment. In these cases, further
testing should include B12, lactate dehydrogenase, and
serum creatinine in order to exclude other nutritional deficiencies, hemolysis or renal disease[29-33]. If malabsorption
or severe malnutrition, a red cell folate may also be useful.

DIAGNOSIS
The prevalence of gastrointestinal (GI) pathology among
IDA patients varies from 43% to 86%, the most common being benign erosive lesions in the upper GI tract,
accounting for 39%-57% of upper GI with CRC, accounting for 42%-69% of lower GI lesions[26]. IDA is a
known harbinger of CRC mandating evaluation. Whenever clinically feasible, at four weeks prior to elective
CRC surgery an anemia evaluation including standard
iron parameters should be performed. If indicated, appropriate intervention should be implemented, as they
decreases perioperative morbidity[27,28]. Laboratory screening for anemia in CRC should include, at least, a CBC,
reticulocytes and assessment of iron parameters (Fe,
TSAT, ferritin) (Table 1), and C-reactive protein (CRP),
which is useful in determining the presence or absence
of inflammation[29-33]. The presence of anemia should be
considered when the Hb level is < 13 g/dL for men and
< 12 g/dL for women. However, a normal Hb level does
not exclude ID, as blood loss is nearly always the cause
and a significant amount must occur before iron deficient
erythropoiesis begins. In non-anemic ID patients, the
symptom of chronic fatigue is non-specific and a laboratory finding of a low serum ferritin provides an indirect
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Hb <13 g/dL
Evaluate medical history, clinical status, co-morbidities and medication

TSAT < 20%

Ferritin < 30 mg/L
+ MCH < 27 pg

1

IDA

Ferritin
30-100 mg/L

3

FID + ID

TSAT > 20%

Ferritin
> 100 mg/L

FID

Vitamin B12 and Folate

2

Normal

Low + MCV > 100 fL

1

Rule out other causes
Reticulocytes, creatinin, CRP
3
sTfR/log Ft > 2, hypocromic RBC, CHr
4
Refer to the hematologist
5
CKD, haemolysis, acute blood loss, etc .
2

4

AUC

Others

5

4

Macrocytic anemia

Figure 3 An algorithm for anemia diagnosis. Modified from Muñoz et al[20]. ACD: Anemia of chronic disease; AUC: Anemia of unknown cause; CHr: Reticulocyte
hemoglobin; CKD: Chronic kidney disease; CRP: C-reactive protein; Ft: Ferritin; Hb: Hemoglobin; ID: iron deficiency; IDA: Iron deficiency anemia; MCH: Mean corpuscular hemoglobin; MCV: Mean corpuscular volume; sTfR: Serum transferrin receptor; TSAT: Transferrin saturation; FID: Functional iron deficiency.

onstrated that intraoperative ABT was a significant risk
factor for the development of VTE, increasing with increased number of units transfused[42,43]. In this analysis
the risk for VTE in women was statistically greater than
in men. Preoperative hematocrit did not enter the multivariable model as an independent predictor of VTE, or
did open versus laparoscopic resection or wound class[43].
The diagnosis of almost one third of postoperative VTE
occurred after discharge[44]. Subsequently, the Enhanced
Recovery after Surgery (ERAS) program recommends
extended postoperative prophylaxis with low-molecular
weight heparin for 28 d in CRC patients[45].
In summary, available data strongly recommend minimizing ABT in CRC surgery, using restrictive transfusion
policies and implementing ABT alternatives, with emphasis on thromboprophylaxis after discharge.

TREATMENT OPTIONS
Allogeneic blood transfusion
After CRC surgery, perioperative blood loss and postoperative blunted erythropoiesis, due to surgery-induced
inflammation, may lead to severe postoperative anemia,
especially in those presenting with low preoperative Hb.
In this context, ABT continues to be the most frequently
used treatment for acute intra- and post-operative anemia, although its quick and effective increase in Hb levels
is transitory, and is associated with poorer outcomes.
Subsequently, ABT should be restricted to those with
severe anemia, poor physiological reserve and/or acute
symptoms requiring immediate correction.
Perioperative ABT is associated with increased rates
of cancer recurrence[36,37]. In a meta-analysis, 23 out of
36 studies on 12127 patients showed a detrimental effect
of ABT. After ABT a higher rate of tumor recurrence
compared to those not transfused with a clustered OR
of 1.42[38] was observed. In a more recent meta-analysis,
ABT has been shown to increase all-cause mortality (OR
= 1.72), cancer-related mortality (OR = 1.71) and morbidity, such as wound infection (OR = 3.27), after CRC
resection[39]. Subsequently, many medical scientific societies recommend a restrictive approach for perioperative
ABT, in which the level of Hb below which an ABT unit
is transfused (i.e., the “transfusion trigger”) should be
intimately related to the ability to tolerate normovolemic
anemia relative to available cardiopulmonary reserve[40,41].
In non-bleeding, euvolemic anemic patients, ABT is recommended to maintain Hb levels between 7 and 9 g/dL
(8-10 g/dL for those with cardiac and/or central nervous
system dysfunction)[40,41].
Malignancy and surgery are known prothrombotic
stimuli, and perioperative ABT may further increase the
risk for venous thromboembolism (VTE). The analysis
of two databases of almost 3000 CRC resections dem-
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Pharmacologic treatment
Objectives: The goal of preoperative anemia therapy
should be normalization of the Hb levels, in accordance
with World Health Organization criteria. However, as
CRC resections are procedures with a moderate-to-high
blood loss, it would be desirable to achieve a Hb of 13
g/dL for both genders to minimize the risk for transfusion. Similarly, postoperative anemia treatment should
be aimed to attain Hb levels which avoid or reduce the
exposure to ABT, followed by its correction in the shortest possible period, to favourably influence sensitivity to
adjuvant treatments, facilitate the functional recovery and
improve quality of life.
Iron replacement: In CRC, ID with or without anemia
should be corrected pre-operatively by iv iron, with or
without an erythropoiesis stimulating agent (ESA), preferably two to four weeks prior the scheduled procedure.
While at least four studies explored the efficacy of preoperative oral iron[46-49] (Table 2), the results are routinely
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Table 2 Characteristics of the clinical studies examining the role of preoperative iron replacement in colorectal cancer included in
this review
Study
Oral iron
Okuyama et al[46]

Study design

Patients

Baseline Hb (g/dL)

Iron compound dose (mg)

Duration (wk)

Hb (g/dL)

ABT (% or U/pt)

OBS

Iron: 32
No iron: 84
Iron: 23
No iron: 22
Iron: 103
No iron: 167
FB: 12

8.1 ± 1.4
8.0 ± 1.6
13.4 ± 1.9
12.4 ± 2.1
12 (10-14)
NS
11.6 ± 1.6

≥2

2.0
0.9
-0.3
-0.6

8

11.3 ± 1.2

1 (2) mo
0.8 (1.4)
0.7 (1.4)

9.4%
27.4%
26.0%
59.0%
0.69 U/pt
1.69 U/pt
NS

FS: 12

Ferrous citrate
(200 mg/d)
FS
(200 mg TDS)
FS
(200 mg TDS)
FB
(28-14 mg/d)
FS
(105 mg/d)

Iron: 34
Placebo: 26
IS: 30

13.7 ± 0.5
13.4 ± 0.4
10.1 ± 1.2

2

-0.2
-0.5
0.9

14.7%
19.2%
7.0%

FCM: 15

9.2 ± 1.0

2.5

40.0%

Iron: 22

< 12

IS
(2 × 300 mg)
IS
(100-200 mg, 6 ± 3 doses)
FCM
(500-1000 mg, 3 ± 1 doses)
Iron isomaltoside-1000
(20 mg/kg bw)

0.7, 1-2 w
1.4, 3-4 w
3.1, 6-8 w

NS

Lidder et al[47]

RCT

Quinn et al[48]

OBS

Ferrari et al[49]

RCT

Intravenous iron
Edwards et al[57]
Bisbe et al[64]

Todman et al[68]

RCT
OBS

Case series

2-8
1-9

2-6

2-6

RCT: Randomized controlled trial; OBS: Observational cohort study; Hb: Increment from baseline; ABT: Allogeneic blood transfusion; FB: Ferrous bisglicinate; FS: Ferrous sulphate; IS: Iron sucrose; FCM: Ferric carboxymaltose.

inferior to those with the iv iron route[50].
Okuyama et al[46] compared preoperative Hb levels
and transfusion requirements of anemic patients (Hb
≤ 10 g/dL), 32 who received oral iron supplementation (sodium ferrous citrate, 200 mg/d) for at least 2 wk
preoperatively with those of 84 who did not. While iron
supplementation resulted in higher Hb levels immediately before surgery (+1.2 g/dL; P < 0.05), and fewer
required intraoperative ABT (9.4% vs 27.4%, P < 0.05),
there were no significant differences in postoperative Hb
levels or ABT volumes between the two groups. Lidder
et al[47] conducted a randomized controlled trial (RCT) of
oral ferrous sulphate (200 mg TDS) for a mean of 14 d
pre-operatively (12-56 d) vs no iron therapy in patients
with IDA or ID scheduled for CRC surgery. Oral iron
was found to prevent Hb decrease from recruitment to
admission, and to reduce ABT (25% vs 59%, for iron and
control, respectively; P = 0.031), although these differences were not statistically significant for patients with
IDA.
In a series of 103 patients receiving oral ferrous sulphate (200 mg TDS) for a median of 39 d pre-operatively
(interquartile range = 7-63 d) and no preoperative ABT,
Quinn et al[48] observed that: (1) fifty-eight (56.3%) patients who were anemic at presentation had a mean increment in Hb of 1.7 g/dL (P < 0.001); (2) those with rightsided tumors (lower mean Hb at presentation) responded
more often to oral iron than those with left-sided tumors
(P < 0.017); (3) increase in Hb was unrelated to tumor
stage, but was greater when iron was administered for
more than 14 days; and (4) ABT rate for all curative resections was 0.69 units/patient (compared to 1.69 units/
patient using an historical cohort).
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Several iv iron formulations are currently available
(Table 3). iv iron therapy, with or without ESAs, as a safe
and efficacious tool for treating anemia and reducing
transfusion requirements in surgical and medical patients,
has been extensively reviewed[51-54]. Randomized clinical
trials have shown superior efficacy of iv iron over oral or
no iron in reducing ABT, increasing Hb, and improving
quality of life in ESA-treated anemic cancer patients[53,55].
In contrast, studies examining iv iron as sole anemia
treatment in cancer patients are only just starting to
emerge, and the role of iv iron for correcting perioperative anemia is frequently overlooked in the surgical care
of cancer patients[56-60].
Two case series illustrates the potential benefits of
pre- or peri-operative iron supplementation in CRC resections. Campos et al[61] studied 43 CRC patients who
received preoperative oral iron (100 mg/d) if Hb > 14
g/dL and iron deficiency was present; iron sucrose (200
mg/wk) if Hb 10-14 g/dL; or iron sucrose (200 mg twice
a week) if Hb < 10 g/dL, during weeks 3-4. Seventeen
received postoperative iron sucrose (200 mg on days 0,
2, and 4). A retrospective series not receiving iron was
used as a control (n = 66). Despite a lower baseline Hb
(12.3 g/dL vs 11.5 g/dL; P < 0.05), iron therapy reduced
the transfusion index (4.0 unit/patient vs 1.3 unit/patient;
P < 0.05) and the percentage of patients who received
preoperative ABT (33% vs 9%; P < 0.05), but not the
percentage of patients administered perioperative ABT
(48% vs 35%; P = 0.161). However, the treatment was
ineffective in patients with a high transfusion index (> 5
units/patient).
Díaz Espallardo et al[62] analyzed data from 437 CRC
surgeries from 2005-2009. Patients presenting with Hb
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Table 3 Some characteristics of the different intravenous iron formulations
Iron gluconate

Brand name
Carbohydrate shell

Molecular weight (kDa)
Plasma half-life (h)
Direct iron donation to
transferrin (% injected
dose)
Test dose required1
Iron content (mg/mL)
Maximal single dose (mg)

Premedication
Life-threatening ADE
(× 106 doses)

Low molecular
weight iron
dextran

Iron sucrose

High molecular
weight iron
dextran

Ferrlecit®

Venofer®

Dexferrum®

No
12.5
125

Yes/No
20
200-300

Yes
50
20 mg/kg

Yes
50
20 mg/kg2

No
0.9

No
0.6

TDI only
11.3

No
3.3

Ferric
carboxymaltose

Iron
isomaltoside
1000

Ferumoxytol

Cosmofer®
Ferinject®
Monofer®
Rienso®
INFeD®
Injectafer®
FeraHeme®
Gluconate
Sucrose
Dextran
Dextran
Carboxymaltose Isomaltoside Polyglucose sorbitol
(monosaccharide) (disaccharide)
(branched
(branched
(branched
(linear
carboxymethylether
polysaccharide) polysaccharide) polysaccharide) oligosaccharide)
289-440
30-60
265
165
150
150
750
1
6
60
20
16
20
15
5-6
4-5
1-2
1-2
1-2
<1
<1

No
50
20 mg/kg (max
1000 mg in one
infusion)
No
??

No
100
20 mg/kg

No
30
5103

No
??

No
??

1

A test dose is no longer recommended by the European Medicines Agency (2013); 2Low molecular weight iron dextran can be safely administered at doses
of 1000 mg over 1 h[101]; 3Preliminary data indicate that Ferumoxytol may be administered at doses of 1020 mg over 15 min[102].

<13 g/dL and/or abnormal iron parameters, (group A, n
= 242) received preoperative iron supplementation (178
received a mean of 867 mg iv iron sucrose, and 64 oral
iron), whereas those presenting with Hb ≥ 13 g/dL and
normal iron status, received no treatment (group B, n =
195). From diagnosis to surgery, Hb increased by 0.6 g/
dL in group A, while it decreased by 0.8 g/dL in Group
B (P < 0.05). From diagnosis to discharge, Hb decreased
by 0.4 g/dL in group A, and by 2.5 g/dL in group B (P
< 0.05). This tendency to progressive anemia observed
in both groups may be secondary to the effects of CRC
on erythropoiesis, chemo-radiotherapy treatment, and
blood loss due to the tumor and later surgery. However,
the differences between groups strongly suggest that iron
therapy prevented patients from group A from reaching
low Hb levels. The overall ABT rate was 8.6% (32/244,
13.1% vs 6/195, 3.1%; P = NS) and no differences in
complications were observed.
In contrast, in a retrospective paired case-control
study, Titos-Arcos et al[63] observed that postoperative
administration of iv iron sucrose (592 ± 445 mg) did not
decrease ABT rates (28.8% vs 30.8%, for case and control, respectively). In addition, for patients not receiving
ABT, there were no differences in Hb concentration decrease between the first postoperative day and discharge
(0.88 g/dL vs 0.82 g/dL, for case and control).
Higher vs lower dose intravenous iron administration:
Bisbe et al[64] compared clinical and laboratory data of 15
anemic CRC receiving preoperative ferric carboxymaltose
(FCM, 500-1000 mg/session; 3 ± 1 sessions) to those
from a previous series of 30 CRC receiving preoperative
iron sucrose (100-200 mg/session; 6 ± 1 sessions). Even
though those in the FCM group had lower baseline Hb
levels (9.2 g/dL vs 10.1 g/dL; P < 0.05), those from the
FCM group showed a higher post-treatment Hb incre-
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ment (+2.5 g/dL vs +0.9 g/dL; P < 0.05), and received
fewer perioperative ABT (7% vs 40%; P > 0.05). While
the total amount of iv iron infused in the FCM group was
higher (1550 mg vs 1140 mg; P < 0.05) most clinical trials
suggest 1000 mg is an adequate replacement dose[65-67].
Todman et al[68] administered a single dose iron infusion
(Iron isomaltoside-1000, 20 mg/kg body weight) to 22
major cancer surgery patients with IDA either 2-6 wk before surgery, or post-operatively. Hemoglobin levels were
monitored for up to 8 wk after infusion, or up to next
blood transfusion, whichever was earlier. Mean Hb rise at
1-2 wk was 0.7 g/dL, 1.4 g/dL at 3-4 wk and 3.1g/dL at
6-8 wk, and no serious adverse effects were noted (Table
2).
This apparent superiority of “higher dose” over
“lower dose” iv iron supplementation in improving erythropoiesis has been also reported for inflammatory bowel
disease[69], and several factors might have account for the
observed differences. Firstly, the “extra” amount of iron
administered to the FCM group could have compensated
for the ongoing blood loss from recruitment to surgery.
Secondly, macrophage iron loading may also inhibit proinflammatory immune effector pathways[18,70]. Lastly, in
iron balance, high hepcidin also reduces IL-6 production
by macrophages, thus limiting the potential damage of
an excessive inflammatory response[71]. As ID is highly
prevalent among CRC, it is possible that rapid repletion
with higher dose of iv iron can contribute in restoring an
adequate immune response, improving the erythropoietic
response.
As summarized in Table 2, initial results with preoperative oral or iv iron replacement therapy in CRC have
been mixed, highlighting the need for large randomized
controlled trials in preoperatively anemic patients.
Safety of intravenous iron: Although no serious ad-
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verse drug events (SAEs) have been reported in the studies reviewed, both the numbers and follow-up time were
not large enough to draw definitive conclusions regarding
the safety of iv iron agents in this clinical setting. In all
published evidence extant, including millions of dialysis
patients, no long term toxicity has been reported over the
last two decades[72].
As of June 28 th 2013, the European Medicines
Agency’s Committee for Medicinal Products for Human
Use (CHMP) concluded that the benefits of iv exceed
their risks, provided that adequate measures are taken to
minimize the risk of allergic reactions. Data on the risk
of hypersensitivity comes mainly from post-marketing
spontaneous reports and the total number of lifethreatening and fatal events reported is low, and cannot
be used to detect any differences in the safety profile of
the different iron formulations available in Europe (high
molecular weight iron dextran and ferumoxytol were not
included). The CHMP has issued recommendations for
health care professionals which include: (1) intravenous
iron medicines should only be administered when staff
trained to evaluate and manage anaphylactic and anaphylactoid reactions are immediately available as well as
resuscitation facilities; (2) a test dose is no longer recommended, as there are data indicating that allergic reactions may still occur in patients who have not reacted to
a test dose; (3) patients should be closely observed for
signs and symptoms of hypersensitivity reactions during
and for at least 30 min following each injection of an iv
iron medicine; and (4) intravenous iron-containing products are contraindicated in patients with hypersensitivity
to a specific active substance or excipients, or other parenteral iron products.
Early formulations of high molecular weight iron dextran were associated with rare occurrences of anaphylaxis
and even death. The newer formulations, LMW ID, ferric
gluconate, iron sucrose, ferumoxytol, iron isomaltoside
and ferric carboxymaltose are much safer with SAEs vanishingly rare. None the less minor infusion reactions still
occur and are often misinterpreted as SAEs[53]. Premedication with antihistamines has been reported to cause
the majority of perceived reactions to iv iron in one large
cohort[73]. Antihistamines can cause somnolence, diaphoresis, hypotension and tachycardia ostensibly attributed
to the administered iron. Tryptase a marker of mast cell
degranulation, levels are virtually always normal and subsequently the use of premedication with antihistamines
should be proscribed. In contradistinction, all of the
formulations can be associated with acute chest and back
tightness, without accompanying hypotension, tachypnea,
tachycardia, wheezing, stridor or periorbital edema[51,74].
These infrequent reactions abate without therapy and
rarely recur with rechallenge. The reactions are more frequent in those with allergic diatheses[65]. It is important
not to overreact in the event of these minor AEs. A few
patients will experience self-limited arthralgias and myalgias the day after iron infusions. These reactions abate
without therapy and never leave residua. Non-steroidal
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anti-inflammatory drugs may shorten their duration.
When these tenets are adhered to the administration of iv
iron is safe and much safer than most physicians realize.
Erythropoiesis stimulating agents: The role of iv iron
for CRC-related anemia remains unclear. It is possible that
the effectiveness of perioperative iron treatment could be
enhanced by concomitant ESA administration, although
in Europe this is an off-label use of these growth factors.
Pooled data from six trials (621 patients) showed that
perioperative treatment with recombinant human erythropoietin did not reduced ABT (33% vs 37%; OR = 0.89;
P = 0.206) in GI cancer surgery[75-80] (Table 4). Norager
et al[80] explored the effect of perioperative ESA administration in CRC surgery (Table 4). No significant benefits
were found for postoperative fatigue, quality of life,
muscle strength or ABT use, but improved work capacity
and early restoration of postoperative Hb concentrations
to preoperative levels were observed. The treatment was
uniformly well tolerated. Unfortunately, the impact of
ESA therapy on anemic CRC patients was not analyzed
separately. However, a reduction of both the percentage
of transfused patients and the number of transfused units
was only observed for those receiving ESAs plus iv iron.
Additionally, the use of iv iron allowed for a significant
reduction in the total dose of ESAs (Table 4).
Safety of erythropoiesis stimulating agents: ESA
prevent transfusions among chemotherapy-associated
anemia patients. An ESA-associated increase in mortality and/or disease progression has also been reported in
eight controlled studies conducted in CIA however in
each of these the ESA use was off-label. Another metaanalysis of 60 studies (15323 patients) showed no significant effect of ESAs on survival or disease progression,
but increased the risk for venous-thromboembolic events
(44 studies: OR = 1.48; 95%CI: 1.28-1.72)[81]. However,
venous-thromboembolic events in cancer patients receiving ESAs for chemotherapy induced anemia may be
linked to thrombocytosis due to ESA induced iron restricted erythropoiesis, which can be reversed by administration of iv iron[82,83]. Nevertheless, product labels advise
against administering ESAs with potentially curative
chemotherapy (United States) or to conduct risk-benefit
assessments (Europe/Canada) and, since 2007, fewer
chemotherapy-associated anemia patients in the United
States and Europe receive ESAs[84-87].
In CRC surgery, a recent systematic review and metaanalysis of 4 RCTs also found insufficient evidence to
support the use of ESAs in the preoperative and postoperative period for improving anemia and decreasing
ABT. There were no significant differences in postoperative mortality or thrombotic events between groups,
but no included study evaluated recurrences, survival, or
quality of life[88].
Vitamin replacement: Deficiencies of vitamin B12,
with or without anemia, should be appropriately managed. The intramuscular route is preferred (hydroxylcobalamin, 1 mg/wk, 4-6 wk), except for vegans (oral
route) or anticoagulated patients (iv route).
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Table 4 Effects of perioperative administration of erythropoietin and iron on transfusion requirements in patients undergoing
elective colorectal cancer resection
Study

+ESA

n

Placebo

ABT, n (%)

n

ABT, n (%)

Braga et al[75]

10

1 (10)1

10

5 (50)

Kettelhack et al[76]

48

16 (33)

54

15 (28)

Qvist et al[77]

38

13 (34)2

43

23 (53)

Kosmadakis et al[78]

31

9 (29)1

32

19 (59)

69 (a)
67 (b)

34 (49)
27 (40)2

68

35 (51)

75

10 (13)

76

9 (12)

338

110 (33)

283

106 (37)

Christodoulakis et al[79]

Norager et al[80]

Overall

Iron

ESA

(route, type, dose, d)

(type, total dose, route, day)

iv iron gluconate, 125 mg/d, 4 d

Epoetin alfa,
500 IU/kg, SC
(from day -12 to day +8)
Oral, NS, 5-10 d preOP
Epoetin beta,
iv, NS, 40 mg, 1 d postOP
3000-4500 IU/kg, SC
(from day -10 to day +4)
Oral, NS,
Epoetin alfa,
200 mg/d, 4 d
1350 IU/kg, SC
(from day -4 to day +7)
iv iron sucrose,
Epoetin alfa,
100 mg/d, 14 d
4200 IU/kg, SC
(from day -7 to day +7)
Oral, NS,
Epoetin alfa,
200 mg/d, 10 d
1800 IU/kg, SC (a)
3600 IU/kg, SC (b)
(from day -10 to day +1)
Oral, NS,
Darbepoetin alfa,
200 mg/d, 7d
750-1500 g, SC
(from day -10 to day +25)
OR = 0.89 (95%CI: 0.58-1.12; P = 0.206)

1

Reduction in both percentage of transfused patients and number of transfused units; 2Reduction in the number of transfused units only. ABT: Allogeneic
blood transfusion; ESA: Erythropoiesis stimulating agent; NS: Not stated; preOP: Preoperative; postOP: Postoperative; SC: Subcutaneous.

Adjuvant measures
Nutritional support: Poor pre-operative nutritional
status has been linked consistently to an increase in postoperative complications and poorer surgical outcome.
Patients should be screened for nutritional status and, if
deemed to be at risk of under-nutrition, given active nutritional support[45].
Meta-analyses were undertaken on trials evaluating
different preoperative nutritional interventions. Benefits
on post-operative complications and length of hospital
stay of preoperative immune enhancing nutrition or parenteral nutrition may not be generalized or are not applicable to current clinical practice, whereas trials evaluating
enteral or standard oral supplements were inconclusive[89].
Therefore, except for the severely malnourished, whether
or not nutritional intervention should be initiated earlier
in the preoperative period remains unclear.
In contrast, post-operative management in gastrointestinal surgery is becoming well established with ERAS
protocols starting 24 h prior to surgery with carbohydrate
loading, minimization of preoperative fasting and early
oral or enteral feeding given to patients the first day following surgery (with oral nutritional supplements if necessary). ERAS is aimed to reduce surgical stress, insulin
resistance, unnecessary protein losses and postoperative
complications. In comparison with traditional care, ERAS
programs were associated with significantly decreased
length of hospital stay and total and general complications, without affecting readmission rates, surgical complications, and mortality[90].
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Preventing perioperative hypothermia: Perioperative
maintenance of normothermia with a suitable warming
device and warmed iv fluids to keep body temperature >
36 ℃ decreased intraoperative blood loss and postoperative shivering, and it has been associated with lower rates
of postoperative infection and better pain scores[45,91-94].
Restrictive fluid replacement (fluid balance): Hypovolemia can lead to hypoperfusion of vital organs and the
bowel, which can lead to complications, and appropriated
fluid reposition with balanced crystalloid solutions should
be performed. However, administering too much may result in bowel edema, increased interstitial lung water, and
dilution anemia which can also lead to complications[95].
The evidence suggests that patients being in a state of
‘‘fluid balance’’ (goal-directed fluid replacement) fared
better than those with ‘‘fluid imbalance’’[96-99]. Postoperative iv fluids should be aimed to maintain normovolemia
and avoid fluid excess. The enteral route should be used
in preference and the drip taken down at the earliest opportunity (preferably no later than the morning after surgery)[45].
Perioperative supplemental oxygen: Although the role
of perioperative supplemental oxygen in anemia tolerance
has not been properly investigated, it has been proposed
to decrease the incidence of surgical site infection in
CRC surgery. This positive effect was not confirmed by a
recent meta-analysis of 5 RCTs[100]. However, supplemental oxygen appears to confer a mortality benefit, a previously unreported finding that needs to be confirmed.
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Iron deficiency without anemia

Hb ≥ 13 g/dL:
Ferritin < 30 ng/mL + CRP < 5 mg/L
Ferritin < 100 ng/mL + CRP > 5 mg/L,
TID: 500-600 mg

Oral iron
(100 mg/d)
Iron sucrose (3 doses)
200 mg/s
IV iron to cover TID
FCM, MNF or LMWID
(1 dose)
500-600 mg (≤ 20 mg/kg)

Moderate iron deficiency anemia
Oral iron
(100 mg/d)

2 wk
Hb increase ≥ 1 g/dL

Hb ≥ 10 g/dL - <13 g/dL:
Ferritin < 100 ng/mL
Transferrin saturation < 20%
TID: 700-1000 mg

No

IV iron to cover TID

Yes

Continue therapy

Iron sucrose (4-5 doses)
200 mg/s (max. 600 mg/wk)
FCM (1 dose)
max. 1000 mg/s (≤ 20 mg/kg)
LMWID or MNF (1 dose)
max. 2000 mg/s (≤ 20 mg/kg)

Severe iron deficiency anemia
Iron sucrose (> 5 doses)
200 mg/s (max. 600 mg/wk)
Hb < 10 g/dL:
Ferritin < 100 ng/mL
Transferrin saturation < 20%
TID > 1000 mg

FCM (2 doses)
max. 1000 mg/s (≤ 20 mg/kg)
LMWID or MNF
(1- 2 doses)
max. 2000 mg/s (≤ 20 mg/kg)

Surgery

Follow up

Figure 4 An algorithm for iron replacement. Modified from Muñoz et al[31]. FCM: Ferric caboxymaltose; Hb: Hemoglobin; LMWID: Low molecular weight iron dextran; MNF: Iron isomaltoside-1000; s: Session; TID: Total iron deficiency; CRP: C-reactive protein.

haptoglobin, lactate dehydrogenase, and serum creatinine
if other laboratory tests indicate their usefulness (Figure
3). These are low-cost, widely available tests which allow
for correctly classifying most cases of CRC-associated
anemia.

FROM LITERATURE TO BED-SIDE:
A PRAGMATIC APPROACH TO CRC
ASSOCIATED ANEMIA
“Time is gold for anemic patients waiting for CRC
resection”
Early and aggressive treatment of anemia in CRC enables
optimization of preoperative Hb, thus transforming a
high transfusion risk to a low transfusion risk, which improves outcomes. Therefore, we developed a pragmatic,
easy-to-follow protocol for diagnosis and treatment of
preoperative CRC associated anemia, which is based
upon the following considerations.

Treatment
Iron therapy: As IDA and FID + ID are the most frequent types of anemia in CRC, iron supplementation is of
paramount importance and can be accomplished by following the algorithm depicted in Figure 4. The estimated
total iron deficiency take into account the amount of iron
needed to restore a Hb level of 13 g/dL and to replenish
iron stores, as well as estimated iron loss due to ongoing
chronic bleeding and perioperative blood loss.

Diagnosis
Basic laboratory screening for anemia in CRC should
comprise Hb, full blood counts (including reticulocytes),
and assessments of body iron store (serum ferritin), iron
availability (TSAT) and level of inflammation (CRP).
Should anemia not be explained by initial work-up, further testing could comprise vitamin B12 and folic acid,
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Erythropoiesis stimulating agents: Until more safety
data in CRC are available, ESAs should be only used in
the approved indications and following the recommendations of international guidelines.
Restrictive transfusion protocol: In most surgical CRC
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patients, ABT could be considered for maintaining Hb
concentrations between 7 and 9 g/dL; for those with
cardiac and/or central nervous system dysfunction, ABT
could be considered for patients with symptoms or a Hb
level of 8 g/dL or less, and ABT given for maintaining
Hb concentrations between 8 and 10 g/dL[40,41] Carson
2011. However, whenever possible, avoidance of ABT is
preferable.

11
12

Adjuvant therapies: All of above mentioned measures
aimed to decrease blood loss, hemodilution and postoperative hyper-catabolism should also be implanted, as
they may contribute to reduce the severity of and to hasten the recovery from postoperative anemia.

13

14

Follow-up
Patients should be followed-up for documenting the recovery from postoperative anemia, especially if adjuvant
chemotherapy and/or radiotherapy were administered.

15
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Core tip: Clock genes are involved in numerous cellular
activities such as cell cycle and DNA repair with various
implications in the development of colorectal cancer.
Multiple clinical and epidemiological data support these
correlations and suggest that altered expression of
these genes may be critical for the initiation and progression of this disease while their levels may predict
bad response to traditional therapeutic approaches and
poor clinical outcome. Finally, the defective circadian
system may represent an attractive and currently unknown pathway which can be targeted by novel agents
in aggressive colorectal cancers.

Abstract
Clock genes create a complicated molecular time-keeping system consisting of multiple positive and negative feedback loops at transcriptional and translational
levels. This circadian system coordinates and regulates
multiple cellular procedures implicated in cancer development such as metabolism, cell cycle and DNA
damage response. Recent data support that molecules
such as CLOCK1, BMAL1 and PER and CRY proteins
have various effects on c-Myc/p21 and Wnt/β-catenin
pathways and influence multiple steps of DNA damage
response playing a critical role in the preservation of
genomic integrity in normal and cancer cells. Notably,
all these events have already been related to the development and progression of colorectal cancer (CRC).
Recent data highlight critical correlations between clock
genes’ expression and pathogenesis, progression, aggressiveness and prognosis of CRC. Increased expression of positive regulators of this circadian system such
as BMAL1 has been related to decrease overall survival
while decreased expression of negative regulators such
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INTRODUCTION
Colorectal cancer (CRC) is the third leading cause of cancer death in the United States and one of the most common types of cancer in the western societies[1]. Surgical
intervention remains the mainstay of therapy for patients
without metastatic disease while adjuvant or neo-adjuvant
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chemotherapy and radiation are considered to improve
the survival of patients with stage 2 and 3 disease[2]. Despite the improvements of secondary prevention and
surgical intervention, the prognosis for patients with
metastatic disease remains poor. The role of adjuvant
therapy for patients with stage 2 is still not clear suggesting that better stratification of these patients may be
critical to improve the survival rates[2]. Finally, therapeutic
approaches for patients with stage 4 are mainly palliative[3]
which clearly implies that better understanding of the
molecular biology of this disease may reveal new targets
for the development of novel agents for CRC patients
with poor response to the conventional chemotherapy.
Epidemiologic and genetic studies have shown that
there is a clear link between the disruption of circadian
rhythms and cancer development and progression in
humans including breast, endometrial, prostate and colon cancer[4,5]. Interestingly, alterations of the circadian
rhythm have been related to modulations of tumor
growth in animal models[6], differences in recurrence
rates, stage and prognosis in human cancers[7,8]. The master circadian clock generating and sustaining 24 h periodicity is located in the suprachiasmatic nucleus (SCN) in
the anterior hypothalamus orchestrating peripheral clocks
located in other organs and tissues[9]. The existence of a
circadian clock in the cellular level generating and regulating multiple activities related to metabolism, cell cycle,
DNA synthesis and repair has been recently identified. In
particular, the molecular mechanisms underlying circadian clock involve transcriptional and translational positive
and negative feedback loops[10].
Recent molecular and genetic data strongly suggest
that among the most important targets downstream of
circadian clock are molecules related to DNA damage
response (DDR) such as ATM, CHK2 [11] and BRCA1[12],
cell cycle progression such as c-Myc and p21[13,14] and
Wnt/β-catenin pathway[15]. Given that all these pathways
are involved in the molecular biology of CRC it is not
surprising that numerous epidemiological, genetic and
molecular studies highlight the implication of clock genes
not only in the initiation and progression of CRC, but
in the development of resistance to chemotherapeutic
agents as well. In particular, Soták et al[16] using a model
of chemically induced CRC, recently found that the circadian rhythmicity of critical mediators of the circadian
system, namely PER1, PER2, REV-ERBA is significantly decreased in CRC tissues while the rhythmicity of
BMAL1, another circadian rhythm component is completely abolished not only in the CRC tissues but in the
surrounding healthy colon tissue as well in tumor bearing
animals. These results clearly support that deregulation
of the Circadian system is strongly implicated in the development of CRC.
The aim of this review is to summarize the involvement of clock genes in the molecular pathways related to
the development and progression of CRC and the implication of clock genes’ genetic alterations in the aggressive-
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ness, therapeutic response and prognosis of the disease.

MOLECULAR DETERMINANTS OF THE
CIRCADIAN RHYTHM
Recent data from expression pattern analysis and generation of transgenic mice with hyperactive clock genes such
as PER1, PER2 and BMAL1 have shown that the activity
of the SCN is not essential for the peripheral oscillation
but is critical for the synchronization of these “peripheral
clocks”[17,18]. These results suggest that each individual cell
exhibits an independent regulation of its own circadian
system.
As mentioned above the circadian system and its
downstream effects on various cellular activities are
regulated by positive and negative feedback loops which
are tightly connected. BMAL1, CLOCK1 and NPAS2
form heterodimers, which bind to the promoters of
PER, CRY, REV-ERBa, RORα, DEC1 and DEC2 genes
activating their transcription[19] (Figure 1). PER and CRY
proteins are negatively regulate the BMAL1/CLOCK1
and BMAL1/NPAS2 heterodimers activity suppressing
their own expression and inhibiting the circadian system[9]
(Figure 1). Moreover, the DEC1 and DEC2 proteins
compete with the above mentioned heterodimers for a
common DNA binding site and supress the expression
of clock genes[20]. It should be noted that PER proteins
can also form heterodimers with the TIM protein maintaining their own integrity[21]. Finally, being involved in an
additional pathway of the circadian system, REV-ERBα
and RORα compete each other for binding to RORE
elements inhibiting or activating the expression of the
BMAL1 gene respectively[22].
Interestingly, various posttranscriptional and posttranslational modulations of the above mentioned proteins further confer to the complexity of this system. In particular,
protein kinases CK1ε and CK1δ phosphorylate multiple
molecules implicated in this signaling altering their nuclear
translocation and subsequently their transcriptional activities[23] (Figure 1). Moreover, epigenetic modifications
through acetylation, deacetylation and methylation of histones in the promoter of various clock genes are critical
for the activation of this cellular clock. In particular, it is
known that the BMAL1/CLOCK1 heterodimers promote
the acetylation activating the expression of their downstream targets[24] while PER/CRY heterodimers induce
deacetylation and methylation of histones downregulating
the expression of the clock genes.

CIRCADIAN SYSTEM REGULATES CELL
CYCLE THROUGH c-MYC, P21 AND
WEE1
Recent studies support that the circadian system in the
regulates the cell cycle progression through c-Myc/p21
signaling which has been implicated in the development
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CLOCK1/BMAL1 NPAS2/BMAL1
+
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CRY
Regulation of cell cycle, cellular
metabolism and DNA repair

PER

Figure 1 The molecular mechanism of the cellular
circadian system. CLOCK1/BMAL1 and NPAS2/BMAL1
complexes promote the expression of PER and CRY. PER
is phosphorylated by CK1ε kinase resulting to its degradation while the accumulation of CRY leads to the formation
of PER/CRY/CK1ε complex which inserts to the nucleus
and down-regulates the CLOCK1 and BMAL1 activity.
Among the transcriptional targets of CLOCK1 and BMAL1
are some cell cycle mediators, tumor suppressor genes
and oncogenes regulating cell cycle, cellular metabolism
and DNA repair.
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of CRC since c-Myc is found to be overexpressed in
70% of colon cancers[25]. In particular, microarray data
revealed that critical molecules involved in the cell cycle
machinery such as p21, cyclin D1, cyclin B1, c-Myc, p53,
Wee1 and Mdm2 are regulated by the circadian system[9].
BMAL1 deletion results in an imbalance in the expression of REV-ERBα and RORα which are positive and
negative regulators of p21 leading to inhibition and promotion of the cell cycle respectively[14]. It has also been
shown that Bmal1-/- transgenic mice exhibit dramatically
increased expression of p21 which is no longer rhythmic
in their liver cells suggesting that the peripheral oscillators
control critical biological processes such as cell cycle progression[14]. On the other hand, Zeng et al[13] showed that
downregulation of BMAL1 in colon cancer cells leads to
increased cyclin B1, CDC2, cyclin D1 and E expression
accelerating tumor growth. Finally, Alhopuro et al[12] using ChIP technology showed that one of the targets of
CLOCK1 gene is p21, while its regulation is believed to
be p53 independent.
c-Myc is a critical regulator of the cell cycle through
downregulation of p21 and activation of cyclin D1. Its
promoter contains multiple E-box sequences, which are
controlled by molecular components of the circadian
system including PER1 and PER2[26]. Of note, Per1-/- and
Per2Brdm1 mutant mice exhibit increased expression of
c-Myc leading to elevated cyclin D1 and induced cell cycle[27,28]. Moreover, overexpression of PER2 in K562 leukemic cells led to downregulation of c-Myc and cyclin B1
suppressing cell’s proliferation and inducing their apoptosis[29]. Finally, BMAL1/CLOCK1 and BMAL1/NPAS2
activate WEE1 expression activating the phosphorylation of CDK1/Cyclin B complex which leads to G2/M
arrest and inhibition of cell proliferation[30]. Consistent
with these data Clock1 deficient mice present significantly
decreased levels of WEE1 mRNA[9] while CRY1 and
CRY2 deletion leads to higher WEE1 levels inhibiting
cell proliferation[30,31]. Notably, WEE1 has been found
to be suppressed in colon cancer tissues and cell lines[32].
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Collectively these data suggest that potential alterations
of critical clock genes such as BMAL1 and CLOCK1 can
modulate the G2-to-M transition with subsequent effects
on cell cycle progression and cell proliferation through
c-Myc, p21 and Wee1.

WNT/β-CATENIN SIGNALING AND
CIRCADIAN SYSTEM
Wnt/β-catenin singaling is frequently de-regulated in
colorectal cancer and APC, a central component of this
pathway is mutated in 50% of sporadic CRCs[33]. Wnt
ligand binds the N terminal domain of a Frizzled family receptor, a G-protein coupled receptor. This interaction disrupts the function of the APC/Axin/GSK3β destruction complex inhibiting the degradation of
β-catenin. This results in increased nuclear accumulation
of β-catenin inducing the expression of several mediators of cell proliferation such as c-Myc and cyclin D1[34],
and activates cadherin cell adhesion complexes promoting migration and metastasis. Patients with Familial Adenomatous Polypodiasis harbor APC mutations resulting in dysfunctional destruction complex and sustained
β-catenin signaling. Overexpression of BMAL1 in NIH3T3 fibroblasts leads to increased β-catenin expression
and Wnt activation contributing to induced cell proliferation[15]. Moreover, it was found that downregulation of
PER2 in HCT116 and SW480 colon cell lines induces
β-catenin expression and accelerates cell proliferation
mediated by increased cyclin D levels[35]. Consistently, deletion of PER2 was related to increased colonic and small
intestine polyps formation in mice with APC mutation[35].
Interestingly, the same group showed that activation of
β-catenin signaling leads to destabilization of PER2 in
the intestinal mucosa of mice with APC mutation altering the circadian rhythm and its downstream targets such
as WEE1[36]. Finally, Sahar et al[37] showed that under Wnt
signaling activation, the absence of GSK-3β mediated
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upon genotoxic events[43,44]. Hoffman et al[45] found that
knockdown of the circadian gene NPAS2, which as described above creates heterodimers with BMAL1 and
CLOCK1, leads to impaired DNA repair and inhibition
of cell cycle delay upon mutagen treatment. Finally, loss
of circadian CRY1 and CRY2 genes increases the sensitivity to DNA damage induced apoptosis in p53 deficient
cancer cells through increased expression of the p53 related gene p73. These results suggest that impaired DNA
damage response, which is partially related to altered peripheral circadian function, promotes genomic instability
contributing to the development of CRC.

phosphorylation leads to increased BMAL1 stabilization and activity while active GSK-3β promotes BMAL1
ubiquitylation. These results suggest that Wnt/β-catenin
interacts with clock system probably through a positive
feedback mechanism maintaining and de-regulating colon
cancer cell proliferation. Further studies are needed to
validate the effect of circadian system on cell migration
and metastasis through de-regulated β-catenin pathway.

DNA DAMAGE RESPONSE AND CLOCK
GENES
It is known that 90% of hereditary non-polyposis colon
cancers and 10%-15% of sporadic CRCs carry inactivating mutations in genes involved in the mismatch repair
(MMR) system such as MLH1 and MSH2 leading to
microsatellite instability (MSI) related to deficient DNA
repair[38]. It should be mentioned that Alhopuro et al[12] in
a recent study showed that CLOCK1 gene is somatically
mutated in 53% of CRC characterized by MSI. According
to this study, CLOCK1 promotes growth arrest, DNA
repair and apoptosis upon genotoxic stress caused by UV
radiation suggesting that this molecule may represent an
important “caretaker” promoting cell cycle arrest upon
DNA damage. Further studies are needed to establish the
important effects of clock genes and circadian system on
the cellular responses following DNA damaging events.
Apart from MMR other components of DDR such as
repair of double strand breaks through ATM and CHK2
activation have been implicated in the development of
CRC. In particular, reduced expression of BRCA1 and
ATM, which are critical nodes in the double strand break
repair system, is more frequent in CRC compared to
normal colonic mucosa and related to decreased overall
survival in patients with CRC[39,40]. Moreover, Takabayashi
et al[41] showed that DNA damage response is significantly
reduced during CRC progression. These results suggest
that DNA repair and its defects are correlated to CRC
development, progression and potentially clinical outcome since the deficient DNA damage response can be
proved to be the Achilles’ heel of these cells.
Interestingly, Gery et al[11] showed that PER1, a critical
component of the circadian system promotes the ATM
mediated CHK2 activation upon exposure to radiation
leading to increased G1/S arrest in colon cancer cell lines
while PER1 levels are significantly reduced in human
colorectal cancer samples. Moreover, it has been shown
that TIM protein, another mediator of the circadian regulation at the molecular level, is also required for CHK2
activation promoting arrest of the cancer cell in the G2
phase upon DNA damage[42]. Collectively, these data support that circadian system regulates the ATM/CHK2
signaling which is critical for the repair of DNA.
More reports demonstrated that circadian system
modulates other aspects of DNA repair upon genotoxic
stimuli. In particular recent studies have also highlighted
the role of PER1/TIM complex in the ATR mediated
CHK1 activation which also leads to cell cycle arrest
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CLINICAL CORRELATIONS BETWEEN
CLOCK GENES AND COLORECTAL
CANCER
Multiple recent studies correlating the expression of
clock genes with clinical outcomes highlight the role of
Circadian system in the development and progression of
CRC. In particular, Mazzoccoli et al[46] demonstrated that
PER1, PER2, PER3 and CRY2 are significantly downregulated in CRC tissues compared to healthy colonic
mucosa while lower PER1 and PER3 expression was
associated with poorer survival rates. These results support the hypothesis that these genes act mainly as tumor
suppressors and their downregulation is implicated in
CRC development and progression. Consistent with
these data, Oshima et al[47] showed that PER1 and PER3
are downregulated in CRC tissue compared to adjacent
normal mucosa while reduced expression of PER1 is related to increased incidence of liver metastasis highlighting the potential negative impact of clock genes in the
aggressiveness of CRC. On the contrary the same group
showed that CLOCK1 and CK1ε are upregulated in CRC
compared to healthy mucosa, while increased expression
of BMAL1 is related to decreased overall survival. These
results were further supported by our group showing in a
recent study that CLOCK1 and BMAL1 are upregulated
while PER1 and PER3 are downregulated in CRC tissues
compared to healthy mucosa[48]. These conclusions suggest that different components of the circadian system
may have different effects on the development of this
disease based on their implications in different oncogenic
pathways.
It is known that the expression and activity of dihydropyrimidine dehydrogenase (DPD) which determine
the efficacy and outcome of 5-fluorouracil (5-FU) treatment in CRC are regulated by a circadian rhythm. This
conclusion led to the introduction of the “chronomodulated chemotherapy” with variable rate infusions of
5-FU for treatment of advanced CRC[49,50]. Interestingly,
Krugluger et al[51] found that reduced PER1 mRNA levels
are correlated with decreased DPD expression in undifferentiated CRC, a result which was more pronounced in
female patients. This result suggest that in advanced CRC
characterized by lower PER1 mRNA levels the circadian
regulation of DPD is probably lost making cancer cells
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by the CLOCK1/BMAL1 heterodimers[58]. miRNAs are
believed to be a novel reasonable therapeutic approach
in numerous cancerous diseases[59]. Based on the above
mentioned results showing that high BMAL1 is associated with poor prognosis in CRC the introduction of
mir-142-3p for high grade metastatic CRC could be considered as a novel therapeutic approach in the future.

more susceptible to 5-FU treatment especially in female
patients.
The role of PER2 as a negative regulator of circadian
system and potential tumor suppressor for CRC has been
supported by a study by Zeman et al[52] who found that
tumor staging is negatively correlated with PER2 gene
expression. Interestingly, a recent study demonstrated
that immunohistochemical staining for PER2 is weaker
in CRC cancer cells following a heterogenous pattern
compared to normal colonic cells[53]. In the same study,
the well differentiated cancer cells were found to have
comparable PER2 levels with that in non-cancerous cells
suggesting that loss of PER2 is related to increased aggressiveness of CRC[53]. Finally, the authors showed that
decreased PER2 mRNA and protein levels are correlated
with higher histological grade, deeper tumor invasion,
lymph node metastasis, advanced TNM stage and higher
Ki67 score, which suggests that reduction of PER2 may
lead to attenuated cancer cell growth[53]. Collectively these
data support that low expression of PER2 and potentially activated circadian system is implicated in the CRC
development and progression.
On the contrary, according to a recent report by Yu et
al[54], CRY was found to be upregulated in CRC cell lines
and human CRC samples while higher CRY expression
was associated with lymph node metastasis, increased
TNM staging and poorer prognosis. At the molecular
level the authors showed that upregulation of CRY increased CRC cell proliferation and migration while downregulation of CRY significantly decreased the colony
formation and migration in a CRC cell line[54]. Further
studies are needed to clarify the role of CRY since as
mentioned above it negatively regulates the BMAL1 and
CLOCK1 activities, which is more consistent with a role
of tumor suppressor in CRC.
In contrast to PER proteins which are important
negative regulators of the circadian system, CLOCK1,
NPAS2 and BMAL1 molecules are forming heterodimers
controlling the transcription of about 10% of genes
implicated in cell proliferation, apoptosis and cell cycle
such as c-MYC, p21 and WEE1[55]. As mentioned above,
CLOCK1 regulates a complicated response to DNA
damage caused by UV radiation protecting cells from
acquiring additional DNA alterations, which can promote
the development of a cancerous phenotype. Finally, it
has been shown that 2 single nucleotide polymorphisms
(rs3749474 and rs1801260) located in the 3’UTR of the
CLOCK1 gene decreasing its mRNA levels are related
to decreased overall survival of CRC patients[56]. In a
recent study evaluating the association between clock
genes polymorphisms and CRC susceptibility we showed
that the rs1801260 polymorphism in the 3’UTR of the
CLOCK1 gene significantly increases the risk for CRC
development but it does not alter the clinical outcome
in CRC patients[57]. It should be noted that BMAL1 is
the Clock gene most strongly related to poor prognosis
in CRC patients. According to a recent report by Tan et
al the micro RNA (miRNA) mir-142-3p directly targets
the 3’UTR of BMAL1 while its expression is controlled
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CONCLUSION
The aim of this review was to highlight the implications
of the circadian system to various intracellular events
related to CRC development and progression explaining multiple epidemiological findings correlating clock
genes’ expression with CRC progression. According to
the literature the oscillating circadian clock with its components regulates numerous cellular activities such as cell
cycle, cellular metabolism and DNA damage response
with known implications in carcinogenesis. In particular,
clock genes have been related to p21, c-Myc and Wee1
regulation explaining their effect on cell cycle progression
and proliferation while recent evidence suggest that the
circadian system influences the Wnt/β-catenin signaling
which is a critical pathway for the development and progression of CRC. Moreover, it has been shown that clock
genes have important implications in the regulation of
DNA damage response. A defective circadian system may
be related to impaired DNA repair which related to the
initiation and development of CRC but at the same time
may make these cells susceptible to various DNA damaging agents. Finally, we can conclude that clock genes are
implicated in the pathogenesis of CRC with important
correlations with prognosis but may constitute an important pathway for the identification of novel agents for
modern therapeutic approaches in this type of cancer.
In general, PER proteins are considered to be inhibitors of cell cycle progression and β-catenin activation
and mediators of DDR maintaining genomic integrity
explaining the clinical data suggesting that lower levels of PER2 are associated with poorer prognosis and
metastatic disease. BMAL1 on the other hand activates
cell proliferation, β-catenin pathway and is strongly associated with CRC initiation and poor clinical outcome.
Targeting BMAL1 with miRNA may be a reasonable
approach for patients with metastatic disease. CLOCK1
is more complicated since molecular data suggest that
it inhibits cell cycle progression and promotes DNA repair upon genotoxic stress but clinical correlations show
that CLOCK1 expression is higher in CRC tissues. It
should be noted though that polymosphisms related to
dysfunctional CLOCK1 have been shown to increase the
risk for CRC and are associated with poorer prognosis.
Further studies are needed to clarify the role of this gene
in CRC development but it could be hypothesized that
the role of CLOCK1 as an inhibitor of cell proliferation
upon genotoxic stimuli can be beneficial for cancer cells’
survival after the development of the disease. Finally,
the discovery of the biological roles of these genes in
disease’s initiation and progression may provide valuable
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prognostic biomarkers which can be particularly useful
for patients with stage 2 disease regarding the addition of
chemotherapy for their management.
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Core tip: Metastatic colorectal cancer patients have
many treatment options; however, the issue of best
treatment sequence remains a challenge in this population. This review involves an in depth analysis of previous and most recent clinical advances in this field and
aims to come out with treatment sequences that identify patient groups who are most likely to benefit from
such sequences based on the current available data.

Abstract
Colorectal cancer is a lethal disease if not discovered
early. Even though appropriate screening and preventive strategies are in place in many countries, a significant number of patients are still diagnosed at late
stages of the disease. The management of metastatic
colorectal cancer remains a significant clinical challenge
to oncologists worldwide. While cytotoxic regimens
constitute the main treatment of choice in this patient
population, addition of the five biologics (bevacizumab,
cetuximab, aflibercept, panitumumab and regorafenib)
to these regimens has improved clinical outcomes.
The most commonly used cytotoxic regimens include
doublet combinations (FOLFOX/XELOX or FOLFIRI).
Many clinical trials have been published and others
are underway to compare the biologic agents with one
another in order to prove the superiority of one regimen over another. Metastatic colorectal cancer patients
have many treatment options; however, the optimal
use and sequence of targeted agents remain to be determined. This review entails concise and updated clinical data on the management of metastatic colorectal
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INTRODUCTION
Colorectal cancer (CRC) is a lethal disease if not discovered early. Even though appropriate screening and
preventive strategies are in place in many countries, a
significant number of patients are still diagnosed at late
stages of the disease. It is reported that approximately
20%-25% of patients present with distant metastatis at
diagnosis[1,2]. Treatment goals for these patients are usu-
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with the control arm (40% vs 17%, P = 0.029). Median
OS was improved in the bevacizumab arm but did not
reach statistical significance[16]. In another phase Ⅱ trial
by Kabbinavar et al, patients were randomly assigned to
5-FU/LV/placebo (n = 105) or 5-FU/LV/bevacizumab
(n = 104). RR and OS were better in the bevacizumab
arm but they did not reach statistical significance. PFS
was significantly better in the bevacizumab arm with 9.9
mo vs 5.5 mo in the placebo arm (P = 0.0002)[17]. Patients
in this trial were non-eligible to receive irinotecan basedtherapy and were ≥ 65 years. In the recent phase Ⅲ
trial by Cunningham et al, addition of bevacizumab to
capecitabine in elderly patients ≥ 70 years was associated
with significantly prolonged PFS, the primary end point,
compared with capecitabine alone (9.1 mo vs 5.1 mo, P
< 0.001)[18]. RR was also significantly improved in the
bevacizumab plus capecitabine arm (19.3% vs 10.0%, P =
0.042). OS, a secondary endpoint, was longer in patients
in the bevacizumab arm (20.7 mo vs 16.8 mo, P = 0.182)
but did not reach statistical significance and the study was
not powered to show a difference in OS between treatment arms. Therefore, patients receiving fluoropyrimidine regimens as part of their first-line treatment have
prolonged PFS of about 9 mo from the addition of bevacizumab. The toxicity profile from adding bevacizumab
was generally well tolerated in all 3 trials.

ally palliative rather than curative with the exception of
a small number of patients with stage Ⅳ disease, liverconfined disease who may be surgically cured.
Recent advances in chemotherapy-based regimens
have increased median overall survival (OS) for patients
with metastatic CRC (mCRC) from 11-12 mo in the
5-fluorouracil (5-FU) era[3] to more than 24 mo in the era
of biologic compounds and doublet/triplet chemotherapy regimens[4-6].
The continuum of care approach to the management
of patients with metastatic rectal cancer is the same as
that for patients with metastatic colon cancer. The three
active conventional chemotherapy agents for mCRC are
fluoropyrimidines, irinotecan and oxaliplatin. The most
widely used cytotoxic backbone involves double-agent
chemotherapy with either FOLFOX/XELOX or FOLFIRI with no significant differences between either regimen[7,8], while triple-agent chemotherapy (FOLFOXIRI),
although achieving better progression free survival (PFS),
response rate (RR) and OS than FOLFIRI in some trials[9,10], is only reserved to patients who can tolerate such
an aggressive regimen. 5-FU/LV or capecitabine, which
have been shown to be inferior to FOLFOX[11-13] and
FOLFIRI[14,15] in terms of OS (with FOLFIRI regimen),
PFS and RR, are still a treatment of choice in patients
who cannot tolerate treatment with oxaliplatin and irinotecan. The addition of biological targets to these four
cytotoxic regimens has shown better treatment outcomes
in the majority of patients; however, debate still exists
with regards to the best sequence of treatment, and
which agents to be used in first line and then following
progression. In the discussion that follows, we review the
literature of clinical trials to come out with treatment sequences that achieve the best outcome in mCRC patients.
Data for this review were compiled using MEDLINE/PubMed, American Society of Clinical Oncology
and European Society of Medical Oncology abstract
databases published before July 2013. The search terms
included colorectal cancer, bevacizumab, panitumumab,
cetuximab, aflibercept and regorafenib. Information
regarding ongoing clinical trials was obtained using the
United Stated National Institute of Health’s online resource clinicaltrials.gov. Only articles published in English
were considered.

First-line irinotecan-based regimens: What is the
evidence for the addition of targeted therapy?
Bevacizumab: In a phase 3 trial by Hurwitz et al[19], patients were assigned to either receive irinotecan, bolus
5-FU and leucovorin (IFL) plus bevacizumab or the same
cytotoxic regimen with placebo. Median OS (20.3 mo vs
15.6 mo, P < 0.001), PFS (10.6 mo vs 6.2 mo, P < 0.001)
and RR (44.8% vs 34.8%, P = 0.004) were all superior in
the bevacizumab group. Results from a phase Ⅲ study
that was initially meant to compare the safety and efficacy
of 3 different irinotecan containing regimens in the firstline treatment of mCRC was later amended to compare
FOLFIRI plus bevacizumab with mIFL plus bevacizumab. At the time when the results were first published,
the median OS was not reached in the FOLFIRI arm[20].
A year later, the authors report a median OS of 28 mo in
the FOLFIRI plus bevacizumab arm compared to 19.2
mo in the mIFL plus bevacizumab arm (P = 0.037). Differences in PFS and RR were not statistically significant
between the 2 arms[21]. Based on the results from this trial, FOLFIRI plus bevacizumab was found to be superior
to mIFL plus bevacizumab in the first-line treatment of
mCRC. Two other clinical trials, the PACCE and AVIRI
trials, of FOLFIRI plus bevacizumab thereafter reported
consistent data with PFS reported to be 11.7 and 11.1
mo, OS 20.5 mo and 22.2 mo and RR 40% and 53.1%,
respectively[22,23]. The median OS of 28 mo reported by
Fuchs et al[20] was the highest survival reported when bevacizumab was added to FOLFIRI. The cytotoxic regimen
FOLFIRI was shown to be superior to IFL, and addition
of bevacizumab to both regimens yielded better results

FIRST-LINE THERAPY
Single-agent fluoropyrimidine regimens: Can the
addition of anti-angiogenic therapy improve outcomes?
Addition of bevacizumab to “weaker” cytotoxic regimens
such as 5-FU/LV or to capecitabine yielded better PFS
compared to the cytotoxic regimen alone in 3 clinical trials. The first phase Ⅱ trial assessing the efficacy of adding bevacizumab to 5-FU/LV revealed that bevacizumab
at 5 mg/kg every 2 wk resulted in increases of 3.8 mo
in PFS (from 5.2 to 9.0 mo; P = 0.005) compared with
5-FU/LV alone. A statistically significant increase in RR
was demonstrated for the bevacizumab arm compared
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with FOLFIRI as is expected. Nevertheless, bevacizumab
and FOLFIRI in the first-line treatment of mCRC is a
superior regimen and is hence recommended in patients
who can tolerate such a combination.

cetuximab/panitumumab-based regimens. And hence,
FOLFIRI plus bevacizumab is a treatment option in patients with mutated KRAS tumors.
First-line oxaliplatin-based regimens: What is the
evidence for the addition of targeted therapy?
Bevacizumab: Addition of bevacizumab to FOLFOX
or XELOX in the NO16966 trial reported only an increase in PFS when bevacizumab was added to FOLFOX or XELOX compared to the cytotoxic regimen
alone (9.4 mo vs 8.0 mo, P = 0.0023). Median OS was
21.3 mo in the bevacizumab group and 19.9 mo in the
placebo group (P = 0.07) and RR was similar between
the two arms (47% vs 49%, P = 0.31)[27]. Other trials suggest that the addition of bevacizumab to an oxaliplatinbased regimen yields a similar magnitude of efficacy to
that seen when bevacizumab is added to a FOLFIRI regimen. In four clinical trials, addition of bevacizumab to
XELOX or FOLFOX resulted in PFS ranging between
10.3-11.4 mo, OS ranging between 20.3-24.5 mo and a
RR ranging between 46%-50%[22,28-30]. However, in all
these trials, addition of bevacizumab to oxaliplatin-based
regimens was not compared to the cytotoxic regimen
alone. The NO16966 trial was the only trial that involved
this comparison and has shown that addition of bevacizumab improved PFS as reported in other phase Ⅲ
trials, but the observed trend in an improvement in OS
did not reach statistical significance, which may be attributed to a shorter treatment duration in the bevacizumab
arm (about 6 mo) as compared to other trials and that
treatment until disease progression may be necessary to
maximize the clinical benefit derived from bevacizumab
therapy.
Results of the large observational BEAT trial of
bevacizumab concluded that median PFS, TTP (time to
treatment progression) and OS were consistent across the
doublet regimens (FOLFOX, XELOX and FOLFIRI),
suggesting thatthe efficacy of bevacizumab is not related
to thechemotherapy regimen used[31]. Results of this have
been confirmed in doublet combinations but not in triplet regimens. In a recent phase 2 trial of a head-to-head
comparison between XELOX plus bevacizumab and
XELIRI plus bevacizumab, the addition of bevacizumab
to these two cytotoxic regimens yielded similar PFS (10.4
mo vs 12.1 mo, P = 0.3) and OS (24.4 mo vs 25.5 mo,
P = 0.45) with no superiority of one regimen over the
other[32]. Another clinical trial, MAVERICC, is underway
comparing FOLFIRI plus bevacizumab vs FOLFOX plus
bevacizumab. In this phase 2 prospective study, tumoral
excision repair cross-complementation group 1 and plasma vascular endothelial growth factor A are employed as
potential biomarkers for oxaliplatin- and bevacizumabcontaining regimens, respectively (ClinicalTrials.gov Identifier: NCT01374425). While the magnitude of effect
seems to be equivalent between FOLFIRI and FOLFOX,
only further clinical trials addressing biomarkers of response to these cytotoxic regimens could stratify patients
to either cytotoxic regimen.

Panitumumab: In a single arm phase Ⅱ trial, FOLFIRI
plus panitumumab in the first line setting resulted in an
overall RR of 49%, PFS of 7.6 mo and an R0 resection rate
of hepatic metastasis of 7%. When stratified according to
KRAS status, those with wild-type KRAS had better PFS
(8.9 mo vs 7.2 mo), RR (56% vs 38%) and R0 resection rate
(8% vs 5%) than those with mutated KRAS tumors[24].
Cetuximab: Cetuximab with FOLFIRI in the first line
treatment of mCRC demonstrated significant clinical
activity. In the CRYSTAL (Cetuximab Combined with
Irinotecan in First-Line Therapy for Metastatic Colorectal Cancer) trial, addition of cetuximab to FOLFIRI in
patients with KRAS wild-type resulted in significantly
better OS (23.5 mo vs 20 mo, P = 0.0093), PFS (9.9 mo
vs 8.4 mo, P = 0.0012), RR (57.3% vs 39.7%, P < 0.001)
and R0 resection rate (5.1% vs 2%, P = 0.0265) compared
with FOLFIRI alone[25]. However, patients with mutated
KRAS status failed to achieve improvement in survival
and RRs.
Cetuximab vs bevacizumab: The German AIO (Arbeitsgemeinschaft Internistische Onkologie) KRK-0306
(FIRE-3) phase Ⅲ randomized multicenter trial compared the efficacy of FOLFIRI-cetuximab to FOLFIRIbevacizumab in 592 patients with wild-type KRAS
mCRC who were not previously treated for metastatic
disease[4]. The primary endpoint was the overall RR.
Among the intent to treat (ITT) population, overall RR
(62% vs 58%, P = 0.183) and PFS (10.0 mo vs 10.3 mo, P
= 0.547) were similar between the cetuximab and bevacizumab arms, respectively. In those 526 patients assessable
for efficacy, the overall RR was significantly higher in the
FOLFIRI-cetuximab arm (72.2% vs 63.1%, P = 0.017).
OS was significantly longer in patients treated with
FOLFIRI-cetuximab (28.7 mo) compared with patients
who received FOLFIRI-bevacizumab (25 mo, P = 0.017).
The lack of correlation between PFS and OS in this trial
is unclear and may be related to the subsequent therapies
used after first-line treatment and also highlights the importance of choice of primary endpoint. In a subgroup
analysis of the same trial for patients with mutated KRAS
tumors, neither strategy demonstrated a clearly superior
outcome[26]. Results from the US intergroup phase Ⅲ
C80405 trial which randomized patients to either cetuximab or bevacizumab with FOLFOX or FOLFIRI will
help address this issue as well. But for now, and until data
from other trials become available, the optimum biologic
to be used with FOLFIRI based on the current available
data seems to be cetuximab. In patients with mutated
KRAS tumors, and even though bevacizumab did not
seem to incur additional benefits over cetuximab in the
subgroup analysis, it is still not recommended to use
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Aflibercept: In a phase Ⅱ trial assessing the efficacy
of aflibercept when added to FOLFOX in the first-line
treatment of mCRC, no significant improvement in RR
and PFS was achieved. OS in that trial was not reported[5]. Hence, for now, aflibercept is not recommended in
the first line treatment when added to a FOLFOX regimen. Its efficacy in the second-line setting was achieved
when added to FOLFIRI which may also be of benefit
if used in the first-line. However, no clinical trial has yet
addressed this issue and so aflibercept’s use is limited to
second-line treatment regimens that involve irinotecan
naïve patients.

KRAS wild-type in the cetuximab arm plus FOLFOX or
XELOX and 358 patients with KRAS wild-type in the
control arm (FOLFOX or XELOX without cetuximab).
The investigators reported no differences in OS (17 mo
vs 17.9 mo, P = 0.67) and PFS (8.6 mo vs 8.6 mo, P = 0.6)
between cetuximab arm and control group, respectively.
RR, on the other hand, was increased from 57% with
chemotherapy alone to 64% with addition of cetuximab
(P = 0.049)[35]. A post-hoc analysis; however, demonstrated improvement in PFS in the infusional FOLFOX plus
cetuximab (P = 0.037) but not in the XELOX plus cetuximab group (P = 0.88). A PFS benefit was restricted to
those patients with wild-type KRAS and those with no or
only one metastatic site treated with 5-FU infusion therapy (P = 0.011).The number of patients receiving XELOX (n = 240) far exceeded those receiving FOLFOX (n
= 117) which may have contributed to the negative outcomes seen in the cetuximab arms. Moreover, the COIN
trial reported significant dose reductions in infusional
5-FU in the FOLFOX plus cetuximab arm compared
to the control group (P = 0.016) and the XELOX plus
cetuximab group received significant dose reductions of
both oxaliplatin (P = 0.0018) and capecitabine (P = 0.004)
compared to the control arm which may explain in part
the lack of efficacy in the cetuximab arms. The Nordic Ⅶ
trial investigated the efficacy of cetuximab when added to
bolus 5-FU/LV/oxaliplatin (FLOX)[36]. The trial included
194 patients with wild-type KRAS; 97 patients received
FLOX plus cetuximab and 97 received FLOX alone. An
additional 130 patients with mutant KRAS tumors were
randomized between the two arms. In patients with wildtype KRAS, a trend towards worse outcome was seen in
terms of OS (20.1 mo vs 22 mo, P = 0.48) and PFS (7.9
mo vs 8.7 mo, P = 0.66) between the cetuximab arm and
the control arm, respectively. Additionally, the RR did not
differ between the two groups (46% vs 47%, P = 0.89).
On the other hand, patients with mutated KRAS tumors
exhibited a trend toward better prognosis when they were
treated with cetuximab; PFS (9.2 mo vs 7.8 mo, P = 0.07),
OS (21.1 mo vs 20.4 mo, P = 0.89) and RR (35% vs 23%,
P = 0.31). Hence, both the COIN and NORDIC Ⅶ trials
did not demonstrate an efficacy from the addition of cetuximab to oxaliplatin-based regimens. However, this was
not the case in the OPUS trial which demonstrated a significant improvement in PFS when cetuximab was added
to FOLFOX regimen. It seems that cetuximab is efficient
when added to infusional 5-FU as seen in the OPUS trial,
while capecitabine or bolus 5-FU are not associated with
significant improvement in PFS. The PRIME trial also
demonstrated a significant improvement in PFS when
panitumumab was added to the FOLFOX regimen. The
AIO KRK-0104 study randomly assigned 198 patients
to either cetuximab plus XELIRI (n = 93) or cetuximab
plus XELOX (n = 92)[37]. The trial was not powered to
compare the two treatment regimens; however, the RR
was similar for the two arms (46.1% in XELIRI vs 47.7%
in XELOX arm). The PFS reported in this trial is lower
than that reported in both the OPUS and CRYSTAL

Panitumumab: In the phase Ⅲ Panitumumab Randomized Trial in Combination with Chemotherapy for Metastatic Colorectal Cancer to Determine Efficacy (PRIME)
study, addition of panitumumab to FOLFOX in the firstline treatment of patients with KRAS wild-type significantly improved PFS (9.6 mo vs 8.0 mo, P = 0.02). The
overall increase in survival was not significant but was
higher in the panitumumab group (23.9 mo vs 17.9 mo, P
= 0.072) as well as the overall RR (55% vs 48%; P = 0.068)
and R0 resection rate (8.3% vs 7.0%)[5].
Wild-type RAS (wild-type KRAS exons 2, 3, 4 and
wild-type NRAS exons 2, 3, 4) was associated with significantly better OS (26 mo vs 20.2 mo, P = 0.04) and
PFS (10.1 mo vs 7.9 mo, P < 0.01) in the panitumumab
plus FOLFOX arm than the FOLFOX arm alone. In
patients with wild-type KRAS exon 2 but mutated other
RAS (KRAS exons 3, 4 or NRAS exons 2, 3, 4), the PFS
and OS were not different between the two arms. Hence,
patients with wild-type RAS have a statistically significant OS benefit when treated with panitumumab plus
FOLFOX vs FOLFOX alone. Panitumumab is unlikely
to benefit patients with any RAS mutations and BRAF
mutation had no predictive value[33].
Cetuximab: Unlike the synergy seen between cetuximab and irinotecan, data on the efficacy of cetuximab
with oxaliplatin-based regimens report conflicting results
ranging from additive to detrimental effects of these two
drugs. The phase 2 oxaliplatin and cetuximab in first-line
treatment of metastatic colorectal cancer (OPUS) trial
demonstrated that addition of cetuximab to FOLFOX4
regimen resulted in significant improvement in PFS (8.3
mo vs 7.2 mo, P = 0.0064), RR (57% vs 34%, P = 0.0027),
R0 resection rate (12% vs 3%, P = 0.0242) but only a
trend toward improvement in OS (22.8 mo vs 18.5 mo, P
= 0.39)[34]. However, two recent phase 3 trials, the Medical Research Council Continuous Chemotherapy plus
Cetuximab or Intermittent Chemotherapy with Standard
Continuous Palliative Combination Chemotherapy with
Oxaliplatin and Fluoropyrimidine in First-Line Treatment of Metastatic Cancer (MRC COIN) and Nordic
Colorectal Cancer Biomodulation Group Study 7 (NORDIC Ⅶ) trials have raised more questions with regards
to the efficacy of cetuximab with oxaliplatin-based regimens. The MRC COIN study involved 357 patients with
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cetuximab benefit in patients with G13D mutations was
not reproducible with panitumumab in other pooled retrospective analysis of 3 trials with the use of FOLFOX
with or without panitumumab in the first-line setting
(PRIME trial), FOLFIRI with and without panitumumab
in the second-line setting and best supportive care with
and without panitumumab in the salvage setting[43]. No
mutant KRAS allele was consistently identified as a predictive factor for PFS or OS in either the control arm or
the panitumumab arm[43]. Prospective randomized trials
in patients with G13D mutations are needed before any
conclusions could be made about the potential benefit
from cetuximab (or panitumumab). One such trial is currently open to accrual[44].

trials probably further indicating that cetuximab is more
efficient with infusional 5-FU regimens than either bolus
5-FU or capecitabine regimens. It is of note that the OS
reported in the trial was comparable to that observed
in OPUS and Crystal trials. A recent meta-analysis that
pooled results ofthe PRIME, OPUS, COIN, and NORDIC Ⅶ revealed that addition of cetuximab and panitumumab to oxaliplatin-based regimens in the first line
setting significantly improved PFS (P = 0.03) and RR (P
= 0.009) compared to chemotherapy alone but the difference in OS was not significant. OS and PFS were not significant when cetuximab and panitumumab were added
to bolus 5-FU or capecitabine-based regimens compared
with chemotherapy alone[38].
The recent results of the new EPOC study revealed
detrimental results with the addition of cetuximab to
chemotherapy (fluoropyrimidine and oxaliplatin) in patients with liver resectable metastases and KRAS wildtype tumors thus questioning the role of cetuximab in
upfront therapy with oxaliplatin based regimens in this
setting[39]. The study randomized 272 patients to chemotherapy alone or chemotherapy with cetuximab. The trial
was stopped when the study met a protocol pre-defined
futility analysis. PFS was significantly worse in the cetuximab arm (14.8 mo vs 24.2 mo, P < 0.048). The phase 2
OPUS trial was the only trial that supported the addition
of cetuximab to FOLFOX and so until a phase 3 trial of
cetuximab plus FOLFOX demonstrates superior clinical activity over FOLFOX alone, this cytotoxic regimen
is still not recommended in the first-line treatment of
mCRC patients and particularly in patients with resectable liver metastases.
In a pooled, retrospective analysis by Roock et al[40]
of 579 mCRC patients who received cetuximab, patients
with mutation in codon 13 (G13D) had significantly
longer OS (7.6 vs 5.7 mo; P = 0.005) and PFS (4.0 mo vs
1.9 mo, P = 0.004) than patients with other KRAS mutations. In addition, OS was similar between patients with
the G13D mutation and patients with wild-type KRAS.
Moreover, pooled data from 1378 evaluable patients from
the CRYSTAL and OPUS studies revealed significant
variations in treatment effects for RR (P = 0.005) and
PFS (P = 0.046) in patients with G13D-mutant tumors
vs all other mutations[41]. Cetuximab plus chemotherapy
vs chemotherapy alone significantly improved PFS (7.4
mo vs 6.0 mo, P = 0.039) and RR (40.5% vs 22.0%, P =
0.042) but not OS (15.4 mo vs 14.7 mo, P = 0.68) in patients with G13D-mutant tumors. However, the efficacy
of cetuximab in patients with G13D mutations was inferior to those with wild-type KRAS. A study by Gajate
et al[42] reported different results, patients with mutation
in G13D did not differ significantly in PFS (4.96 mo vs
3.1 mo, P = 0.72) and OS (8.2 mo vs 14.6 mo, P = 0.084)
from other KRAS mutations. Also, as seen in pooled
data from the CRYSTAL and OPUS studies, patients
with KRAS wild-type tumors have a longer PFS (7.3 mo,
P = 0.025) and OS (19.0 mo, P = 0.004) than patients
with G13D-mutated tumors[42]. Moreover, the finding of

WCGO|www.wjgnet.com

Panitumumab vs bevacizumab: The PEAK study was
the first prospective trial to compare bevacizumab to an
anti-EGFR monoclonal antibody in combination with an
oxaliplatin-based regimen[45]. Median PFS was 10.9 mo
with panitumumab and 10.1 mo with bevacizumab (P
= 0.35). Median OS has not been reached with panitumumab and was 25.4 mo with bevacizumab (P = 0.14).
The overall RRs were 58% and 54% and the resection
rates were 13% and 11% for the panitumumab and bevacizumab arms, respectively.
In a prospective-retrospective analysis of the PEAK,
patients with wild-type RAS receiving panitumumab had
a PFS of 13.1 mo while those receiving bevacizumab had
a PFS of 9.5 mo (P = 0.02)[46]. OS in the panitumumab
arm was not reached while in the bevacizumab arm OS
was 29 mo (P = 0.06). In patients with wild-type KRAS
exon 2 but mutated KRAS (exons 3 or 4) or mutated
NRAS (exons 2, 3 or 4), both the PFS (7.8 mo vs 8.9
mo, P = 0.44) and OS (not reached vs 21.6 mo, P = 0.5)
were comparable between the panitumumab and bevacizumab arms. In this first-line estimation study in patients
with wild-type RAS mCRC, PFS and OS favored panitumumab plus FOLFOX relative to bevacizumab plus
FOLFOX.
First-line FOLFOXIRI: Should targeted agents be added
to this chemotherapy combination?
Bevacizumab: Bevacizumab with triple cytotoxic regimens seems to be superior to doublet regimens. Recently,
Falcone et al[6] reported the results of the Tribe trial where
they sought to confirm the superiority of FOLFOXIRI
over FOLFIRI when bevacizumab is added to both
regimens. FOLFOXIRI plus bevacizumab significantly
increased PFS (median 9.5 mo vs 11.9 mo, P = 0.001)
and RR (53% vs 64%, P = 0.015) when compared to
FOLFIRI plus bevacizumab. Median OS for FOLFOXIRI/bevacizumab was 31.0 mo compared with 25.8 mo
in the FOLFIRI/bevacizumab group (P = 0.054). Grade
3-4 neurotoxicity, diarrhea, stomatitis, and neutropenia
were significantly higher (P < 0.05) in patients receiving
FOLFOXIRI/bevacizumab; while the incidence of febrile neutropenia, serious adverse events, and treatmentrelated deaths were similar among the two groups. Pre-
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liminary results of the OPAL trial assessing the safety of
FOLFOXIRI with bevacizumab in the first-line setting in
96 patients revealed that the incidence of adverse events
was as previously reported by Falcone et al[6] and that
the regimen was well tolerated among the patient population included in the study. An interesting activity of
FOLFOXIRI/bevacizumab was seen in BRAF mutated
cancers; however, the numbers were low to derive any
definite conclusions[6]. FOLFOXIRI regimen has been
shown to be superior to FOLFIRI alone in the first line
treatment of mCRC[9,10] and whether an additional benefit
is employed from the addition of bevacizumab is unclear.
The superiority of FOLFOXIRI plus bevacizumab over
FOLFOX plus bevacizumab has also been reported in
the phase 2 OLIVIA trial[48]. The R0 resection rate was
significantly higher (48.8% vs 23.1%, P = 0.017), RR was
higher but did not reach statistical significance and PFS
data are still immature but favor the FOLFOXIRI arm.
The results suggest that FOLFOXIRI-bevacizumab
improves resection rates, RR, and long-term outcomes
vs FOLFOX-bevacizumab in patients with initially unresectable colorectal liver metastases. Grade ≥ 3 adverse
events occurred in 84% of patients in the FOLFOX arm
compared to 95% in the FOLFOXIRI arm and included
neutropenia (35% vs 48%), febrile (8% vs 13%) and diarrhea (14% vs 28%).
A clinical trial comparing FOLFOXIRI plus bevacizumab to FOLFOXIRI alone could define the magnitude
of effect from the addition of bevacizumab. Moreover,
BRAF-mutated microsatellite stable tumors have a poor
prognosis[49] and could hence be good candidates to an
aggressive regimen such as FOLFOXIRI plus bevacizumab. Also, receiving FOLFOXIRI-bevacizumab as
first-line treatment limits choices in subsequent treatment
arms, an issue that questions the importance of second
and third line treatments. Among elderly Medicare metastatic CRC patients who survived at least 1 year after diagnosis, first-line therapy improved both short and longterm survival[50]. Second and subsequent chemotherapy
lines reduced short-term mortality (2 years); however,
they didn’t add any additional long term survival benefit
(5 years) as compared to first-line therapy. So, should we
worry about the sequential treatment strategy or should
we provide the best upfront treatment? Only clinical trials addressing the benefit of first and subsequent lines of
therapy between several treatment sequences can answer
this question.

SUBSEQUENT TREATMENT OPTIONS
Subsequent treatment options following progression on
the 4 aforementioned cytotoxic backbones and their associated targets are summarized in Figure 1.
Progression following treatment with 5-FU or
capecitabine plus bevacizumab: What are the options?
Patients progressing on 5-FU or capecitabine with bevacizumab in the first-line are unlikely to receive any regimen
containing irinotecan or oxaliplatin in subsequent lines of
therapy. Therefore, patients progressing on first line 5-FU
or capecitabine-bevacizumab have only the option of
EFGR monoclonal antibodies in the second line setting
if they have KRAS wild type tumors then regorafenib as
their last treatment line[53-56]. Patients with mutated KRAS
can only receive regorafenib as their second treatment
line since anti-EGFR therapy in this patient population is
not recommended.
Progression following FOLFOX plus bevacizumab: What
are the options?
Patients receiving the FOLFOX regimen with bevacizumab in the first-line setting receive the alternative cytotoxic regimen FOLFIRI following progression[57-59]. The
TML trial enrolled 820 patients with unresectable mCRC
who progressed within 3 mo after discontinuing first-line
treatment with a bevacizumab-containing chemotherapy
regimen. Patients were randomized to receive either oxaliplatin-based or irinotecan-based chemotherapy (depending on what they received first line) plus bevacizumab
(n = 409) or chemotherapy alone (n = 411). Results of
the primary analysis showed a significant improvement
in OS (11.2 mo vs 9.8 mo, P = 0.006) and PFS (5.7 mo
vs 4.1 mo, P < 0.0001) in favor of the bevacizumab plus
chemotherapy arm[60]. RR were comparable between the
two treatment arms (5.4% vs 3.9%, P = 0.3113). In a post
hoc subgroup analysis of the trial, patients progressing
on oxaliplatin-based chemotherapy with bevacizumab
and crossing over to irinotecan-based chemotherapy with
bevacizumab had a prolonged OS (12 mo vs 10 mo, P =
0.052) and PFS (6.2 mo vs 4.2 mo, P = 0.0005) compared
to the chemotherapy alone arm. The BEBYP trial, conducted by the Gruppo Oncologico Nord Ovest, also supported the results of the TML trial[61]. A significant clinical benefit was associated with continuing bevacizumab
after first-line bevacizumab-containing chemotherapy.
At a median follow-up of 18 mo, median PFS was 6.77
mo in the bevacizumab arm compared to 4.97 mo in
the chemotherapy-alone arm (P = 0.006). In the phase
3 VELOUR trial, addition of aflibercept to FOLFIRI
in patients who progressed on an oxaliplatin-based regimen resulted in significant improvement in OS (13.5 mo
vs 12.06 mo, P = 0.0032) and PFS (6.90 mo vs 4.67 mo,
P < 0.0001) compared to FOLFIRI plus placebo[62]. The
OS and PFS were comparable to those achieved with
bevacizumab and FOLFIRI and prove the superiority of
aflibercept with FOLFIRI over FOLFIRI alone. Hence,

Cetuximab: Data on cetuximab with FOLFOXIRI is
still premature. Two small trials reported high RRs of 79
and 81%, OS of 35 and 24.7 mo, and one trial reported
a PFS of 9.5 mo[51,52]. Toxicity will likely be a problem
with such a combination. But till now, the only biologic
target whose efficacy with FOLFOXIRI has been proven
in phase Ⅲ trials is bevacizumab. A trial comparing the
FOLFOXIRI regimen alone to FOLFOXIRI plus biologics is needed to assess the efficacy of biologics with
this cytotoxic regimen.
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aflibercept with FOLFIRI constitutes another treatment of choice in patients progressing on first-line FOLFOX plus bevacizumab. Following progression on this regimen and
having received all standard therapies, patients with mutated KRAS can be administered regorafenib monotherapy as their final treatment line.
A subset of patients with mutated RAS includes patients with wild-type KRAS. In this subset of patients, panitumumab or cetuximab plus FOLFIRI or irinotecan could
be a treatment option. FOLFIRI plus panitumumab resulted in significantly better PFS (5.9 mo vs 3.9 mo, P = 0.004) and a trend toward improved OS compared to FOLFIRI
alone that did not reach statistical significance and which may have been attributed to the large number of patients receiving anti-EGFR therapy following progression [63]. The
EPIC trial, which evaluated irinotecan monotherapy with irinotecan plus cetuximab in patients pre-treated with FOLFOX, revealed that cetuximab added to irinotecan significantly improved PFS (4.0 mo vs 2.6 mo, P ≤ 0.0001) and RR (16.4% vs 4.2%, P < 0.0001) but not OS[64]. In these trials, cetuximab and panitumumab resulted in significantly
better PFS and RR but not OS while bevacizumab and aflibercept were associated with significantly better OS compared to chemotherapy alone. In a head-to-to head comparison between panitumumab and bevacizumab with FOLFIRI following progression on oxaliplatin-based chemo and bevacizumab, the SPIRITT trial revealed no significant
difference in OS and PFS between the two arms. However, RR was higher in the panitumumab arm (28% vs 16%)[65]. The worst of grade 3/4 adverse events were recorded for
78% of the panitumumab arm vs 65% of the bevacizumab arm but this did not appear to impact discontinuation rates (29% vs 25% rates of discontinuation due to adverse
events, respectively). Another phase 2 trial is currently recruiting participants to compare the efficacy of cetuximab vs bevacizumab with chemotherapy following progression
on bevacizumab and chemotherapy in the first-line setting (ClinicalTrials.gov Identifier: NCT01442649). At this point, the choice of whether to use anti-EGFR therapy or bevacizumab with FOLFIRI partly depends on the patient’s clinical situation. If the patient is suffering from large tumor burden and is progressing rapidly, then panitumumab
may be a better choice since it is associated with a higher response rate. But if skin toxicity is a concern, bevacizumab should be used.
Patients with wild-type KRAS have two options; either bevacizumab/aflibercept with FOLFIRI or panitumumab/cetuximab with FOLFIRI. Patients receiving bevacizumab/afliberceptplus FOLFIRI have the chance to be given irinotecan plus cetuximab as a third treatment line. In this setting, 55 heavily pretreated patients whose disease had

Figure 1 Treatment sequences achieving best clinical outcomes in specified patient population based on current clinical data. Red circles show where biologic targets fit into the cytotoxic treatment sequence (shown in grey boxes) and
the specific circumstances that favor its use (shown in dashed comments). Bev: Bevacizumab; Cet: Cetuximab; Pan: Panitumumab; Reg: Regorafenib; Afl: Aflibercept; Cape: Capecitabine; WT: Wild-type; RAS WT: wild-type KRAS and NRAS. 5-FU:
5-fluorouracil.

Reg

Pan

Cet

Bev
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P < 0.0001) and OS (10.9 mo vs 9.3 mo, P = 0.0454) than
patients in the chemotherapy alone arm. The last line of
therapy available for these patients involves regorafenib
which yielded an OS of 6.4 mo compared to best supportive care alone which yielded an OS of 5.0 mo (P =
0.0052)[69].

progressed during or within an oxaliplatin-based first-line
chemotherapy and an irinotecan-based second-line regimen were given irinotecan and cetuximab. This regimen
in the third-line treatment resulted in a median PFS of 4.7
mo and median OS of 9.8 mo[66]. Finally, their last treatment line will involve regorafenib. On the other hand,
patients with wild-type KRAS receiving panitumumab or
cetuximab in the second line setting with FOLFIRI can
only be administered regorafenib following progression.

Progression following FOLFOXIRI plus bevacizumab:
What are the options?
Patients progressing on the FOLFOXIRI plus bevacizumab regimen and having wild-type KRAS status benefit from irinotecan and cetuximab in the second treatment line. In a phase 2 trial of 40 patients progressing
on at least one line of chemotherapy, biweekly cetuximab
biweekly and irinotecan resulted in a RR of 22.5%, PFS
of 3.4 mo and OS of 8 mo[70]. As their last treatment line,
patients could receive regorafenib. On the other hand, if
patients had mutated KRAS tumors, then their second
treatment option would be regorafenib.

Progression following FOLFOX plus panitumumab:
What are the options?
Patients with wild-type RAS who receive first-line therapy
with panitumumab and FOLFOX, are administered
either aflibercept or bevacizumab with the FOLFIRI
regimen which both have shown a survival benefit over
chemotherapy alone[60,62]. Following progression on either
of these lines, the last treatment of choice remaining for
these patients is regorafenib since they have progressed
on all standard therapies.

DISCUSSION

Progression following FOLFIRI plus cetuximab: What
are the options?
Patients with KRAS wild-type tumors progressing on
FOLFIRI plus cetuximab should receive the FOLFOX
regimen with bevacizumab. Aflibercept with FOLFOX
did not show any significant improvement in the first-line
setting and so it is not recommended in the second-line
setting. Moreover, the GOIM (Gruppo Oncologico Dell’
Italia Meridionale) trial is underway to assess the efficacy
of FOLFOX with or without cetuximab following progression on cetuximab plus FOLFIRI[67]. Until the results
of this trial become available, bevacizumab is used in this
setting with the FOLFOX regimen. The ECOG (Eastern
Cooperative Oncology Group) Study E3200 assessed the
efficacy of bevacizumab plus FOLFOX in patients previously treated with fluoropyrimidine and irinotecan to
FOLFOX alone and found that OS (12.9 mo vs 10.8 mo,
P = 0.0011), PFS (7.3 mo vs 4.7 mo, P < 0.0001) and RR
(22.7% vs 8.6%, P ≤ 0.0001) were all significantly higher
in the bevacizumab group compared to the FOLFOX
regimen alone[68]. Patients progressing on bevacizumab
and FOLFOX benefit from regorafenib monotherapy
in the third-line setting. Regorafenib is approved for the
treatment of mCRC patients who progressed on standard
therapies and was shown to be superior to supportive
care in the CORRECT trial[69].

First-line treatment involves four cytotoxic backbones
to which biologic targeted agents have been added. The
effect of these targeted agents ranges from synergistic to
detrimental and hence it is crucial to know where to fit
these compounds into the management of mCRC patients. 5-FU or capecitabine is a weak regimen limited to
elderly patients and those who cannot tolerate aggressive
regimens. The addition of bevacizumab to this cytotoxic
regimen yielded better PFS of up to 9 mo[16-18].
FOLFOX (or XELOX) is arguably the doublet
cytotoxic regimen most commonly used in the firstline treatment of mCRC. The combination of EGFRtargeted therapy with this regimen has shown conflicting
results with cetuximab but not with panitumumab. Addition of panitumumab to this regimen yielded an OS and
PFS benefit in patients with wild-type RAS compared
to bevacizumab[46]. Hence, patients with wild-type RAS
are good candidates for FOLFOX plus panitumumab
regimens while patients exhibiting any RAS mutation are
candidates for FOLFOX plus bevacizumab. The other
doublet cytotoxic regimen used in the first-line treatment
is FOLFIRI. In a head-to-head comparison between bevacizumab and cetuximab with this regimen, cetuximab
seems to be superior to bevacizumab[4]. Hence, cetuximab
with FOLFIRI is limited to patients with KRAS-wild
type and possible mutated KRAS with G13D mutations
while other mutated KRAS tumors are more likely to
benefit from FOLFIRI with bevacizumab. The results of
the Intergroup C80405 study are eagerly awaited and it
is hoped that results of this study will reveal the optimal
first-line regimen for chemotherapy doublet plus targeted
therapy. As for the triplet cytotoxic regimen FOLFOXIRI, and even though it was associated with significantly
more adverse events when added to bevacizumab than
either FOLFIRI or FOLFOX regimen, it resulted in the
longest reported PFS and OS[6,48]. Cetuximab with this

Progression following FOLRIRI plus bevacizumab: What
are the options?
Patients with mutated KRAS, who cannot receive antiEGFR therapy as part of their treatment, receive FOLFIRI plus bevacizumab and then cross over to FOLFOX
plus bevacizumab after progression. In the TML trial,
the post hoc analysis revealed that patients receiving
irinotecan-based regimens with bevacizumab and then
receiving bevacizumab with oxaliplatin-based regimens
after progression had prolonged PFS (5.4 mo vs 3.8 mo,
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regimen yielded very high RRs but the data are still immature in this setting[51,52].
As outlined in Figure 1, second and third-line treatment options will depend on the drugs used in the first
line setting. Biomarkers such as RAS mutation status remain of key importance. For patients with RAS wild-type
tumors who have received anti-angiogenic rather than
EGFR-targeted therapy in the first-line setting there is a
choice to be made whether to continue anti-angiogenic
therapy and switch the chemotherapy backbone, reserving EGFR-targeted therapy to the third line, or switch
both chemotherapy and targeted therapy. We have no
definitive data to guide this decision however there appears to be an advantage to the use of cetuximab in combination with irinotecan over oxaliplatin. Regorafenib has
shown a survival advantage over placebo in heavily pretreated patients and we are awaiting further work to identify biomarker that might help us select which patients
are more likely to benefit from this therapy.

5

6

7

CONCLUSION
Current options for the management of metastatic CRC
involve the use of four cytotoxic chemotherapy regimens
and five targeted therapeutic agents. The optimal use and
sequencing of these agents has yet to be determined. A
major concern regarding clinical trials designed to compare one regimen with another is the large number of patients crossing over to the alternative regimen which may
hinder the exact interpretation of OS. To overcome such
a drawback, treatment sequences should be compared
from line one up to subsequent treatment lines. In such a
way, the efficacy of the whole treatment sequence is compared to another treatment sequence with the OS, PFS,
RR and R0 resection rates compared across all treatment
lines. Such trials are beginning to emerge and are currently underway (ClinicalTrials.gov Identifier: NCT01910610
and NCT01878422). As we learn more about the biology
of this disease and biomarkers for treatment selection,
we hope to improve outcomes for all patients.
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Core tip: Surgical treatment for oligo-recurrence of
colorectal cancer (CRC) within nodal area is not a widely accepted treatment due to due to their relative rarity
and high postoperative morbidity. High-dose stereotactic body radiotherapy (SBRT) can ablate the tumor
with an efficacy similar to that achieved with surgery,
especially for small tumors. Recently, several investigators successfully treated oligo-recurrence of CRC within
nodal area with SBRT. This article reviews the current
clinical status of and treatment methods for oligorecurrence within nodal area from CRC, with particular
emphasis on SBRT.

Abstract

Original sources: Seo YS, Kim MS, Yoo HJ, Jang WI. Stereotactic
body radiotherapy for oligo-recurrence within the nodal area from
colorectal cancer. World J Gastroenterol 2014; 20(8): 2005-2013
Available from: URL: http://www.wjgnet.com/1007-9327/full/v20/
i8/2005.htm DOI: http://dx.doi.org/10.3748/wjg.v20.i8.2005

Recurrence of colorectal cancer (CRC) often presents
as solitary metastases, oligometastases or oligo-recurrence. Surgical resection became the preferred treatment for patients with CRC lung and hepatic metastases. However, surgical treatment for oligo-recurrence
within nodal area is not a widely accepted treatment
due to due to their relative rarity and high postoperative morbidity. Stereotactic body radiotherapy (SBRT)
is one of the emerging radiation treatment techniques
in which a high radiation dose can be delivered to the
tumor. High-dose SBRT can ablate the tumor with an
efficacy similar to that achieved with surgery, especially for small tumors. However, there have been very
few studies on SBRT for oligo-recurrence within nodal
area, although several studies have evaluated the role
of SBRT in the treatment of liver and lung metastases
from CRC. This article reviews the current clinical status
of and treatment methods for oligo-recurrence within
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INTRODUCTION
Colorectal cancer (CRC) remains a major health problem worldwide and is the third most common cause of
cancer-related death globally[1]. It is more common in developed than in developing countries. However, in Asia,
the incidence of CRC is rising rapidly, and it is now the
third most common malignant disease in both men and
women[2-4]. Although surgery, chemotherapy, and radiotherapy (RT) for CRC have all developed rapidly in recent
decades, approximately 20%-50% of CRC patients still
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develop recurrence after definitive treatment[5-7]. This recurrence often presents as solitary metastases or oligometastases, and indeed a study by Tepper et al[6] found that
approximately 70% of CRC recurrences were solitary.
The term oligometastases, introduced in 1995[8] and
expanded upon more recently[9], describes an intermediate state of cancer spread between localized disease and
widespread metastases. The implication of this intermediate state is that metastatic disease might be cured using metastasis-directed therapy. As a further conceptual
reﬁnement, Niibe et al[10] suggested the concept of oligorecurrence as a disease stage in which there are a limited
number of metastases and in which the primary tumor
has been controlled. Patients with oligo-recurrence have
an improved prognosis compared to those with limited
metastasis but uncontrolled primary tumors.
Evidence from a number of clinical studies has suggested that surgical resection of lung and hepatic metastases from CRC prolongs survival[11-15]. As a result, surgical resection, became the preferred treatment for patients
with CRC lung and hepatic metastases. However, surgical
treatment for oligo-recurrence within the nodal area is
not a widely accepted treatment, even when lesions are
localized, due to their relative rarity, high postoperative
morbidity, and unsatisfied surgical margin etc. If patients
with oligo-recurrence do not receive treatment, their median survival is typically only 6-15 mo and the disease is
frequently accompanied by refractory pain[16-19].
Stereotactic body radiotherapy (SBRT) is one of the
emerging radiation treatment techniques in which a high
radiation dose can be delivered to the tumor. It allows for
high precision with tight planning margins and a sophisticated treatment plan allowing rapid dose fall-off away
from the treatment area. Therefore, this technique provides higher tumor dose description with smaller irradiated volumes of normal tissue. And high-dose SBRT in a
single or small number of fractions can ablate the tumor
with an efficacy similar to that achieved with surgery, especially for small tumors[16,20-24]. However, SBRT can correspondingly cause more damage to normal tissue if it is
included in the radiation field because repair mechanism
is not expected in high ablative radiation dose. Therefore,
it is important to select the optimal indication for SBRT,
and one of these may be nodal metastases as they usually have clearly demarcated margins and allow very little
movement. However, there have been very few studies
on SBRT for oligo-recurrence within the nodal area, although several studies have evaluated the role of SBRT
in the treatment of liver and lung metastases from CRC.
This article reviews the current clinical status of and
treatment methods for oligo-recurrence within the nodal
area from CRC, with particular emphasis on SBRT.

the pelvis or associated with operable oligo-recurrence
and are thus potentially amenable to curative re-operation[25-27]. Nevertheless, radical surgery is challenging, not
commonly performed, and historically associated with
high morbidity and mortality. The most important prognostic factor is whether R0 resection can be achieved.
Previous studies have reported 5-year overall survival
rate for R0 surgical resection ranging from 19% to 53%,
whilst the rate is only between 0% and 32% when complete resection cannot be achieved[28-37]. However, in most
cases, recurrence is detected as a ﬁxed mass that invades
the pelvic wall or sacrum. Pelvic sidewall recurrence in
particular is associated with the worst prognosis and the
least likelihood of achieving an R0 resection[38]. The disease often involves key structures such as the ureters, iliac
vessels, the sciatic nerve, or the bony pelvis itself, and
extensive involvement of the sidewall is a relative contraindication for the surgical treatment of recurrent rectal
cancer.
Isolated paraaortic lymph node (PALN) recurrences
are rarely encountered from CRC, and consequently its
treatment is not well established. Recently, Min et al[39]
categorized PALN recurrence as a retroperitoneal malignancy, which in turn is a type of locoregional recurrence.
Furthermore, several studies [16,40,41] have investigated
the therapeutic efficacies of surgery for retroperitoneal,
intraabdominal, and PALN recurrences, and several reported outstanding survival rates, which appear to have
resulted from the selection of patients with a resectable
mass at time of recurrence. In these studies, the reported
5-year survival rates approached a maximum of 56%
after complete resection, whereas they ranged from 0%
to 7% after incomplete resection. Because radical surgery
is rarely feasible for PALN recurrence, they have usually
been treated using chemotherapy.

SBRT FOR OLIGO-RECURRENCE WITHIN
THE NODAL AREA FROM CRC
Radiobiological aspects of SBRT
SBRT may differ biologically from conventional RT,
which is administered in small doses of 1.8-2 Gy per
fraction over 6-8 wk. In addition to the direct cell killing
within the high-dose region, vascular and stromal effects
also likely contribute to tumor control[42]. Experimental
models have demonstrated the importance of sphingomyelinase-mediated endothelial apoptosis of tumor cells
when high-dose RT is used[43,44]. Another host factor of
potential importance after a high single dose (or a few
doses) of RT is the activation of the innate and adaptive immune responses against the tumor[45-47]. Lee et al[47]
reported that a single ablative dose of radiation (20 Gy)
to the tumor dramatically increased T-cell priming in the
draining lymphatic tissues. This CD8(+) T-cell response
was essential for the antitumor effects of irradiation and
resulted in a reduction in primary tumor size and an abscopal effect[48,49] on distant metastases. The clearance of

SURGERY FOR OLIGO-RECURRENCE
WITHIN THE NODAL AREA FROM CRC
Approximately 50% of local recurrences are restricted to
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Figure 1 CyberKnife planning of stereotactic body radiotherapy for
paraaortic lymph node metastases from colorectal cancer. A: Axial view
1; B: Sagittal view; C: Coronal view; D: 3D view. Gross tumor volume (red
arrow) was defined as the visualized lymph node. The radiation dose, 48 Gy
in 3 fractions, was prescribed to the 80% isodose line of the maximum dose
in order to cover the planning target volume.

nonirradiated tumors after localized radiation therapy is
known as the abscopal effect. Activation of an antitumor
immune response has been proposed as a mechanism for
the abscopal effect. The abscopal effect has been reported in several malignancies[50-52]. Stamell et al[52] reported a
patient with metastatic melanoma who received palliative
radiation to his primary tumor with subsequent clearance
of all his nonirradiated in-transit metastases. Anti-MAGEA3 antibodies were found upon serological testing,
demonstrating an association between the abscopal effect
and a systemic antitumor immune response. While these
antitumor effects hardly observed with conventional
fractionated RT or with chemotherapy[53,54]. On the basis
of these findings, the authors suggested that a new therapeutic strategy may be developed that combines RT with
immunotherapy for oligometastasis.

tumor are required. These image-guidance procedures
substantially reduce treatment setup errors, using the tumor itself as a fiducial (frameless SBRT), and will in turn
enable the planning target volume to be reduced.
Patient selection
The use of appropriate selection criteria for SBRT in the
radical treatment of oligo-recurrence within nodal area
remains crucial. In general, indications for SBRT are the
same as those for metastasectomy, but without the limits
imposed by the need for patients to be fit for surgery. In
several reports, the eligibility criteria for SBRT for oligometastatic cancer were described as a limited number of
metastases (between 1 and 5), a tumor diameter less than
4 cm, a locally controlled primary tumor, and no additional metastatic sites[57]. Other more specific and recently
proposed criteria for the use of SBRT to treat patients
with various oligometastatic tumors include a controlled
primary tumor, a favorable histology, limited metastatic
disease, a metachronous appearance of metastases, young
age, and a good performance status[58-60].
As isolated or oligo-recurrence within nodal area
is a very rare in CRC cases, clinical trials of SBRT for
these recurrences are correspondingly also rare. Kim
et al[55] published the results of a study in which SBRT
was used to treat isolated PALN recurrence from CRC.
The patients criteria for this study included a single conglomerate recurrent node or 2-3 recurrent nodes within
1 cm of each other; and excluded a tumor attached to
the stomach or intestine (as determined by CT), or more
than 3 separate affected LNs affected. This criteria is
focusing to preserve normal tissue surrounding lymph
node metastasis.

Technical aspects of SBRT
Previously, the delivery of truly ablative doses of radiation has been limited by the risk to normal tissue, and the
need for extended fractionation. However, SBRT utilizes
stereotactic principles for dose localization and delivers
multiple beams to well defined targets in a few fractions.
As a result, this technique can deliver higher doses to tumors due to reduced mechanical error margins, and thus
cause less normal tissue damage[55] (Figure 1). Regardless
of the SBRT treatment delivery unit used, image-guided
therapy enables verification of the location of the tumor
or target volume before treatment delivery[56]. This imageguided therapy can be performed using three-dimensional
volume imaging, using for example cone beam computed
tomography (CT). If two-dimensional imaging is used,
invasive fiduciary markers positioned in or close to the
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Table 1 Streotactic body radiotherapy for oligo-recurrence within nodal area in colorectal cancer
Ref.

Study year

Bae et al[69]
Kang et al[68]
Kim et al[55]
Kim et al[75]
Hoyer et al[66]

2012
2010
2009
2008
2006

1

No. of
patients

Proportion of oligo-nodal
metastases

SBRTdose (Gy) ;
range (median)

41
59
7
23
64

44%
53%
100%
100%
5%

45-60 (48)
36-51 (42)
36-51 (48)
30-51 (39)
45 (45)

Outcomes
LC

OS

Severe GI toxicity

57% (5 yr)
24% (5 yr)
(-)
74% (4 yr)
63% (2 yr)

38% (5 yr)
29% (5 yr)
71% (3 yr)
25% (4 yr)
38% (2 yr)

7%
3%
14%
4%
5%

1

Three fractions of streotactic body radiotherapy were used in all studies. LC: Local control; OS: Overall survival; GI: Gastrointestinal.

A further important consideration is the identiﬁcation
of patients with truly oligo-recurrence. Most published
surgical oligo-recurrence series describe patients managed in an era before modern imaging techniques such
as Positron emission tomography (PET)/computerized
tomography (CT) became widely available. Thus, many
patients were probably understaged, potentially leading to
an underestimation of the effect of aggressive management on truly oligo-recurrence, since some of those patients treated aggressively would have had more extensive
disease than was visible on CT or magnetic resonance
imaging. Improved imaging will enable better selection of
patients. Indeed, these advanced imaging methods (PET/
CT scan) and molecular diagnostic techniques were used
in some of the most recent studies[14] and are likely to
have contributed to better patient selection and improved
5-year survival in this study compared with previous trials[15,61,62].

better survival in the cohort of 41 CRC patients with LN
(18), lung (12), and liver (11) metastases confined to a
single organ. The 5-year overall survival, disease progression free survival, and local control rates were to 38%,
40% and 57%, respectively. The difference of outcomes
between these studies may come from different dose of
SBRT. These will be discussed further in the section of
“SBRT dose”.
Despite the heterogeneous nature of these studies
with respect to the methods used to categorize oligometastatic disease from CRC, the ﬁndings indicate that
a substantial proportion of patients, generally over 20%,
remain disease-free 4-5 years after SBRT (Figure 2).
These ﬁndings support the idea of an oligometastatic
state in which aggressive local therapy could improve
cause-speciﬁc survival.
SBRT dose
The efﬁcacy of SBRT had primarily been investigated in
the context of the treatment of early stage non-small cell
lung cancer (NSCLC), in which disease a dose-control
relationship has been established. Onishi et al[70] reported
that the local control and survival rates for patients
with stage Ⅰ NSCLC were signiﬁcantly better using a
biologically effective dose larger than 100 Gy (α/β =
10 Gy). On the basis of this result, dose escalation was
performed in a number of primary and metastatic cancer patients, and there were also efforts to escalate the
SBRT dose to abdominal LN metastases from CRC. In
the study conducted by Kim et al[55], the SBRT dose was
escalated in a stepwise manner by 3 Gy from 36 Gy in
3 fractions. During escalation of dose, however, the 2
severe complication resulted in when 48 or 51 Gy was
delivered in 3 fractions. They therefore did not escalate
the radiation dose over 51 Gy during the treatment of
paraaortic LN or pelvic LN. They also found that the radiation dose to tumor was a signiﬁcant prognostic factor
of overall survival. The median survival time was 32 and
72 mo with a SBRT dose of ≤ 42 Gy and > 42 Gy in 3
fractions, respectively. Bae et al[69] also found that SBRT
dose was a signiﬁcant prognostic factor for local control
in multivariate analysis and that a dose of ≥ 48 Gy in 3
fractions resulted in a 5-year local control rate of 69%.
In several studies to evaluate SBRT result for oligometastases from heterogeneous primary cancers[71-75],
all reports did not suggest that the SBRT dose was a
prognostic factor of survival or local control. The SBRT

Clinical outcome
There is only a little published data on the treatment outcome of using SBRT for CRC oligo-recurrence within
nodal area. An overview of published case series and
phase 2 trials are presented in Table 1. However, several
studies included cohorts that were too heterogeneous to
evaluate the effect of SBRTs on these lesions. Greco et
al[63] and Milano et al[64,65] studied heterogeneous in terms
of the treated site or primary tumor histology. Hoyer et
al[66] and Kim et al[55] studied including only a very small
number of cases of nodal metastases although all enrolled patients had oligometastases from CRC.
In review of SBRT for oligometastases in all primary
and all treated sites, Tree et al[67] indicated that generally
around 20% of patients remain disease-free 2-4 years
after treatment. Kang et al[68] reported the results of a
study including 59 CRC patients with LN (31), lung (13),
liver (10), and other (5) metastases, which were confined
to 1 organ and treated by SBRT (median 42 Gy in 3 fractions). The 3-year overall survival, disease progression
free survival, and local control rates were 49%, 25% and
66%, respectively, and the 5-year overall survival, disease
progression free survival, and local control rates were to
29% and 19% and 24%, respectively. Focusing to the 31
patients with oligo-recurrence within nodal area, progression-free survival was 25% at 3 years and 19% at 5
years. In further study using high dose SBRT (median 48
Gy in 3 fractions) in same institute, Bae et al[69] reported
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Figure 2 Disease progression free survival in patients with oligo-recurrence within nodal area from colorectal cancer treated with streotactic body radiotherapy or surgical resection. The cohort of Kang and Bae’s studies are mostly composed of nodal metastases but additionally include lung and liver metastases.
The cohort of surgical series include not only oligo-recurrence within nodal area but also central recurrence at anastomosis site. Dot size was weighted for number of
patients in each cohort. SBRT: Streotactic body radiotherapy.

dose ranged from 30 to 51 Gy delivered in 3-6 fractions,
and the highest dose was 51 Gy in 3 fractions[76]. Lower
doses, such as those used successfully in the study by
Bignardi et al[72], might be sufficient to eradicate viable
tumor cells. Interestingly, Herfarth et al[77] performed a
separate analysis of patients with metastatic disease and
found that CRC metastasis had worse local control than
metastases from other histological tumor types (45% vs
95%, respectively). In particular, in patients who had previously undergone systemic chemotherapy, tumors may
have been radioresistant. Our data[55] support the radiocurative dose for metastases from CRC may be higher than
those from other primary tumors as a result of induced
cross-resistance from prolonged chemotherapy (discussed
above)[77-79]. One hypothesis to explain these phenomenon may be Epidermal growth factor receptor (EGFR),
which is reported to be overexpressed in approximately
70%-75% of CRCs[80]. A recent study using CRC-derived
cell lines showed that cells with high constitutive EGFRpositive cells within a colorectal adenocarcinoma may
have an intrinsic susceptibility to chemotherapy like oxaliplatin and 5-fluorouracil[81] as well as anti-EGFR agents.
While, Khalifa et al[78] reported that recurrences following
postoperative chemotherapy were approximately 5 times
more likely to have lower levels of EGFR expression. In
similar pattern, several studies have shown that an absence of EGFR expression is associated with radioresistance[82,83]. Furthermore, in a study of CRC treated with
preoperative RT, Zlobec et al[79] reported that a complete
pathological response was nearly 6 times more likely in
EGFR-positive tumors than in EGFR-negative cases. In
this point, the lower EGFR status of recurrent CRC after
intensive chemotherapy may induce radio-resistance, requiring higher SBRT dose to achieve local control.
Results from a study of patients with oligo-recurrence
within abdominopelvic nodal area suggested that a SBRT

WCGO|www.wjgnet.com

dose of more than 42 Gy in 3 fractions is a favorable
prognostic factor for overall survival and local control,
and dose escalation was recommended. However, there is
as yet no consensus on the optimal dose and number of
fractions, and further study with larger patient numbers is
therefore required[55,69].
Toxicity
When oligo-recurrence within nodal area in the abdominopelvic area is treated with SBRT, the gastrointestinal
tract is one of the most important dose-limiting organs.
Since Timmerman et al[84] complied unvalidated normal
tissue dose constraints for SBRT, most published studies have considered this recommendation or individual
empiric data to be the permitted dose constraints for
gastrointestinal toxicity. Surely, dosimetric parameters
such as maximal point dose (Dmax) and absolute volume
of gastrointestine to receive some radiation dose, or fraction number affect complication. Unfortunately, because
prospective study to control these variable factors were
not available till now, there was no definite conclusion
for gastrointestinal tolerance dose. Based on extensive
experience to give SBRT to tumor located in abdominopelvic site, using 3 fraction, we suggested the dose constraint for gastroduodenum and intestine[85,86]. For severe
gastroduodenal toxicity, Dmax was found to be the best
dosimetric predictor. A Dmax of 35 Gy and 38 Gy were
respectively associated with a 5% and 10% probability of
the development of severe gastroduodenal toxicity. For
intestinal toxicity, absolute volume to receive 20 Gy, 25
Gy, 30 Gy, or 35 Gy and Dmax of the intestine were all the
valuable predictor of severe toxicity. At Dmax below 37
Gy, no severe intestinal toxicity was not detected. These
tolerance dose are higher than expected for SBRT to
some extent. Based on limited individualized clinical data,
Kavanagh et al[87] and Rusthoven et al[88] suggested Dmax
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below 30 Gy in 3 fractions for stomach and intestine as
the constraint. Timmerman et al[84] suggested Dmax < 27
Gy in 3 fractions for the intestine and < 30 Gy for the
colon, which based on the data of the biological effective dose using universal model, not validated by clinical
data. One reason to cause discrepancy from these data
based on dosimetric uncertainty. Intrafractional and interfractional gastrointestinal movement make it difficult to
define accurate radiation dose of gastrointestine. In addition, as the volume of gastrointestine may vary according
to the food consumed and respiration, the dose-volume
histogram endpoint for pretreatment planning might not
accurately reflect the actual dose distribution. In spite of
these uncertainties, about Dmax of 30 Gy in 3 fractions in
gastroduodenum is supposed to be safe dose constraint

2
3

4
5

6

CONCLUSION
Oligo-recurrence within nodal area from CRC are rarely
lethal in themselves. However, aggressive local treatment
such as SBRT could prevent further extensive widespread
metastatic disease. Several investigators have suggested
that higher SBRT doses are associated with a better prognosis with respect to local control and survival. However,
there is still no consensus on the optimal dose, number
of fractions, or planning constraints. Given the radioresistant nature of CRC oligo-recurrence, increasing the
SBRT dose may be a necessity, although because LNs are
usually surrounded by radiosensitive normal tissue, the
possibility of complications, especially gastrointestinal
toxicity, should be carefully considered in treatment planning with SBRT for oligo-recurrence within nodal area in
the abdominopelvic area. The constraints for the gastrointestinal tract and colon, a Dmax of 30 Gy could prevent
severe gastrointestinal toxicity during SBRT for tumors
located in this area.
The outcomes of SBRT for oligo-recurrence within
nodal area from CRC appear to be similar to those obtained after surgery despite the fact most studies have
only included a small number of patients with a heterogeneous clinical profile. A substantial proportion of patients, generally over 20%, remain disease free 4-5 years
after SBRT. This ﬁnding supports the idea of an oligorecurrence state in which aggressive local therapy could
improve the cure rate in appropriately selected patients.
However, the general aim of oncological interventions
for metastatic disease is not cure, but improvement in the
quality of life and prolongation of overall survival. To
this end, the use of SBRT, which is less invasive, better
tolerated, and of a shorter duration than conventional
radiation therapy, could have a number of advantages.
These include the preservation of the quality of life
through delaying further systemic treatment or preventing pain and prolonging survival through reducing subsequent metastatic spread to important organs.
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such as pericolic extension or nodal metastasis is found
in the proximal colon. A maximal diameter ≥ 15 mm
has been proposed as a criterion for surgical removal
of proximal lesions. However, this needs to be verified
in a larger cohort. In addition, the influence of presurgical CTC results on the current post-cancer resection
colonic surveillance timeline remains to be determined.
CTC can be readily added to the routine abdominopelvic CT in the form of contrast-enhanced CTC, which
can serve as an effective stand-alone tool for postcancer resection surveillance of both the colorectum
and extracolonic organs. Although the accuracy of CTC
has been demonstrated, its role in the current colonoscopy-based postoperative colonic surveillance protocols
remains to be determined. Readers of CTC also need
to be knowledgeable on the colonic lesions that are
unique to the postoperative colon.
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Abstract

Key words: Computed tomographic colonography; Colonic cancer; Rectal cancer; Surgery; Colonoscopy

This article addresses the use of computed tomographic colonography (CTC) for the diagnosis and management of colorectal cancer, focusing on presurgical
evaluation of the colon proximal to an occlusive cancer
and surveillance after cancer resection surgery. The
key evidences accumulated in the literature and future
work needed are summarized. CTC is a technically
robust and the most practical method to evaluate the
colon proximal to an occlusive cancer, which prevents
colonoscopic examination past the occlusion, either
before or after metallic stent placement. The high
sensitivity of CTC for detecting cancers and advanced
adenomas in the proximal colon can help prevent additional surgical procedures in patients showing negative
results. However, the accuracy of CTC for distinguishing intramural cancers from adenomas is low, and the
technique is limited in guiding management when a
medium-sized lesion that do not show invasive features
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Core tip: Computed tomographic colonography (CTC)
is technically robust and the most practical method to
evaluate the colon proximal to an occlusive cancer either before or after metallic stent placement. Contrastenhanced CTC may serve as an effective stand-alone
tool for post-cancer resection surveillance of both the
colorectum and extracolonic organs. However, several
issues discussed in this article should be addressed further and clarified.
Original sources: Hong N, Park SH. CT colonography in the
diagnosis and management of colorectal cancer: Emphasis on
pre- and post-surgical evaluation. World J Gastroenterol 2014;
20(8): 2014-2022 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i8/2014.htm DOI: http://dx.doi.
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use of CTC for post-cancer resection surveillance. The
review highlights key evidence accumulated in the literature and further work that needs to be done. This article
does not address the general technical issues or principles
of CTC, as these are already well explained in the literature elsewhere[1,2,21]. A few technical issues unique to the
practice of CTC for such non-screening indications will
be briefly addressed.

org/10.3748/wjg.v20.i8.2014

INTRODUCTION
Computed tomographic (CT) colonography (CTC) (also
known as virtual colonoscopy) is a recently developed
radiological imaging technology for the evaluation of the
colorectum, enabled by advances in CT scan and threedimensional image processing technologies[1,2]. CTC is
less invasive and generally safer than optical colonoscopy[1,3]. CTC can visualize the lumen of the colorectum
in various three-dimensional views in addition to the
conventional colonoscopy-like endoluminal navigation
as well as in two-dimensional multiplanar cross-sectional
views[2,4,5]. This variety in visualization modes allows
for accurate and efficient evaluation of the colorectum.
Unlike optical colonoscopy, which is limited to the endoluminal examination of the colorectum, CTC enables
the evaluation of extracolonic organs, particularly when
performed with intravenous contrast enhancement. The
clinical usefulness of CTC has been studied extensively,
largely focusing on screening/surveillance of the general
population for colorectal cancer, and CTC has repeatedly shown acceptably high accuracy comparable to
colonoscopy for detecting clinically-relevant colorectal
neoplasms[6-12]. Accordingly, CTC has now been included
in the guidelines for colorectal cancer screening in several countries, for instance, the Joint Guideline from the
American Cancer Society, the US Multi-Society Task
Force on Colorectal Cancer, and the American College
of Radiology[13] and Korean guidelines[14]. On the other
hand, CTC has yet to be completely accepted as a tool
for population screening in terms of reimbursement
as CTC is only incompletely reimbursed in some countries[15,16]: the decision by the Centers for Medicare and
Medicaid Services in the United States to deny coverage
for CTC in the recent past was such an example[17,18].
Nevertheless, new clinical evidences and data have been
accumulated and are likely to resolve the prior concerns
regarding widespread adoption of CTC in population
screening for colorectal cancer [19,20]. Likewise, CTC is
steadily gaining clinical acceptance and increasingly utilized as a screening examination [13-15].
In addition to the role in general screening/surveillance for colorectal cancer, the dual function of CTC in
colorectal and extracolonic evaluation suggests that this
technique could be applicable to other clinical scenarios.
One particular area of interest is the role of CTC in the
management of patients who have already been diagnosed with colorectal cancer[21], and multiple studies have
addressed this use of CTC, albeit not as extensively as
the research on the general screening/surveillance role of
CTC. The present review summarizes and discusses the
results of such studies, placing emphasis on (1) the use of
CTC for presurgical evaluation of the colonic segments
proximal to an occlusive cancer preventing colonoscopic
examination beyond the level of occlusion, and (2) the

WCGO|www.wjgnet.com

EVALUATION OF THE COLON PROXIMAL
TO AN OCCLUSIVE CANCER
Patients with colorectal cancer may present with an occlusive mass that prevents colonoscopic examination
beyond the level of the occlusion. Complete presurgical
evaluation of the entire colon is important in patients
diagnosed with colorectal cancer because identification
of synchronous cancers, which are present in 1%-7% of
these patients[22,23], may determine the extent of surgical
resection. The presurgical diagnosis of these synchronous
cancers is important to prevent a second surgery or even
failure of curative treatment. Various options are available for proximal colonic evaluation, including doublecontrast barium enema, CTC, intraoperative colonoscopy,
and surgical palpation. Of these, CTC is currently regarded as the standard procedure (Figure 1). Double-contrast
barium enema, despite its historical use for proximal colonic evaluation in occlusive colorectal cancers[24], has low
sensitivity even in the absence of an occlusive cancer[25],
in which case bowel preparation is relatively easier compared with in patients with occlusive cancer. In addition,
barium is associated with a risk of barium desiccation in
the colon proximal to an obstructing cancer. Intraoperative colonoscopy is possible but is not a practical option[26]. By contrast, CTC is a technically robust method
that can be performed successfully if the insufflated gas
can be delivered across the tumor-induced occlusion
to adequately distend the colonic segments proximal to
the occlusion. This is in contrast to colonoscopy, which
requires the passage of the scope across the narrowing.
Therefore, almost all cases of failed colonoscopy due
to occlusive cancer can be examined successfully with
CTC using the low-pressure carbon dioxide colon insufflation system widely adopted for screening CTC[27-29].
CTC is known to be a safe procedure, particularly when
it is performed using the low-pressure carbon dioxide
insufflation, as the reported rates of overall procedurerelated colonic perforations ranged from 0.009% to 0.06%
and nearly all the perforated cases were associated with
manual insufflation[3,30-32]. However, the data were largely
from screening CTC practices or from patients who did
not have colonic obstruction; and, in fact, there is no
large data regarding the risk of colonic perforation of
CTC performed for patients with an occlusive cancer.
The majority of the reported cases of colonic perforations associated with CTC had underlying colonic lesions
including inflammatory and/or obstructive lesions[31,33,34].
Also, according to a recent systematic review, large bowel
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Figure 1 A 55-year-old woman with occlusive cancer in the upper rectum and a 17-mm synchronous cancer in the sigmoid colon. A-C: Colonoscopic (A),
three-dimensional endoluminal computed tomographic (CT) colonographic (i.e., virtual colonoscopic) (B), and three-dimensional volume-rendered (C) images of the
colon show a luminal-encircling occlusive mass (arrowheads) in the upper rectum that impeded the passage of a colonoscope; D, E: Three-dimensional endoluminal
(D) and two-dimensional sagittal (E) CT colonographic images show a 17-mm polyp (arrowheads) unassociated with invasive features in the sigmoid colon. The lesion
was removed by surgery and pathologically confirmed as a cancer confined to the mucosa.

Table 1 Computed tomographic colonography accuracy for diagnosing synchronous cancers in the colon proximal to an occlusive
cancer
Patients with occlusive
cancer
Park et al[28]

284

Fenlon et al[35]
Neri et al[36]
Coccetta et al[37]
Galia et al[38]
Kim et al[39]

29
17
43
19
67

Sensitivity
Target lesions
Adenocarcinoma
Advanced neoplasia1
Adenocarcinoma
Adenocarcinoma
Adenocarcinoma
Adenocarcinoma
Adenocarcinoma

Specificity

Per-patient

Per-lesion

100% (6/6)
88.6% (39/44)
100% (2/2)
100% (3/3)
100% (1/1)
100% (2/2)
100% (3/3)

100% (8/8)
80% (52/65)
100% (2/2)
100% (3/3)
100% (1/1)
100% (2/2)
100% (3/3)

87.9 (181/206)
NA
NA
NA
NA
95 (NA)

Data are percentages with the actual numbers of patients and lesions are presented in parentheses. 1Advanced neoplasia includes both advanced adenomas
(≥ 10 mm in size or with a substantial villous component or high-grade dysplasia) and adenocarcinomas. NA: Not available.

obstruction is among the risk factors for colonic perforation following CTC[33]. Therefore, more careful attention
while performing the procedure would be prudent.
Several studies have investigated the accuracy of
CTC for detecting synchronous colonic lesions proximal
to an occlusive cancer, and have demonstrated a high
sensitivity of CTC for the detection of proximal synchronous cancers[28,35-39](Table 1). Most of these studies
were preliminary studies that included a small number of
patients[35-39]; however, one recent large study (the largest
report thus far)[28] included 427 consecutive patients with
stenosing colorectal cancer, of which 284 were ultimately
analyzed to determine the accuracy of CTC. The results
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showed 100% and 88.6% sensitivities of CTC for detecting patients harboring synchronous colorectal cancer and
advanced neoplasia (i.e., advanced adenoma[40] or cancer),
respectively, in the proximal colon. As a result, the corresponding negative predictive values of CTC (i.e., the
probability of the proximal colon being devoid of the
lesions when CTC is negative) were 100% for proximal
synchronous cancer and 97.4% for advanced neoplasia.
Therefore, negative CTC findings in the proximal colon
exclude the need for additional surgical procedures in
the proximal colon with high confidence. These results
are highly promising. Nevertheless, given the low prevalence of proximal synchronous cancers[22,23], future multi-
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institutional efforts aimed at accumulating additional data
and evidence would be indicated.
Another advantage of CTC to this particular group
of patients is that it can serve as a one-stop examination
for the proximal colonic evaluation as well as for overall
pretreatment cancer staging of the abdomen and pelvis
when performed with intravenous contrast enhancement.
Contrast-enhanced CTC is essentially the same imaging
method as the routine contrast-enhanced abdominopelvic
CT used for abdominopelvic staging of colorectal cancer[41,42], except for the use of gaseous colonic distention
in the former. Therefore, the two methods are expected
to be similarly effective and accurate for tumor staging,
although published data on the accuracy of contrast-enhanced CTC for general TNM staging of colorectal cancers are limited. According to several published studies,
the accuracy of contrast-enhanced CTC for tumor staging is 83%-95% for T-staging, 80%-85% for N-staging,
and 100% for M-staging[43-46].
Despite the high accuracy of CTC for detecting synchronous lesions in the colon proximal to an occlusive
cancer, the clinical impact of CTC in the management of
occlusive cancer patients remains a bit unclear. First, even
if CTC accurately detects proximal colonic lesions, unless
it can clearly tell which of the detected lesions should be
removed by surgery rather than endoscopy after resection
of the occlusive cancer, the patient management remains
ambiguous. The distinction would be straightforward for
small polyps (i.e., endoscopic removal) or large invasive
advanced cancers (i.e., surgical excision). However, it is
difficult for CTC to distinguish adenomas from relatively
small medium-sized cancers confined within the colonic
wall without pericolic extension or nodal metastasis[28].
Therefore, a certain degree of over-interpretation (i.e.,
overcalling noncancerous polyps as cancers) or underinterpretation (i.e., undercalling small cancers as noncancerous polyps) at CTC, which may result in unnecessarily
extensive surgery or repeat colonic surgery, respectively,
seems inevitable. Robust criteria for the selection of surgical removal versus postsurgical endoscopic resection
for a proximal colonic lesion detected by CTC remain
to be developed. One study[28] suggested a maximum lesion diameter of 15 mm or greater as the criterion for
surgical removal, which yielded 87.5% sensitivity and
70% positive predictive value for proximal synchronous
cancers. The need for specific characterization of the colonic lesions detected by CTC is a unique aspect of CTC
performed in occlusive cancer patients. By contrast, the
general screening/surveillance CTC is only concerned
with detecting colonic lesions, as its key clinical role is to
determine who should be sent for colonoscopy. Secondly,
it is unclear if and how the adoption of CTC in the presurgical evaluation of occlusive colorectal cancer patients
should affect the current postsurgical colonoscopic surveillance timeline. The current guidelines for the management of colorectal cancer (as proposed by The National
Comprehensive Cancer Network, the American Cancer
Society, and the US Multi-Society Task Force on Colorec-
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tal Cancer) stipulate that early postoperative follow-up
colonoscopy to evaluate the proximal colon should be
performed 3-6 mo after surgical removal of an occlusive
cancer in addition to the routine colonoscopic surveillance approximately 1 year after surgery or perioperative
clearance of the colon[41,42,47]. These “current” guidelines
are largely based on the data and experience from the
pre-CTC era. Given the higher accuracy of CTC compared with other methods, particularly the high sensitivity
of CTC for detecting cancer that is approaching 100%[48],
negative preoperative CTC findings in the proximal colon could potentially provide a confident clearance for
the proximal colon and could potentially eliminate the
need for early postoperative colonoscopy. If this notion
is proven, it would help reduce redundancy and the costs
of postsurgical colonic surveillance, and would also mean
a substantial convenience factor for patients who are recuperating from major surgery. Further investigations in
this area would therefore be worthwhile.

PROXIMAL COLONIC EVALUATION
AFTER METALLIC STENT PLACEMENT
Patients with advanced colorectal cancer causing acute severe colonic obstruction require urgent decompression to
avoid colonic perforation. Self-expandable metallic colonic stents are currently widely used in patients with acute
severe colonic obstruction caused by colorectal cancer, as
a bridging treatment to one-stage elective surgery[49,50]. In
these cases, proximal colonic evaluation requiring passage
through the metallic stent to find synchronous colonic
lesions becomes an issue [51-53]. Colonoscopy involving passage through the stent can be performed safely
without any major complications and a success rate of
88.9%-93.4% has been reported[51,52]. However, the extent
of clinical application of this procedure is unknown.
Among the concerns raised, long-term instrumental
damage to a colonoscope caused by passing it through a
metallic stent appears to be one important reason for the
reluctance in performing colonoscopy under these conditions[54]. CTC could provide an alternative tool for this diagnostic task. According to one study[53], which included
50 consecutive patients who underwent CTC after metallic stent placement for acute severe cancer obstruction,
CTC was performed adequately in 94% of the patients
using the standard techniques used for screening or other
indications and no procedure-related adverse events were
reported. Although the diagnostic performance of CTC
in this setting was not evaluated thoroughly because of
the small number of patients analyzed, the preliminary
results were promising. The per-patient and per-lesion
sensitivities for lesions 6 mm or larger in diameter in
the colon proximal to the stent were 90% and 85.7%,
respectively, and CTC correctly identified two proximal
synchronous cancers present in the study cohort[53]. One
potential diagnostic pitfall noted in the study was some
degree of lesion obscuration by colonic obstructionrelated mural edema[53], which may need further clarifica-
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Table 2 Computed tomographic colonography accuracy for colonic surveillance after colorectal cancer resection
Patients

n

Target lesions

(Peri) anastomotic recurrence
Metachronous polyps
(Peri) anastomotic recurrence
Metachronous polyps ≥ 5 mm
(Peri) anastomotic recurrence
Metachronous cancer and (peri)
anastomotic recurrence
Advanced neoplasia2
All adenomatous lesions3 ≥ 6 mm

Amitai et al[64]

29

Routine surveillance

Fletcher et al[65]

50

Routine surveillance

80
548

Suspicion of recurrence
Routine surveillance

You et al[67]
Kim et al[68]

Sensitivity
1

Characteristics

Specificity
Per-patient

Per-lesion

100% (2/2)
100% (NA)
100% (2/2)
60% (3/5)
100% (51/51)
100% (6/6)

100% (2/2)
93% (28/30)
NA
NA
100% (51/51)
100% (7/7)

81.8% (18/22)
80% (52/65)

80.8% (21/26)
78.5% (62/79)

NA
71% (NA)
94% (45/48)
84% (38/45)
83% (24/29)
93.1% (421/452)

Data are percentages with the actual numbers of patients and lesions are presented in parentheses. 1Histology and size are not specified unless provided
in the original studies; 2Advanced neoplasia includes both advanced adenomas (≥ 10 mm in size or with a substantial villous component or high-grade
dysplasia) and adenocarcinomas; 3Both adenomas and adenocarcinomas are included. NA: Not available.

tion. Furthermore, a technical consideration is that an
additional scout CT scan of the abdomen and pelvis using low-dose radiation prior to gaseous colonic distention
is recommended in this group of patients to detect any
clinically silent colonic perforation, given the relatively
high risk of colonic perforation associated with the metallic stent placement procedure (3.8% according to one
systematic review[50]). The scout scan would be a prudent
step to avoid the risk of exacerbating a clinically silent
perforation by inadvertently performing CTC.

preparation and colonic distention) to contrast-enhanced
abdominopelvic CT would not incur much extra cost,
another hospital visit, or other complexity in patient
management.
At present, a relatively small amount of data regarding the use of CTC as a tool for post-cancer resection
surveillance exists (Table 2), and most such research reports were feasibility studies in nature that only included
a small number of patients[64-67]. On the other hand, one
recent study[68] analyzed a large retrospective cohort of
742 consecutive patients who had no apparent clinical or
laboratory evidence of recurrent disease after curativeintent colorectal cancer surgery and underwent contrastenhanced CTC for postsurgical surveillance[68]. In the
study, the per-patient sensitivity of CTC was 100% for
metachronous or anastomotic recurrent cancers and
81.8% for advanced neoplasia. The corresponding negative predictive value of CTC was 100% for metachronous
or anastomotic recurrent cancers and 99.1% for advanced
neoplasia. The maximum referral rate for colonoscopy
after CTC in this asymptomatic postsurgical population
was 19%. These results imply that performing CTC as
an adjunct to the routine postsurgical contrast-enhanced
abdominopelvic CT could theoretically prevent surveillance colonoscopy in as much as approximately 80% of
the patients (on an assumption that colonoscopy is to
be performed at a similar time to CT) by confidently excluding those patients who would not need colonoscopy
because they do not harbor advanced neoplasia or cancer.
As the frequency and timing of surveillance colonoscopy
and surveillance abdominopelvic CT do not always coincide in the real-world clinical setting, the actual benefit of
contrast-enhanced CTC would be smaller. However, the
study at least demonstrated that CTC could be a viable alternative to colonoscopy for postsurgical surveillance and
may therefore help decrease the burden or redundancy
of the colonoscopic surveillance.
Although CTC may have diagnostically acceptable
accuracy for postsurgical colonic surveillance, how it
may fit into the current colonoscopy-based colonic
surveillance practice remains to be determined. The
current guidelines for colonic surveillance recommend

POST-CANCER RESECTION
SURVEILLANCE
Colorectal cancer is unique in that, unlike other gastrointestinal malignancies, timely second curative-intent treatment of the recurred/metastatic cancer that developed
after the initial curative-intent treatment can improve
the ultimate patient survival[55-57]. Therefore, preemptive
(i.e., performed for all postsurgical patients regardless of
their symptoms) surveillance for recurrent disease after
curative-intent treatment of colorectal cancer is crucial in
the management of this disease. Both colonic and extracolonic surveillance are important, as the recurrent disease may occur in any location. Most recurrences occur
as distant extracolonic metastatic disease and, in the case
of local or (peri-)anastomotic recurrence, more often
than not without an intraluminal colonic component[58-60].
As a result, current postsurgical surveillance guidelines
generally include a combination of clinical assessment,
serum carcinoembryonic antigen measurement, colonoscopy, and contrast-enhanced CT[41,42,61]. Considering that
contrast-enhanced abdominopelvic CT is already a standard postoperative surveillance examination[41,42], and that
CTC can be readily added to the routine abdominopelvic
CT in the form of contrast-enhanced CTC, which would
effectively cover both the colorectum and extracolonic
organs simultaneously, contrast-enhanced CTC may potentially represent an attractive stand-alone examination
for combined colonic and extracolonic postoperative
surveillance of colorectal cancer patients [62,63]. Adding the essential colonographic techniques (i.e., bowel
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Figure 3 A 66-year-old man with a 16-mm ulcerating anastomotic recurrence. Three-dimensional endoluminal computed tomographic colonographic (A;
U = Ulcer) and colonoscopic (B; U = Ulcer) images obtained 10 mo after cancer
resection surgery show an ill-defined elevated lesion with central ulceration
(arrowheads) at the anastomosis site. Subsequent surgical resection and pathologic analysis confirmed recurrent adenocarcinoma (reprint with permission[68]).

C

and CTC for postsurgical surveillance may be worth
investigating, as it could capitalize on their complementary strengths and may contribute to improved patient
survival. Another issue that may need to be addressed
for the successful implementation of CTC in post-cancer
resection surveillance is the reader familiarity with colonic lesions that are unique to the postoperative colon
and are unencountered in general screening practice, including anastomotic inflammatory polyps (Figure 2) and
anastomotic recurrences (Figure 3). Inflammatory polyps
are by far the most common type of polypoid lesion occurring in the anastomosis that do not require treatment
and typically manifest as well-circumscribed discrete 5- to
15-mm polyps located in the anastomotic line[62,71]. Anastomotic recurrent tumors may present as friable mucosa,
irregular mucosa with shallow ulceration, sessile-to-flat
infiltrative lesions, or luminal stenosis instead of showing
mass-like or polypoid appearance, as they do not develop
through the polypoid growth of the adenoma-carcinoma
sequence[62,72].

Figure 2 A 79-year-old man with a 9-mm inflammatory polyp at ileocolic
anastomosis. Three-dimensional endoluminal (A) and two-dimensional coronal
(B; I = Ileum and C = Colon) computed tomographic colonographic images and
a colonoscopy image (C) obtained 3 years after colorectal cancer resection
show a well-defined sessile polypoid lesion (arrowheads) at the anastomotic
line. Colonoscopic biopsy revealed nonspecific chronic inflammation with
edema and no evidence of tumor recurrence.

colonoscopy at 1 year after the curative-intent surgery or
after perioperative colonoscopic clearance of synchronous lesions, then in 3 years if negative at 1 year, and
every 5 years if negative at the prior colonoscopy[41,42,47].
However, as revealed in a recent study[69], postsurgical
colonoscopies are being performed more frequently than
recommended by the guidelines at many institutions.
Considering the relatively higher rates of metachronous
cancers in the early postsurgical period[47], the use of
colonoscopy for surveillance during the early postsurgical period, such as at 1 year, and CTC at later times may
be appropriate. In addition, because CTC is less sensitive for small and subtle lesions than colonoscopy, while
colonoscopy has a greater amount of blind areas compared with CTC[70], the alternating use of colonoscopy

WCGO|www.wjgnet.com

CONCLUSION
In summary, CT colonography has important current and
potential roles in the management of patients who have
been diagnosed with colorectal cancer. It is technically robust and the most practical method for the evaluation of
the colon proximal to an occlusive cancer, either before
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or after metallic stent placement. CT colonography may
also serve as an effective stand-alone tool for post-cancer
resection surveillance of both the colorectum and extracolonic organs.
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Core tip: In the era of preoperative chemoradiotherapy
for rectal cancer, issues such as treatment plan according to response which included application of organ
preserving strategies, prediction of response, and role
of adjuvant treatment were need to be discussed under
circumstances that preoperative chemoradiotherpay
spread widely as a standard treatment of rectal cancer.
Original sources: Park IJ, Yu CS. Current issues in locally advanced colorectal cancer treated by preoperative chemoradiotherapy. World J Gastroenterol 2014; 20(8): 2023-2029 Available
from: URL: http://www.wjgnet.com/1007-9327/full/v20/i8/2023.
htm DOI: http://dx.doi.org/10.3748/wjg.v20.i8.2023

Abstract
In patients with locally advanced rectal cancer, preoperative chemoradiotherapy has proven to significantly
improve local control and cause lower treatmentrelated toxicity compared with postoperative adjuvant
treatment. Preoperative chemoradiotherapy followed
by total mesorectal excision or tumor specific mesorectal excision has evolved as the standard treatment
for locally advanced rectal cancer. The paradigm shift
from postoperative to preoperative therapy has raised
a series of concerns however that have practical clinical implications. These include the method used to
predict patients who will show good response, sphincter preservation, the application of conservative management such as local excision or “wait-and-watch” in
patients obtaining a good response following preoperative chemoradiotherapy, and the role of adjuvant chemotherapy. This review addresses these current issues
in patients with locally advanced rectal cancer treated
by preoperative chemoradiotherapy.

INTRODUCTION
Preoperative chemoradiotherapy (PCRT) has been used
increasingly to treat locally advanced rectal cancer since it
was proven to be beneficial in reducing the rate of local
recurrence. A German trial[1] has reported that patients
treated with PCRT had significantly lower local failure
rates and toxicity rates than those receiving postoperative
chemoradiotherapy (CRT), and PCRT was also found
to produce a better outcome in terms of sphincter preservation. These findings led to a paradigm shift from
postoperative to preoperative CRT so that PCRT has now
become the standard treatment for cT3-4 and/or nodepositive rectal cancer. This shift has however raised a
series of concerns that have practical clinical implications
such as a prediction of the responsiveness to PCRT, the
application of conservative management such as local excision in patients obtaining a good response to this intervention, sphincter preservation, and the role of adjuvant
chemotherapy. In this review, we discuss these issues.

© 2015 Baishideng Publishing Group Inc. All rights reserved.
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Table 1 Local excision after preoperative chemoradiotherapy for rectal cancer n (%)
Ref

Year

n

inclusion

Complete remission

Follow-up duration, mo

Overall survival

Kim et al[10]

2001

26

17 (65.4)

1 (3.8)

19

100%

Bonnen et al[11]

2004

26

14 (53.8)

2 (7.7)

46

5 yr OS; 85%

Huh et al[58]
Nair et al[59]

2008
2008

9
44

4 (44.4)
19 (43.2)

1 (11.1)
4 (9.1)

91
64

10 yr OS; 88.9%
5 yr OS; 84

Guerrieri et al[9]

2008

145

cT2-3
CR after PCRT
cT3N0 or N1
CR after PCRT
cT2-3N0 or N1
cT2-3N0 or N1
CR after PCRT
cT2-3N0

8 (4)

81

Kundel et al[60]
Yu et al[17]
Perez et al[61]

2010
2013
2013

14
40
27

CR after PCRT
cT2-3N0
cT2-3N0-2

All
19 (47.5)
3 (11.1)

0
4 (7.5)
4 (14.8)

47
38
15

100% (pT0-1)
90% (pT2)
77% (pT3)
100%
3 yr DFS: 85.9%
1 yr DFS: 68%

17

Local recurrence

CR: Complete remission; PCRT: Preoperative chemoradiotherapy (CRT); OS: Overall survival; DFS: Disese-free survival.

tial responses between the primary tumor and the mesorectal lymph nodes[12,13]. The proportion of lymph node
metastases reported in pathological complete response
(pCR) cases is low, with a median rate of 7% ranging
from 2% to 11%[12-14]. The potential caveat of using mural response as the only criterion for selecting patients
for local excision was highlighted in a retrospective study
of 242 patients following PCRT[15]. The incidence of
lymph node involvement was 3.2% in patients developing
mural pCR (ypT0) compared to 11% for ypT1 tumors
and increased further as the ypT stage increased (ypT2 =
29.2%; ypT3 = 37.3%). When nodal involvement is understaged and patients undergo local excision, the prognosis is poorer. Recently, the American College of Surgeons Oncology Group has completed the Z6041 phase
Ⅱ trial of patients with clinical T2N0 rectal cancer who
received PCRT (total dose, 54 Gy) with capecitabine and
oxaliplatin followed by transanal local excision 6 weeks
after the completion of PCRT[16]. Of the 77 patients in
that report who underwent local excision, 34 achieved a
pCR (44%), 49 (64%) had ypT0-1, and 4 (5%) had ypT3
tumors. All but one patient had negative margins. Acute
toxicity of at least grade 3 during PCRT occurred in 39%
of these patients, and rectal pain was the most common
postoperative complication. Colorectal Cancer Study
Group in Korea also reported results of multicenter
study for local resection after PCRT[17]. They reviewed 40
patients with cT2-3N0M0 treated with PCRT followed
by local excision retrospectively. Among them, Four patients (7.5%) had recurrence [local recurrence (1 patient)
and systemic metastasis (3 patients)]. The 3-year diseasefree survival rate was 85.9%. Only pCR was a recurrencerelated prognostic factor (P = 0.040). Based on these
findings, a longer follow-up is clearly needed to assess the
oncologic outcome. Moreover, local excisions need to be
performed with great care for sub-group of patients and
credible methods to measure the treatment response or
remaining disease after PCRT are required.

ORGAN PRESERVING STRATEGIES
Local excision
Although the standard management of locally advanced
rectal cancer treated by PCRT is radical surgical resection,
conservative management (local excision or close observation) has been used in some cases. The local excision
of rectal cancer has been employed as surgical procedure
for patients with early rectal tumors limited to the mucosa and submucosa. In early T1 tumors without high
risk features, full thickness local excision alone has been
shown to produce comparable long-term outcomes to
radical surgery[2]. Complete regression of the tumor was
reported to occur in up to 20% of patients with rectal
cancer after PCRT[3-6]. Some investigators have performed
local excisions to avoid possible morbidities such as permanent stoma formation and functional impairments
in patients who showed a good response to PCRT, with
many studies reporting that such cases subsequently had
acceptably low rates of local recurrence and long-term
survival outcomes comparable to radical surgery[7-11]. The
promising results from these studies have encouraged
interest in the possibility of avoiding radical surgery in
some patients after PCRT and thus preserving sexual and
urinary function, sparing rectal function, and, in cases of
low rectal cancer, avoiding permanent stoma (Table 1).
However, the interpretation of the above data is confounded by the predominantly retrospective nature of the
studies on rectal cancer to date. Moreover, these earlier
studies cannot be directly compared due to the significant heterogeneity with respect to patient and tumor
characteristics resulting from a lack of consistent staging
and selection criteria. In addition, no mesorectal lymphadenectomies were undertaken for these previous study
cohorts and the lymph node stages were undefined. More
importantly, the extent and quality of the local surgery
is likely to have significantly varied between studies, depending on the individual techniques used and the skills
of the surgeons involved.
One of the great uncertainties when conducting local surgery is the status of the mesorectal lymph nodes.
Some studies have confirmed that there can be differen-
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treatment regimens for rectal cancers is to try to preserve
not only the anal sphincter but also the whole organ.
Habr-Gama is proposing a strategy comprising PCRT
and “watch and wait” in cases of a clinical complete
response (cCR) with no radical surgery[18]. Data from a
Brazilian series have demonstrated excellent long-term
local control and OS rates in patients developing cCR after PCRT[18]. The long-term outcome of the observation
group (5-year OS 100%, DFS 92%) was similar to that
of the resection group (5-year OS 88%, DFS 83%) with
a histologic complete response.
The ability to identify patients with a cCR who are
also likely to have a pCR would have major clinical implications. If such information were available and accurate, it could obviate the need for radical surgery and
possibly prevent a permanent stoma in selected patients.
The limitations of clinical assessments after PCRT were
demonstrated in a prospective series of 94 patients who
underwent an assessment with digital rectal examination (DRE) and sigmoidoscopy both prior to and after
the completion of PCRT[19]. These clinical assessments
underestimated the pathologic response in 73 patients
and DRE was able to identify only three of 14 cases
(21%) with a pCR. The overall concordance between
clinical evaluation and actual pathologic response was
only 22%[19]. In another retrospective review of 488 patients with rectal cancer following PCRT, the cCR rate
for the entire cohort was 19%, but only 10% had a true
pCR[20]. Glynne-Jones et al[21] reviewed 218 phase Ⅰ/Ⅱ
and 28 phase Ⅲ trials of preoperative radiotherapy or
PCRT. They concluded that a clinical and/or radiological
response does not sufficiently correlate with the pathologic response to recommend a ‘wait and see’ approach
to surgery following preoperative therapy.
It is not surprising therefore that the Brazilian experience has generated intense debate with some investigators expressing concerns about employing a policy of
watchful expectancy based entirely on the presence of
cCR after PCRT[22,23].
It is notable that other investigators have been unable to reproduce these aforementioned results. Hughes
et al[22] reported a 60% intrapelvic recurrence rate in 10
cases with a cCR and concluded that a ‘wait and see’
policy could not be justified in T3 or 4 rectal cancers
after PCRT. Nakagawa et al[24] also reported a high (80%)
local recurrence rates and suggested that an exclusive
PCRT approach is not safe for treating patients with low
locally advanced rectal cancer. Such a strategy, however,
could be of specific interest in elderly and vulnerable patients who are not fit for conventional surgery. It is possible that (full thickness) trans-anal local excision could
be more relevant than observation alone after PCRT in
such cases. Some phase Ⅱ and Ⅲ trials (ACOSOG Z
6041; GRECCAR 2; CONTEM 2) are currently ongoing
to test this strategy.

and there currently is no effective method of predicting
which patients will respond favorably to this treatment.
Although positive responders to PCRT will experience the
benefits of this intervention approach, patients who do
not respond to PCRT will be exposed to unnecessary toxicities and surgery delay. It is therefore of the utmost importance to predict the treatment response and outcomes
before initiating PCRT. Although a number of postsurgical prognostic factors have been proposed, patients with
pCR after PCRT cannot at present be predicted by clinical
examination or radiologic imaging procedures. The identification of basal resistance biomarkers could offer great
help in this regard. Directed strategies that explore individual markers have not so far yielded clinically validated
assays[25-27]. Past efforts to develop a predictive assay of
tumor radio-sensitivity have been recently reviewed[28] and
can be grouped into three categories: assays to determine
intrinsic radiosensitivity (ex vivo determination of tumor
survival fraction at 2 Gy)[29-32]; assays to determine tumor
oxygen levels (electrodes to measure tumor pO2)[33,34];
and determination of tumor proliferative potential[35,36].
Unfortunately, although initial clinical data supported each
of these approaches, none has become routine. A central
reason for this has been that all of these approaches are
highly impractical as a routine clinical application. The
generation of high-throughput data sets has provided an
opportunity to address the identification of biomarkers
from a different perspective.

ADJUVANT CHEMOTHERAPY IN
ADDITION TO PCRT AND SURGERY
There is no uniform agreement regarding the role of
chemotherapy in addition to PCRT although current
guidelines recommend additional adjuvant chemotherapy after PCRT regardless of the tumor response. Since
most locally advanced rectal cancer patients have pathologically negative nodes following PCRT, some clinicians
have argued that systemic therapy is not indicated. This
argument is in part due to the lack of a proven survival
benefit of chemotherapy in node negative colon cancer
cases. The controversy is further illustrated by the fact
that the European Organization for the Research and
Treatment of Cancer (EORTC) is conducting a phase
III trial in which patients are randomized to receive either 5-fluorouracil (5-FU) based chemotherapy or no
further therapy following PCRT and radical resection.
The authors of the EORTC 22921 study reported
that subgroups of patients achieving a pCR or who were
downstaged to a ypT1-2 tumor category after preoperative radiation, benefited from adjuvant chemotherapy,
whereas those with residual ypT3-4 disease did not[37].
These authors suggested the beneficial effects of adjuvant chemotherapy based on pathologic results, but
they analyzed ypT and ypN categories separately. They
also reported that adjuvant chemotherapy provided a
benefit in patients who received a ypT downstage, but
not in ypN0 or ypN-positive patients. Some data did not

PREDICTION OF TREATMENT RESPONSE
The response to PCRT differs among individual tumors
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PCRT trials[42,52], no benefit has been evident in terms of
the sphincter preservation rate.
Two randomized trials[1,53] of preoperative and postoperative CRT for clinically resectable locally advanced
rectal cancer have reported opposing results. In a German trial[1], of the 194 patients assessed by the surgeon
before treatment as requiring APR, there was a significant
improvement in sphincter preservation with preoperative therapy. However, in the National Surgical Adjuvant
Breast and Bowel Project (NSABP) R-03 trial[53], based on
a prospective assessment by the operating surgeon, there
was no reported improvement in sphincter preservation
(PCRT: 47.8%; postoperative CRT = 39.2%; P = 0.227).
The results of the NSABP R-03 trial, however, were obtained from only 267 of the 900 intended patients. The
positive findings from the German trial were based on
results from a sufficient number of patients, and the possibility of improved sphincter preservation by preoperative CRT remains one of the important potential benefits
of this approach. In the recent Australian[54] trial where
the two treatment arms were quite different (short course
with immediate surgery vs chemoradiotherapy and delayed surgery) there was a reported increase in sphincter
preservation of 8% in the delayed surgery arm. However,
this was not significant because the number of patients
assessed was too small. Weiser et al[55] reported a benefit
of PCRT in terms of sphincter preservation from a retrospective analysis of 148 rectal cancer patients (within 6
cm of the anal verge).
The pooled data from 19 trials[56] favors PCRT, although not in a statistically significant way (0.94, 95%CI:
0.88-1.04) (Comparison 01:09). These data were borderline however in terms of homogeneity (P = 0.05),
indicative of variations in the magnitude of effect across
reports. In a recent review that analyzed the findings of
17 randomized trials the authors concluded that none of
the neoadjuvant treatments tested could demonstrate an
increase in the rate of sphincter-preserving surgery[57].
However, the effects of conservative treatments such as
local excision or “wait-and-watch” on sphincter preservation were not considered in these analysis.
Until now, the evidence has been that an improved
sphincter preservation benefit of PCRT was unclear.
As described earlier, however, the link between PCRT
and sphincter preser vation needs to be evaluated
with great care with consideration of tumor, patients
and surgeon factors together. In addition, the effect
of conservative management after PCRT need to be
considered under condition the oncologic safety of
this strategy is confirmed. The influence of PCRT on
sphincter preservation needs to be re-evaluated under
recent circumstances.

confirm results of EORTC 22921 especially in terms of
the effect of adjuvant chemotherapy on patients achieving pCR[38,39]. Chemotherapy is rarely indicated when the
5-year free-from recurrence rate exceeds 95%, which
occurs in a complete pathological response. Considering
the favorable outcome of patients with a complete response, survival outcomes with adjuvant chemotherapy
is difficult to be improved than those of patients without
adjuvant chemotherapy.
When evaluating subgroups of patients who may or
may not benefit from adjuvant therapy after PCRT followed by resection, the benefit of adjuvant therapy for
node-negative patients on final pathologic staging (ypN0)
would be expected to be especially questionable. There is
a paucity of information in the literature on whether adjuvant therapy improves survival for locally advanced rectal
cancer patients with a stage ypN0 tumor. These findings
are consistent with the suggestion by Fietkau et al[39] that
postoperative chemotherapy may be unnecessary in
ypN0 cases. Das et al[40] have insisted that postoperative
chemotherapy may be of greater benefit for high-risk
patients. However, their results are contrary to those of
Janjan et al[41], who found a significant improvement in
cancer-specific survival in response to PCRT and the addition of postoperative chemotherapy. In that study, it
was suggested that patients who responded to 5-FU during PCRT would probably also respond to 5-FU-based
postoperative chemotherapy.
Adjuvant chemotherapy for patients who do not
show a good response to PCRT needs to be different
from that administered to patients showing a good response to this treatment. Das et al[40] have recommended
adjuvant FOLFOX for high-risk patients, and adjuvant
FL or capecitabine for low-risk patients. This seems to
be a reasonable approach to the postoperative adjuvant
treatment of rectal cancer patients treated with PCRT.
Until now, however, oxaliplatin has been the drug of focus in terms of outcome benefits as part of a preoperative multimodality treatment regimen[42-44]. The role of
postoperative adjuvant chemotherapy following PCRT
and radical resection for patients with locally advanced
rectal cancer thus remains unclear.

SPHINCTER PRESERVATION
Avoiding permanent stoma is an important quality of life
issue for rectal cancer patients[45]. An advantage of tumor
shrinkage after PCRT is supposedly an increased chance
of sphincter preservation[46,47]. However, this is a very
complex issue involving the stage and location of the
tumor, the patient habitus and desire, and the surgeon`s
experience. Although an increase in the rate of sphincter
preservation was reported in early PCRT trials, no such
trials since 1980 have been able to demonstrate this. This
may be due to the immediateness of the surgery after
the end of a short-course of PCRT[48-51] which gives little
opportunity for tumor shrinkage. However, despite an
increased rate of pCR of up to 16%-19% in the latest

WCGO|www.wjgnet.com

CONCLUSION
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dition, an accurate prediction of the response to PCRT
before administering this intervention, as well as an evaluation of nodal involvement after PCRT, remain important issues. An acceptable prediction of the response to
PCRT should be integral to the decision making regarding an extension or selection of this treatment option.
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Diffusion weighted MRI post neoadjuvant therapy is
being evaluated in research settings.
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Core tip: Magnetic resonance imaging in rectal cancer
is mandatory for a surgeon to plan neoadjuvant therapy. It also helps in planning surgical approach especially in low rectal cancer.
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Abstract
Magnetic resonance imaging (MRI) in rectal cancer was
first investigated in 1999 and has become almost mandatory in planning rectal cancer treatment. MRI has a
high accuracy in predicting circumferential resection
margin involvement and is used to plan neoadjuvant
therapy. The accuracy of MRI in assessing mesorectal
lymph nodes remains moderate, as there are no reliable criteria to assess nodal involvement. MRI seems to
be good in assessing peritoneal involvement in upper
rectal cancer; this however has been assessed in only
a few studies and needs further research. For low rectal cancers, mesorectum is thin at the level of levator
ani especially in relation to prostate; so predicting circumferential resection margin involvement is not easy.
However high spatial resolution coronal imaging shows
levator muscles, sphincter complex and intersphincteric plane accurately. This is used to stage low rectal
tumors and plan plane of surgery (standard surgery,
intersphincteric resection, Extralevator abdominoperi-
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INTRODUCTION
Over the last two decades outcomes of rectal cancer surgery has improved. The principle of sharp dissection in
the total mesorectal excision (TME) plane as advocated
by Bill Heald and implementation of national training
programmes have improved outcomes of rectal cancer
surgery[1,2]. The German Rectal Cancer Study Group trial
showed that preoperative long course chemoradiotherapy
(LCRT) improves 5-year locoregional recurrence rates
compared with postoperative LCRT in stage T3, T4, or
node-positive patients and with less toxicity[3].
The success of pre-operative therapy over postoperative treatments meant that a technique identifying
prognostic factors pre-operatively is of potential benefit
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Special MRI: MR imaging of the rectum may be performed with either an endorectal coil or a phased-array
surface coil. While endorectal coil gets better resolution
of lesion, it is uncomfortable and cannot be used for stenosing lesion and rectosigmoid tumors. Hence standard
MRI includes images with phased-array body coil only.

in modifying the intensity of pre-operative therapy according to risk of local or distant failure. Careful staging
of rectal tumors results in selective pre-operative treatment strategies aimed at reducing local failure and distant
failure in high risk patients[4].
In rectal cancer staging, magnetic resonance imaging
(MRI) has played a crucial role. In this review, we discuss
in brief the history and relevance of rectal MRI through
a surgeon’s perspective.

Diffusion MRI: Diffusion-weighted MRI (DW-MRI) is
a functional imaging technique that displays information
about the extent and direction of random water motion
in tissues. Preclinical and clinical data indicate a number
of potential roles of DW-MRI in the characterization of
malignancy, including determination of lesion aggressiveness and monitoring response to therapy[11-13].

RESEARCH
A systematic search of PubMed, MEDLINE and the
Cochrane Library databases was performed from January
1995 to March 2013 using the terms: “MRI and rectal
cancer” to identify studies investigating role of MRI in
rectal cancer surgery. Using the criteria listed above 1231
articles were identified. After records were screened by
abstract, 137 articles were eligible for full text evaluation
and 72 were included in the reference list. This review
included brief history of MRI in rectal cancer with its
role in staging, selecting patients for neoadjuvant therapy,
classification rectal cancers and other relevant topics.

MRI with super paramagnetic iron oxide: In structures such as lymph nodes, insufficient contrast between
normal and diseased tissues requires development of
contrast agents. Super paramagnetic iron oxide (SPIO)
structure is composed of ferric iron and ferrous iron
(coated with a layer of dextran or other polysaccharide).
SPIO particles are taken up by phagocytic cells such as
monocytes, macrophages, and oligodendroglial cells but
not by tumor cells. This SPIO enhanced MRI to enhance
nodal resolution is under investigation and has shown
promising results in rectal cancer[14,15]. Use of this agent
in patients who have complete response after LCRT can
be potentially used to identify patients (no lymph node
involvement) who may be candidates for local excision
yPT0/T2[16]. This agent is not FDA approved for rectal
MRI.

History
The first MRI of human body was performed in 1977. In
1980 GE built the first high-field whole body MRI scanner. Blomqvist et al[5] in 1999, performed MRI on rectal
cancer specimens concluded that presence of tumor free
lateral resection margin could be predicted by MRI of
resected specimen when this exceeds 1 mm[5]. However
it is Brown et al[6] who used thin section MRI imaging to
identify mesorectal fascia in all patients and accurately
stage tumors especially T3 tumors. The same group performed MRI in cadaveric sections and in patients before
they underwent total mesorectal excision surgery to establish criteria for visualization of the structures relevant
to anterior resection of the rectum[7]. The MERCURY
(Magnetic Resonance Imaging and Rectal Cancer European Equivalence) Study Group is a multicenter multidisciplinary collaboration formed in 2001. This group
evaluated association between MRI and histopathology in
measuring depth of tumour invasion beyond the bowel
and involvement of the circumferential resection margin
(CRM) in rectal cancer specimens[8,9]. Low Rectal Cancer
study group (LOREC) is undertaking a study with the
primary aim to reduce rate of incomplete excision in
these patients from 30% to less than 10%[10].

Guidelines to perform MRI rectum
The technique for MRI in rectal cancer has been described by Taylor et al[17] (MERCURY study). The clinician provides location of tumor on rigid sigmoidoscopy.
There is no need for bowel preparation or intravenous
contrast. We use 1.5-T system with phased array coil
with the coil positioned from sacral promontory to 10
cm below pubic symphysis. Rectal distention with water
may improve the depiction of a primary rectal tumor and
the assessment accuracy of a perirectal tumor extension,
but it does not improve the accuracy for determining the
presence of regional lymph node involvement[18]. This
however is not used routinely except selected centres: (1)
the first series-sagittal, T2-weighted, fast spin echo from
one pelvic sidewall to other, which locates tumor and relation to peritoneal reflection; (2) the second series- large
field of view axial sections whole pelvis; (3) the third
series-T2 weighted thin slice (3 mm) axial images through
rectal cancer perpendicular to long axis rectum; and (4)
for low rectal cancers, high spatial resolution coronal
imaging to show levator muscles, sphincter complex and
intersphincteric plane.
There is no need for post contrast MRI. Only T2
weighted non-fat suppressed sequences in all three
orthogonal planes to tumor axial, coronal and sagittal
should be used (Figure 1). The findings on scan are re-

Principles of MRI scan
Clinical MRI uses the magnetic properties of hydrogen and
its interaction with both a large magnetic field and radio
waves to produce highly detailed image of human body.
By changing parameters on scanner a contrast between tissues can be obtained. T1 images-water and fluid containing
tissues dark and fat brighter, basic scan; T2 images-water
and fluid containing tissues bright, fat dark suited to show
edema; FLAIR sequence-water dark but edema bright.
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Figure 1 Magnetic resonance imaging technique. T2 weighted non-fat suppressed sequence in all three orthogonal planes to tumor axial, coronal, sagittal
should be used.

Figure 3 Mucinous adenocarcinoma of rectum. Sagittal T2 weighted MRI
image showing a circumferential rectal tumour with high signal intensity (arrows)
characteristic of a mucinous tumor. MRI: Magnetic resonance imaging.

Figure 2 T3 tumor, circumferential resection margin not threatened. T2W
axial magnetic resonance imaging image shows a mildly hyperintense proliferative tumor along the right lateral and posterior wall (black arrow). Arrow head
shows the tumor reaching upto the muscularis with spiculation in the adjacent
perirectal fat. The white arrows show the mesorectal fascia which is not involved/threatened.

is considered as closest distance from tumor to MRF
(mesorectal fascia and around the levator, tumor invading
the intersphincteric plane or extends to within 1 mm of
the levator muscle is considered to potentially involve the
CRM.
Besides normal anatomy, MRI pelvimetry can be used
to anticipate problems during TME dissection. Kim et
al[21] analysed factors related to difficult Laparoscopic
TME (pelvic dissection time). In a prospective study enrolling 74 patients, tumor and patient characteristics (including pelvic dimensions) were analysed with respect to
pelvic dissection time. Multivariate analysis showed that
patients with longer sacral length, narrow intertuberous
diameter and shallow sacral angle on MRI had longer pelvic dissection time but were not associated with increased
postoperative complications[21]. Also variations in pelvic
dimensions did not predict the risk of CRM involvement
in rectal cancer[22].
MRI rectal cancer
It is mandatory to have location of tumor on rigid sigmoidoscopy prior to performing a MRI scan. Location
of tumor on MRI and rigid sigmoidoscopy have a 10%
discrepancy in location, the difference being 3 cm for
anterior tumors while it is 1.2 cm for posterior tumors[23].
For upper rectal cancers, relation to peritoneal reflection
is looked out for. Mucinous and non--mucinous rectal
tumors can be differentiated with MR Imaging. Mucinous
tumors are hetrogenous with intermediate and high SI
(signal intensity) on T2-weighted FSE (fast spin echo)
images reflecting the mucin content[24,25] Figure 3.

corded on set proforma, which shows MRI based classification of rectal tumors, classification for low rectal
tumors, tumor regression grades after LCRT on MRI[19].
Normal MRI findings: Anatomy, T2-weighted MR
imaging sequences are the most suitable for depicting
the rectal wall anatomy. The rectal wall consists of three
different layers that can be recognized at MR imaging. Inner hyper-intense layer, which represents the mucosa and
submucosa (no differentiation is possible between these
two components); an intermediate hypointense layer,
which represents the muscularis propria; and an outer hyperintense layer, which represents the perirectal fat tissue.
The mesorectal fascia appears as a thin, hypointense line
surrounding the hyperintense perirectal fat (Figure 2). At
the level of levator ani/prostate mesorectum is thin anteriorly and mesorectal fascia is close to muscularis propria,
so accuracy is low[20]. At the level of anal canal, even if
the spatial resolution is low compared with endoanal
coil imaging, all of the major anatomic structures (levator ani muscle, puborectal muscle, internal and external
anal sphincters, anal canal) can easily be evaluated. CRM
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Staging: Tumor staging and EMD (extramural depth of
tumor) assessment, There is seldom any dispute about
Endo anal ultrasonography being more accurate when
compared to MRI for T1/T2 lesions[26]. A recent metanalysis of MRI staging of rectal cancer (T1/T2 vs T3/T4)
revealed a sensitivity and specificity of T staging to be
87% and 75%[27], Table 1. Previous studies have described
staging failures due to overstaging of T2 lesions with difficulty in the distinction of spiculation in the perirectal
fat caused by fibrosis alone compared with that caused by
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Table 1 Metanalysis of magnetic resonance imaging staging
[27]
of rectal cancer-Al-Sukhni et al
Sensitivity% (95%CI) Specificity% (95%CI) DOR (95%CI)
T stage
N stage
CRM

87 (81-92)
77 (69-84)
77 (57-90)

75 (68-80)
71 (59-81)
94 (88-97)

20.4 (11-37)
8.3 (4.6-14.7)
56.1 (15-205)

DOR: Diagnostic odds ratio; CI: Confidence interval; CRM: Circumferential
resection margin.

fibrosis that contains tumor cells[28]. Peritumoral fibrosis
is represented by spiculation while broad based nodular
growth is tumor spread.
Although tumor staging with use of the T component of the TNM classification is the traditional method
of prognostically stratifying patients, this approach has
limitations[26]. The main limitation of T staging is that T3
tumors comprise the majority of rectal cancers seen at
presentation, and the outcome of patients with these tumors depends on the depth of extramural spread.
The maximal extramural depth (EMD) of tumor
spread, defined on histopathologic analysis as the distance from the outer edge of the longitudinal muscularispropria to the outer edge of the tumor is more related to
tumor prognosis and preoperative therapy than T stage
alone. In one of the largest series published by a University of Erlangen group, T3 tumors with extramural
spread of more than 5 mm were associated with a 5-year
cancer-specific patient survival rate of only 54%, but T3
tumors with 5 mm or less of extramural spread regardless of whether lymph node involvement was present
were associated with a 5-year cancer-specific survival rate
of greater than 85%. T3 tumors with 5 mm or less of
extramural spread and pT2 patients showed very similar
5-year survival rates (both lymph node positive and negative patient)[29].
In a prospective study of 679 patients with rectal cancer, MERCURY group demonstrated EMD invasion to
be equivalent on MRI and histopathology to a mean difference of less than 0.5 mm[9]. Pederson et al[30] evaluated
168 patients with rectal cancer MRI and histopathological
examination and felt measurements of extramural tumor
spread are more reproducible among different observers
than are 5 mm distance measurements to the anticipated
CRM. This EM spread is the basis of classification of T3
tumors on MRI (T3a EMD < 1 mm, T3b 1-5 mm, T3c
5-15 mm, T4 > 15 mm).
NCCN guidelines recommend neoadjuvant LCRT
for all T3/T4 tumors irrespective of CRM involvement.
However in the United Kingdom, LCRT would be reserved for only T3 tumors with threatened CRM. However it can be suggested, that for T3 tumors with EMD
invasion > 5 mm (bad T3) but with clear CRM can undergo preoperative short course radiotherapy rather than
surgery alone.

Figure 4 T1 N+ tumor. T2W axial magnetic resonance image shows two small
nodes in the mesorectal fat on the left (white arrows) with irregular borders and
signal intensity similar to primary tumor along left lateral wall (black arrow).

nodes less than or equal to 5 mm on MRI were involved
with metastatic disease[31,32]. A suspicious nodebased on
an irregular border or mixed signal intensity had a superior accuracy with a sensitivity of 85% and a specificity of
97%[31] (Figure 4). However, these can be subjective with
inter observer variability. Distance of involved node to
CRM is important. If suspicious nodes are present, one
to three nodes is stage N1 and four or more is stage N2.
A metanalysis of MRI staging of rectal cancer revealed a sensitivity and specificity of N staging to be 77%
and 71%[27]. This indicates limitation of MRI in assessing
mesorectal lymph nodes, which is exacerbated by the lack
of agreement on optimal criteria to assess lymph nodes.
However, high-resolution pelvic MRI was more accurate than PET/CT for the prediction of regional nodal
status. Magnetic resonance imaging had a high sensitivity
and PET/CT had a high specificity for N staging in rectal
cancer[33].
Mesorectal fascia and CRM: Although the tumour
stage on MRI is an important prognostic factor, it alone
may not alter preoperative or operative management. Prediction of the CRM, by contrast, could be clinically useful to select patients for preoperative radiotherapy. MRI
prediction of CRM mesorectal fascia (MRF) with final
histology was performed by Beets-Tan et al[28]. They concluded that tumour-free margin of at least 1.0 mm could
be predicted when the measured distance on MRI was at
least 5.0 mm, and a margin of at least 2.0 mm when the
MRI distance was at least 6.0 mm. Inter observer agreement was better for CRM than for T stage. However
nodes threatening CRM can were difficult to evaluate.
CRM margin 5 mm or 1 mm: While the original study
by Beets-tan concluded that MRI prediction of CRM
involvement is reliable but suggested the use of a wider
threshold on MRI compared to pathology[28]. The MERCURY group based their predicted CRM involvement on
MRI to be less than 1 mm. A prospective study by Taylor
et al[34] also showed that a cutoff of 1 mm on MRI could
be used to predict clear margins with a low positive histologic CRM rate (3.3%)[34].

Nodes: Size is not a criteria for lymph node involvement[27]. In fact, one study found that 15% of lymph
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Table 2 Classification of low rectal cancers Shihab et al
Level Tumor height
1

2

Tumor height
between
levator
origin and
puborectalis
sling

[41]

Tumor depth

Operative plane

Confined to muscle

LAR/intersphincteric
APE
LAR/intersphincteric
APE
Extralevator APE

Beyond muscle

Tumor < 1 mm MRF/
levator
Tumor extending beyond
Extralevator APE
levator
Tumor at
Submucosal/partial
LAR/intersphincteric
or below
thickness muscle
APE
Full thickness muscle
Extralevator APE
puborectalis
In to intersphincteric plane
Extralevator APE
sling
In to external sphincter
Extralevator APE
Beyond external sphincter Pelvic exenteration
into ischiorectal tissue

Figure 5 T2 tumor coronol views with extramural venous invasion. Coronal T2W magnetic resonance imaging shows a cicumferential tumor in the
rectum (small arrows) reaching the muscularis with extramural venous invasion
(long arrow).

APE: Abdominoperineal excision; LAR: Low anterior; MRF: Mesorectal
fascia.

that improved with the use of preoperative therapy. Fiveyear DFS was 42% and 70.7% respectively for patients
with, and without suspicious PSW nodes (P < 0.001),
but the presence of suspicious nodes had no impact on
survival among patients who received preoperative therapy[38]. Based on this, most Mutidisciplinary teams would
advocate preoperative LCRT for patients with rectal cancer and suspicious PSW nodes. While most nodes shrink
with LCRT, management of persistent PSW nodes after
LCRT is not standardized. In South Korea, selective unilateral/bilateral LPLND is performed for persistent PSW
after LCRT[39]. From a surgeon’s perspective, localization
of these lymph nodes by preoperative MRI is important.
At Yonsei university, between 2007 and 2012, of 1686
patients who underwent TME for rectal cancer, 92 (5.4%)
patients underwent TME and LPND (unpublished). This
however is not evidence based and requires further research.

In the MERCURY group study, the accuracy for predicting the status of CRM by initial imaging or imaging
after treatment but before surgery in 408 patients was
88%. Of the 408 patients, 311 underwent primary surgery. The accuracy for prediction of a clear margin was
91% with a negative predictive value of 93%. This compared with an accuracy of 77% and negative predictive
value of 98% in patients who had received preoperative
chemoradiotherapy or long course radiotherapy[8].
A recent meta analysis to assess accuracy of MRI
staging rectal cancer based on 21 studies concluded that
MRI specificity was significantly higher for CRM involvement (94%) than for T category (75%) and lymph nodes
(71%)[27] Table 2. However MRI can overestimate the
CRM involvement in low and anterior tumor with the
risk of over treating the patients[35,36].
Extramural vascular invasion
Extramural vascular invasion is an important and independent prognostic feature that can be readily identified
on MRI. The morphologic features of extramural venous
invasion on baseline T2 weighed MRI range from discrete serpiginous or tubular projections of intermediate
signal intensity into perirectal fat following the course
of a visible vessel to, in more advanced cases, the vessel
being expanded by intermediate-signal-intensity tumor
and having an irregular contour, Figure 5. The degree of
extramural venous invasion system predicts relapse-free
survival, with a 3-year relapse-free survival rate of 35%
for patients with advanced extramural venous invasion,
compared with 74% for those with no or early extramural
venous invasion[37].

Peritoneal involvement: Burton et al[40] in a small study
showed that tumors of the distal sigmoid, rectosigmoid,
and upper rectum can be staged accurately using high
spatial resolution MRI and that those with poor prognostic disease including upper rectal cancer (anterior) may
benefit from preoperative therapy. However further trials
regarding this may be worthwhile.

MRI BASED CLASSIFICATION AND
PLANNING THE SURGICAL PROCEDURES
FOR LOW RECTAL CANCER
Currently, rectal cancer is classified based on the distance
from the anal verge (upper, middle and lower). However,
a selection of the optimal surgical procedures by tumor
height is not enough. Low rectal tumors especially those
treated by abdominoperineal excision (APE), have a high
rate of margin involvement when compared with tumors
elsewhere in the rectum. Correct surgical management
to minimise this rate of margin involvement is reliant on
highly accurate imaging, which can be used to plan the

Pelvic lymph nodes: While lateral pelvic lymph node
dissection (LPLND) is not performed routinely in United
Kingdom, this is a good prognostic indicator as evaluated
as part of MERCURY study. Patients with rectal cancer
and suspicious pelvic side-wall lymph nodes (PSW) on
MRI had significantly worse Disease free survival (DFS)
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Table 3 Classification low rectal cancer (Taylor et al
2008)

Poor prognostic tumors may benefit from: (1) preoperative extrastaging: Adverse features found on rectal
MRI identify patients at increased risk of synchronous
metastatic disease. Hunter et al[48] evaluated the incidence
of synchronous metastatic disease on FDG-PET/CT
and contrast-enhanced multiple-row detector computed
tomography in MRI-stratified high- and low-risk rectal
cancers. Incidence of confirmed distant metastases was
significantly greater in the MRI high-risk group, with
20.7% vs the low-risk group, with 4.2% (odds ratio 6.0).
This group may benefit from additional preoperative
investigation for synchronous metastases such as FDGPET/CT or liver MRI; and (2) trials involving Novel
therapies such as Neoadjuvant capecitabine and oxaliplatin followed by synchronous chemoradiation and
total mesorectal excision in magnetic resonance imagingdefined poor-risk rectal cancer[49].

[34]

Stage
1
2
3
4

Tumor confined to bowel wall, outer muscle intact
Tumor occupies muscle coat but does not enter intersphincteric
plane
Tumor enters intersphincteric space or lies within within 1 mm
of levator muscle
Invades external anal sphincter or is 1 mm or beyond levator
with/without adjacent organ involvement

planes of excision. Two staging systems for low rectal
cancers have been proposed[17,41] (Tables 2 and 3). Shihab
et al[42] reported a retrospective analysis of MRI and histopathology data of 33 patients with low rectal cancer.
They felt defining plane of surgery preoperatively would
be the best way to avoid a positive margin[42].
Similarly, based on Taylor classification, positive resection margins of patients undergoing APER/Low anterior
resections were analysed. Of 101 patients with low rectal
cancers (70 APER, 30 ant resection), positive resection
margin odds were higher for magnetic resonance Stages 3
to 4 than Stages 1 to 2 by a factor of 17.7 (P < 0.001)[43].
Based on this classification we can plan a tailored procedure as shown below: Stage 1-TME; Stage 2-TME +
intersphincteric resection; Stage 3-APER; Stage 4-APER
or pelvic exenteration.

MRI variation in countries
While there is good evidence supporting the role of MRI
in rectal cancer, resource limitations and lack of National
guidelines mean many patients with rectal cancer are
still operated upon without preoperative MRI leading to
suboptimal results. In United Kingdom in 2005, less than
50% of the units studied were able to offer preoperative
MRI to all of their rectal cancer cases[50]. This however
has changed to near 84% in 2012[51]. In an international
questionnaire regarding use of MRI in rectal cancer, only
35% respondents used MRI routinely[52]. In South Korea,
rectal MRI has been used for local staging since 2005,
now it is very popular (90%). Furthermore cost of MRI
is covered with national insurance system. In our institution, usually MRI and trans rectal USG are performed
together for all mid and low rectal cancer patients.

MRI for radiotherapy planning
CT scan remains a gold tool for planning radiotherapy
for rectal cancer (conformal radiotherapy using 3 dimensional views). Most Radiation oncologists would also have
access to MRI views to enable planning i.e., delineation
of target volume. Tumour volumes defined on MRI are
smaller, shorter and more distal from the anal sphincter
than CT-based volumes. For radiotherapy planning, this
may result in smaller treatment volumes, which could lead
to a reduction in dose to organs at risk and facilitate dose
escalation[44,45]. Co-registration of the images where MR
images are used for optimal outlining while retaining the
CT data for dose calculations is now considered the gold
standard in prostate cancer radiotherapy[46]. However for
rectal cancer, further research is required regarding this.

POST LCRT MRI
MRI in rectal cancer is sometimes performed after radiotherapy (MRI 2) to evaluate tumor response and to
choose alternative forms of surgery (Figure 6). With regards to MRI 2, there are two schools of thought.
MRI2 mandatory
MERCURY group believe MRI 2 should be mandatory for post treatment staging. This special radiology
group felt with appropriate training, radiologists were
able to differentiate tumor and fibrosis and even acellular mucin from cellular mucin on MRI scans. On post
CRT T2 weighted images areas of fibrosis have very low
signal intensity (similar to muscularis propria), whereas
areas of residual tumor have intermediate signal intensity
(similar to baseline tumor). Careful examination of highresolution images enables delineation of small foci of
intermediate signal intensity tumor in areas of low intensity fibrosis. Low intensity spicules in perirectal fat radiating from residual tumor represent desmoplastic reaction
whereas advancing tumor has more nodular intermediate
signal intensity. The guidelines for reporting MRI2 have
been published by Patel et al[53], Table 4. MRI for restaging

MRI as prognostic factors
Following can be used as a prognostic factors on MRI: (1)
tumor EMD/T4/CRM; (2) extramural vascular invasion;
(3) inflammatory reaction; (4) mucinous tumours; (5) pelvic lymphnodes; and (6) MRI assessment of TRG (tumor
regression grade) and CRM are imaging markers that predict survival outcomes for good and poor responders[47].
Practically it translates in to following.
Good tumor no adjuvant therapy: The preoperative
identification of good prognosis tumors using MRI allows stratification of patients and targeting of preoperative therapy. MRI can also identify T3 rectal cancer
patients who are likely to have a good outcome with primary surgery alone[34].

WCGO|www.wjgnet.com

1364

February 8, 2015|First Edition|

Saklani AP et al . MRI role in rectal cancer management

A

Table 4 Post long course chemoradiotherapy magnetic
resonance imaging 2-Parameters are assessed on post
treatment magnetic resonance images
Pre
Post
treatment treatment
Height of tumor from anal verge
Length of tumor
Tumor stage
(sub stage based on extramural spread)
Nodal spread
Nodes pelvic sidewall
Involvement peritoneal reflection
Distance to potential CRM
Depth of maximum extramural spread
(distance from outer edge of muscularis propria)
tumor and fibrosis separately
Extramural venous invasion

B

MRI tumor regression grade, Grade Ⅴ: No response (same as original
tumor); Grade Ⅳ: Slight response (litte area of fibrosis/mucin, mostly
tumor); Grade Ⅲ: Moderate response (more than 50% fibrosis, mucin
but mostly tumor); Grade Ⅱ: Good response (dense fibrosis, no obvious
residual tumor); Grade Ⅰ: Radiological complete response (no evidence of
ever treated tumor); CRM: Circumferential resection margin.

MRI2 optional/unnecessary
MRI accuracy is poor after LCRT, T stage (43%), N stage
(71%), On MRI it is difficult to differentiate tumor cells
in scar tissue[58]. In a recent multicentric evaluation of
MRI post neoadjuvant chemoradiotherapy (MERRION)
found limited use of MRI post therapy[59]. In a small series of 16 patients with locally advanced cancer MRI before and after LCRT (MRI 1 and MRI 2) were compared
to final histology. The accuracies of both MRI before
and after radiotherapy were moderate, with no additional
value of MRI after radiotherapy. They concluded that
morphological assessment of pelvic MRI after preoperative radiotherapy does not provide any significant new
information about tumor extent in patients with locally
advanced rectal cancer[60]. Similarly, in another study, authors felt that accuracy of MRI 2 in distinguishing tumor
delineation might be difficult due to fibrosis[61]. Post
treatment MRI is a poor predictor of final histology and
should not be relied upon to guide the extent of surgical
resection. Larsen et al[62] felt that to achieve R0 resection,
optimal surgery should be based on pre-treatment MRI.
The study has initiated a new approach to histopathological classification of the removed specimen where they
introduce a MRI assisted technique for investigating the
areas at risk outside the mesorectal fascia in the specimen[62]. Kang et al[63] concluded that the tumor volume reduction ratio was not significantly associated with T and
N downstaging. MRI is unable to detect the majority of
patients who have a complete histopathological response
as MRI appearances of ypT0 tumours are heterogeneous[64].
There is little consensus on the use of MRI after
LCRT. Martellucci et al[65] suggested against restaging with
MRI and recommended TRUS. They found that regarding the depth of invasion after treatment, TRUS agreed

Figure 6 (A) Pre-chemoradiotherapy and (B) postchemoradiotherapy
status. Arrows point to tumor along left lateral wall tumor which is mildly hyperintense in A that has become darkly hypointense in B indicating response
(fibrosis).

has established accuracy of involvement of intersphincteric plane[42,43,47]. Another argument on which MRI was
based was that endoluminal USG cannot differentiate tumor and fibrosis[54,55]. In a study by this group, the negative predictive value of CRM for MRI 2 was 98%. In this
study both posttreatment MRI T staging and posttreatment MRI assessment of tumor regression grade showed
statistical correlation with pathologic T stage, which in
turn was strongly associated with overall and disease-free
survival as well as local recurrence[56].
As a consequence, reassessment of MRI scans after
preoperative therapy has implications for surgical planning, the timing of surgery, sphincter preservation[53,56].
Patients with CRM positivity on MRI 2 may require excision of adjacent organs (exenteration). While it has been
suggested development of further preoperative treatments for radiologically identified poor responders and
deferral of surgery for good responders, this can happen
only in context of a trial. Phase Ⅱ trials are currently
evaluating the safety of deferring surgical resection in
patients with a good response as shown on MRI[57]. However there are drawbacks, while MRI 2 has an negative
predictive value of 98% for CRM, its specificity for CRM
was 73% (compared to 92% for MRI 1)[8]. This would
mean, excision performed based on MRI2, chances of
involved margin would be less, but at the same time,
you would be likely to overtreat and excise outside TME
plane/exenteration. Sphincter preservation (ISR) would
also be less likely.
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with histopathology in 25/37 patients (67.5%), CT
agreed in 22/37 cases (59.5%), and MRI in 12/20 cases
(60%). They therefore suggested limiting the use of MRI
for restaging to selected cases. There however is uniform
consensus on current guidelines, which advocate removing areas of fibrosis on MRI 2, as they could harbor tumor cells.
Even in United Kingdom, ACPGBI guidelines do not
enforce MRI 2[8] prior to surgery. Ultimately it would be
a joint decision by individual MDT as there seems to be
no uniform consensus across the board. In low resource
economies MRI 2 may be performed only in selected
cases for locally advanced unresectable cases to plan operability, extent of resection or consideration of more
non-cross resistant chemotherapy prior to surgery.

it with preoperative MRI sphincter morphology and
anal manometry. They found only puborectalis thickness showed a significant (P = 0.01) relationship with the
number of adverse symptoms suffered postoperatively[67].
MRI in recurrent cancers
MRI scans of pelvis are mandatory for selection for
exenterative surgeryfor recurrent cancers, as CRM corelates with survival. In primary cancers, assessing the
preservation of fat plane can be used to predict invasion. However this is difficult in post-operative/postradiotherapy pelvis, where fat planes are often grossly
distorted or absent. Pelvic oncology unit in Leeds consider definite invasion in three specific circumstances on
MRI: (1) when tumour tissue is clearly seen to invade
or destroy adjacent anatomy; (2) when signal change in
adjacent tissue is comparable with the signal intensity of
the recurrent tumour; or (3) where muscle enlargement
is evident. In their experience when patients are assessed
between 21 and 48 mo post-primary surgery, muscle
enlargement seen on MRI is related to recurrence rather
than haematoma/inflammatory changes[68].

Timing of MRI 2: There remains some controversy
regarding the optimum time for imaging prior to surgery
after the chemoradiotherapy treatment has been completed. As surgery is planned for approximately 6-8 wk after
the final chemoradiotherapy treatment, the MRI needs to
be performed during this time, too early and the oncologists will argue that the chemoradiotherapy will still be
having effects and potentially decrease the tumour size
further; therefore the closer to surgery the better. Many
centres aim for approximately 1 mo after LCRT to enable
the surgery to be planned/organised.

MRI directed MDT: MRI directed MDT improves outcome and is mandatory for recognition as a cancer centre. In 2006, Burton et al[69] compared CRM involvement
of rectal cancer patients who were operated with/without MDT discussion and found low CRM involvement in
patients discussed at MDT. This opinion however is not
uniform. Review By Danish MDT team found increased
detection of metachronous cancers through MDT but no
difference in overall survival. Similar results were shown
by Department of Health care policy, Harvard Medical
school[70,71].

MRI for surveillance
Surgical treatment offers the best prospect of survival for
patients with recurrent colorectal cancer. Unfortunately,
most local recurrences are diagnosed at an advanced
(unresectable) stage, when traditional follow-up methods
are used. The impact of MRI surveillance on the early
diagnosis of local recurrences has been evaluated by Titu
et al[66] In this unique study, 226 patients who underwent
curative surgery for rectal and left-sided colon tumors
were included in a program of surveillance using pelvic
MRI in addition to standard follow-up protocol. Twentysix (13%) local recurrences were identified. These were
then analyzed based on mode of diagnosis, resectability,
and overall survival. Recurrent pelvic cancer was diagnosed by MRI with a 87% sensitivity and 86% specificity.
In 19 (63%) cases, CEA was abnormally elevated, and 9
patients (30%) were symptomatic. Surgical resection was
possible in only 6 patients (20%). There was no difference between MRI and conventional follow-up tests in
their ability to detect cases suitable for surgery. Hence
they concluded, pelvic surveillance by MRI is not justified
as part of the routine follow-up after a curative resection
for colorectal cancer and should be reserved for selectively imaging patients with clinical, colonoscopic, and/or
biochemical suspicion of recurrent disease[66].

CLINICAL APPLICATION OF MRI FOR THE
SURGEON
T1/T2 cancer. MRI can’t differentiate, hence need endorectal usg to identify T1 cancers. Theses may be candidates for local excision (transanal or TEO) (Figure 4).
T3 minimal (no CRM involvement) can go for surgery either per primum or after shortcourse radiotherapy
(Figure 2).
T3/N0, + (Figures 3, 7 and 8) with circumferential
margin involvement and T4 tumors (Figure 9) are treated
with LCRT and reassesses with MRI 2.
All rectal cancer with pelvic side wall nodes needs to
undergo LCRT as this leads to improved survival and
avoids need for lateral pelvic node dissection (Figure 8).
All low rectal cancers (5 cm from anal verge) are assesses with coronal images of MRI T2 sequences, to see
involvement of intersphincteric plane and extension to
levator ani: (1) those tumors free from intersphincteric
plane and more than 1 mm from levator plate can be
subjected to intersphincteric dissection and sphincter
saving procedures (Figure 10A); (2) tumors involving
intersphincteric space and external sphincters undergo

Functional outcome: MRI pelvis may predict functional
outcome in patients undergoing anterior resection. In a
small series of patients undergoing anterior resection,
How et al[67] evaluated functional outcome and co-related
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Figure 9 T4 lesion rectum involving prostate.

Figure 7 T3 tumor with spiculation reaching mesorectal fascia. Peritumoral fibrosis. T2W axial magnetic resonance imaging shows rectal tumor along
anterior wall with spiculations (small white arrows) into the perirectal fat. The
spiculation reaches up to mesorectal fascia (black arrow) at 12’ o’clock position
(long white arrow) causing focal fascia retraction.

A

*

*

*
*

B

Figure 8 T3 tumor with lateral pelvic nodes. Axial T2W magnetic resonance
imaging shows a large right lateral pelvic wall node (arrowhead). Short arrow
shows perirectal node. The primary rectal tumor (asterisk) is seen extending
into left mesorectal fat upto the mesorectal fascia (long arrow).
*

standard APER (Figure 10B); and (3) tumors involving
levators need extralevator APER (Figure 11).

DISCUSSION

Figure 10 Coronal section T2 weighted magnetic resonance imaging to
see level of tumor for planning surgery. A and B show tumor (asterisk) along
the left lateral wall, that reaches up to the internal sphincter (short white arrows)
in B, but spares it in A. The uninvolved external sphincter (darkly hypointense)
is shown by black arrows. The long white arrows in A and B shows the spared
levator ani.

One of the most important factors that governs the success of TME surgery is the relationship of tumour to
the CRM. Tumour involvement of the CRM in patients
undergoing TME surgery is related to poor survival and
local recurrence. Tumor relation to CRM on MRI (predicted CRM) helps in planning preoperative LCRT in
selected cases. MRI may help plan plane of resection for
low rectal tumors and may decreases CRM involvement
and ultimate outcome (LOREC project).
While not in line with NCCN (National comprehensive cancer Network) guidelines, it helps avoid radiotherapy for T3 patients where predicted CRM is not
threatened. This will mitigate radiotherapy related complications and improve bowel function. In addition, MRI
will identify tumours exhibiting other poor prognostic
features, namely, extramural spread > 5 mm, extramural venous invasion by tumour, nodal involvement, and
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peritoneal infiltration who may be candidates for trials regarding intensive chemotherapy/biological therapy along
with radiotherapy to improve DFS/OS/LR.
For advanced tumors (Non-resectable) on MRI, targeted preoperative therapy may not only reduce the size
of the primary tumour and render potentially unresectable tumour resectable. This would also enable patients
at high risk of systemic failure to benefit from intensive
combined modality therapy aimed at eliminating micrometastatic disease[72]. The Role of MRI post LCRT is
uncertain but is often used in selected centres planning to
offer sphincter preservation based on tumor response.
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10
11

12
Figure 11 Low rectal cancer involving left levator.

CONCLUSION
MRI should be mandatory in planning radical surgery for
rectal cancer. This improve R0 resection rates, decreases
local recurrences with improved oncological outcomes.
There is uncertainty over the role of MRI post LCRT.
While MRI directed MDT has shown improved outcome
in most studies, this however is debatable. The role of
MRI in early rectal cancer seems to be limited, and needs
complimentary endorectal ultrasound.
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Core tip: The multi-step process of colorectal hepatic
metastases includes numerous molecular pathways
and cellular interactions with potential clinical interest.
Mutations at the initial site of colorectal carcinogenesis,
such as p53 and APC , neoplastic cell interrelationship with the stromal macrophages, neoangiogenesis
through growth factors, such as the vascular endothelial growth factor and platelet-derived growth factor,
the role of hepatic sinusoidal cells, such as Kupffer
cells, the expression of adhesion molecules, including
the selectins and the integrins, are all crucial stages/
events within the metastatic process. The exploration
and analysis of recent research data may contribute to
a better understanding of their clinical significance and
may lead to new therapeutic strategies.

Abstract
Colorectal cancer hepatic metastases represent the
final stage of a multi-step biological process. This process starts with a series of mutations in colonic epithelial cells, continues with their detachment from the
large intestine, dissemination through the blood and/or
lymphatic circulation, attachment to the hepatic sinusoids and interactions with the sinusoidal cells, such as
sinusoidal endothelial cells, Kupffer cells, stellate cells
and pit cells. The metastatic sequence terminates with
colorectal cancer cell invasion, adaptation and colonisation of the hepatic parenchyma. All these events,
termed the colorectal cancer invasion-metastasis cascade, include multiple molecular pathways, intercellular
interactions and expression of a plethora of chemokines
and growth factors, and adhesion molecules, such as
the selectins, the integrins or the cadherins, as well
as enzymes including matrix metalloproteinases. This
review aims to present recent advances that provide insights into these cell-biological events and emphasizes
those that may be amenable to therapeutic targeting.
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INTRODUCTION
Carcinogenesis [carcino (καρκίνος) = cancer, and genesis
(γέννεσις) = birth] and metastasis [meta (μετά) = after,
next and stasis (στάση) = arrest] are both words of Greek
origin, expressing the onset and the advanced progression (spread to another location) of cancer, respectively.
Cancer development is a complicated biological process
that includes numerous poorly understood aspects and
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Formation of dormant micrometastases
or macrometastases

Micrometastases
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Figure 1 The invasion-metastasis cascade[1,178]. Successive interrelated stages/steps until foreign tissue colonisation and the formation of macrometastases. The
paradigm of colorectal liver metastasis, from the large intestine through the superior and inferior mesenteric veins and the portal vein to the liver. ECM: Extra cellular
matrix.

attracts the greatest interest of biomedical sciences. It is
a succession of interrelated, well-defined stages, usually
termed the invasion-metastasis cascade[1,2].
The primary stage in the natural history of carcinogenesis starts with the transformation of normal cells
into malignant derivatives at their initial site. Most interestingly, this transformation is also multistep and includes
several genetic and phenotypic cellular alterations. Thus,
there are two processes that progress in parallel, the metastatic cascade and the cancer cell transformation[3,4].
Primary mutations that signal the initiation of carcinogenesis lead to a progressive cellular proliferation and
tumour formation. Neovascularisation (neoangiogenesis)
and invasion of normal tissue follow, until several malignant cells are detached from the primary tumour (disaggregation), migrate and intravasate; this is the onset of
metastasis. The next steps may be evasion of the immune
system, cell survival in the hostile environment of the systemic circulation, arrest of the circulating tumour cells and
adhesion to the endothelium lining the capillary bed of
the target organ, and extravasation. The final stages of the
metastatic cascade are evasion of host defences, establishment of a new blood network to supply the development
of a new secondary tumour, and colonisation (Figure 1)[3,5,6].
All these successive stages demand multiple properties from malignant cells, and failure or inadequacy in
any of them cancels the entire metastatic cascade. These
properties are acquired through multiple mutations. It
is uncertain whether cancer cells already possess most
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of their new potential when they begin the metastatic
sequence or if this is gradually acquired. However, the
colonising ability is strongly believed to appear later in the
tumourigenicity[4,7]. Importantly, various laboratories have
confirmed different cell subpopulations in the primary
tumour site. Concurrently, the metastatic tumour created
in a distant location by cancer cells is considered a different entity from the primary one, because metastatic cells
show phenotypical and genetic differences from their
ancestors[8-10].
While micrometastases are achieved by several cancer
cells, macrometastases rarely occur. It is believed that
micrometastases are the final metastatic stage for the
vast majority of malignant cells, which never succeed in
surviving or adapting in the inhospitable environment
of the foreign tissue. In accordance with that belief, cancer patients may present myriad of micrometastases in
multiple organs and tissues, although without any clinical
evidence[11,12].
This general pattern of carcinogenesis and metastasis
applies to most cancer types with certain modifications
and adaptations according to implicated cells, tissues and
organs[1]. Colorectal hepatic metastasis attracts a particular
scientific interest due to the high frequency of colorectal
cancer (CRC) (3rd most common cancer in the developed
countries and 2nd leading cause of cancer-related mortality) and the unique properties, functions and role of the
liver in the human body[13,14]. This review will describe the
metastatic journey of CRC cells from the large intestine
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Figure 2 A sequence of mutations for colorectal epithelial cells generates the formation of polypoids, adenomas and finally carcinoma[15,16,19]. Polypoid and
carcinoma clinical photos (authors’ archives) underneath the figures.

to the liver and will investigate the normal-malignant cell
interactions, the role of the tissue microenvironment
and the genetic and molecular pathways that mediate this
carcinogenic-metastatic process.

adenomatous polyposis (FAP) syndrome who carry this
mutation develop CRC if they receive no treatment.
Another genetic pathway is the microsatellite instability
(MIN) one, also termed replication error pathway, which
is responsible for approximately 20% of carcinomas.
These neoplasms have aberrant DNA mismatch, a neardiploid karyotype, sparse p53, K-ras and SMAD4 alterations, but also frequent BAX, BRAF and TGF-BIIR mutations. Hereditary nonpolyposis colon cancer (HNPCC)
is attributed to the MIN pathway, accounts for 5%-6% of
CRC, and 80% of these patients develop cancer in their
lifetime. In HNPCC, MIN is a consequence of mutations
in DNA mismatch repair genes (hMSH2, hPMS1, hPMS2
and hMLH1). Notably, other genetic pathways also exist, such as the cytosine phosphodiester guanosine island
methylator phenotype pathway. While in the absence of
methylation genes are normally expressed, in the presence of promoter methylation, genes are transcriptionally downregulated. When tumour suppressor genes are
involved, carcinogenic mutations occur. A whole subclass
of CRC tumours include high proportions of hypermethylated genes[17-19].

INITIAL GENETIC ALTERATIONS OF
EPITHELIAL CELLS IN COLORECTAL
CARCINOGENESIS
Mutations in CRC include alterations in tumour suppressor genes such as p53 and APC, DNA repair genes
such as hMLH1 and hMSH2, and/or oncogenes such as
K-ras and c-Myc. In this way, normal colorectal epithelial
cells gain, among other abilities, the capacity of uncontrolled growth and evasion of apoptosis (programmed
cellular death). Rapid cell proliferation usually generates
the formation of a polypoid structure in the epithelium
that may evolve to adenoma, which is a precancerous
lesion. An adenoma may progress to CRC, as the mutations accumulate and CRC cells acquire all the necessary
properties; single cancer cells or small clusters of them
may finally detach from the initial intestinal tumour and
migrate (Figure 2)[15,16].
There are at least two well-described genetic pathways that may generate CRC. The most common, which
mediates up to 60% of carcinomas, is the chromosomal
instability pathway. This is the result of mutations of the
p53, APC and protooncogene K-ras, allelic loss of 18q
and aneuploidy. The role of the APC gene is crucial in
tumourigenesis, as 100% of patients with the familial

WCGO|www.wjgnet.com

INTERACTIONS OF NEOPLASTIC CELLS
WITH THE STROMA CELLS AND THE
EXTRACELLULAR MATRIX AT THEIR
INITIAL SITE - LARGE INTESTINE
The promotion of the initial stages of colorectal carcino-
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Figure 3 Various cellular types[22,23,112]. Various cellular types (resident: fibroblasts, endothelial cells and neurons, or recruited: macrophages, neutrophils and lymphocytes) which mediate cancer progression and growth in the colorectal microenvironment. bFGF: Basic fibroblast growth factor; CAF: Cancer associated fibroblasts;
ECM: Extracellular matrix; EGF: Epidermal growth factor; EMT: Epithelial-to-mesenchymal transition; HGF: Hepatocyte growth factor; IDO: Indoleamine 2,3-dioxygenase; IGF: Insulin growth factor; IL-10: Interleukin 10; MMP: Matrix metalloprotease; NO: Nitric oxide; OPN: Osteopontin; PDGF-β: Platelet-derived growth factorbeta; PGE2: Prostaglandin E2; SDF-1: Stromal cell-derived factor-1; TAM: Tumor-associated macrophages; TGF-β: Transforming growth factor-beta; TNF-α: Tumour
necrosis factor-alpha; VEGF: Vascular endothelial growth factor.

genesis depends on the communication and interrelationship of neoplastic cells with the stroma. The term stroma, also referred to as reactive stroma in carcinogenesis,
includes the endothelial cells, fibroblasts, immune cells
(such as macrophages, lymphocytes and neutrophils), as
well as non-cellular elements, such as the extracellular
matrix (ECM). It appears that numerous special characteristics of the reactive tumour stroma, concerning cellular, architectural or chemical elements, support a reciprocal tumourigenic communication with neoplastic cells via
the basement membrane[20]. These characteristics may be
a high number of fibroblasts, altered molecular expression on the cellular surface and the cytoplasm of endothelial cells, macrophage recruitment, increased capillary
density, ECM rich in fibrin and collagen-1. Furthermore,
the production and secretion of a plethora of chemical
compounds, including cytokines and growth factors in
the colorectal stroma, mediate the promotion of carcinogenesis (Figure 3)[21-23].

an autocrine or paracrine way, triggering CRC cell detachment from their initial site[26,27]. Moreover, a recent
study from Zhu et al[28] has demonstrated that TGF-1
may induce plasminogen activator 1 (PAI-1) transcription
in CAFs. PAI-1 mediates the fibrinolytic activity in the
vasculature, is widely expressed throughout tumours and
is associated with malignant invasion and neoangiogenesis[29,30]. Taking together these experimental data, CAFs
appear to play an important role in various aspects of
carcinogenesis and metastasis, including migration, matrix degradation, invasion and angiogenesis[26,31].
Macrophages
The development of a tumour causes an inflammatory
reaction where immune cells may be implicated. Macrophages are potentially the most important tumourassociated immune cells. They may constitute a considerable amount of the initial tumour mass and they correlate
with tumour poor prognosis. Although macrophages act
as tissue scavengers in general, eliminating any potential
harmful element (invading cells or chemicals), cancer
cells may use macrophage products in their favour, masking their surface antigens and thus avoiding the tumouricidal action of immune cells. In the invasion-metastasis
cascade, macrophages play a significant role in the promotion of inflammation, stroma and ECM remodeling,
angiogenesis, neoplastic cell invasion, intravasation and
seeding at foreign sites[32-34].
Neoangiogenesis at the initial site of CRC is crucial
for tumour development since oxygen diffusion alone
from the normal capillary network is unable to supply a

Fibroblasts
Fibroblasts within a tumour appear to harbour mutations
that transform them into myofibroblasts that are termed
cancer-associated fibroblasts (CAFs). Apart from normal
fibroblasts, CAFs may also originate from endothelial
cells, epithelial cells, preadipocytes and bone marrowderived progenitors[24,25]. Interestingly, CAF mutations
may refer to a variety of genes encoding multiple growth
factors, cytokines, enzymes and ECM-related proteins.
Various studies have shown that CAFs have the potential
to produce transforming growth factor beta (TGF-β) in
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tumour larger than 1-2 mm. Macrophages regulate the
critical process of neovascularisation through vascular
endothelial growth factor (VEGF) production[35]. VEGF
acts directly on endothelial cells promoting their proliferation, migration, invasion and high vascular permeability[36,37]. Another paradigm of the macrophage supporting
role for malignant colorectal cells is through the macrophagic removal of apoptotic CRC cells that express sulfoglycolipids SM4. While such a process initially appears
to be tumouricidal, the increased secretion of interleukins
and TGF-β1 may contribute to tumour development and
angiogenesis activation[38].

Type Ⅳ and Ⅶ collagen, laminins and heparan sulphate
proteoglycans. Type Ⅳ collagen in particular is of great
importance and provides the basic scaffold that supports
other BM components, such as laminin networks and
perlecan oligomers[52-54].
Any alteration in ECM structural profile or degradation of any of its molecules may cause cellular and tissue
dysfunction and therefore disease. CRC induces numerous ECM changes, the BM included. Type Ⅶ collagen is
altered or disappears during the development of multiple
cancers, such as melanoma, breast and prostate. Moreover, laminin-5 is usually absent from the ECM structure
in advanced CRC. Interestingly, new synthesis or accumulation of BM molecules (e.g., laminin-1 or 5) may also be
imposed by tumours, and this phenomenon suggests the
important role of BM in tumour invasion[53,54]. Similarly,
modifications in ECM adhesion molecules also occur,
while neoplastic cells express the appropriate adhesive
receptors on their cellular membrane. Integrin α6β4,
a molecule that normally supports cellular adhesion to
the BM, is such a paradigm as, following the tumourimposed ECM modifications, it changes its role and
induces actin-mediated cell motility. In this way, integrin
new distribution appears to correlate with considerable
CRC aggressiveness[55]. Most importantly, neoplastic cells
may also interfere in ECM metabolism through proteinase expression, of the matrix metalloproteinases (MMPs)
in particular. These multi-functional degrading enzymes
play a critical role in carcinogenesis but also in other
stages of the invasion-metastasis cascade. CRC cells may
induce the expression of MMP-2 and -9 by stromal cells,
either directly or via a paracrine mechanism, thus modifying ECM and promoting tumour development[56-58].

Lymphocytes
Lymphocytes constitute another immune cell category
implicated in tumourigenesis with a favourable prognosis.
In advanced CRC, the presence of T lymphocytes favours
a better clinical outcome for patients suffering from the
disease[39-41]. A recent study by de Miranda et al[42] showed
that high tumour infiltration by activated CD8+ T cells
in patients with Lynch CRC correlated with early staging
of the primary tumour and absence of lymphatic metastases. While immune cells mainly support the defending
system of normal tissue against neoplastic cells, the latter use genetic and molecular pathways that promote the
evasion of immunosurveillance. CRC cells may express
the Fas ligand on their surface and bind Fas-expressing
immune cells, thus triggering apoptotic mechanisms for
the latter[43,44]. An alternative mechanism of escaping
immunosurveillance for tumour cells is the high expression of carbohydrates on their cellular membrane. This
alters the CRC cell surface antigen profile, impeding their
recognition and destruction by immune cells[45]. Furthermore, cells of normal colorectal tissue may also support
neoplastic cells in evading immunosurveillance. Tumourassociated macrophages are able to produce arginine metabolites, which cause T-lymphocyte death. Similarly, in
the lymph nodes of advanced neoplasms, dendritic cells
play an immunosuppressive role rather than an immunoreactive one. Thus, instead of activating T-lymphocytes,
they induce tumour tolerance[46,47].

Epithelial-Mesenchymal
Transition of epithelial cells IN
the large intestine
Epithelial-mesenchymal transition (EMT) is a reversible morphogenetic biological process that involves the
transition from stationary polarized epithelial cells to
motile, multipolar or spindle-shaped mesenchymal cells.
Epithelial cells are characterised by an atypical-basal polarity, the formation of tight junctions and the expression
of intercellular adhesion molecules, such as E-cadherin.
On the other hand, mesenchymal cells appear to be unable to build mature intercellular contacts, invade through
the ECM and express molecules including fibronectin,
vimentin, N-cadherin, Twist and Snail. While EMT occurs in embryogenesis and normal early development,
accumulating evidence indicates that it also plays a crucial
role in tumour development and metastasis; neoplastic
cells usurp EMT to obtain properties that promote their
detachment from their initial site and favour their migration to distant tissues[59,60].
The process of EMT is induced, promoted and regulated by multiple effectors that also regulate EMT dur-

ECM
ECM supports the cells mechanically and assists their
physicochemical functions through the provision of
pathways for migration and the maintenance of growth
factors. Adhesion molecules play a critical role in the
ECM-cell connection, with the integrins being particularly important. The ECM consists of 5 classes of molecules (collagens, fibronectins, glycans, hyaluronans, laminins and proteoglycans). Every class includes multiple
isoforms, which are cell-dependent. ECM composition
and structure vary with developmental stage, tissue and
disease[48,49].
The basement membrane (BM) or basal lamina is a
specific ECM-type meshwork produced by epithelial and
stromal cells, and it plays a crucial role in carcinogenesis and metastasis[50,51]. BM chemical structure includes
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ing embryogenesis, including the cytokines interleukin 8
(IL-8), growth factors [epidermal growth factor (EGF),
platelet-derived growth factor (PDGF), TGFβ] and ECM
components. Interestingly, it has been shown that CRC
cells are able to produce such molecules, including IL1α, IL-1β and tumour necrosis factor alpha (TNF-α)[60-62].
Specifically, TGFβ plays a critical role through autocrine and/or paracrine mechanisms. This growth factor may be triggered by TNF-α, which is produced by
tumour-infiltrating macrophages. The binding of TGFβ
with TGFβR1 and/or TGFβR2 receptors triggers the
phosphorylation of Smad2 and Smad3 dimers, which
dissociate from the receptors to interact with Smad4;
subsequently these dimers enter the nucleus to regulate
EMT[63]. Additionally, the TGFβ-Smad pathway induces
the high motility group A2 gene (HMGA2), which mediates EMT; HMGA2 is a nuclear factor that links TGFβ
with the EMT-inducing transcription factors Twist and
Snail1 and 2. TGFβ/Smad activities may also be associated with PDGF and PDGF receptor signalling, such
as the phosphorylation of p68 RNA helicase to trigger
nuclear translocation of β-catenin through a wingless Int
(Wnt)-independent pathway[64-66].
In CRC, tumour cell EMT predominantly concerns
cell adhesion mediated by E-cadherin. CRC cells present either mutations of the E-cadherin gene, proteolytic
degradation of E-cadherin, insulin growth factor 1-promoted internalization of E-cadherin or disarrangement
of E-cadherin and β-catenin connections[67,68]. Notably,
intact cadherin-catenin complexes support the normal
function of intercellular adhesion and guarantee stable
“adherens junctions” and an unimpaired Wnt signalling
pathway (the latter being a complex protein network
controlling signal transduction)[69]. Neoplastic cells along
with the E-cadherin deregulation present an accumulation of Src kinase and phospho-myosin associated with
EMT[70,71], as well as high expression of guanine nucleotide exchange factor Tiam 1 that promotes metastatic potential through cellular adhesion reduction and resistance
to anoikis[72]. Furthermore, CRC cells present a variable
level of Ras homolog gene family, member C (RhoC),
a protein that functions as a switch in signal transduction, promoting reorganisation of actin and regulating
cell shape. It is noteworthy that increased expression of
RhoC is associated with poor prognosis, as well as with
an aberrant localization and expression of E-cadherin.
The disruption of E-cadherin-mediated cell adhesion
contributes to CRC cell detachment and motility. Moreover, its replacement with N-cadherin, a phenomenon
named cadherin switch, further promotes cancer cell
translocation and invasion of the surrounding stroma. In
this way, EMT favours carcinogenesis and cellular transformation towards a metastatic phenotype[73].

from preexisting ones[74]. Hypoxia or low oxygen tension is the primary triggering factor for the onset of this
process. Early in carcinogenesis, tumour growth requires
angiogenesis for the provision of oxygen and nutritional
factors, while later new vessels provide CRC cells with a
way to the systemic circulation (intravasation) and metastasis to distant sites. In normal conditions, the angiogenic
process is accurately regulated by pro- and anti-angiogenic agents. In CRC, hypoxia induces the activation of hypoxia inducible factor-1 and subsequently the expression
of angiogenic factors including VEGF, basic fibroblast
growth factor and PDGF by CRC cells. Notably, prostaglandin E2 directly triggers CRC cells to express VEGF,
appearing as a promising therapeutic target[75,76].
Moreover, stromal cells, such as cancer-associated
fibroblasts (CAFs) and tumor-associated macrophages,
mast cells, neutrophils and others, also produce proangiogenic factors inducing angiogenesis. The aforementioned factors interact with their respective receptors at
the endothelial cell surface initiating signalling cascades
involving p38, eNOS, as well as PI3 and ERK MAP kinases; the latter induce vasodilation, endothelial cell proliferation/migration and vessel assembly. Concurrently,
angiogenesis suppressor proteins are downregulated, such
as thrombospondin. The resulting vascular networks of
tumours are chaotic and poorly functional due to abnormal endothelial cell structure, proliferation and apoptosis;
additionally, abnormal pericytes appear to be loosely attached and do not fully cover the vessels. Consequently,
neoplastic vasculature is leaky, haemorrhagic, with excessive branching, which results in oxygen depletion and
extracellular acidosis[77,78].
It has been demonstrated that the microvascular density has a considerable prognostic value for tumours and
may predict survival in patients with CRC[79]. To study
this, a colour Doppler vascularity index (DVI) (ratio of
coloured pixels/total pixels per tumour section) has been
introduced, in an effort to predict distant metastasis and
survival in CRC patients. It was concluded that patients
who had a DVI > 15% at the primary site had worse
overall survival compared to patients with DVI < 15%[80].
A similar parameter is the Doppler hepatic perfusion
index (DHPI) (ratio of hepatic arterial flow/total liver
flow), which appeared to be increased even in patients
with occult micrometastases and is predictive of metastatic liver tumour recurrence[81]. The association between
angiogenesis at the primary CRC site and in the hepatic
metastases is further supported by imaging techniques,
such as dynamic contrast-enhanced magnetic resonance
imaging and contrast-enhanced computed tomography[82].

Angiogenesis IN the large
intestine

The lymphatic network is a major metastatic route and
lymphatic metastases constitute an important prognostic
indicator in solid tumours and CRC[83]. Excessive lymphangiogenesis is associated with metastasis in CRC.

Lymphangiogenesis IN the large
intestine

Angiogenesis is defined as the formation of new vessels
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Lymphatic vessel density (LVD) has been introduced as
a quantitative parameter for lymphangiogenesis. In vitro
models demonstrated that VEGF-A and VEGF-C are the
major regulators of this process and their levels correlate
with LVD. In addition, PDGF-BB, FGF-2, hepatocyte
growth factor (HGF), angiopoietin by binding to its receptor Tie2 and sphingosine-1-phosphate (S1P) cause
lymphangiogenic effects. Neoplastic cells with high levels
of sphingosine kinase 1 release S1P in the ECM, which in
turn may lead to paracrine-induced angio- and lymphangiogenesis[84-86]. In vivo models suggested new pathways for
lymphangiogenesis in CRC. The high levels of VEGF-C
and VEGF-D appear to direct tumour lymphangiogenesis via the VEGF-C and -D pathway and their receptor
VEGFR-3 (present on lymphatic endothelial cells), while
VEGF-A may play a regulatory role during this process[85,87]. The activation of VEGFR-3 along with the β1
integrin subunit triggers multiple signalling pathways in
the lymphatic endothelial cells, including Pyk2, NF-κB,
ERK and JNK MAP kinases, which mediate proliferation
and survival[88]. A recent study by Du et al[89] on human
CRC samples indicated that metastasis associated protein 1 (MTA-1), which is expressed in various epithelial
cancers and plays a critical role in metastasis, correlated
with VEGF-C and mediated its expression. Hence, it was
suggested that MTA-1 promotes lymphangiogenesis and
therefore CRC metastasis.
Lymphangiogenesis may be initiated with the formation of lymphatic vessels by circulating endothelial progenitors (CEPs); the latter constitute a subpopulation of
circulating endothelial cells derived from the bone marrow. It has been shown that CEPs are increased in the
circulation in multiple pathologies, cancer included[27,90,91].
However, alternative pathways for the initiation and progress of lymphangiogenesis may also exist. The differentiation of other cells into lymphatic endothelial cells, such as
macrophages and stromal cells, may be such pathways[92,93].
Interestingly, apart from invasion to lymph nodes,
CRC LVD is also associated with liver metastasis. Although this association is rather unclear, a possible
explanation may be that CRC cells express chemokine
receptor CXCR5; its ligand BCA-1/CXCL13 is mutually
expressed on lymphatic endothelial cells and the liver[94].
CRC cells may be directed through the lymphatic network to both lymph nodes and the liver. Moreover, lymphatic metastases are traced at the liver lymphatic drainage network, including portal, mediastinal and coeliac
lymph nodes. These liver-associated lymphatic metastases
may be generated from previous CRC liver metastases.
All these findings show clearly the importance of angioand lymphangiogenesis for carcinogenesis and metastasis
and explain why they attract great research interest and
constitute promising targets for anticancer therapy[27,95].

the necessary step for their intravasation into existing or
newly formed lymphatic or blood vessels. Certain molecular changes concerning the expression of degrading
enzymes (such as the MMPs) and adhesion molecules
(such as selectins, integrins and others) appear to contribute to CRC cell intravasation. Notably, the tortuous leaky
neoplastic blood network, with its loose junctions among
endothelial cells and the defective pericyte coverage, may
substantially promote tumour cells entering into the lumina of vessels[78].
Sonoshita et al[96] studied murine and human tissue
and showed that the transcriptional modulator enhancer
of split (Aes) prevented CRC cells from intravasation
through the impairment of trans-endothelial invasion
that followed Notch-dependent mechanisms. Concurrently, urokinase plasminogen activator (uPA) expression
is increased in patients with FAP during the transformation of normal to dysplastic epithelia[97,98]. The uPA
system consists of uPA, the uPA receptor (uPAR), the
tissue-type plasminogen activator (tPA), the plasminogen
(Plg) and plasminogen activator inhibitors 1 and 2 (PAI-1
and PAI-2). This biological system is involved in multiple
molecular pathways, including adhesion, chemotaxis, cytokine release, protease expression, neutrophil proliferation and activation for oxidant production. It modulates
inflammation, growth, invasion, angiogenesis and metastasis of multiple tumour types[99,100]. When uPA connects
with uPAR, it activates Plg along with other proteases
such as MMP-2 and -9. These events promote ECM fragmentation and CRC cell detachment and intravasation.
Interestingly, when normal cells lose their contact
with the ECM and their neighbouring cells, they undergo
apoptosis that is triggered by broken integrin bonds. The
ability of CRC cells to survive in the presence of fragmented ECM constitutes a crucial property of metastatic
cells. This apoptosis resistance might be attributed to the
overexpression of focal adhesion kinase by CRC cells,
which contributes to conferring survival by activating
certain molecular pathways, including ERK and AKT.
Hence, tumour cells can by-pass integrin signalling and
survive without contact with the ECM[101,102].
Following their detachment, access to the blood and
lymphatic vessels is the next step for metastatic CRC cells.
The microvessel diameter and their leaky structure are important factors that promote passive CRC cell entry into
the circulation. Although lymphangiogenesis is less studied than angiogenesis, it appears that LECs, stimulated by
VEGF-C, secrete mitogenic and/or chemotactic factors,
which may attract tumour cells to adhere to, pass through
and intravasate into the newly-built lymph vessels[90,103].
CRC cells are transported through the hepatic-portal
circulatory system to reach the liver. The inferior and
superior mesenteric veins and the portal vein, along with
their neighbouring lymphatic vessels, constitute the dominant metastatic routes for hepatic metastases. In cancer
patients, a large number of circulating tumour cells may
be detected, although the intravasated cellular populations do not correlate with the density and the extension
of metastases. Accumulating experimental evidence has

Intravasation and circulation survival in the lymphatic and/or
the blood vessels
Malignant cell detachment from their primary tumour is
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cell attacks[111]. Furthermore, tumour cells interact with
platelets forming large emboli, a process mediated by the
expression of tissue factor and L- and P-selectins. In this
way, they shield themselves against both immune detection and shear forces[112]. Undoubtedly, immune system
and cancer cell interactions attract great research interest
and the manipulation of immunesurveillance is a major
strategy in anticancer treatment.

suggested that entrance into the systemic circulation is
lethal for the vast majority of tumour cells; only 0.01%
of metastatic cancer cells may trigger the formation of
metastasis when injected into the systemic circulation[27].
In vitro studies using videomicroscopy to monitor intravasated cancer cells have indicated that most of the cells
undergo apoptosis during their passage through the vascular wall or soon after their entrance into the circulation.
It is generally accepted that two major mechanisms contribute to tumour cell death following their intravasation:
mechanical stress and the immune system[5,104].
Haematogenous dissemination exposes tumour cells
to the strong mechanical forces generated by blood
flow. In particular, when they circulate within a narrow
capillary network or the microvasculature of contractile
organs, such as the heart and the skeletal muscles, they
are forced to transform their shape from spherical to cylindrical, which is lethal to the majority of tumour cells[5].
However, as tumour cells get progressively more invasive
and metastatic through a series of mutations, they display larger cell deformations and shape alterations. In vivo
studies have demonstrated that metastatic cells are quite
deformable and both the cell nucleus and cytoplasm
may undergo strong compression and shape deformation in small capillaries. Specifically, the length of the cell
nucleus may increase 1.6-fold and the cytoplasmic major
axis up to 3.9-fold in comparison with the same cells in
larger microvessels[105-107]. Also, tumour cells reaching
capillary bifurcation points can stretch and extend their
cytoplasms in both directions[105,106]. Mechanical forces,
such as endothelial contraction, shear or pulsatile stresses,
cause the production of oxygen radicals including NO
and ROS, which generate apoptosis of CRC cells.
Metastatic tumour cells have developed multiple
molecular pathways in order to survive the mechanical
forces in the circulation. CRC cells interact with platelets
and/or themselves to form large emboli that protect
them from shear stress[108]. Cancer cells may activate
adhesion pathways involving integrins, leading to their
attachment to endothelial cells and thus evasion of anoikis. Programmed cell death may also implicate metabolic
pathways including pentose phosphate and control of
glucose uptake[109]. Moreover, the tyrosine kinase TrkB
was demonstrated to suppress anoikis and appeared to be
crucial for metastatic progression in CRC cells[110].
The second major mechanism responsible for metastatic cell elimination in the circulation is immunosurveillance. Numerous cytokines released by cancer cells, endothelial cells or immune cells, such as IL-2, -12 and -18,
may activate various subsets of immune cells including
T-lymphocytes and natural killer (NK) cells. The latter
eliminate cancer cells through Trail and/or NKG2/perforin pathways. Similar to mechanical forces adaptations,
metastatic cells have developed mechanisms to evade
immunosurveillance. It has been shown that cancer patients present high levels of acute phase glycoproteins in
their blood, correlated with the disease. These proteins
may protect malignant cells against anoikis and immune
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Extravasation - CRC cell arrest
in the hepatic sinusoids
The sinusoids constitute the specific hepatic capillary network where four different cell populations reside within
the sinusoidal lumen or in proximity to the sinusoidal
wall: sinusoidal endothelial cells (SECs), Kupffer cells
(KCs), hepatic stellate cells (HSCs) and pit cells. Each of
these cell types plays a crucial role in hepatic homeostasis
and CRC metastasis[113].
The progression of CRC hepatic metastasis is divided
into four interrelated phases: (1) microvascular phase of
liver-infiltrating malignant cells; (2) interlobular micrometastasis phase; (3) angiogenic micrometastasis phase; and
(4) established hepatic metastasis phase. The first phase
mainly occurs within the sinusoids, whereas the following ones describe further metastatic steps that affect the
inner hepatic parenchyma. Although sinusoidal cells contribute to all four, they predominantly mediate the first
phase[114].
During the microvascular phase, resident cells generate multiple tumouricidal and tumourigenic effects, which
may either promote the invading cell elimination or
liver colonisation. A plethora of molecular pathways are
involved, including NO and reactive oxygen release by
SECs, expression of adhesion molecules, such as selectins, integrins and others by the same cells, phagocytosis,
cytokine and growth factor release by KCs and HSCs,
release of cytotoxic agents from pit cells. The aforementioned examples demonstrate the complexity and the importance of the intercellular reactions that occur within
the sinusoids in colorectal liver metastasis[114-116].
Sinusoidal endothelial cells
SECs were first described by Wisse at the beginning of
1970s. Their cytoplasm includes characteristic canals,
arranged in sieve plates named fenestrae. Fenestration
constitutes a unique marker and distinguishes SECs from
all other endothelial and liver cells (Figure 4)[117,118]. They
form a major scavenger cell system and accomplish receptor-mediated endocytosis and pinocytosis through three
major types of endocytic receptors: the liver sinusoidal
cell mannose receptor, the liver sinusoidal cell scavenger
receptor and the liver sinusoidal cell receptor IIb2, which
is an Fc-γ receptor[114]. The scavenging properties of SECs
are critical in CRC metastasis. In vivo murine experiments
indicated that autotaxin, a phosphodiesterase that promotes metastasis and angiogenesis, was rapidly removed
from the blood circulation and degraded by SECs[119].
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A

B

Figure 4 Sinusoidal endothelial cells. Fluorescence labeled (AcLDL) (A) and light microscopy (B). The cells have a cobblestone architecture on the sixth day in
culture (authors’ archive). Magnification × 200. Scale bars = 100 μm. AcLDL: Acetylated low density lipoprotein.

Kupffer cells
These constitute the biggest (more than 80%) tissue
macrophage population in the body of vertebrates and
approximately 15% of all liver cells[124,125]. KCs mainly act
as scavengers around the sinusoids, but also as antigenpresenting cells and liver regeneration mediators. When
activated, KCs produce a wide variety of molecules, such
as growth control mediators, inflammatory agents, proteolytic and hydrolytic enzymes, oxygen and nitrogen species
and lipid metabolites. All these products modulate acute
and chronic liver responses to pathogens, chemicals, drugs,
injury, as well as cancer and metastasis (Table 1)[126-128].
KCs play a crucial role in the “host tumoural surveillance system”. As they constantly reside around the sinusoids, they discriminate and remove neoplastic cells that
reach the liver. Interestingly, CRC cells become vulnerable
to macrophage tumouricidal activity during endothelial
adhesion and extravasation[129,130]. Specifically, KCs may
recruit inflammatory cells, they may arrest CRC cells and
inhibit their growth acting in a cytostatic way, and they
may bind and eliminate them in a cytotoxic way[130]; the
latter occurs by several mechanisms: phagocytic release
of TNF, secretion of proteases and production of oxygen metabolites[131-133].
Rat experiments demonstrated that in the early stages
of CRC liver metastasis, KCs exerted tumouricidal activity in conjunction with NK cells. One hour after CRC
cells had reached the liver, more than 70% were already
in contact with KCs; the KC population was considerably
increased from the first day and phagocytosed more than
90% of malignant cells. However, NK depletion left 35%
of the cancer free from KC interactions. The responsible
mechanism may be that activated NK cells secrete proinflammatory cytokines, such as granulocyte macrophage
colony stimulating factor (GM-CSF) and interferon
gamma (IFN-γ), which in turn activate KCs or sensitise
tumour cells to cytotoxic effects. Alternatively, NKs may
induce CRC cell apoptosis, causing exposure of phosphatidylserine and enhancing phagocytosis by KCs[115]. The
opposite interaction was also reported: activated KCs
may produce IL-12 and/or IL-18, which enhance IFN-γ
release by pit cells that exhibit high tumouricidal activity,

Table 1 Molecules produced by Kupffer cells that may
mediate their interactions with metastasising colorectal cancer
[126,127]
cells within the hepatic sinusoids
Group

Molecules

Cytokines and
chemokines

Tumour necrosis factor alpha
Transforming growth factor beta
Interleukins
(IL-1α, -1β, -6, -8, -10, -12 and -18)
Interferon gamma
Platelet-activating factor
Monocyte chemotactic protein-1
Macrophage inflammatory protein (MIP-1)
Hydrolytic and
Urokinase-type plasminogen activator
proteolytic enzymes
Metalloproteinases (MMP-1, -7 and -13)
Lipid metabolites
Prostaglandin E2
(prostanoids)
Thromboxane
Oxygen species (superoxide) and hydrogen peroxide
Nitrogen species (nitric oxide)

This study further supported previous data which demonstrated that hepatectomy or chemically-induced injury
resulted in an increase of serum autotoxin[120].
Although SECs appear to play a tumouricidal role, they
may also aid tumour cells to arrest and metastasise within
the liver. Under cytokine activation, SECs may express
adhesion molecules, such as E-selectin, which mediate
cancer cell attachment to the endothelium, thus facilitating
their extravasation into the hepatic parenchyma[121,122].
Experimental studies have attempted to investigate
and exploit SEC properties in anticancer therapy. Gene
therapy uses certain vectors, such as adenoviruses, to
reach target cells and is considered a new and promising
treatment of acquired diseases, including liver neoplasms
and metastases. SECs, in conjunction with KCs, may
endocytose and destroy these vectors, cancelling any
therapy. On the other hand, as hepatocytes constitute the
primary target cells for anti-cancer therapy, gene vectors
should reach the space of Disse, in order to interrelate
with hepatocytes. The space of Disse may be accessible
only through SEC fenestration, and the diameter of the
latter ranges according to species and liver condition; ageing or liver diseases substantially alter fenestrae, impairing
the vector access to the space of Disse[123].

WCGO|www.wjgnet.com

1379

February 8, 2015|First Edition|

Paschos KA et al . Natural history of colorectal hepatic metastases

thus inhibiting CRC haematogenous metastasis in murine
livers[134,135]. It appears that in the metastatic process, KCs
and pit cells act in close cooperation against the invading
cancer cells. Both produce cytokines and interact stimulating one another, eliminating cancer cells directly or
mediating cancer cell death by their counterparts.
High mobility group box 1 (HMGB1) is a protein
produced by normal and cancer cells which triggers
apoptosis in macrophages and monocytes. Experimental
data from Dukes’ C and D surgical specimens showed
that HGMB1 levels in the portal blood were higher for
Dukes’ D and correlated with the levels in the primary
tumours. When HMGB1 concentration was raised, KC
numbers were substantially decreased. Moreover, in vitro
murine experiments performed in the same study showed
that the administration of the protein decreased KC populations and promoted liver metastases[136]. These findings
support the tumouricidal role of KCs in the metastatic
process.
The interaction between KCs and invading tumour
cells is not always in favour of liver homeostasis. Binding
to KCs facilitates CRC cell arrest in the liver; if the killing
process is not accomplished promptly or is partially completed, then the binding process substantially contributes
to liver colonisation. Experimental data in rats advocated
that KCs exert a limited capacity for tumour surveillance;
when malignant cells reach the liver in very high numbers
or present great antigenic diversity, KCs are eventually
saturated and metastasis progresses[130].
Additionally, KCs produce growth factors, such as
HGF, which facilitate tumour cell proliferation[137]. Furthermore, the ability of KCs to secrete MMPs, especially
MMP-9 and MMP-14, as well as their inhibitors, may
enhance angiogenesis and tumour invasion, via alterations
of the ECM[138]. Notably, MMP-9-deficient mice presented considerably fewer liver metastatic lesions when
CRC cells were injected in their spleen. MMP-9 was
primarily derived from KCs, independently of its expression by tumour cells[139]. Moreover, in vitro experiments
have indicated that highly malignant cells reduce, in their
favour, the phagocytic capacity of KCs and promote
colonisation[140]. The preceding experimental evidence
suggests that KCs prevent tumour outgrowth and liver
metastasis when the burden and the rate of invading cells
are relatively low. However, KCs may contribute to liver
colonisation if their tumouricidal ability is saturated due
to excessive numbers of invading cells or when metastases are already established.
KCs present an 80 kDa carcinoembryonic antigen
(CEA) receptor, which mediates binding and subsequent
degradation of CEA[141,142]. When CEA is complexed,
KCs are activated and secrete through β-2 adrenergic
pathways large amounts of cytokines, including TNF-α,
IL-1β, IL-6 and IL-10[141,143]. These pro- and anti-inflammatory agents generate alterations in the sinusoidal endothelium and SECs express adhesion molecules of the selectin family, which promote the arrest and extravasation
of tumour cells[144]. Murine studies indicated successful
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adhesion of CRC cells to KCs and SECs, without the immediate mediation of CEA, excluding CEA’s function as
an adhesion molecule in hepatic colonisation[145]. The last
observation was further investigated and it was revealed
that CEA supports CRC cell survival via the induction
of IL-10 and subsequent decrease of NO concentration.
IL-10 is probably released by stimulated KCs and NO
levels decrease due to inhibition of inducible nitric oxide
synthetase[146].
Accumulating data have demonstrated the important
role of immunoglobulin superfamily adhesion molecules
in colorectal liver metastases, referring to KCs. Murine
experiments demonstrated that CRC cells trigger KCs to
produce pro-inflammatory cytokines, which in turn stimulate SECs to express high levels of intercellular adhesion
molecule 1 (ICAM-1) and vascular cell adhesion molecule
1 (VCAM-1)[147] or VCAM-1 and platelet endothelial cell
adhesion molecule 1[148]. These molecules mediate cancer
cell adhesion, follow E-selectin expression and promote
subsequent extravasation. Similarly, in vitro experiments
using CEA-activated murine KCs indicated that cytokines
were released, which activated endothelial cells to express
ICAM-1 and VCAM-1[122,149].
Consequently, several lines of evidence support the
hypothesis that when CRC cells reach the hepatic sinusoids, they secrete CEA that may activate KCs to produce
cytokines; the latter stimulate SECs to express cell adhesion molecules that bind colorectal metastasising cells.
This mechanism obviously contributes to malignant cell
arrest, proliferation and invasion (Figure 5).
The cytostatic and cytotoxic actions of KCs were
taken into consideration in liver metastasis research and
adjuvant strategies were created in order to maintain
and increase their potential antitumour role. As transient
peri- and post-operative immunosuppression has been
observed in patients undergoing major surgical interventions, further enhancement of KC activities is particularly
useful during and after hepatectomy[150]. GM-CSF was
tested for this purpose and experimental data from human liver wedge biopsies showed that it could stimulate
KCs to exert increased cytotoxicity against a SW948
colon carcinoma cell line[151]. In syngenic rat models, the
administration of this factor increased KC numbers and
significantly enhanced their cytotoxicity ex vivo, cancelling the development of small metastatic foci[152]. IFN-γ
was also tested targeting KC activity; in syngenic murine
models, the preoperative administration of IFN-γ caused
high anti-metastatic function of KCs and NKs in early
liver metastasis[153]. These promising results remain to be
further analysed and repeated in bigger studies using human hepatic tissue.
Hepatic stellate cells
HSCs are located in the space of Disse, comprising about
15% of the nonparenchymal hepatic cells. They have a
unique morphology, due to long cytoplasmic processes
that form a spindle-shaped cellular body (Figure 6)[154].
KCs produce chemokines that induce mono- and poly-
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Figure 5 The role of Kupffer cells in colorectal cell adhesion-arrest within the sinusoids during haematogenous liver metastases. Kupffer cells are activated
through carcinoembryonic antigen (CEA), release multiple chemokines and stimulate sinusoidal endothelial cells to express adhesion molecules, inducing colorectal
cancer cell arrest. CEA-R: CEA receptor; ICAM-1: Intercellular adhesion molecule 1; IL: Interleukin; sLE: Sialyl Lewis antigen; TNF-α: Tumour necrosis factor alpha;
VCAM-1: Vascular cell adhesion molecule 1.

morphonuclear leukocyte infiltration, activate neutrophils
and control lymphocyte populations exerting immunoregulatory activity[155,156]. Furthermore, HSCs act as antigen-presenting cells that may activate T lymphocytes[157,158]
and release pro-inflammatory cytokines when exposed to
bacterial endotoxins through toll-like receptors[158,159].
HSCs secrete and respond to a wide variety of cytokines. They modify the activity of various growth factors, express adhesion molecules, such as ICAM-1 and
VCAM-1, and regulate the detoxification of ethanol and
xenobiotics[156,160]. Activated HSCs display contractility,
chemotaxis, fibrogenesis, matrix degradation activity, proliferation, and retinoid loss. They mediate inflammation,
cell survival and apoptosis, liver regeneration and monitoring of cellular pH[161-163].
HSCs are also key cells in tumour growth and CRC
metastatic processes. Experimental studies in rats revealed that conditioned media from cultures of hepatocellular carcinoma hepatocytes could activate HSCs[164].
Moreover, in vitro experiments with metastatic melanoma
cells concluded that tumour cells triggered HSC activation; the latter promoted angiogenesis through VEGF
expression[165]. Injection of colon carcinoma cells in nude
mice favoured the formation of hepatic metastatic foci
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through HGF and TGF-β1 produced by HSCs. Similarly,
tumour cells secreted PDGF-AB and enhanced HSC
proliferation and locomotion[166].
Co-cultures of SECs and HSCs caused spontaneous
cellular differentiation, with HSCs forming the core and
SECs the surface of the cell population. Concurrently,
activated HSCs cultured with SECs expressed functional
smooth muscle cell phenotype and formed capillary-like
structures in angiogenesis assays. Taking into consideration that tumours activate HSCs, their contribution to
neoangiogenesis through interactions with SECs was implicated in these studies[114,167].
Pit cells
The name pit cell is related to their cytoplasmic granules.
The cells contain granules with lysosomal enzymes, perforin and various phosphatases, but their structural characteristic is the presence of cytoplasmic rod vesicles. Their
shape varies, due to the presence of pseudopodia[113,168,169].
Pit cells substantially contribute to hepatic immunity
and exert strong antitumour action. In collaboration with
KCs, they represent the first line of liver defence against
cancer cells. Experimental studies in rodents demonstrated that pit cells are highly cytotoxic against multiple
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Liver colonisation
The adherence of metastasising CRC cells to SECs is
a primary step of great importance toward liver invasion and colonisation[140]. Malignant cells bind to SECs
initially through selectins. However, these bonds do not
appear to be strong enough to guarantee stable cell adhesion. Integrins are necessary to stabilise tumour cell-SEC
adhesion. If integrins do not conform, then the bonds
are broken and cancer cells are released into the blood
or undergo mechanical damage[175]. The development of
strong intercellular bonds allows CRC cells to resist the
attractive forces of plasma flow and circulating blood
cells, when they adhere to the hepatic sinusoids[176]. Multiple signalling molecules, including focal adhesion kinase,
paxillin, and cytoskeletal proteins, are probably required
for tumour cell adhesion and stabilisation under the hydrodynamic conditions of blood flow[175].
Shimizu et al[177], studying CRC liver metastases in
murine models, reported that shortly after endothelial
adhesion occurred within the sinusoids, metastasising
cells extended cytoplasmic projections towards the space
of Disse, through the pores of SECs. Forty-eight hours
after their injection in mice, CRC cells may reach the hepatocytes and enter their cytoplasm, and 72 h later, they
developed metastatic foci.
From the moment of extravasation, cytotoxic T cells,
monocytes and macrophages which occupy extra-sinusoidal hepatic tissue are activated against the metastatic cells,
though not always successfully[178]. Ultimately, few CRC
cells cause micrometastases in the hepatic parenchyma.
They remain in a dormant state, the duration of which is
unknown. It is probable that these micrometastases will
be reactivated after an unspecified time period and will
create macrometastases. The last stage of the invasionmetastasis cascade is then accomplished[179,180].
It has been proposed that carcinoma cells address
the problem of an incompatible microenvironment at
the distant metastatic site through the establishment of
a “premetastatic niche”[181]. In that state, CRC cells may
release soluble CD44 that mediates resistance to apoptosis[182]. The crosstalk among cancer cells, immune cells,
endothelial and stromal cells causes the production of
various chemokines and growth factors, such as the EGF
and TGF-α, which promote metastatic cell growth in the
liver. Interestingly, in order to survive and develop a secondary neoplasm in the liver, CRC cells must undergo the
reverse transition from EMT, which is termed mesenchymal-epithelial transition (MET). Consequently, CRC cells
express epithelial cell markers such as E-cadherin[183,184].
Additionally, Belluco et al[185] showed that CRC cell kinase
profile at the hepatic metastatic sites differs considerably
from the initial intestinal site. These data indicate that
CRC cells adjust their signalling network at the hepatic
microenvironment in order to survive and generate metastatic foci. The activation of MET is probably triggered
by the liver ECM. Hepatic CAFs appear to promote this
process through overexpression of COX2 and TGF-β2.

Figure 6 Hepatic stellate cells with their cytoplasmic processes, after 4 d
in culture (authors’ archive). Light microscopy (magnification × 200). Scale
bar = 100 μm.

malignant cell lines, including murine fibrosarcoma
L929, colon carcinoma CC531 and colorectal carcinoma
DHD-K12 rat cells[169].
Pit cells exert their cytotoxicity through binding to target cells, a process named conjugation. Various adhesion
molecules on pit cells mediate this process, such as CD2,
a member of the immunoglobulin superfamily, CD28 and
lymphocyte function-associated antigen 1, while CD54
and CD58 may be present on target cells[170,171]. In addition, interactions between β2 integrins and ICAMs are
crucial, supporting these cell-cell conjugations[169,170,172].
Following conjugation, various receptors may be
stimulated, triggering or inhibiting pit cell cytotoxicity.
Three superfamilies of NK cell receptors are presented
primarily on human pit cells, while others, named coreceptors, still remain under investigation: the killer immunoglobulin receptor that recognizes major histocompatibility complex (MHC) class Ⅰ molecules, the c-type
lectin, recognising non classical MHC class Ⅰ or class Ⅰlike molecules, and the natural cytotoxicity receptor superfamily, which remains to be further studied[173].
Pit cell tumouricidal actions are exerted mainly
through three mechanisms[168,174], as follows:
Perforin-granzyme pathway: Through calcium-dependent molecular reactions pit cells adhere to tumour cells
and release perforin and proteases into the intercellular
space. Subsequently, perforin induces pores in the tumour
cytoplasmic membrane and then proteases may generate
DNA segmentation.
Apoptosis pathway: Pit cells express both the FasL and
the tumour necrosis factor-related apoptosis-inducing
ligand. When pit cells interact with tumour cells, these
ligands bind to respective receptors and cancer cells undergo apoptosis.
Cytokine pathway: Pit cells secrete cytokines, such as
IFN-γ, and thus activate lymphocytes and macrophages
against invading cancer cells.
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to oncological treatment. An anti-VEGF monoclonal
antibody, named bevacizumab, has been introduced in
CRC therapy and has contributed to prolonged patient
survival[188]. Concurrently, clinical trials are in progress for
antiCEA antibodies[189], MMP inhibitors[190], antibodies
against integrins[191] or molecules that increase immunosurveillance[192,193]. Although comprehension of CRC
hepatic metastasis has substantially evolved, the invasionmetastasis cascade remains partially understood and future basic and clinical research still has multiple issues to
clarify.

Table 2 Adhesion molecules with potential prognostic value
[176,194]
in colorectal cancer progression and hepatic metastases
Adhesion molecule Adhesion molecule
family
Cadherins

E-cadherin
P-cadherin
sLEx
sLEa (CA 19-9)
Galectin-3
E-Selectin
L-Selectin
P-Selectin
LFA-1 (αLβ2)
VLA-4 (α4β1)

Lectins

Selectins

Integrins

Immunoglobulin
superfamily CAMs

Proteoglycan
receptors

ICAMs
PECAM-1
VCAM-1
MadCAM
CEA
CD44

Expression
Colon epithelial cells
Colon epithelial cells
Colon epithelial cells

ECs
Leukocytes
ECs and platelets
Colon epithelial cells, ECs,
fibroblasts, leukocytes and
platelets
ECs, fibroblasts and leukocytes
ECs, platelets and leukocytes
ECs and epithelial cells
Colon epithelial cells
Colon epithelial cells
Colon cells and ECs
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response, but also to the use of immunotherapy. Although immunotherapy is not yet routinely used in
colorectal cancer, we now know that most treatments
used (chemotherapy and biotherapy) have immunomodulatory effects, such as induction of immunogenic
cell death by chemotherapy, inhibition of immunosuppression by antiangiogenic agents, and antibodydependent cytotoxicity induced by cetuximab. Finally,
many immunotherapy strategies are being developed
and tested in phase Ⅰ to Ⅲ clinical trials. The most
promising strategies are boosting the immune system
with cytokines, inhibition of immunoregulatory checkpoints, vaccination with vectorized antigens, and adoptive cell therapy. Comprehension of antitumor immune
response and combination of the different approaches
of immunotherapy may allow the use of effective immunotherapy for treatment of colorectal cancer in the
near future.
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Abstract

Core tip: Immune system is now widely accepted as a
key mechanism to prevent occurrence of cancer and
+
+
intratumoral T CD8 and CD45 lymphocytes infiltrate
has shown to be a major prognosis factor in colorectal
cancer. However, immunity fail in controlling tumor
growth, because of strong escape mechanisms to the
immune system developed by the tumor. In recent
years, several immunotherapy strategies have been
tested in colorectal cancer. This review provides an understanding of the mechanisms involved and identifies
innovating therapeutic strategies.

Strong evidence supports the concept of immunosurveillance and immunoediting in colorectal cancer. In
+
+
particular, the density of T CD8 and CD45 lymphocyte infiltration was recently shown to have a better
prognostic value than the classic tumor node metastasis classification factor. Other immune subsets, as
macrophages, natural killer cells or unconventionnal
lymphocytes, seem to play an important role. Induction of regulatory T cells (Tregs) or immunosuppressive molecules such as PD-1 or CTLA-4 and downregulation of antigen-presenting molecules are major
escape mechanisms to antitumor immune response.
The development of these mechanisms is a major
obstacle to the establishment of an effective immune
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consequence of carcinogenesis related to certain infectious pathogens (EBV, HPV, HIV...). However, melanoma, renal, lung, pancreatic and colon cancer are nonpathogen-related and an increased incidence of these
tumors was reported in immunocompromised patients.
Registries and meta-analyses of solid organ transplant recipients have shown an increased risk of CRC[3,4] with a
standardized incidence ratio of 1.2 to 1.8, this increased
risk is more controversial in HIV-infected patients[5].
The anti-tumor immunosurveillance concept was
finally demonstrated in animal models by Shankaran
et al[6], who observed the occurrence of spontaneous
neoplasias in immunocompetent or immunodeficient
mice. Mice were kept under aseptic conditions for 15
to 21 mo. During this observation period immunocompetent mice did not develop any malignant tumors,
while RAG2-/- mice deficient in T and B lymphocytes
developed malignant colon and lung tumors (not known
to be associated with an infectious agent) in about 50%
of cases, and RAG2-/- STAT1-/- mice deficient in T
and B lymphocytes and insensitive to IFNγ developed
neoplasia in 80% of cases. Since then, many studies have
shown the involvement, depending on the model, of the
innate and/or adaptive immune response in the protection against the occurrence of malignant neoplasms.

what we know and perspectives. World J Gastroenterol 2014;
20(14): 3738-3750 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i14/3738.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i14.3738

INTRODUCTION
With around 1 million new cases every year, colorectal
cancer (CRC) is the third most frequent cancer in the
world. Despite recent therapeutic advances it causes
more than 500000 deaths every year. So there is a real
need for therapeutic progress to reduce the risk of recurrence after surgery or prolong survival of patients
with metastatic disease. Advances could be provided
by understanding the role and mechanisms of the immune response in CRC and by the development of immunotherapy. Indeed there is growing evidence that the
immune system may play a role in preventing the occurrence, growth and metastatic diffusion of tumors.
The aim of this review is to provide a comprehensive
analysis of known mechanisms of immune response
against CRC and immune escape strategies developed by
tumor cells, and to present current and future perspectives
in immunotherapy for CRC. In particular we will focus on
the following questions: (1) What is the clinical and prognostic impact of natural immune response mechanisms?
(2) What are the escape mechanisms developed by the
tumor which limit the efficiency of the immune system
and/or immunotherapy? (3) What is the impact of the immune system in the therapeutic effect of current standard
treatments? or (4) Can we in the future develop effective
immunotherapy for CRC management?

Immunoediting and immune escape
The immunosurveillance concept was then completed
by that of immunoediting[7], which describes the interactions between the immune system and the tumor, allowing cancer cells to escape immune surveillance. The selection pressure exerted by the immune system on tumor
cells allows the emergence of resistant clones. According
to the theory of immunoediting, immune escape occurs
in three phases: the immunosurveillance period with the
elimination of tumor cells by the immune system, the
latency period, corresponding to a state of equilibrium,
and the phase of escape, allowing tumor progression
and clinical expression.

BASIC CONCEPTS IN ANTITUMOR
IMMUNITY
Immune surveillance
The role of immunity in cancer was suspected in 1909
by Ehrlich, who speculated that the immune system can
repress the growth of carcinomas. About 50 years later,
Macfarlane Burnet and Lewis Thomas elaborated the
concept of immunosurveillance, as the capacity of the
immune system to promote an effective immunologic reaction to tumor cell-specific neoantigens that eliminates
developing cancer before clinical expression.
However, this concept of immunosurveillance has
long been questioned. When Hanahan established the
six criteria necessary for the development of a tumor in
2000, immunity was not cited.
In humans, the role of immune surveillance was first
suspected with observation of increased occurrence of
cancer in patients with immunodeficiency. Cohorts of
transplanted patients and HIV-infected subjects in particular showed a strong increase in the incidence of cancers[1,2]. But in humans as in murine models the increase
in occurrence of neoplasias has long been explained as a
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ANTITUMOR IMMUNITY IN COLORECTAL
CANCER
Innate immunity
Natural killer (NK) cells play a crucial role in preventing recurrence, and are a prognostic factor: NK
cells play a major role in the immune response to cancer.
They help to prevent tumors, and control tumor growth
and dissemination, as shown in murine[8,9] and human
models[10,11]. NK cells have 2 types of receptors: activating receptors, including NKG2D, and killer inhibitory
receptors (KIR). The NKG2D receptor can bind different activating ligands overexpressed on cancer cells.
On the other hand, KIR recognize major histocompatibility (MHC) class Ⅰ molecules and NK cells can thus
also be activated by the decreased expression of MHC
class Ⅰ molecules reported on cancer cells. These two
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mechanisms can activate NK cells against tumor cells. In
addition, NK cells may exert a cytotoxic effect against
cancer cells through other mechanisms such as antibodydependent cell-mediated cytotoxicity (ADCC), and secretion of cytokines including IFNγ[12].
In CRC, an extensive intratumoral infiltration of NK
cells has been reported to be associated with a better
prognosis[13]. Moreover, a direct correlation between increased outcome and NK cell infiltrates is suggested[14].
In particular, NK cells could be involved in protection
against cancer-initiating cells (CICs)[15]. CICs are characterized by slow growth and resistance to drugs and
radiation, and play a crucial role in tumor recurrence.
Recent data suggest that CICs are more sensitive to NK
cells because they strongly express activating ligands as
NKP30 and NKP44 and express low levels of MHC
class Ⅰ molecules.

CD8 T cells through MHC class Ⅰ. Activation of T cells
requires 3 signals: (1) recognition of antigenic peptide
presented by the APCs; (2) activation of costimulatory
molecules (CD80/CD28, CD40/CD40L); and (3) recruitment of cytokines (IL-1, IL-2, IL-6, IL-12, IFNγ).
Activated CD8 T cells can recognize and lyse tumor
cells. Activated CD4 T cells modulate the antitumor immune response. They differentiate into different cell subgroups: The Th1 response allows secretion of cytokines
that promote the antitumor response, as IL-2 or IFNγ,
whereas the Th2 response favors tumor growth. The
Th17 subset secretes large amounts of IL-17. Its role
in the immune response against cancer is controversial.
Finally, a subset of CD4+ T cells called regulatory T cells
(Tregs) and characterized by the expression of CD25
and Foxp3, inhibit the immune response and represent
a widely described mechanism whereby the tumor can
escape the immune system.

Unconventional lymphocyte T cells: Natural Killer
T (NKT) cells share characteristics of both NK cells
and T cells. They recognize glycolipid antigens like
α-galactosylceramide presented by CD1d, an MHC class
1-like molecule. When activated, NKT cells secrete abundant pro-inflammatory cytokines and effector molecules
involved in cell death (perforin, Fas-L, TRAIL). Increased
tumor infiltration of NKT cells is associated in CRC with
a better prognosis[16].
Human γδ T cells (γδ T cells) express a receptor to
antigens combining a γ chain and a δ chain. This receptor can recognize different antigens usually in a nonMHC-restricted way, such as heat shock proteins or
phosphorylated metabolites generated by tumor cells.
γδ T cells been demonstrated to have a strong cytotoxic
activity against tumor cells in CRC[17].

Tumor-associated antigens allow recognition of
tumor cells by the immune system: Many cells and
molecules are involved in immunosurveillance, they may
be linked to the host or the tumor. First, tumor-associated
antigens (TAAs) allow an immune response mediated by
the humoral and cellular immunity. Several types of TAAs
are expressed by the tumor. In CRC, the most frequent
TAAs are normal self-antigens, expressed at low levels in
normal cells and in embryonic tissues and at high levels
in tumor cells. The most famous of them is the carcinoembryonic antigen (CEA), which is normally expressed
in fetal tissue, and widely overexpressed in CRC[20]. If it
has been shown initially that CEA can lead to a specific
cytotoxic response[21], more recent works have shown that
CEA may have an immunosuppressive role and that T
cells of patients with CRC were not activated by the presentation of this antigen in vitro[22]. Other self-antigens are
thought to be immunogenic in CRC, as Ep-Cam HER-2/
neu [23], MUC-1 and p56. Immune responses against
some neo-antigens, generated by mutations (tp53, Kras)
or against antigen MAGE-3, belonging to the family of
“cancer testis antigen” normally expressed by germ cells,
have been less frequently identified[21].
TAAs, which likely play an important role in immunosurveillance, are also potential targets for immunotherapy in vaccination strategies.

Macrophages: Tumor infiltrating macrophages (TIM)
can be divided into two different subtypes with different
roles in cancer[18]. M1 TIMs are intimately involved in innate immunity, as they target altered cells, produce pro-inflammatory molecules (IL-6, IL-12, IL-23 and TNFα) and
promote adaptive immunity through increased expression
of MHC and costimulatory molecules. They may also target tumor cells linked to antibodies because they express a
receptor for immunoglobulin constant fragments (ADCC).
Activated M2 TIMs are engaged in wound healing and
can promote tumor progression through immunosuppressive cytokines (IL-10 and TGFβ). While infiltration
by macrophages is generally a poor prognostic factor in
different types of cancer, in CRC it seems to be associated
with a better prognosis[19], suggesting that antitumorigenic
properties dominate in vivo.

Microsatellite instability CRC is associated to immunogenic TAAs: Microsatellite instability (MSI) is associated with CRC in patients with Lynch syndrome, but
also with sporadic cancer, in particular in elderly patients,
and is observed in 5% to 25% of CRC patients depending on tumor stage. MSI tumors are associated with a
high density of tumor infiltrating lymphocytes (TILs)[24,25],
and have a better prognosis than CRC without a microsatellite instability phenotype[26].
MSI induces frameshift somatic mutations within
target genes harboring repeated sequences in their coding
frame, including TGFβR2, which is mutated in 90% of

Adaptive immunity
A specific antitumor response is generated by the adaptive immune system, and in particular by αβ T cells.
Briefly, the antigen-presenting cells (APCs), mainly dendritic cells (DCs), capture, process and present tumor
antigens to CD4 T cells through MHC class Ⅱ or to

WCGO|www.wjgnet.com

1392

February 8, 2015|First Edition|

Pernot S et al . Implication of immunity in colorectal cancer

cases. These mutations lead not only to the inactivation
of these target genes but also to the appearance of potentially immunogenic neoantigens. Indeed, disruption of
the reading frame of TGFβR2 results in a new epitope
(RLSSCVPVA) and in specific T cells to this epitope in
tumors and peripheral blood of patients with MSI tumors[27]. Other MSI-associated mutations, as mutations
of OGT[28], MSH3[29] caspase 5, ASTE1 and PTEN, have
been shown to induce production of new immunogenic
TAAs. Tougeron et al[30] studied 19 frequently mutated
genes in CRC with MSI. In samples of stage Ⅱ or Ⅲ
MSI tumors, an increased number of mutated genes
was correlated with a high density of TILs. Mutations
of ASTE1 and PTEN were particularly associated with
increased lymphocyte infiltrate. These results suggest
an important role of the immune response to specific
neoantigens in CRC with MSI, and its potential involvement in the better prognosis of these tumors. Nevertheless, CRC associated with MSI may develop specific
mechanisms to escape the immune system as for example
particularly high levels of intratumoral Treg described in
these patients[31]. Frameshift mutations can also induce
inactivation of beta2-microglobulin leading to HLA class
[32,33]
though the association between
Ⅰ downregulation
HLA class Ⅰ downregulation and MSI is still controversial. Altogether, CRC associated with MSI could lead to
a more intense immune response, but also to specific
immunoregulatory phenomena, making them good candidates for immunotherapy.

cohort, patients who had tumors with a high density of
CD45RO+ cells or with a low density of CD45RO+ cells
had a median disease-free survival of respectively 36.5
mo and 11.1 mo, and a median overall survival of respectively 53.2 mo and 20.6 mo (P < 0.001 for all comparisons). In multivariate analysis, the density of CD45RO+
cells was still an independent prognostic factor.
Based on these results, an immune score based on
immunostaining has been elaborated, considering 4 densities: density of CD8+ T infiltrates in the center of the
tumor (CT), in the invasive margin (IM), and density of
memory CD45RO+ cells in the CT and in the IM. This
immune score was first studied in early-stage tumors
(stages Ⅰ and Ⅱ)[36]. Patients with a high density of both
CD8+ and CD45RO+ cells in both the CT and IM had
a disease-free survival of 95.2%, compared with 25% in
patients with a low density of both CD8+ and CD45RO+
cells in both regions. This immune score was validated
in a cohort of 599 specimens of stage Ⅰ to Ⅳ CRC[37].
In this study, assessment of immune score was a better
predictor of tumor recurrence (HR = 0.64; P < 0.001)
than TNM classification. However, the immune infiltrate
is highly heterogeneous in a tumor, and quantification
is observer-dependent. To simplify and harmonize the
quantification of immune infiltrate, automated quantification of CD3+ cells can be used. Linear quantification
of lymphocytes has been shown to be predictive of disease-free-survival in multivariate analysis with very good
inter-observer reproducibility[38]. However, other teams
have not confirmed these results yet and major information are lacking in this large retrospective series such as
age, MSI status or the use of adjuvant therapy. Despite
these promising results, there is still no immune quantification test in routine practice to use immune infiltrate
to guide our therapeutic strategies. This underlines the
difficulty to find a standardized and reproducible test
that complies with daily practice. Such tests should be of
particular interest for clinicians, especially for stage Ⅱ
patients for whom the indication for adjuvant treatment
is more controversial.

Tumor infiltrate of memory CD8 T cells and CD45RO
memory T cells may predict recurrence: The role of
cytotoxic CD8 T cells has been widely studied in CRC.
Tumor-infiltrating lymphocytes (TILs) are central to the
antitumor immune response. The prognostic role of the
immune response has been analyzed in a large cohort of
resected patients.
Pagès et al[34] showed that the absence of pathological
signs of early metastatic invasion (venous, lymphatic and
perineural invasion) was associated with increased infiltrates of immune cells and increased levels of messenger
RNA (mRNA) for products of Th1 effector T cells.
The density of TILs, characterized by CD3 immunostaining, has been reported to be more predictive of
overall survival than all the usual histopathologic prognostic factors (i.e., UICC-TNM classification)[35]. Fiveyear overall survivals in patients with high, intermediate
or low CD3+ TILs density were of 72.6%, 49.5% and
29.9%, respectively. In multivariate analysis, the density
of TILs was still an independent prognostic factor, while
TNM classification was no longer an independent factor
after adjustment for the density of TILs.
Regarding phenotype, TILs were increased in tumors
without signs of early metastatic invasion, especially
memory CD8 T cells (CD45RO+), ranging from early
memory to effector memory T cells[34]. Finally, increased
levels of CD45RO+ correlated with increased overall
survival and increased disease-free survival. In this large
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MECHANISMS OF IMMUNE SYSTEM
ESCAPE IN COLORECTAL CANCER
Human leukocyte antigen class Ⅰ downregulation is
associated with a poor prognosis
Expression of Human Leukocyte Antigen class Ⅰ (HLAⅠ), the human MHC, class Ⅰ molecules is downregulated in more than 70% of colorectal tumors[39]. In a few
cases there is complete loss of HLA-Ⅰ on tumor cells.
Total loss of HLA-Ⅰ mainly results from beta2-microglobulin inactivation in MSI tumors and LMP7/TAP2
downregulation in MSI-negative tumors[33]. Downregulation can result from loss of HLA haplotypes due to
chromosomal nondisjunction or mitotic recombination,
loss of HLA locus expression, or allelic loss due to point
mutations or partial deletions of HLA-Ⅰ genes. The
prognostic significance of HLA-Ⅰ downregulation has
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been reported in a large cohort of CRC cases[40]. Tumors
with low expression of HLA-Ⅰ were associated with a
significantly shorter mean disease-specific survival (41
mo, 95%CI: 26-56) compared with tumors with high
expression of HLA-Ⅰ (68 mo, 95%CI: 63-74). Surprisingly, patients with a tumor with complete loss of HLAⅠ expression had a similar prognosis to those with
high expression (mean disease-specific survival 60 mo,
95%CI: 50-69). This is possibly related to the high activity of NK cells against HLA-Ⅰ-negative tumor cells.
Killer inhibitory receptors, which are inhibitory receptors on NK cells, are dependent on MHC class Ⅰ, then
NK cells are activated in the absence of MHC class Ⅰ.
Tumor cells with downregulation but not complete loss
of HLA-Ⅰ expression could therefore avoid both T-celland NK-cell-mediated immune surveillance, and may be
associated with a poor prognosis.

secreted by tumor in response to hypoxia seems also
to play a crucial role in tumor-induced Treg. VEGF-A
inhibits maturation of DC. Immature DC, which can
express TGFβ, can favor the conversion of conventional
T cells into Treg[52,53]. VEGF-A can also directly promote
expansion of Treg through VEGFR-2 expressed on the
cell membrane of a Treg subgroup[54]. Recent data suggest that the number of intratumoral FOXP3+/VEGR-2+
Tregs is more predictive of recurrence and survival than
the number of FOXP3+ alone in CRC[55].
Other escape mechanisms
Other escape mechanisms are suspected in CRC (Figure
1). B7-H1, or PD-L1, is a costimulatory molecule known
to regulate T cell function negatively by interaction with
PD-1. B7-H1 is strongly expressed in CRC[56] and is associated with poor prognosis[57]. B7-H1 may thus play an
important role in tumor cell proliferation, apoptosis, migration and invasion. Other molecules, such as CTLA-4,
are involved T lymphocytes inhibition. CTLA-4 is expressed on the surface of T lymphocytes, and its ligands,
CD80 and CD86, are expressed on the surface of APCs.
Expression of these molecules, called “immune checkpoints”, are important mechanisms of inhibition of antitumor immune response. Recently some monoclonal
antibodies targeting these molecules (PD1, CTLA-4)
have shown more than promising efficacy results in solid
neoplasia such as melanoma and others[58-60].
Myeloid-derived suppressor cells (MDSC) are immunosuppressive cells. As Tregs, they contribute to the
immune tolerance by inhibiting the function of CD8+ T
cells. The prognostic value of MDSC is not well known,
but they are thought to be deleterious, as elimination of
MDSC in mouse tumor models was shown to enhance
antitumor responses, resulting in tumor regression[61].

Induction of regulatory T cells
Induction of immunosuppressive cells is a major mechanism in escape from the host immune system. Tregs are
characterized by expression of CD4, CD25, and Foxp3.
In healthy individuals, role of Tregs is to prevent autoimmune disorders. In patients with cancer, Tregs could
block the immune response against tumors through
cytokine-dependent or cell-cell contact mechanisms.
Tregs secrete immunosuppressive cytokines as IL-10 and
TGFβ and immunosuppressive metabolites such as adenosine. The role of Tregs in cancer was first suspected
from the observation of increased Tregs in peripheral
blood and tumor tissue.
Strong Treg infiltration of tumors is generally associated with poor clinical outcome[41]. Elevated blood and
tumor Treg numbers have also been described in CRC[42].
In some studies increased density of tumor-infiltrating
Tregs is associated with a better prognosis[43], although
in others elevated peritumoral numbers of CD4 and
CD8 Tregs are associated with advanced-stage tumors
and poorer overall survival[44]. This difference may be
related to the heterogeneity of methods for characterization and quantification of Tregs and the use of more
reliable techniques such as flow cytometry have shown
the deleterious role of Tregs. In murine models of CRC,
systemic removal of Tregs using anti-CD25 antibody results in tumor rejection and in improved vaccine-induced
antitumor T-cell responses[45,46]. In human models, in vitro
Treg depletion from peripheral blood of patients with
CRC induces CD4 and CD8 T-cell responses against
tumor-associated antigens[47,48]. Altogether, there is considerable evidence that Tregs are associated with a poor
outcome in CRC.
Accumulation of Treg in tumors could be explained
by several mechanisms[49]. The first mechanism is the
conversion of conventional CD4+ T cells into Treg in response to various signal, especially secreted or membrane
TGFβ. Tumors can also induce a preferential recruitment
of Treg in tumors through the production of chemokines such as CCL17, CCL22 and CCL28[50,51]. VEGF-A

WCGO|www.wjgnet.com

IMPACT OF ANTICANCER TREATMENTS
ON IMMUNITY IN COLORECTAL CANCER
Chemotherapy induces immunogenic cell death
Some cytotoxic chemotherapy are known to induce immunogenic cell death. In CRC murine models and human tissues, oxaliplatin- but not cisplatin-based chemotherapy can trigger pre-apoptotic calreticulin exposure
and the post-apoptotic release of high-mobility group
box 1 protein (HMGB1), two signals which are required
for immunogenic cell death[62]. DCs have several receptors for HMGB1, including Toll-like receptor 4 (TLR4).
In a murine model with CT26 tumor cells, oxaliplatintreated dying cells failed to elicit an antitumor immune
response in TLR4-deficient mice, while TLR4+/+ controls were protected against rechallenge with the same
cancer cells. Twelve to 14% of Caucasian patients present the loss-of-function allele of TLR4. In patients from
the FFCD 2000-05 randomized trial (Ducreux lancet
Oncol) with stage Ⅳ CRC and treated with an oxaliplatin-based combination, the TLR4 loss-of-function allele
was associated with reduced progression-free and overall
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Figure 1 Major mechanisms of tumor immune escape. Tumor cells can induce immunosuppression by different pathways: (1) tumor cells can secrete immunosuppressive cytokines as vascular endothelial growth factor (VEGF), interleukin-10 (IL-10) or transforming growth factor-β (TGFβ). These molecules contribute to blockade of maturation of dendritic cells (DC) and then induce regulatory T cells (Treg) rather than lymphocytes T (LT) CD4+ or CD8+ cells. VEGF could promote directly
induction and proliferation of Treg; (2) Tumor cells down-regulate expression of CMH-1; (3) Tumor cell express inhibitory molecules as PDL1 or CD80, and induce
exhaustion of LT; and (4) Tumor cells can evade apoptosis by inducing anti-apoptotic molecules such as C-FLIP, or by down-regulating the expression of death receptors such as FAS.

survival, as compared with patients carrying the normal
TLR4 allele[63]. This allele, however, was not associated
with disease-free survival in another cohort of patients
who underwent surgery for CRC stage Ⅱ and who did
not receive chemotherapy, suggesting that TLR4 is predictive of chemotherapy effectiveness, but is not a prognostic factor.
Other check-points, such as the P2X7 receptor (P2RX7),
which has a high affinity for ATP released by dying tumor cells and carried by DCs, are required for the anticancer immune response induced by chemotherapy and
could modulate susceptibility to treatments[64].
Others immune mechanisms could be induced by cytotoxic chemotherapy. It has been shown in murine model
that 5-fluorouracil could lead to a decrease of MDSC
in the spleen and tumors in vivo, combinate to a T celldependent antitumor responses[61], but the therapeutic
impact is not well established.
All these data suggest that the immune system may
participate to the therapeutic effect of chemotherapy in
CRC but should be confirmed in future works prospectively dedicated to this question.

immunomodulatory effect of antiangiogenic agents in
a mouse model of colon cancer[54]. Tregs decrease to
their physiological level after treatment with sunitinib or
VEGF-A antibody. However, after masitinib treatment,
a multi-target tyrosine kinase inhibitor close to sunitinib
but not targeting the VEGFR, Tregs were not reduced.
VEGFR-2- but not VEGFR-1-specific blockade led
to the same results. These results suggest that targeting the VEGF-A/VEGFR-2 pathway is sufficient to
decrease Tregs in murine models of CRC. Bevacizumab
directly inhibits this pathway and has been widely used
in CRC since 2004[67]. In patients with metastatic CRC,
we found that bevacizumab inhibited Treg accumulation
and proliferation in peripheral blood. Antiangiogenic
agents could act on other immunosuppressive cells,
such as myeloid-derived suppressor cells and exhausted
T cells[68]. Once again it is difficult to argue that the immunomodulating effect of bevacizumab in patients with
CRC has an impact on its therapeutic efficacy. But in the
future Tregs monitoring could help to predict response
to bevacizumab. Furthermore this immunomodulatory
effect of anti-angiogenic agents could be used to potentiate immunotherapeutic strategies.

Anti-VEGF therapy inhibits Treg expansion
As seen above, tumors can induce immunosuppressive
cell populations such as Tregs. It is now well established that antiangiogenic agents decrease Treg numbers
in blood and tumors. In peripheral blood of patients
with renal carcinoma and different models of tumorbearing mice, sunitinib reduces Treg numbers, and the
decrease in Tregs is associated with overall survival in
patients series[65,66]. In a recent study, we investigated the
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Activity of cetuximab may depend in part on ADCC
Monoclonal antibodies used in therapeutics act on specific receptors to inhibit growth pathways. Some may
also induce immune phenomena related to the characteristics of natural antibodies. In particular, cetuximab
(chimeric IgG1 monoclonal antibody) binds epidermal
growth factor (EGFR) and is used in RAS wild type metastatic CRC. It has been suggested that cetuximab, in ad-
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dition to direct inhibition of EGFR, may act via ADCC.
ADCC allows the antitumor innate immune response
but can also trigger the adaptive immune response[69]. In
vivo, addition of CpG, a TLR9 agonist able to activate
DCs, increases immune response to cetuximab and its
therapeutic efficacy.
Single nucleotide polymorphisms (SNPs) in the coding region of FCγR2A or FCγR3A have been reported
to correlate with responses to cetuximab. The role of
FCγR2A H/H or FCγR3A Ⅴ/Ⅴ genotypes is especially
controversial[70]. Three studies in metastatic CRC showed
a beneficial effect of FCγR3A Ⅴ/Ⅴ polymorphisms,
and two of these studies also showed a beneficial role
of FCγR2A H/H polymorphism. These polymorphisms
were associated with better progression-free survival or
objective response rate in patients treated with cetuximab.
However, three other studies reported that FCγR3A Ⅴ
/Ⅴ polymorphism was associated with shorter survivals
in patients treated with cetuximab.

antibody were associated with significantly longer survival[74]. Other adjuvant vaccinations with antigen were
studied. Immunization with CEA after curative resection
of hepatic metastases did not improve 2-year recurrencefree survival[75]. A pilot study of adjuvant vaccination
with a mutant RAS peptide in KRAS mutated stage Ⅱ
and Ⅲ CRC induced a specific immune response with
increased IFN-γ mRNA expression in 4 out of 7 patients and was well tolerated[76]. Several ongoing phase Ⅰ
/Ⅱ studies are studying antigen vaccines using various
peptides, as mucinous glycoprotein 1 (MUC, L-BLP25),
MSI, or HER2neu.
Vaccination with autologous tumor cells: Since 1992
active specific immunotherapy (ASI), consisting of immunization with irradiated autologous tumor cells as
adjuvant therapy, has led to a few phase Ⅲ trials. The
first strategy of ASI was to use Newcastle disease virusinfected autologous tumor cell vaccine after resection of
hepatic metastases with curative intent[77]. The second
strategy used an autologous tumor cell BCG vaccine
(OncoVax) in stage Ⅱ or Ⅲ CRC[78,79]. In the 3 studies
no significant benefit was observed in the overall population, but some subgroups appeared to benefit from
vaccination more than others, especially colon cancer
(vs rectal) and stage Ⅱ cancers (vs stage Ⅲ). Patients
with stage Ⅱ CRC treated with OncoVax had a 5-year
recurrence rate of 21.3% vs 37.7% in the control group,
leading to a significantly better 5-year recurrence-free
survival (P = 0.009), although there was no difference in
stage Ⅲ patients[80]. These results have not yet been confirmed and should lead to a pivotal phase Ⅲ trial.

IMMUNOTHERAPY IN CRC
As in other cancers, immunotherapy could represent a
step forward in the treatment of CRC.
Several strategies are being investigated in the treatment of CRC. They are presented in Figure 2. Some
have already been tested in clinical trials or are currently
being tested in ongoing trials (Table 1).
Association of chemotherapy and nonspecific
immunotherapy
Nonspecific immunotherapy consists of stimulation of
host immunity with cytokines such as interferon (IFN),
interleukins or GM-CSF. A phase Ⅱ study tested the
combination of GM-CSF, gemcitabine and FOLFOX
(GOLFIG regimen) in 46 patients in first- to thirdline treatment [71,72]. This regimen was safe and active
in pretreated patients. Prolonged survival and time to
progression were associated with signs of autoimmunity
and with an increase in memory T-cells and a decrease
in Tregs in the peripheral blood of patients. A phase
[73]
Ⅲ study compared GOLFIG with FOLFOX . The
study was ended prematurely as an intermediate analysis
showed significant superiority of GOLFIG over FOLFOX chemotherapy in terms of response rate (59.3% vs
34.4%, P = 0.0001) and progression-free survival (12.4
mo vs 7.9 mo, HR = 0.64, P = 0.0105). Autoimmunity
signs, tumor infiltration by Tregs and central memory T
cells were independent predictive markers of efficacy in
this work.

Dendritic cell-based vaccination: A significant improvement in antitumor vaccination is provided by vectorization of antigens, in particular with DCs[81]. Pilot
studies have also proposed DC-based vaccination in
CRC, using DCs loaded with a single antigen[82-84], two
antigens[85] or multiple antigens[86-88] with a good safety
profile. In some cases autologous DCs or antigens are
used, making the procedure labor-intensive and costly.
This promising strategy is one of the most used in ongoing immunotherapy clinical trials in CRC, but other
vectorization strategies, such as synthetic vectors, could
be used in the future[89] and could be more efficient and
simpler than those with DCs.
Adoptive cell therapy: Adoptive cell therapy (ACT) is
mostly used in melanoma. Briefly, T cells are collected
from the tumor, draining lymph nodes or peripheral
blood, and are activated and expanded in vitro. Autologous T cells are then administered intravenously to the
patient. To optimize the activity of ACT, some authors
have tried lymphodepletion of the host, optimized cytokine cocktails and selection of CD8+ T cell clones with
higher affinity for tumor cells/antigens. ACT with T
cells from patient lymph nodes has been tested in 16 patients with stage Ⅱ to Ⅳ CRC[90]. ACT was well tolerated

Vaccination trials
Vaccination against tumor antigens: Few phase Ⅱ trials involving antigen vaccination have been reported in
the setting of CRC. Immunization with β-human chorionic gonadotropin (βHCG) peptide vaccine in mostly
pretreated patients with metastatic CRC induced antihCG antibody in 56 of the 77 patients. High levels of
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Figure 2 Main current immunotherapy strategies. A: The goal of vaccination is induction of a specific immunization against tumor antigens. The agent used for
immunization can be either a single antigen, administered systemically or directly vectorized path, or a combination of antigens obtained from irradiated tumor cells.
Finally, the antigen can be loaded ex vivo in autologous dendritic cells; B: Adoptive cell therapy is based on the ex vivo expansion of immune cells of the host in the
presence of tumor cells, allowing the expansion of specific clones. This is mainly T cells but could also involve natural killer cells or a combination of immune cells;
C: The non-specific stimulation of the immune system can be obtained by the administration of pro-inflammatory cytokines such as granulocyte-macrophage colonystimulating factor, or by blocking inhibitory pathways. Ipilimumab is a monoclonal antibody blocking cytotoxic T lymphocyte-associated antigen 4 (CTLA-4).

in all cases with no side effects, and allowed a complete
response in 4 out 9 patients with metastatic disease.
Similarly, autologous genetically engineered T cells
with high-avidity CEA-specific T cell receptor have
been used in CRC[91]. In a phase Ⅰ study, 3 patients were
treated and decreased serum CEA levels were observed,
but all patients developed severe colitis. Genetically engineered T cells expressing chimeric antigen receptors targeting HER2 also led to severe toxicity in a patient with
CRC[92]. Similar strategies, such as allogenic lymphocytes
and autologous NK therapy, are currently being tested in
phase Ⅰ and Ⅱ studies.

nisms are inhibited by efficient escape mechanisms. The
treatments currently used in CRC (cytotoxic chemotherapy, anti-EGFR antibodies, antiangiogenic molecules) are
associated with immunomodulating effects shown in vitro
and in vivo. However, their clinical impact has not been
well evaluated. In some cases the immune escape mechanisms are associated with an aggressive phenotype. In
these cases classic treatments clearly fail, and immunotherapeutic approaches is a seducing alternative to try to
improve the prognosis of these patients in the future.
Several approaches can be considered. First, nonspecific
immunotherapy that may use immunostimulatory molecule (GM-CSF, IL-2, IL-7) or inhibit immunosuppressive
mechanisms (Treg depletion, anti-PDL1, anti-CTLA4).
Second, the purpose of specific immunotherapy is the
induction of a specific antitumor immune response. Various vaccination strategies, with peptide, antigen, DNA
combined with vectorization techniques, could lead to

CONCLUSION
The immune system plays a major role in the eradication
of tumor cells, but is bypassed by the tumor at the clinical expression phase. Various antitumor immune mecha-
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Table 1 Ongoing clinical trials, according to National Cancer Institute registration, using immunotherapy, according to strategy
Principle

Phase

Specificity

(A) Peptide vaccine
Ⅰ

Ⅰ/Ⅱ

Ⅱ

(B) Whole cell cancer vaccine
Ⅰ/Ⅱ

(C) DC-based therapy

NCT01322815
NCT01556789
NCT01730118
NCT00108875
NCT01461148
NCT01376505
NCT01462513
NCT00722228
NCT00656123

Characteristic of DCs:
Autologous DCs intratumoral injection
Loaded with Frame shift antigens (MSI)
CEA-pulsed DCs+ IL-2
Autologous DCs

Ⅰ/Ⅱ

Ⅱ

(D) Inhibition of immunoregulation

Registration number

Targeted peptide(s):
Ras mutated
MUC-1
HER2/neu
Survivin
Frame shift peptides (MSI)
Nor-MDP
MUC-1
Characteristic of cancer cells:
Allogenic cancer cell

NCT01882946
NCT01885702
NCT00154713
NCT01348256
NCT01413295

Ⅱ

Immunomodulation strategy:
Treg depletion
Anti-CTLA4 + local radiation therapy
Immunostimulatory agent
Recombinant vaccinia virus
IFN, Celecoxib + combination of chemokines
IL-7
Heat killed whole cell mycobacterium
PGG beta-glucan: binding to neutrophils
Characteristic of cells
Allogenic activated lymphocytes

NS

Autologous TILS + lymphocyte depletion
Engineered autologous anti-ESO-1 lymphocytes
Engineered autologous anti-CEA lymphocytes
Autologous natural killer T cells

Ⅰ/Ⅱ

(E) Non specific immunostimulation
Ⅰ/Ⅱ
Ⅱ
Ⅲ

(F) Cell therapy

NCT00986518
NCT01769222
NCT01394939
NCT01545141
NCT01339000
NCT01539824
NCT01309126
NCT00149006
NCT00855452
NCT01174121
NCT00670748
NCT01723306
NCT01801852

Several strategies are used in clinical trials of immunotherapy: (A) Vaccination with direct injection of one or more peptides; (B) Immunization using whole
irradiated tumor cells; (C) Vaccination using autologous dendritic cells (DCs) and/or charged DCs with one or more antigens; (D) Inhibition of immunoregulatory mechanisms; (E) Nonspecific stimulation of the immune system; (F) Adoptive cell therapy using tumor infiltrating lymphocytes (TIL) or lymphocytes from peripheral blood, possibly reworked to target specific antigens. Source: http://clinicaltrials.gov/. IL: Interleukin; IFN: Interferon.

the development of effective vaccines, particularly in
the adjuvant setting. ACT with T cells or NK cells is a
labor-intensive procedure, but advances in genetic engineering raise hope for such treatments. Finally, nearly
40 phase Ⅰ to Ⅲ clinical trials testing immunotherapy
in CRC are ongoing. This will probably lead in the near
future to consider one or a combination of these different strategies in our therapeutic armamentarium to fight
CRC.
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GI toxicity of chemotherapeutic agents are increasingly
being recognised as having an important role in the
development of anti-tumor immunity, thus conferring
added benefit against tumor recurrence and improving patient survival. We review the basic mechanisms
involved in the promotion of immunogenic cell death
and its relevance in the treatment of colorectal cancer.
Finally, the impact of CID on patient outcomes and
therapeutic strategies to prevent or minimise the effect
of GI toxicity and mucositis are discussed.
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Core tip: Many new drugs are available for use in the
treatment of colorectal cancer, resulting in improved
prognosis, but also more frequent and severe sideeffects. In order to implement complex chemotherapy
regimens most effectively, a greater understanding of
the underlying mechanisms of associated toxicities are
required. Different chemotherapeutic agents activate a
diverse range of pro-inflammatory pathways culminating in distinct histopathological changes in intestinal
mucosa. However, inflammation also has beneficial effects; enhancing anti-tumor immunity. A better understanding of how to manage the gastrointestinal side-effects of chemotherapy allowing for optimal dosing and
induction of immunity will further improve outcomes in
colorectal cancer.

Abstract
Chemotherapy-induced diarrhea (CID) is a common
and often severe side effect experienced by colorectal
cancer (CRC) patients during their treatment. As chemotherapy regimens evolve to include more efficacious
agents, CID is increasingly becoming a major cause of
dose limiting toxicity and merits further investigation.
Inflammation is a key factor behind gastrointestinal (GI)
toxicity of chemotherapy. Different chemotherapeutic
agents activate a diverse range of pro-inflammatory
pathways culminating in distinct histopathological
changes in the small intestine and colonic mucosa.
Here we review the current understanding of the
mechanisms behind GI toxicity and the mucositis associated with systemic treatment of CRC. Insights into
the inflammatory response activated during this process gained from various models of GI toxicity are discussed. The inflammatory processes contributing to the
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as compared to 5-FU given as a bolus[9]. Capecitabine,
an oral fluoropyrimidine, has shown similar efficacy to
intravenous 5-FU in clinical trials with better safety profile and less diarrhea though there was no difference in
the number of reported cases of severe (Grade Ⅲ or Ⅳ)
CID[10].
Combination therapy has shown better efficacy and
survival compared to single agent 5-FU therapy[11]. However such combinations enhance treatment related toxicities, including CID. This is especially evident in combination therapy of intravenous 5-FU and Irinotecan; as both
5-FU and Irinotecan have been shown to have direct
toxic effects on the intestinal mucosa[12]. In trials where
bolus Irinotecan were given with weekly bolus 5-FU and
Leucovorin (IFL regimen) for CRC, an unacceptably high
rate of GI toxicity and mortality were observed[13,14]. This
toxicity is ameliorated somewhat with another regimen,
whereby short term infusional 5-FU is administered together with Irinotecan every other week (FOLFIRI regimen); with reported grade 3 or 4 diarrhea incidence of
around 14 percent[15].
Similarly Oxaliplatin combined with intravenous
5-FU has shown increased rates of GI toxicity. Short
infusional 5-FU in combination with Oxalipatin (e.g.,
FOLFOX regimen) was noted to be better tolerated than
combination therapy with weekly bolus 5-FU (e.g., FLOX
regimen) in terms of CID; highlighting the importance
of drug scheduling of 5-FU in the development of GI
toxicity[16]. The mode of fluoropyrimidine administration
also seems to have an impact on the toxicity profile in
combination therapy. Capecitabine combined with Oxaliplatin (XELOX regimen) for treatment of metastatic
CRC has shown similar efficacy but reduced incidence of
severe diarrhea was noted compared to FOLFOX (14%
vs 24%)[17]. In contrast, Capecitabine combined with Irinotecan (XELIRI) resulted in higher rates of severe CID
compared to FOLIRI during treatment for metastatic
CRC; indicating that toxicity profiles between different
forms of fluoropyrimidine administration cannot be automatically assumed when combined with other drugs[15].
There is now increasing use of targeted therapies
in the management of metastatic CRC[18]. While these
agents seldom cause severe CID alone; they could further
potentiate GI toxicity when given in combination with
standard chemotherapy[19]. Therefore continued pharmaco-vigilance for GI toxicity is needed as the complexity
of systemic chemotherapy of CRC rises with new treatment combinations.

INTRODUCTION
Colorectal cancer (CRC) is the one of the most common
forms of cancer worldwide and is the fourth most common cause for cancer related death[1]. While its incidence
is continuing to rise in developing countries, developed
countries such as the United States are observing a falling
trend in CRC, likely secondary to screening[2]. Prognosis
of CRC in the developed countries has also improved,
with CRC specific mortality falling over the past 20
years[3]. The reasons behind this are multi-factorial and include earlier diagnosis and increased access to better oncological care. Advancements made in systemic chemotherapy for CRC and the development of novel biological
agents have contributed to increased patient longevity; by
preventing recurrence of disease in non-metastatic cases,
and by down-staging or preventing disease progression
in metastatic cases[4]. However, with this progress comes
an increased incidence of drug toxicities and side-effects.
To obtain the maximum benefit of new combination
chemotherapy regimens, a better understanding of side
effects and patient management is required.
Gastrointestinal toxicity is one of the most commonly encountered side effects experienced during systemic
therapy for CRC[5]. Chemotherapy induced diarrhea (CID)
has been reported to affect 50% of CRC patients receiving 5-fluorouracil (5-FU) as single agent and severe CID
can develop in up to 40% of patients receiving combination chemotherapy[6]. CID is one of the major causes of
dose limiting serious toxicity in chemotherapy regimens
containing 5-FU. Chemotherapy agents exert toxic damage on the gastrointestinal (GI) epithelium which is at
least partly mediated by activating the inflammatory cascade. Herein we review the mechanisms that are involved
in GI toxicity during chemotherapy for CRC and their
potential effect on cancer cells; by triggering immunogenic cell death, which in turn may have an impact on
cancer relapse and survival.

CHEMOTHERAPY USE AND ASSOCIATED
TOXICITY
5-FU is the main backbone agent used in systemic chemotherapy for CRC. When used as a single agent or as
combination therapy with Oxaliplatin or Irinotecan in
adjuvant chemotherapy there is evidence to show that a
reduction in relapse by up to 33% can be achieved[7]. 5-FU
based combination therapies have also shown efficacy in
advanced CRC by improving progression free survival[8].
CID is a common side effect encountered during 5-FU
based chemotherapy. It has been reported that 50%-80%
of patients receiving 5-FU based adjuvant therapy for
CRC develop CID of any grade; while grade 3 or 4 CID
occurred in up to 30% of patients in clinical trials (Table
1). GI toxicity from 5-FU is influenced by several factors
with different chemotherapy regimens generating varying incidences of CID. 5-FU given as a short infusion
appeared to be better tolerated with less GI side effects
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MECHANISMS UNDERLYING
CHEMOTHERAPY INDUCED MUCOSITIS
The manifestations of chemotherapy induced GI toxicity have been mainly attributed to the disruption of the
mucosal barrier which lines the whole alimentary tract
caused by the treatment; termed “mucositis”. Previously
thought as just an epithelial phenomenon when cells are
exposed to chemotoxic agents or radiotherapy; it is in-
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Table 1 gastrointestinal toxicity profile of fluoropyrimidine based chemotherapy used in colorectal cancer
Regimen

Patient setting

Flouropyrimidine monotherapy
5-FU/LV bolus
5-FU/LV infusion
Capecitabine oral

CID overall CID grade 3/4 Oral mucositis overall

1%-8.1%
2%
2%

[93]
[9]
[10]

79%
46%

Combation therapy with Oxaliplatin/Irinotecan
FLOX
Adjuvant
FOLFOX
Adjuvant
XELOX
Adjuvant

56.3%
60%

38%
10.8%
19%

41.6%
21%

2.7%
< 1%

[16]
[94]
[95]

46%
50%
63%
-

5%
14%
10%
47.5%

30%
28%
35%
-

1%
2%
1%
-

[96]
[17]
[96]
[15]

Advanced CRC
Advanced CRC
Advanced CRC
Advanced CRC

28%
22%

Ref.

Adjuvant
Adjuvant
Adjuvant

FOLFOX
XELOX
FOLFIRI
XELIRI

21%-30%
4%
11%

Oral mucositis grade 3/4

CID: Chemotherapy-induced diarrhea; CRC: colorectal cancer; 5-FU/LV: Intravenous 5-fluorouracil and leucovorin; FLOX: Bolus 5-FU and oxaliplatin;
FOLFOX: Infusional 5-FU and oxaliplatin; XELOX: Oral capecitabine and oxaliplatin; FOLFIRI: Infusional 5-FU and irinotecan; XELIRI: Oral capecitabine
and irinotecan.

creasingly recognized that the pathobiology of mucositis
is complex involving the mucosal immune system with
an important role played by pro-inflammatory cytokine
release. The clinical effects of mucositis vary according
to anatomical site. Oral mucositis and mucositis affecting
the upper GI tract causes painful ulcerations and dysphagia. Mucositis of the small and large bowel results in
abdominal cramps, bloatedness and diarrhea[20].
The five stage model proposed by Sonis et al[21] is very
useful in explaining the basic pathobiology of mucositis. In brief, the model comprises of 5 phases occurring
sequentially; (1) initiation; (2) up-regulation and message
generation; (3) signaling and amplification; (4) ulceration
and inflammation; and (5) healing phase[22]. The initiation
phase occurs when GI mucosa are exposed to cytotoxic
agents resulting in cellular DNA damage and cell death
mainly through the generation of oxidative stress and
reactive oxygen species (ROS). ROS directly induce tissue
injury and trigger a cascade of inflammatory pathways.
During the second phase, significant up-regulation of
inflammatory mediators is observed and nuclear factor
kappa-B (NF-κB) is thought to be pivotal in this process.
Once activated by chemotherapy and ROS, NF-κB acts
to induce gene expression and production of pro-inflammatory cytokines such as tumor necrosis factor (TNF)-α,
interleukin (IL)-1β and IL-6, which in turn lead to tissue
injury and apoptosis. NF-κB also causes up-regulation of
gene expression of adhesion molecules and cyclooxygenase-2 (COX-2), with consequent angiogenesis.
During the third phase, a flood of pro-inflammatory
mediators amplifies the whole inflammatory process via
positive feedback loops, thus prolonging tissue injury.
During this phase the process mainly occurs at the level
of the submucosa and basal epithelium, therefore obvious damage to mucosal integrity is not observed clinically
although the tissue biology is altered.
The fourth phase of mucositis is characterized by
ulcerations and atrophic changes of the GI mucosa as a
culmination event of tissue injury and stem cell death. GI
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epithelial integrity is destroyed and its function impaired.
Patients are generally symptomatic during this phase. Bacterial colonization at the mucosa ulcers further induces
inflammation by stimulating infiltration and activation of
macrophages. Finally, the healing phase leads to renewal
of epithelial proliferation and differentiation of the GI
mucosa. This process occurs at approximately two weeks
post chemotherapy and is also marked by angiogenesis
implicating the importance of COX-2 in the process[22].
The histopathological changes associated with GI mucositis are well described. In humans, Keefe et al[23] studied patients undergoing chemotherapy with sequential
duodenal biopsies pre and post treatment. They found
that an increase in apoptosis was the first histological effect to be noted, with a seven-fold increase in apoptosis
in intestinal crypts at day one post treatment. Reduction
of intestinal villous area, crypt length and crypt proliferation then followed and the maximal effect was observed
3 d post treatment.

ANIMAL MODELS FOR STUDYING THE
MECHANISM OF MUCOSITIS
Animal models have also been developed for the study
of GI mucositis. Pertaining to chemotherapeutic agents
used in CRC, Irinotecan and 5-FU based murine models
are extensively researched and published.

IRINOTECAN HYDROCHLORIDE
Irinotecan hydrochloride (or CPT-11) exerts its antitumor effect by inhibiting DNA topoisomerase I[24]. The
active metabolite, SN-38, induces irreversible DNA damage to tumor cells and its accumulation in the intestinal
mucosa is thought to be responsible for enterotoxicity.
SN-38 is glucuronidated in the liver to a non-toxic form
(SN-38G) and excreted in the bile. Diarrhea is one of the
major side effects of Irinotecan and patients encounter

1405

February 8, 2015|First Edition|

Lee CS et al . Chemotherapy-induced diarrhea causes and treatments

two distinct types of diarrhea. Irinotecan induced early
onset diarrhea occurs during or within several hours of
administration and is cholinergically mediated and can
therefore be prevented or ameliorated with atropine or
anti-cholinergic agents. A second form of late onset diarrhea, which is not cholingerically mediated, ensues and
mainly resulting from direct toxicity to GI mucosa in addition to other factors such as GI dysmotility[25].
Araki et al[24] reported that daily intraperitoneal injection of Irinotecan for 5 d causes severe diarrhea in athymic mice and haemorrhagic colitis by 7 d post treatment.
Gibson et al[26] studied the histopathological changes
associated with late onset irinotecan induced diarrhea
on dark agouti (DA) rats by administrating daily intraperitoneal irinotecan for 2 d at varying doses and then
examined the rats at fixed time points up to 96 h. They
found irinotecan causes diarrhea by inducing apoptosis
and hypoproliferation both in the small and large intestine. Additionally reduction in goblet cell numbers and
mucin hypersecretion were noted in the colonic mucosa
contributing to diarrhea. Similarly another study using a
mouse model of irinotecan induced diarrhea found increased apoptosis together with structural changes in the
GI mucosa and concluded that both malabsorption and
mucin hypersecretion are likely to be at play[27].
Using the DA rat model, Bowen et al[28], 2007 looked at
alterations in gene expression in Irinotecan induced diarrhea using mircoarray analysis and RT-PCR. They found
multiple genes implicated in the mitogen-activated protein
kinase (MAPK) signaling pathway were differentially regulated following Irinotecan treatment. These included IL-1
receptor, caspases, protein kinase C and dual-specificity
phosphatase 6. Caspase-1 expression in jejunal tissue and
was significantly increased 6 h after treatment and they
conclude that GI damaged noted in chemotherapy utilizes
the caspase cascade pathway, much like radiation induced
damage and may be a potential target to prevent apoptosis
following treatment. Logan et al[29] demonstrated with this
model that in addition to histological changes noted in
the GI mucosa, tissue staining for NF-κB, TNF-α, IL1β and IL-6 were enhanced when compared to controls
and peaked at between 2 and 12 h post administration.
This provides further support for the role of pro-inflammatory cytokines in the pathogenesis of GI mucositis
and the central role of NF-κB in the process. A mouse
model of delayed diarrhea from Irinotecan also showed
increase in pro-inflammatory cytokines and myeloperoxidase in intestinal tissue[30]. Additionally, they reported that
thalidomide (known to have anti-TNF effects) and pentoxifylline (a methylxanthine derivative which reduces the
expression of proinflammatory cytokines) decreased inflammatory infiltration and lesions induced by Irinotecan
in treated mice. They conclude that cytokines regulate
and amplify the immune response resulting in the injury
and complications observed and that TNF-α, IL-1β and
KC, (a mouse ortholog of human IL-8) are important
mediators of this process. Using inducible nitric oxide
synthase (iNOS) knock-out mice, the same group dem-
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onstrated that iNOS has an important role in the pathogenesis of mucositis. Furthermore, Infliximab, a monoclonal antibody against TNF-α, led to the reduction of
intestinal expression of iNOS in irinotecan treated mice.
Thus, suggesting that inflammatory cytokines and nitric
oxide are among the main drivers of tissue damage in
this model of mucositis[31].

5-FU
5-FU is an antimetabolite that acts on the enzyme thymidylate synthetase which in turn block DNA synthesis;
thereby exerting its anti-tumor effects. Recognized common toxicities from 5-FU therapy include diarrhea and
myelosuppression[32]. Several animal models exist for
investigation of 5-FU associated toxicity and there is an
increasing body of literature looking specifically at the
mechanistic action of intestinal mucositis caused by 5-FU.
Earlier studies conducted in mice models established the
microscopic features of GI mucositis in 5-FU toxicity[33].
Pritchard et al[34] demonstrated in a murine model that
5-FU induced loss of crypt and villous cellularity through
apoptosis and inhibition of cell cycle progression. Moreover these changes were significant reduced in p53 null
mice; indicating that this process is p53 dependent.
Logan et al[12] examined GI mucositis in DA rats after
a single administration of 5-FU (150 mg/kg intraperitoneally). They noticed shortening of crypt length, blunting
and fusion of villi, enterocyte hyperplasia and increased
apoptosis in the small intestine while decreased crypt
length and increased apoptosis were noted in the colon.
Interestingly immunochemistry on mucosal tissue of
these rats showed elevation of TNF-α and IL-1β levels
but no significant increased staining for NF-κB and IL-6.
This indicates that apoptotic and inflammatory changes
in 5-FU-induced mucositis may be secondary to pathways
independent of NF-κB. In contrast, a study utilizing
transcriptomic analysis was able to show that 1614 genes
were upregulated in 5-FU-induced mucositis and that expression network revealed NF-κB as the central molecule
in the process[35]. Furthermore bioluminescence imaging
of transgenic mice showed increased NF-κB activity in
the whole body 2 d post 5-FU administration which was
most marked in the small intestine[36]. It has also been
suggested the generation of reactive oxygen species (ROS)
by NADPH oxidase 1 could also play a vital role at this
stage[36]. Nevertheless, similar to Irinotecan, a pro-inflammatory process is initiated by 5-FU-induced intestinal
damage and is likely that inflammatory cytokines mediate the subsequent apoptosis noted in intestinal crypts.
Pro-inflammatory cytokines such as IL-1β are known to
be capable of inducing apoptosis by altering the expression of apoptotic factors such as Bax and Bcl-2[37]. Work
by Wu et al[38] showed that expression of IL-1 receptor
antagonist (IL-1RA), a natural competitive antagonist
of IL-1β, was increased in a mouse model of 5-FUinduced intestinal mucositis. Furthermore administration
of exogenous IL-1RA resulted in significant reduction in
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apoptosis and severity of diarrhea in this murine model;
lending support for the role of IL-1β in the pathogenesis
of mucositis[39].
A recent study also looked at intestinal mucositis induced by 5-FU in IL-4 knock-out mice. IL-4 is a critical
mediator of intestinal inflammation and can function as
either a pro- or anti-inflammatory molecule depending
on the model of intestinal inflammation. In these mice
they reported significantly reduced intestinal damage and
inflammation induced by 5-FU after 72 h compared to
wild type controls. Furthermore, pro-inflammatory cytokines were increased in wild type controls but not in mice
lacking IL-4. The authors conclude that IL-4 has a role
in 5-FU induced intestinal mucositis and that removing
of IL-4 is effective in preventing pathological alterations
secondary to such damage and may improve outcome;
supporting the notion that strategy against IL-4 may be a
novel logical therapeutic approach for this condition[40].
Keratinocyte growth factor (KGF) was shown to be
effective in ameliorating 5-FU-induced intestinal mucositis and prolong crypt stem cell survival in a study by
Farrell et al[41] but the exact mechanism by which KGF
induces its protective effect is as yet not fully understood.

by cytotoxic agents. In a rat model of diarrhea induced
by lapatinib, an oral tyrosine kinase inhibitor used in the
treatment of breast cancer, no significant histopathological changes was noted in the intestinal mucosa despite
the development of diarrhea, suggesting an alternative
pathway other than the inducement of GI mucositis.
Further work to elucidate the exact pathogenesis of this
GI specific side effect for this class of agent is warranted
and is reportedly underway[48].

SURVIVAL BENEFIT
Chemotherapy is notable for significant toxicities that impact on patient quality of life during therapy and can lead
to delay in treatment cycle, dose reduction or drug modification. However in some clinical studies it was noted
that modifications to treatment secondary to side effects
did not reduce the overall efficacy of the treatment regime[49]. Furthermore the occurrence of certain toxicities could serve as a predictive indicator for improved
outcome post treatment. In the treatment of lung cancer
with tyrosine kinase inhibitors the development of skin
rash is associated with improved response rates[50]. Similarly, diarrhea consequent to sorafenib is a predictor of
positive outcome in patients undergoing chemotherapy
for advanced hepatocellular carcinoma[51]. With regards
to treatment in the setting of CRC; an association between increased incidence of side effects and improved
survival is observed. Twelves et al[52] demonstrated during
post-hoc analysis of the X-ACT trial that the occurrence
of hand-foot syndrome (HFS) was associated with better outcome in patients treated with capecitabine. Another study (AIO KRK-0104 trial) looked at the use of
capecitabine in combination with other agents including
oxaliplatin, irinotecan and cetuximab in the setting of
metastatic CRC also found a correlation between skin
toxicities triggered by capecitabine and progression-free
and overall survival[53]. Hofheinz et al[54], 2012 performed
a combined analysis of this trial and another rectal
cancer trial using the same chemotherapy regimen and
concluded that patients with HFS had improved survival
compared to those with did not develop this skin toxicity.
Interestingly GI toxicity and diarrhea were significantly
more common in patients with HFS but not often coincident with haematological toxicities. The reason for
this phenomenon is not yet fully understood but one
may speculate that both the mucosal tissue and skin are
more susceptible to chemotherapeutic agents that induce
apoptosis compared with haematopoiesis. In contrast, the
development of skin reaction during cetuximab therapy
was shown to be associated with response and survival
in metastatic CRC, although no increased GI toxicity was
observed in a study by Cunningham et al[19] in 2004. This
indicates that differential susceptibility of the mucosa to
drug-induced toxicities and potential survival benefit may
share a common underlying mechanism of action. There
is as yet no study to suggest an association between CID
and treatment response in chemotherapy for CRC but

OXALIPLATIN
Oxaliplatin monotherapy seldom results in diarrhea but
rather its main dose limiting toxicity results from drug
associated neuropathy. As such, several animal models
exist for oxaliplatin based toxicity but mainly looking
at neurotoxicity, with little data on GI toxicity[42,43]. It is
known that GI toxicity is potentiated in combination
therapy of oxaliplatin with 5-FU in clinical studies but
the exact mechanism behind this observed phenomenon
is as yet not fully understood. Few studies have investigated GI mucositis resulting from combined 5-FU and
oxaliplatin chemotherapy in the animal models and little
data exists for the pathophysiology of mucositis with this
combination[44]. Further research into the exact molecular
pathways involved in mucositis induced by combination
therapy is warranted.

TARGETED THERAPY
Monoclonal antibodies to EGFR such as cetuximab and
panitumumab are known to cause diarrhea, though for
cetuximab the severity is usually mild[45]. Bevacizumab, a
monolconal antibody against VEGF seldom causes diarrhea but is associated with a risk of intestinal perforation,
most likely secondary to tissue hypoxia due to inhibition
of angiogenesis[46].
However, diarrhea is a well-recognized side effect of
oral tyrosine kinase inhibitors. Small molecular targeted
chemotherapeutic agents such as regorafenib have been
shown to be efficacious in solid tumors and are being increasingly used in the treatment of metastatic colorectal
cancer[47]. However it is likely that the mechanism behind
their enterotoxicity is different from diarrhea generated
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this should be evaluated further in clinical studies.

and enhances their recruitment to apoptotic cancer cancers[61]. Exposure of CRT on cell surface of cancer cells
undergoing ICD facilitates phagocytosis by DCs which
present antigen and activate cytotoxic T-lymphocytes
to give an anti-tumor response. Release of extracellular
HMGB1 binds to various receptors such as TLR2, TLR4
and receptor for advanced glycosylation end products
(RAGE) and in doing so stimulates an inflammatory reaction with the production of pro-inflammatory cytokines
which has been found to be vital for the immunogenicity
of ICD[61]. Indeed, the interaction between HMGB1 and
the TLR-4 receptor on DCs is integral to this process, as
a clinical study showed that a polymorphism of TLR-4
that affects the binding of HMGB1 is associated with
early relapse of breast cancer[62]. This phenomenon was
also observed in metastatic CRC, where Tesniere et al[63]
showed that patients with normal TLR4 allele have an
increased progression-free and overall survival compared
with those bearing a loss-of-function TLR4 allele, in a
trial involving the use of oxaliplatin-based chemotherapy
regime. In addition, they found that this genetic polymorphism did not affect survival in patients with surgically
resected CRC who did not undergo adjuvant chemotherapy; highlighting the major role of host immunity
and inflammatory responses in determining outcome of
chemotherapy in CRC.

CHEMOTHERAPY EFFECTS ON THE
IMMUNE SYSTEM
As the chemotherapeutic agents used to treat cancer cells
generate GI toxicity via the induction of apoptosis and
subsequent inflammation; it is hypothesized that they
may also have a beneficial effect on cancer survival by
activating an anti-tumor immune response in cancer patients. This concept was supported by findings that cancer cell lines treated ex-vivo with certain cancer treatment
modalities including chemotherapy can act as a cancer
vaccine in animal studies[55,56]. It is now believed that a
competent immune system plays a very important role
in the efficacy of cancer therapy and that treatment will
give the best chance of success when the tumor can be
induced to undergo a process of programmed cell death
that incites an adaptive immune response, the so called
“immunogenic cell death” (ICD)[57]. This process, when
activated, leads to the stimulation of T cells by antigen
presenting cells such as dendritic cells (DC) through
capture, processing and presentation of antigens to naive CD4+ and CD8+ T cells which in turn elicit an antitumor response[58].
While apoptosis is generally thought to be immunologically silent, ICD is characterized by the release
or exposure of a range of substances called damageassociated molecular patterns (DAMPs), which can trigger an immune response. Of the DAMPs, it appears that
the release of extracellular ATP, high mobility group
protein B1 (HMGB1) and the exposure of calreticulin
(CRT) on the outer membrane of the dying cell are vital for the initiation of ICD[59]. The emission of these
DAMPs are triggered by anti cancer drugs and treatments
with the ability to induce ICD; known as ICD inducers.
These ICD inducers exert their influence in the release
of DAMPs through the induction of endoplasmic reticulum (ER) stress in cancer cells and generation of reactive
oxygen species (ROS). Both ER stress and ROS work to
activate signaling pathways which help to traffic DAMPs
to the extracellular space[60]. ICD inducers can be classified into two groups based on the selectivity for the ER
in the generation of ER stress. Type 1 ICD inducers act
on cytosolic proteins and targets not associated with ER
to induce apoptotic cell death which in turn results in ER
stress through secondary effects. Examples of type 1 ICD
inducers include mitoxantrone, oxaliplatin, cyclophosphamide and ɣ-irradiation. In contrast, type 2 ICD inducers
which include coxsackievirus B3 and hypericin-based
photodynamic therapy (PDT) selectively target ER for the
generation of ER stress by altering its homeostasis[59].
While the mode of action and the resultant ER stress
could be qualitatively different between the ICD inducers,
the components of DAMPs are shown to have an immunomodulatory function. Extracellular release of ATP is a
strong “find me” signal for monocytes via P2Y2 receptors
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CONCLUSION: SUPPORTIVE CARE FOR
PATIENTS AND DEVELOPMENT OF NEW
DRUGS
With chemotherapeutics in CRC have immunological
benefits in addition to their cytotoxic effects, it is imperative that GI side effects are minimized to optimize dosing
for treatment so that the best outcome can be achieved.
Current management options for CID includes supportive care by symptomatic relief but there is increasing
interest in regulating GI mucositis as a means to prevent
and treat CID.

LOPERAMIDE
Loperamide is a non-analgesic opioid which helps with
diarrhea by decreasing intestinal motility[25]. It is proven to
be safe and commonly used in acute and chronic diarrhea
in a variety of clinical settings[64]. It is also used as first
line management of diarrhea in chemotherapy[65]. In regimens involving irinotecan, high dose loperamide was able
to control symptoms to improve tolerability of the drug
and to enhance effectiveness of therapy[66]. However its
efficacy seems to be limited to mild to moderate diarrhea
as a study showed that only 52% of patients who develop
grade 3-4 CID responded to loperamide in a CRC cohort
undergoing 5-FU-based chemotherapy[67]. Nevertheless
its safety profile and affordability make it a worthwhile
first line therapy to which other treatment options can be
added.
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death. Strategies to nullify the undesirable yet common
side effects of GI toxicity by addressing inflammatory
changes triggered during mucositis are currently in development; with agents targeting the GLP pathway showing great promise in pre clinical studies. However, it is
important to note that any such agents developed should
not interfere with the efficacy of chemotherapy treatment and the complex interplay between side effects of
inflammation and inflammation driven immunogenicity
will need to be considered.
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OCTREOTIDE

GLUCAGON-LIKE PEPTIDE-1 AND -2

Octreotide is a somatostatin analogue that has also shown
to be effective in managing both secretory and malabsorptive diarrhea in several gastrointestinal disorders including
short bowel syndrome and neuroendocrine tumors[68]. Its
main mechanism of action is by binding to somatostatin
receptors in the GI tract which affect a slow-down in
transit time mainly in the small bowel. It also inhibits gut
hormones reducing gastric, pancreatic and intestinal secretions, thereby helping to limit excess fluid that is needed
to be resorbed by the colonic mucosa[69]. Several clinical
studies have shown that the use of octreotide is effective in the treatment of CID[70-73]. There is also evidence
that octreotide is more effective than loperamide in 5-FU
based regimen[74]. Recent guidelines recommended the
use of octreotide at a dose of ≥ 100 µg subcutaneously
twice daily for the control of diarrhea in chemotherapy
patients in whom loperamide fail to achieve an adequate
response[75].

Glucagon-like peptides (GLPs) are peptides which are
synthesized and secreted by enteroendocrine L cells located in the GI tract. These molecules are involved in
various homeostatic functions in our body, including
the regulation of nutrient assimilation and satiety. When
stimulated, L cells secrete GLP-1 and GLP-2 in equimolar quantities. Both peptides exert their effect by binding
to their receptors, GLP-1 receptor (GLP-1R) and GLP-2
receptor (GLP-2R) respectively. GLP-1R is expressed
widely in the body, including in pancreatic tissue, the GI
tract, heart, kidney and nervous tissue. In contrast GLP2R is expressed mainly in the GI tract and CNS. The differential distribution of their receptors partly explains the
distinct physiological effects of GLP-1 and GLP-2; with
GLP-1 exerting an influence in glucose homeostasis as an
incretin hormone while GLP-2 has no significant incretin
effects. Instead, GLP-2 has been noted to have potent intestinal trophic effect, promoting crypt cell proliferation
and villous growth of the jejunum and ileum[83]. In addition, GLP-2 enhances intestinal barrier function and has a
cytoprotective effect on intestinal mucosa[84]. Exogenous
GLP-2 has been shown to be protective against various
intestinal insults, including ischemia-reperfusion-induced
and irradiation induced injury[85,86]. In animal models of
inflammatory bowel disease, the administration of GLP-2
was shown to have significant anti-inflammatory effects,
and ameliorated weight loss associated with ileal and colonic inflammation[87]. There is therefore an intense interest in the ability of GLP-2 to reduce inflammation in GI
mucositis and CID. In a murine model of CID, Boushey
et al[88] demonstrated that a GLP-2 analogue was able to
enhance survival and reduce weight loss while having
little effect in chemotherapy effectiveness on the tumor.
Furthermore they observed that this effect was driven in
part by anti-apoptotic effects on intestinal cells expressing GLP-2R. Yamazaki et al[89], 2004 showed that increasing GLP-2 levels by pharmacological means significantly
attenuated intestinal damage measured by reduction of
small intestinal wet weight in 5-FU treated mice. Other
studies also noted similar changes and a reduction in inflammatory cells suggesting an immunomodulatory effect
of GLP-2 in CID[90,91]. Intriguingly GLP-1 has also been
found to have an intestinal trophic effect and treatment
with GLP-1 ameliorated GI mucositis induced by 5-FU
in mice[92]. Clinical studies are therefore warranted to
translate such encouraging pre-clinical data to the treatment of CID via the GLP pathway.

CELECOXIB
There has been an interest in the theoretical use of celecoxib in CID due to its anti-inflammatory properties,
which were thought to ameliorate GI mucositis[76]. In
addition, a supposedly anti-tumor effect with COX-2
inhibition makes it attractive as a potential adjunct in the
treatment of solid malignancies. These anti-diarrheal
and anti-tumor observations were demonstrated in rat
models with irinotecan induced diarrhea[76]. However, a
phas Ⅰ study investigating the use of celecoxib in patients
undergoing irinotecan based chemotherapy for advanced
solid tumors did not show any benefit in CID[77]. Another
study by Villalona-Calero et al[78], also found that the addition of celecoxib in combination with irinotecan did
not improve tolerability of chemotherapy. Further work
is needed to define the role of COX-2 inhibition in GI
mucositis and its translation to clinical application in the
treatment of CRC.

BUDESONIDE
Budesonide is a glucocorticoid with topical anti-inflammatory properties. It has been shown to be effective in
the treatment of various inflammatory conditions, including inflammatory bowel diseases[79,80]. It has an extensive
first pass metabolism effect in the liver and thus has limited systemic side-effect profile. Its efficacy in GI mucositis and CID was investigated in the clinical setting and
an early short report noted improvement in the severity
and duration of diarrhea in patients with irinotecan or
5-FU induced CID which was refractory to loperamide
therapy[81]. A subsequent randomised placebo controlled
trial also noted a reduction in the frequency of diarrhea
when budesonide was used as a prophylactic measure but
their study did not reach statistical significance. Based on
their findings, it was concluded that further trials are warranted[82].
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CONCLUSION
GI toxicity from systemic chemotherapy in CRC remains
a significant burden to patients limiting quality of life and
impacting on optimal dosing for effective treatment. Recent advances highlight the importance of inflammation
in the pathophysiology of GI mucositis and also bring to
the attention its potential role for enhanced cancer survival post chemotherapy by triggering immunogenic cell
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Core tip: More than 50% of colorectal cancer cases are
diagnosed in patients over 70 years of age. As the geriatric patient is traditionally excluded from randomized
controlled trials for a variety of factors (heterogeneity,
comorbidities, polypharmacy, inability to consent, etc. )
there is a dearth of evidence-based clinical guidelines
for the management of these patients. Although cure
and sphincter preservation are the primary goals, many
other variables need to be taken into account, such as
the maintenance of cognitive status, independence,
life expectancy, and quality of life. Personalized and
patient-centered care should be the goal when caring
for elderly patients with colorectal cancer.

Abstract
Colorectal cancer (CRC) in the elderly is extremely
common but only a few clinicians are familiar with the
complexity of issues which present in the geriatric population. In this phase of the life cycle, treatment is frequently suboptimal. Despite the fact that, nowadays,
older people tend to be healthier than in previous
generations, surgical undertreatment is frequently encountered. On the other hand, surgical overtreatment
in the vulnerable or frail patient can lead to unacceptable postoperative outcomes with high mortality or
persistent disability. Unfortunately, due to the geriatric
patient being traditionally excluded from randomized
controlled trials for a variety of factors (heterogeneity,
frailty, etc. ), there is a dearth of evidence-based clinical guidelines for the management of these patients.
The objective of this review was to summarize the
most relevant clinical studies available in order to assist clinicians in the management of CRC in the elderly.
More than in any other patient group, both surgical
and non-surgical management strategies should be
carefully individualized in the elderly population affect-
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INTRODUCTION
The world population is aging[1]. This process is especially
evident in Western society due to a combination of increased life expectancy and a reduced birth rate[2]. With
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aging, the incidence and prevalence of cancer increases[3,4]. With a median age of 70 years at diagnosis and an
incidence drastically increasing with age, colorectal cancer
(CRC) is by far one of the most commonly diagnosed
malignancies in the elderly. It has recently been demonstrated that the highest risk of being diagnosed with
CRC is between 80 and 89 years of age; thus, in future
decades, CRC will constitute a major burden for health
care systems[5]. Surgical resection is still the cornerstone
of curative treatment for this disease. Although improvements in perioperative care, surgical techniques and the
introduction of multimodal treatment have made surgery
feasible for the vast majority of patients, elderly cancer
patients still represent a challenge for the surgeon[6].
The intrinsic reduction in tolerance to stressors, and
the frequent presence of one or more disorders in addition to the cancer increase the risk of a poor surgical
outcome in elderly patients undergoing cancer-related
surgery. It is important to remember that there is great
variation in individual health status with increasing age; as
a consequence, a multidimensional approach by a multidisciplinary team should be incorporated into daily practice before planning treatment[7].
For this population group, the goal of each assessment is to customize optimal management according to
physiological/biological age instead of crude chronological age in order to avoid overtreatment of the frail
and undertreatment of fit senior adults. Considering the
frequent complexity of geriatric patients and their underrepresentation in randomized studies[8], surgical decisions made on an individual basis are increasingly more
important. Surgical treatment is a potential promoter of
permanent disability in elderly patients, but this is mainly
the case for vulnerable and frail individuals[9]. We therefore reviewed the key elements of personalized surgical
management for CRC in the elderly population (Table 1).

management, favoring a patient-oriented approach. This
is particularly true within the field of geriatric oncology
where the mixture of a disease- and a patient-oriented
approach seems to be the most appropriate modality
for better treatment of this complex and heterogeneous
population. By close interaction, achieved by the creation
of multidisciplinary teams, physicians must assess patient
malignancy as well as their global health status, including
comorbidities, treatment, psychosocial issues, nutritional
and functional status.
Close collaboration among specialists has already
been attempted in heterogeneous settings; clinical studies have shown the benefits of interdisciplinary team
care in both inpatient (e.g., acute care, elective orthopedic
surgery)[10,11] and outpatient management (e.g., fall prevention, functional recovery)[12,13]. Recent attempts involving
a growing interest in collaboration between cancer centers and geriatric departments as regards geriatric oncology have been described[14]. A multidisciplinary approach,
where surgeons work side by side with anesthesiologists,
geriatricians, physiotherapists, nutritionists and other
ancillary professionals, can provide favorable surgical
outcomes (e.g., disability-free life expectancy and overall
survival)[15] through improved selection of candidates for
intervention and a more considered exclusion of patients
characterized by high risk profiles or a poor prognosis.
Holistic evaluation
In this section, the most important aspects which have a
notable impact on the morbidity and mortality rates associated with CRC surgery are discussed in an attempt
to obtain an accurate presurgical evaluation. Recently,
checklists for the optimal preoperative assessment of the
geriatric surgical patient have also been made available in
order to pursue an optimal preoperative assessment[16].
Sarcopenia, with a prevalence ranging from 11% to 50%
in the population 80 years of age or older, is often related
to the aging process and is recognized to be associated
with decreased survival in cancer patients and with an elevated risk of poor outcome in CRC patients undergoing
surgical resection[17,18]. A recent study by Lieffers et al[19]
showed that, in CRC patients 65 years of age and older,
sarcopenia was independently predictive of postoperative
infections (OR = 4.6; 95%CI: 1.5-13.9), convalescent care
(OR = 3.1; 95%CI: 1.04-9.4), and significantly associated
with a prolonged length of hospital stay (15.7 ± 9.8 d vs
11.8 ± 6.4 d for non-sarcopenic patients).
Impaired nutritional status is a common finding
among elderly patients, especially among those admitted
to hospital[20]. It is estimated that 40% of elderly hospitalized patients with cancer are at risk of malnutrition,
which has been found to be associated with prolonged
hospital stays, and increased morbidity and mortality in
patients undergoing elective gastrointestinal surgery. Sungurtekin et al[21] preoperatively assessed the nutritional status in 100 patients undergoing major abdominal surgery
using different assessment tools and found that malnourished patients were at a higher risk of complications, with

PREOPERATIVE CONSIDERATIONS
BEFORE CRC SURGERY IN THE ELDERLY
Elderly patients are a heterogeneous population, often
presenting with various degrees of coexisting medical
and psychosocial issues which need to be weighed before
selecting and initiating surgical treatment. Therefore, the
importance of a holistic evaluation, a multidisciplinary
approach and careful preoperative screening are emphasized as first steps in providing a more tailored approach
to ensure the best treatment among different therapeutic
strategies. Furthermore, specific considerations regarding the perspectives and expectations of elderly patients
regarding CRC surgery are addressed and attention is
also focused on prehabilitation, a promising aspect in the
onco-geriatric field.
Multidisciplinary approach
One of the greatest challenges of modern medicine is
the promotion of close collaboration among the specialists involved in the different aspects of a patient’s
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dependence to be the strongest predictor of 6-mo mortality in 110 elderly subjects (mean age, 74 ± 6 years) undergoing major surgery requiring postoperative intensive
care unit admission[28]. Cancer patients defined as being
functionally dependent according to the validated instrumental activity of daily living were found to have a 2- to
3-fold increased risk of postoperative morbidity compared with those defined as independent[29,30]. Although
for the most part, attention has to be drawn towards the
assessment of comorbidities, nutritional impairment and
disability, physicians should not forget to focus on elderly
psychosocial issues as their presence has been associated
with an increased risk of mortality and poor surgical
outcome[31]. Hu et al[32] have recently examined the role
of dementia on surgical outcome in 207693 patients 60
years of age or older who underwent inpatient major
surgery. The authors showed that patients with dementia
had a significantly higher overall postoperative complication rate compared with controls (adjusted OR = 1.79;
95%CI: 1.72-1.86). Finally, despite the fact that the role
of depression on surgical outcome in cancer patients
undergoing tumor-related surgery needs additional future
clarification, presurgical depression has been found to be
an important independent contributor to medical morbidity in patients undergoing cardiac surgery[33].

Table 1 Key elements of personalized surgical management
for colorectal cancer in the elderly population
Preoperative considerations before CRC surgery in the elderly
Multidisciplinary approach
Holistic evaluation
Preoperative risk screening tools in surgery
Prehabilitation
Perspectives and expectations regarding CRC surgery
Personalized surgical management of colon cancer in the elderly
Stage Ⅰ-Ⅲ colon cancer
Stage Ⅳ colon cancer
Malignant bowel obstruction in the elderly
Laparoscopic approach for colon cancer in the elderly
Personalized surgical management of rectal cancer in the elderly
Specific considerations regarding morbidity and mortality
Functional results
Laparotomy vs laparoscopy for TME
The Habr-Gama effect
Postoperative recovery after CRC surgery in the elderly
Laparoscopic approach and independence
Rapid rehabilitation program
Considerations regarding QoL
CRC: Colorectal cancer; TME: Total mesorectal excision; QoL: Quality of
life.

the ORs for the association between malnutrition and
complications varying from 1.92 to 9.85 depending on
the assessment tool used. Furthermore, higher death rates
were found in the malnourished group. Similar findings
were observed among gastrointestinal cancer patients[22].
Regarding CRC patients, Mohri et al[23] found that malnutrition was an independent predictor of poor survival (OR
= 2.04; 95%CI: 1.39-3.09) and was significantly correlated with the incidence of postoperative complications,
especially serious ones, in a cohort of 365 patients (171
patients > 65 years old).
With a median of 4 comorbidities present at the
time of CRC diagnosis, multimorbidity, defined as the
occurrence of multiple diseases in the same individual,
often affects older patients with CRC. Available evidence
clearly indicates that comorbidities are one of the major
predictors of surgical morbidity, mortality and survival.
Regarding survival, a retrospective study of a cohort of
29733 patients 67 years of age or older with a primary
diagnosis of stage Ⅰ-Ⅲ CRC showed that comorbidities
exert a substantial influence on survival as the predicted
5-year survival in patients with stage Ⅰ CRC and comorbidities was approximately 50% vs 78% for patients with
stage Ⅰ cancer without comorbidities[24]. Zingmond et al[25]
found that, of 56621 CRC patients undergoing tumor resection, those with a higher Charlson comorbidity index
(CCI) were significantly associated with postoperative
complications. Similarly, Tan et al[26] showed that the CCI
was an independent predictor of morbidity in a population of 121 octogenarians undergoing CRC surgery. Similarly, Ouellette et al[27] demonstrated that CCI was associated with a longer length of stay, perioperative mortality,
and overall mortality in 239 CRC patients.
Disability is a crucial predictor of a poor postoperative outcome. A recent study identified any functional
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Preoperative risk screening tools in surgery
The ideal objective of the preoperative assessment of
elderly cancer patients should be the correct definition of
those who are characterized by frailty, a multifactorial and
continuous decline of multiple physiologic systems which
still represents a challenge to the surgical community.
Studies focusing on older patients undergoing elective
cardiac and non-cardiac surgery estimate the prevalence
rates of frailty to vary from 41.8% to 50.3%[9]. Over time,
several comprehensive assessment scales have been developed to pursue this goal and to enable risk stratification
in cohorts of elderly people. Comprehensive geriatric
assessment (CGA), a multidisciplinary diagnostic process
which evaluates multiple aspects of the elderly has been
broadly used for this purpose within the geriatric oncology setting. There is evidence that abnormalities in preoperative geriatric assessment are strongly related to the
occurrence of adverse postoperative outcomes including
institutionalization, prolonged length of hospitalization,
morbidity and mortality[30,31,34,35].
Furthermore, a review focusing on frailty in the elderly surgical patient states that frailty is predictive of
mortality, postoperative complications and institutional
discharge in elderly patients undergoing both cardiac and
non-cardiac surgery[36]. Regarding CRC surgery, a recent
study has found that CGA was able to predict surgical
morbidity in a cohort of 178 elderly CRC patients where
the CGA-defined group of frail individuals was found to
be significantly associated with severe complications (OR
= 3.13; 95%CI: 1.65-5.92)[37]. Patients were defined as
frail when fulfilling one or more of the following criteria:
personal activity of daily living score less than 19, any
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grade 4 comorbidity according to the cumulative illness
rating scale (or more than 2 grade 3 comorbidities), more
than 7 daily medications, a Mini Nutritional Assessment
score of less than 17, a poor score on the mini mental
state examination (< 24) and on the geriatric depression
scale (> 13).
However, two issues need to be carefully pointed out
when focusing on frailty. First, despite years of research,
the quantification of frailty remains a controversial and
complex topic[38] and second, the use of preoperative
geriatric assessment hardly seems applicable in daily
practice as it is time consuming. Thus, rapid tools have
been developed with the aim of quickly identifying frail
patients[30,39-41]. Among the above-mentioned tools, the
timed up and go (TUG) test, a test used to assess a person’s gait speed and mobility, seems to be the most promising[42]. Poor performance on this test correlates with
the presence of other aspects of frailty; thus, its use as a
rapid and simple means of stratifying preoperative risk in
the elderly seems reasonable. Since its introduction, several studies have pointed out a clear correlation between
a prolonged TUG and poor functional status, cognitive
impairment and fall risk[43]. Furthermore, a slower TUG
test has recently been demonstrated to predict postoperative complications, 30-d readmission, institutionalization
and 1-year mortality in a cohort of 272 elderly patients
undergoing elective surgery[28]. Clarifying the role of
TUG and other forms of rapid presurgical assessment
in the specific field of geriatric oncology is imperative.
The international prospective project preoperative risk
estimation for onco-geriatric patients (PREOP study)
has recently been launched with the aim of providing
new evidence regarding the predictive value of these new
tools and comparing them with more complex forms of
geriatric assessment[44].

management and optimization of preoperative conditions, such as diabetes, cardiovascular function and the
promotion of smoking cessation. Moreover, the goal of
this strategy should not only focus on muscle strength
reinforcement but also on the nutritional and emotional/
psychological management of patients undergoing major surgery for cancer. The work that Carli et al[57] have
accomplished in recent years has been of great value
in the daily life of clinicians and patients. They actually
showed that functional capacity regarding CRC surgery
was improved by prehabilitation, whether by adherence
to a strenuous preoperative activity schedule (bike and
muscle strengthening exercises) or by a 30-min walking
and breathing exercise regimen 3 times a week[57].
On the other hand, many questions are still open as
to how older adults undergoing cancer surgery may or
may not benefit from perioperative regimens[58]. The Enhanced Recovery After Surgery (ERAS) guidelines for patients undergoing colorectal surgery have recently clearly
defined any potential benefits from a pretreatment regimen as inconsistent[59]. The ERAS panel basically pointed
out the lack of large randomized trials in the CRC field,
the low adherence of patients to the prehabilitation regimen and the need for a prolonged time period from
diagnosis to surgery (at least 4-6 wk) in order to observe
tangible improvement in postoperative outcomes. The
majority of confusion regarding the potential usefulness
of this intervention comes from incorrect expectations
regarding prehabilitation outcomes. What is clear is that
prehabilitation is not a substitute for good surgical and
tailored postoperative treatment, above all in the elderly.
As a consequence, it does not reduce the morbidity and
mortality rate. Prehabilitation improves functional recovery and perhaps patient independence and active life
expectancy time.
Li et al[60] recently showed how a trimodal prehabilitation program dramatically changed postoperative functional walking capacity, self-reported physical activity
and health-related quality of life (QoL). The randomized
trial was designed for CRC patients awaiting surgical
treatment and included 30 min of walking and breathing exercises 3 times a week, a nutritional supplement of
up to 1.2 g/kg body weight and anxiety reduction techniques. The mean age of the 42 patients enrolled and the
45 patients in the control group was 67.4 ± 11 years; a
prehabilitation protocol was carried out for a mean time
of 33 d (range, 21-46 d). Interestingly, the patients in
the intervention group increased the distance covered at
the 6-min walking test during prehabilitation, surpassing
the preoperative results of the control group. Four and
8 wk after surgery while control patients’ physical ability declined and did not reach their pretreatment level,
rehabilitate patients regained the ability to walk farther
than their preoperative baseline. The same trajectory was
shown for self-reported physical activity while anxiety
and depression were shown to be way below the patient
baseline 4 wk postoperatively. Even more interestingly,
fewer postoperative complications were recorded in pa-

Prehabilitation
Despite modern and sophisticated efforts for decreasing
postoperative morbidity and mortality, and facilitating full
recovery after CRC surgery, there is evidence that, 6-9
wk after major abdominal surgery, many patients are not
back to their active lives[45,46]. Prehabilitation is a modern
strategy, gathering together all the initiatives carried out
from the time of diagnosis to the time treatment starts in
order to improve functional capacity and functional recovery. Cancer prehabilitation is a novel topic compared
with the amount of knowledge of post-treatment rehabilitation programs and outcomes for both cancer and
non-cancer patients[47].
Interestingly, the first study on prehabilitation was
published in 1946, describing nutritional and physical
training, and even recreational intervention in order to
turn the unfit military into robust soldiers ready for the
battlefield[48]. In recent years, cancer patient prehabilitation has become more and more intriguing for surgical
oncologists as a result of the great benefits shown in the
fields of orthopedic and cardiac surgery, even for the
elderly[49-56]. Medical prehabilitation clearly includes the
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tients who improved their walking ability during prehabilitation while people whose functional capacity declined
during the pretreatment time had poorer outcomes. This
might help in considering the response to the prehabilitation regimen to be an additional screening tool for elderly
patients undergoing surgery for cancer.
Several issues regarding the feasibility and effectiveness of this approach have still not been completely
resolved. The lack of time which often forces surgeons
to bring elderly patients with CRC to the operating room
sooner rather than later because of impending obstruction or perforation might reduce the practicability for a
very large number of patients. At the same time, lack of
adherence to prehabilitation regimens is indeed higher
in the elderly, above all in cases of inconsistent family or
financial support. On the other hand, the results obtained
before CRC surgery are so promising for restoring active
life and independence in this frail group of patients that
it may be worth a try, above all, for those patients who
are able to wait 4-6 wk before surgery (e.g., neoadjuvant
therapy). Good clinical data and larger trials focused on
elderly patients are needed to eventually shed light on this
fascinating field.

been historically considered as a factor which increases
psychological distress in patients with CRC. This fact has
also been reconsidered in the past few years. A large meta-analysis on the impact of a stoma forming procedure
[abdominal perineal resection (APR) vs low anterior resection (LAR)] on 1443 patients with CRC failed to show
a reduction in the QoL of patients with fecal diversion.
The mean age in the two groups was 66.3 ± 6 and 65.6 ±
6 years for APR and LAR, respectively[67]. This important
finding was again confirmed by a smaller but more recent
study from the Netherlands where no difference was seen
in terms of health-related QoL, emotional function and
understanding of the illness among elderly rectal cancer
patients with or without a stoma[68]. This may indicate
that having a stoma and the risk of incontinence are considered equally troublesome for patients. Regardless of
the large amount of literature on the preoperative assessment of onco-geriatric patients, not many studies have
been carried out which focus on elderly patients’ needs
and expectations before and after CRC surgery.
Patient-centered outcome studies should be implemented in the onco-geriatric field in order to face modern health care system challenges[69]. Data seem to suggest
that disability and lack of independence are considered
more important than the cancer diagnosis per se. The risk
of postoperative disability, and not just the risk of having
a fecal diversion, need to be fully discussed with patients
and family with the goal of promoting faster functional
recovery and regaining independence.

Perspectives and expectations regarding CRC surgery
Patient perspective is essential in establishing a proper
understanding of the QoL goals and achieving good
postoperative outcomes for senior adults with CRC.
Despite the prevalence of CRC in the elderly population
and the increasing requirement for QoL measurement,
not many studies have been published which focus on
patient experience regarding their cancer treatment[61].
In recent years, some qualitative information has been
gained from studies designed for younger patients where
“uncertainty”, “fears for cancer recurrence”, “pain”,
“fatigue”, “managing on a day to day basis” and “feeling
alone” were described as the highest concerns of CRC
patients[62-64]. Mental and physical health seemed to be
interrelated in both young and senior adults with cancer
as reported by Weaver et al[65], affecting their perspective
regarding their disease and the expectations as to the cure
they were undergoing.
In an interesting review, Banks et al[66] were able to analyze self-reported questionnaire-based data from 89574
Australian men and women with cancer sampled from
the Medicare database. In their study, they were able to
conclude that, although approximately 8% of people suffer from severe psychological distress, “the risk of psychological distress in individuals with cancer relates much
more strongly to their level of disability than it does to
the cancer diagnosis itself ”. Disability and lack of independence in the activities of daily living seem to impact
cancer patients more than the cancer prognosis per se. Unfortunately, the cohort of patients analyzed also included
non-CRC patients 45 years of age and older but, despite
this, it seemed quite feasible to translate the results to our
study population.
Among the possible stressors, having a stoma has
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PERSONALIZED SURGICAL
MANAGEMENT OF COLON CANCER IN
THE ELDERLY
Stage Ⅰ-Ⅲ colon cancer
Surgery represents the treatment of choice for stage Ⅰ to
stage Ⅲ colon cancer[70]. Given that many advances have
been achieved in surgical techniques, anesthesia and perioperative supportive care, it is now accepted that age per
se is not a contraindication for surgery in senior colon
cancer patients[71], even if it is still hard to overcome the
general thinking that a less aggressive and radical approach should be provided for this population[72,73]. A
recent study by Dekker et al[74] described a populationbased analysis of 9397 stage Ⅰ-Ⅲ CRC patients operated
on in the Netherlands from 1991 to 2005. They showed
that decreased survival in the elderly is mainly due to differences in early mortality. Elderly CRC patients who survived the first year had the same cancer-related survival
as younger patients; therefore, treatment of elderly CRC
patients should focus on perioperative care and the first
postoperative year.
It is well known that elderly patients have an increased
number of comorbidities which leads to a higher rate of
morbidity and mortality[75]. A systematic review including
34194 patients conducted by the Colorectal Cancer Collaborative Group[76] compared the outcomes of patients
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results were reported by Nagano et al[83] who reported
34.1% 5-year survival in 202 elderly patients undergoing
surgery for CRC liver metastatic disease. An interesting
study evaluated the outcome of liver surgery for colorectal metastases in patients over 70 years of age in a large
international multicenter cohort[84]. The elderly were compared to a younger population, and a higher rate of 60-d
postoperative mortality and morbidity was found but,
surprisingly, the 3-year survival rate was similar in the two
groups (57.1% vs 60.2% for elderly and younger patients,
respectively). Liver resection for CRC metastases in elderly patients can achieve a reasonable survival rate. There
should be no upper age limit, but the surgical approach
should be planned taking into consideration disease stage,
patient life expectancy, performance status and the presence of comorbidities. Benefits related to neo-adjuvant
treatment for initially unresectable metastatic disease are
still not clear in the younger population; additional data
are needed to evaluate possible implications for elderly
cancer patients.

65-74 years of age, 75-84 years of age and those 85 years
of age and over with those 65 years of age or younger.
The study showed that elderly patients had an increased
rate of comorbidities, they were more prone to undergo
emergency surgery and they were less likely to undergo
curative treatment. Surprisingly, the same review demonstrated that, even if overall survival was reduced, cancerspecific survival was not. The two studies definitely
showed that, when carefully selected, even very elderly
patients benefit from surgery since a large proportion
survive for 2 or more years after surgery[7]. A study conducted by the Colon/Rectum Cancer Working Group recruited a total of 19080 CRC patients (2932 over 80 years
of age) to analyze the impact of the risk factor “age” on
early postoperative results. The rate of surgically-specific
postoperative complications was identical among younger
and elderly patients. Also in this case, elevated morbidity and mortality rates were found to be associated with
increasing age due to more cardiovascular and pulmonary
adverse events[77]. Kunitake et al[78] described outcomes of
83987 elderly colon cancer patients identified in the California Cancer Registry. Octogenarians and nonagenarians
had worse outcomes in terms of morbidity, mortality and
readmission rates compared with younger patients. An increased number of comorbidities and emergency procedures were found to be consistent risk factors for adverse
outcomes while, interestingly, adjuvant chemotherapy and
surgery in high volume hospitals were associated with
lower odds of in-hospital and 1-year mortality.
Furthermore, a pooled analysis conducted by Sargent
et al[79] provided good evidence to support the fact that
5-fluorouracil adjuvant therapy is well tolerated by elderly
patients with benefits comparable to younger patients
in terms of overall survival. On the other hand, no benefits from the addition of newer agents (e.g., irinotecan
and oxaliplatin) have been shown in large multicenter
trials[80]. Since a correlation with poorer outcomes[81] is
well known, emergency procedures should be avoided
whenever possible, always considering bridge solutions to
improve performance status.

Malignant bowel obstruction in the elderly
Bowel obstruction is a frequent presentation of advanced
disease, especially in the elderly population[85]. Right colon
cancer only rarely presents with obstructing symptoms
and, in those cases, surgical treatment is almost always
needed. In contrast, left colon cancer is more frequently
responsible for bowel obstruction at presentation and
its management has been the subject of debate. Several
studies have been undertaken to evaluate non-surgical
strategies in malignant left-sided large bowel obstruction.
Self-expanding metal stents (SEMS) have been proposed
since 1991 as a bridge solution to relieve acute symptoms,
improve clinical conditions and allow patients to receive
elective surgical procedures and to possibly avoid a
stoma. Conflicting data are available on the topic. On one
hand, some retrospective analyses have suggested that
the use of SEMS in the elderly population is an effective and safe therapeutic option compared with primary
emergency surgery[86] for both elderly and younger patients[87]. On the other hand, two randomized trials tried
to establish whether colonic stenting improved patient
outcomes compared with emergency surgery, but neither
managed to define a decisive clinical advantage[88,89]. The
randomized controlled trial conducted by Cheung et al[90]
compared a multimodal approach (SEMS positioning
followed by early laparoscopic resection) to emergency
procedures. The authors concluded that the “endolaparoscopic” approach makes a single stage operation more
feasible as it is associated with reduced necessity of a
stoma.
Another prospective, randomized controlled trial
concluded that SEMS as a bridge to elective surgery (performed after 5-7 d) is associated with lower morbidity,
a shorter hospital stay, and equally good long-term survival[91]. Despite this evidence, a recent Cochrane review
concluded that the use of colonic stents in malignant
CRC obstruction seems to have no advantage in terms of

Stage Ⅳ colon cancer
Twenty to 34% of patients with CRC present with synchronous liver metastases, and a higher rate will develop
after primary diagnosis. The role of surgery in advanced
CRC is limited. Guidelines from the National Comprehensive Cancer Network recommend that patients with
stage Ⅳ CRC should undergo surgery only if they are
symptomatic (e.g., bleeding, obstruction, perforation) or
have a potentially resectable metastatic localization. Despite progress in the quality of chemotherapeutic agents,
liver resection still remains the only chance for long-term
survival in patients with CRC liver metastases.
In recent years, several studies have evaluated the
feasibility of liver resection for colorectal metastases. De
Liguori Carino et al[82] analyzed data from 181 liver resections performed on 178 consecutive senior adult patients.
The overall survival rate at 5 years was 31.5%. Similar
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early mortality and morbidity rates compared with emergency surgery[92]. Additional randomized trials focusing on
large sample sizes are needed to achieve clearer evidence
regarding the role of SEMS in the elderly population.

was even clearer in patients with concurrent preoperative
cardiopulmonary pathological conditions.
A remarkable study conducted by Senagore et al[101]
illustrated that cardiac and pulmonary postoperative
complications were higher in patients 70 years of age or
older who underwent open colorectal surgery compared
with those who underwent laparoscopic procedures.
Moreover, the same study showed that, among those who
underwent laparoscopic surgery, the observed morbidity
rate was much lower than that predicted by the Physiological and Operative Severity Score for the enumeration of Morbidity and Mortality; the same results were
not achieved within the open surgery group, confirming
the observed general trend of lower unexpected events
with a minimally invasive approach. As previously mentioned, short-term postoperative death in elderly patients
is principally caused by non-surgical complications. Thus,
reducing this risk will inevitably produce better outcomes.
Laparoscopy seems to be markedly effective in achieving
this result as the systemic stress induced by the minimally
invasive technique appears to be better tolerated [102].
Data regarding intraoperative blood loss and functional
recovery are extremely explanatory in confirming this
issue; several studies found less bleeding and faster recovery in elderly patients undergoing laparoscopic resections[103-106]. Moreover, this minimally invasive approach
has been demonstrated to have better results in terms of
postoperative pain, allowing physicians to decrease the
use of narcotics and opioids, resulting in a decreased risk
of postoperative delirium and, consequently, in shorter
hospital stays. Nowadays, laparoscopic colonic resections
should be mandatory in the elderly neoplastic population
due to the massive evidence of advantages related to this
approach[107]. Laparoscopy allows onco-geriatric surgeons
to drastically decrease the rate of postoperative complications related to surgery and comorbidities, giving the
patients a better chance of fast recovery and long-term
survival. There is no longer any need for concern when
offering a minimally invasive approach to the elderly
population.

Laparoscopic approach for colon cancer in the elderly
In order to face the frequent poor performance status
and the elevated number of comorbidities characterizing
the elderly CRC population, surgeons have investigated
a wide range of possible solutions for improving outcomes. In the last 15 years, several peer-reviewed studies
have been published evaluating the feasibility, safety and
advantages of the laparoscopic approach for colonic cancer in elderly patients. The vast majority have illustrated
that, in the elderly population, minimally invasive surgery
reduces overall mortality and morbidity when compared
to a laparotomy, and correlates with a shorter hospital
stay and faster functional recovery. Furthermore, it has
been clearly demonstrated that postoperative outcomes
in the elderly did not significantly differ from those of
younger CRC patients.
Many studies focusing on postoperative mortality
have been published pointing out favorable short-term
results, but the majority of them are characterized by a
vast heterogeneity in terms of colorectal pathologies including inflammatory bowel diseases, diverticular disease
and functional diseases[93,94]. Some of them emphasized
similar or even lower short- and long-term mortality rates
among patients undergoing elective laparoscopic surgery
compared with those undergoing a laparotomy[95,96]. Interestingly, a 10-year retrospective study conducted by
Cheung et al[97] analyzed long-term survival with a median
follow-up of 24 mo in a population of 101 octogenarians
who underwent elective laparoscopic surgery for CRC.
The overall 5-year survival rate was 51%, slightly less than
other reports referring to the general population, but still
a noteworthy result. It should also be noted that, in the
same study, more than half of the deaths were caused by
non-cancer-related conditions, such as coexisting cardiopulmonary diseases.
It is common knowledge that laparoscopic colectomies performed in the neoplastic elderly population are
associated with higher rates of complications[98]. Data
retrieved from a large prospective, observational multicenter study conducted by the Laparoscopic Colorectal
Surgery Study Group including 4823 CRC patients (909
treated laparoscopically) showed that intraoperative and
postoperative complications were equally distributed
among cancer patients over 75 years of age and younger
patients[99]. In particular, no differences were observed
regarding anastomotic leaks and the re-operation rate.
Cardiac and pulmonary events are the most frequent
non-surgical complications and they are often caused
by a presurgical coexisting morbidity (e.g., chronic heart
failure, atrial fibrillation, chronic obstructive pulmonary
disease). A paper presented by Law et al[100] found that
cardiopulmonary complications were markedly fewer in
patients who underwent laparoscopic surgery. This trend
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PERSONALIZED SURGICAL
MANAGEMENT OF RECTAL CANCER IN
THE ELDERLY
The management of elderly patients with rectal cancer
is frequently influenced by many factors which lead to
undertreatment with consequent poorer outcomes as
demonstrated in a study performed by Chang et al[108] in
a group of 21390 patients identified in the Surveillance,
Epidemiology, and End Results database (1991-2002).
The authors found a decreased use of multimodal treatment, an increased use of local excision and a decreased
use of radical surgery. The study also showed that the
rectal cancer-specific survival rates decreased as patient
age increased. Many surgical and non-surgical options are
available for rectal cancer patients. Careful pretreatment
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assessment in order to identify fit, vulnerable and frail patients should be routinely incorporated into daily practice,
especially in this subgroup of elderly patients with rectal
cancer. The main goal is to avoid undertreatment in the
fit and to plan personalized management for vulnerable/
frail patients.
Specific considerations regarding morbidity and
mortality
Despite the fact that individuals over 75 years of age
comprise 8%-10% of the overall population, 35%-45%
of patients with rectal cancer fall into this subgroup of
patients, with an incidence of approximately 135 new
cases per 100000 people in the group from 80 to 85 years
of age[109-111]. Surgery is still the cornerstone for the treatment of these patients. Regardless of the increased risk
of postoperative complications, 5-year cancer-specific
mortality is comparable to that of younger patients, emphasizing the similarity of the intrinsic prognosis of the
disease[112-114]. Two interesting multicenter studies have
confirmed that the increase in postoperative morbidity
and mortality (from 0.5% in patients under 50 years of
age to 13% in patients over 80 years of age) is not related
to age per se[115,116]. As expected, according to the American Society of Anesthesiology (ASA) score, emergency
surgery, low rectal cancer and advanced tumor stage were
responsible for the higher number of postoperative complications. Unfortunately, elderly people with advanced
cancer and in a setting of several comorbidities are more
prone to undergo emergency surgery. This amount of
evidence reinforces the idea that age is not an indication
of a poor prognosis but that biological age (also interpreted as diminished functional capacity) is.
Since low rectal cancer is related to an increased
risk of complications, interest has been drawn towards
understanding the impact of age on postoperative complications. Two studies by Rutten et al[109,117], analyzing
postoperative complications in elderly patients from a
Dutch trial, pointed out an unusual finding: anastomotic
leak risk was about 10% in people over 75 years of age
and 12% in younger patients (P = 0.63) but, after 6 mo,
more than half of the elderly patients (57.1% vs 8.2%)
who experienced an anastomotic complication died. Sixmonth mortality was 22.9% overall vs 7.0%, (relative risk:
3.27; 95%CI: 2.05-5.21) among elderly patients who had
a postoperative complication (e.g., sepsis, abscess, cardiac
and pulmonary complications) compared with younger
patients. Once more, this finding demonstrates that postoperative complications are not tolerated very well by
elderly patients, therefore, pointing out the importance
of accurately monitoring the postoperative course in this
patient population.

dure should be explained to patients and caregivers before planning treatment. Several studies have added data
regarding functional results after sphincter-saving surgery
in the elderly. Dehni et al[118] examined the long-term
functional results of a small group of elderly patients
compared with young people in whom LAR and coloanal J-pouch anastomosis were carried out. The elderly
patients reported more constipation and use of laxatives
or enemas but the difference with the younger counterparts was not statistically significant. Furthermore, 91%
of patients over 75 years of age were satisfied with their
functional results. Both Phillips et al[119] and Hida et al[120]
found that elderly patients experienced the same or even
more satisfaction in their bowel habits and sphincter
function compared with younger patients.
More interestingly, Ito et al[121] prospectively explored
the risk factors for fecal incontinence (the Wexner score
was used) on 96 patients with poor anal function after restorative rectal surgery. Surprisingly, in univariate analysis,
age did not correlate with poor sphincter function while
only the extent of the sphincter excision and preoperative chemoradiation therapy did. Impressive data are also
available regarding the tendency of a diverting ostomy
takedown after LAR in the elderly population. The Dutch
trial, including 924 patients who underwent LAR, showed
that, of the 616 patients on whom an ostomy was performed during surgery, 19% still had a bowel diversion
after 7.1 years of follow-up, and that age was a significant
risk factor associated with the decreased likelihood of
having their stoma reversed[122]. Advanced age and comorbidities were again significant risk factors for not having a loop ileostomy reversed in a cohort of 964 patients
analyzed by David et al[123] where 233 (24.9%) patients still
had an ileostomy bag after a 3-year minimum follow-up.
All these data should increase the evidence that age is not
a contraindication for radical restorative rectal surgery
but that the frailty and functional capacity of individual
patients should be weighed when major surgery for rectal
cancer is planned in this cohort of patients[124]. When
neoadjuvant treatment is considered for rectal cancer, clinicians and patients should be aware that combined treatments are associated with considerable late side effects
on bowel and anorectal functions, especially in terms
of bowel frequency, urgency and fecal incontinence.
Bruheim et al[125] explored long-term morbidity and QoL
after radiotherapy (50 Gy) and total mesorectal excision
(TME) for rectal cancer in a national cohort of 535 Norwegian patients. The study showed that radiaton-treated
patients experience considerably worse long-term effects
on anorectal function (in terms of bowel frequency and
incontinence) compared with non-radiation-treated patients with an impaired QoL.

Functional results
Rectal cancer surgery has two main endpoints: locoregional control and functional results including sphincter,
urinary and sexual functions. A clear and realistic description of the possible consequences of the surgical proce-

Laparotomy vs laparoscopy for TME
Laparoscopic rectal surgery is an advanced major procedure and should be performed in dedicated centers
by highly trained surgeons in both elderly and younger
patients[126]. No randomized trials have explored the dif-
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ferences in short- or long-term outcomes, functional
results or QoL specifically in the elderly population, as
the mean age of the patients included in those studies
has been shown to be not over 69 years of age[127]. Of
the few dedicated studies, Akiyoshi et al[128] cleared the
way for additional and more structured, multicenter trials.
They prospectively analyzed a single center in which 315
patients were operated on for rectal cancer from 2001 to
2008. A comparison was carried out regarding 44 patients
over 75 years of age who underwent laparoscopic TME
(Group A), 228 over 75 years of age who underwent the
same procedure (Group B) and 43 patients over 75 years
of age who had their TME performed in the standard
open fashion (Group C). Both the oncological results
(distal margins, circumferential margins and number of
lymph nodes retrieved), and the postoperative morbidity and mortality did not statistically differ in the three
groups despite significant differences in the ASA score.
The restoration of bowel function and length of stay
were both in favor of the laparoscopic group (P < 0.0001
and P < 0.002, respectively), reinforcing the benefit of
a laparoscopic approach. Furthermore, elderly patients
actually seemed to benefit more from the laparoscopic
approach in terms of postoperative cardiovascular and
pulmonary complications[128]. No conclusive assumption
could be drawn regarding this topic but the available evidence seems to show that laparoscopy, when performed
in high volume centers, is feasible and effective for elderly
patients with rectal cancer[124].

chance of curing frail elderly patients with rectal cancer.
Following the same pathway, the same group designed
a different approach for those patients who partially
responded to CRT (ypT0-2, N0) and they performed
transanal endoscopic microsurgery (TEM) in 27 patients
to partially remove the rectal wall (containing the cancer)
instead of classic TME radical surgery[133]. Nine patients
had a recurrence after a median follow-up of 15 mo (5
with exclusively systemic relapse and 4 with local relapse).
The TEM specimens of 3 patients had shown ypT2 cancer while one patient with local recurrence was previously
staged as ypT1. At univariate analysis, initial tumor size
and lymphovascular invasion were found to be associated
with local recurrence while, in the multivariate analysis,
only the lymphovascular invasion remained (OR = 21.9;
95%CI: 1.3-362.9) statistically significant. The conclusion by the authors, subsequently emphasized by other
reviewers, was a “word of caution” on both patient selection[134] (choosing the patients with no cCR is equivalent
to choosing those with the highest risk of not surviving)
and the treatment itself. Again, the study was clearly not
designed for elderly patients (perhaps unfit for major
surgery) but it should be considered an interesting start
within a promising application regarding frail elderly patient care.

Habr-Gama effect
Neoadjuvant chemoradiation treatment (CRT) has been
shown to be responsible for significant tumor regression
and local recurrence rate reduction[129,130]. The result of
medical treatment has been so remarkable that Dr. HabrGama set the bar at a higher level and decided not to
operate on patients having a complete clinical response
(cCR) after CRT[131]. The same group of scientists has
recently published a paper on watchful waiting in a series
of 70 patients with cT2-4, cN1-2 low rectal cancer who
underwent extensive CRT (54 Gy + 6 cycles of 5-fluorouracil and leucovorin)[132]. Of the 47 patients with a
complete clinical and radiological response, 8 (17%) experienced an early recurrence after 16-50 wk of followup. Late recurrence was instead recorded in 4 out of 39
patients with a cCR after 13-35 mo from CRT. All these
patients underwent R0 radical surgery; no recurrence
was recorded after 25.5 mo of mean follow-up. Overall,
35 patients (51%) did not require any surgical treatment
and they were free from disease after 56 mo of a median
follow-up. The mean age of the patients in the study was
60.2 ± 12.9 years old; thus, the study was not specifically
addressed to elderly patients.
Despite the lack of focus on rectal cancer, in senior
adults, this might be an intriguing solution for patients
considered unfit for surgery after a multidimensional/
multidisciplinary assessment. The difference from the
past is that this will not be considered a palliative solution
but standard treatment with perhaps more than a 50%

After surgery, the functional recovery of elderly patients
is defined as the ability to regain physical mobility, feeding capacity (swallowing, bowel function, performing the
necessary movements to bring the food to the patient’
s mouth) and the attitude of being independent in the
activities of daily living. Postoperative memory loss and
delirium after general anesthesia and hospitalization
have also been widely feared by elderly patients and their
caregivers. Several attempts have been made to reduce
the risk of postoperative delirium but, unfortunately,
no effective strategies have been identified. In a recent
study, Hempenius et al[135] designed a dedicated geriatric
multidisciplinary approach for patients with solid cancer.
Unfortunately, the randomized trial failed to demonstrate
any advantage in patients who were treated with a multimodality approach compared with standard care. Several
strategies have been promoted in order to achieve early
functional capacity after major oncological surgery, beginning with the preoperative period, continuing with less
invasive surgical techniques and, subsequently, postoperative strategies.
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POSTOPERATIVE RECOVERY AFTER CRC
SURGERY IN THE ELDERLY

Laparoscopic approach and independence
The laparoscopic approach for CRC elderly patients has
previously been discussed. Two additional papers are
mentioned as examples. The first is by Frasson et al[107]
who specifically focused on functional recovery after laparoscopic surgery and the specific benefits for the elderly.
They analyzed a series of 535 patients with colorectal dis-
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ease randomly assigned to laparoscopic (n = 268) or open
(n = 267) resection. The CRC patients represented 78.5%
of the entire sample (n = 420). Within the two groups, the
outcomes of young patients (under 70 years of age) were
compared with those obtained in patients over 70 years
of age. The authors concluded that laparoscopy should
be considered as the first option in elderly patients as it
improves the preservation of functional status permitting
a higher rate of postoperative independence at discharge
and faster postoperative recovery. Notable advantages obtained from a laparoscopic approach compared with open
surgery were ultimately more pronounced among the
elderly than in younger patients. Stocchi et al[106] were also
able to demonstrate that independent status at admission
(assessed in 37 patients undergoing laparoscopic-assisted
colectomy and 38 undergoing open colectomy) was more
frequently maintained at discharge in those undergoing
laparoscopic-assisted colectomy (95% vs 76%, respectively, P = 0.025).

association of CREAD and the laparoscopic technique
gives better results in terms of length of stay, hospital
costs, readmission rate and reoperation rate for both elderly and young people. Similar results were reported by
Keller et al[138] who prospectively analyzed a group of 302
patients under 70 years of age compared with a group of
153 patients over 70 years of age. Wang et al[139] randomly
divided an elderly patient group undergoing laparoscopic
colon resection into a fast-track rehabilitation group (n
= 40) and a conventional care group (n = 38); they concluded that the main advantages were a shorter length of
hospital stay and a lower complication rate for patients
in the fast-track group. We can conclude that fast track
protocols are not only feasible but they also have notable
advantages in elderly patients compared with younger
patients. Elderly cancer patients greatly benefit from the
avoidance of bowel preparation (associated with hydroelectrolyte imbalances) and opioid restriction (associated
with ileus, nausea and vomiting). Furthermore, encouraging early ambulation avoids the risk of prolonged bed
rest.

Rapid rehabilitation program
As is well known, fast-track programs include preoperative patient education, no routine bowel preparation,
minimal perioperative starvation, early removal of the
nasogastric tube and urinary catheter, tailored anesthesia
and postoperative analgesia, early postoperative diet intake and mobilization with minimal fluid infusion. The
literature suggests that elderly patients have an advantage
in functional recovery if enrolled in a fast-track program. Baek et al[136] analyzed a group of 337 patients (87
over 70 years of age and 250 under 70 years of age) who
underwent laparoscopic colorectal surgery with a perioperative fast-track program. No significant differences
were observed in terms of return of flatus, stool passage, progression of diet, complication rate (26% in the
elderly patients vs 32% in the young patients) and length
of hospital stay (12 d for each group). These results were
obtained regardless of a significant differences between
the two groups when considering age, presence of comorbidities (70% in the elderly vs 44.7% in the younger
patients) and ASA score. In particular, they observed a
lower than expected cardiopulmonary complication rate
which they acknowledged was most likely due to the use
of a low-pressure pneumoperitoneum (8 mmHg). The
only significant differences were observed in readmission rate and emergency room visits (11.7% vs 4%, respectively).
Pawa et al[137] achieved similar results, with a median
length of stay of 6 d for a 558 patient group under 80
years of age while a total of 8 d was recorded in a cohort
of 130 patients 80 years of age or older (P = 0.363). No
significant differences in 30-d readmission rate (8.6%
of the whole population) were observed in the study.
Senagore et al[101] compared the benefits of an open vs a
laparoscopic colectomy among elderly (≥ 70 years old)
and young patients (< 60 years old) in a fast track program [Controlled Rehabilitation with Early Ambulation
and Diet (CREAD) program], and concluded that the
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Considerations regarding QoL
Personalized treatment for elderly patients with CRC
include not only the main goal of obtaining prolonged
survival but also the achievement of a satisfactory QoL.
Few studies have analyzed the QoL after surgery for CRC
in senior adults. Mastracci et al[140] administered a generic
test (Short Form-36) and two specific questionnaires to
measure the QoL after medical and surgical treatment for
CRC (EORTC QLQ-CR38 and EORTC QLQ-C30) to
29 Canadian patients (mean age, 83.2 ± 2.79 years). The
goal was to obtain data regarding their physical function,
body pain, social functioning, vitality and general health
perception. Only patients who were able to complete the
questionnaire were included in the study (possible bias)
and a comparison was made with a similar group of randomly chosen 65-70-year-old patients (n = 29). There was
no statistically significant difference between the groups
in mean scores for body image, future perspective, sexual
function/enjoyment, gastrointestinal symptoms and
weight loss. The domains which differed significantly
among the two groups were physical functioning, functional role, micturition, and stoma-related problems.
Authors ascribed these differences to natural senescence,
with the exception of stoma-related problems.
An interesting prospective multicenter study by
Scarpa et al[141] analyzed the QoL of elderly vs younger
patients undergoing colorectal surgery. A total of 116
patients were enrolled in this study: 33 patients over 70
years of age had a laparoscopic colectomy whereas 24
had an open colectomy; 44 patients under 70 years of
age had a laparoscopic colectomy and 15 of them had an
open colectomy. They used three questionnaires regarding generic (EORTC QLQ-C30) and disease-specific
QoL (EORTC QLQ-CR29), and treatment satisfaction
(EORTC IN-PATSAT32). They showed that elderly
patients undergoing a laparoscopic colectomy for can-
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cer experienced fewer postoperative local complications
than elderly patients undergoing an open colectomy.
Nevertheless, in the first postoperative mo, these patients experienced a poorer QoL compared with younger
patients undergoing the same surgery (P = 0.003), with
impairment of all functions and the presence of fatigue,
sleep disturbance, appetite loss and shortness of breath.
In the laparoscopic elderly patient group, there were no
significant differences in satisfaction or QoL, despite a
lower postoperative complication rate compared with the
elderly open surgery group. Finally, Amemiya et al[142] prospectively analyzed 223 patients over 75 years of age operated on for CRC (n = 132) and gastric cancer (n = 99).
They administered the Short Form-12 and EuroQoL 5-D
tests at 1 wk, 1 mo, 3 mo and 6 mo after surgery. The
QoL measured at 1 wk and 6 mo showed a significant
improvement (P < 0.005). Functional recovery and activities of daily living status improved after surgery in the
majority of patients; however, a temporary or prolonged
decline in recovery was found in those who developed
postoperative complications.

of the elderly with cancer. Individualized care does not
mean being subjective. Many studies have defined rigorous pathways, screening tools and tailored surgical and
postoperative strategies in order to obtain this goal. The
multidimensional/multidisciplinary approach is the key
for rejecting “the gut-feeling type of decision” and for
promoting optimal individual patient care. Our review
showed how sarcopenia (measured both directly and indirectly with TUG or a 6-min walk test) seems to be the
best predictor for postoperative outcomes. Prehabilitation, despite the lack of large randomized clinical trials,
has been shown to be a promising start in reducing the
most worrisome complication for an elderly individual:
the loss of independence. At the same time, less invasive surgery is being implemented in order to reduce
pulmonary and cardiologic complications and eventually
the length of stay, such as the advanced laparoscopic approach. During the postoperative period, fast track strategies are extremely beneficial for the elderly who have
shown positive results with reduced amounts of opioids,
early mobilization and oral feeding. Intriguing solutions
have also been described for a non- or local-surgical approach to low rectal cancer and, despite the lack of specific trials, it could be an interesting solution to be offered
to frail individuals who cannot undergo a standard approach. Therefore, why should we treat these challenging,
complicated, demanding, unconventional elderly patients
with cancer? This review cannot provide the profound
answer that we need to give as physicians and human beings. This study was carried out to reveal the evidence in
the current literature in order to help whoever decides to
assist these frail patients and devote their professionalism
to rediscovering the true essence of Medicine: personalized care for the patient.

CONCLUSION
Aging of world populations is occurring, and especially
in Western countries. Becoming old means being less and
less independent from a number of perspectives. Among
the various causes leading to a decrease in functional capacity, declining health plays a pivotal role. Aging in the
populations of Western countries is becoming one of the
most significant challenges for our health care systems.
Elderly patients have multiple comorbidities, and unpredictable social and family situations; when cancer is diagnosed, this adds to in an already complicated situation.
Among the elderly, those who are vulnerable or even frail
are the ones who really deviate from the standard curves.
Despite aging in Western countries and the clear
challenge for healthcare professionals and scientists, few
studies have specifically been designed to assess the success of care strategies in this cohort of patients. Elderly
people do not fit into randomized control trials and, in
many cases, the results obtained from observation studies
(as often happens in elderly population) are considered
level B/C evidence by the scientific community. This is
quite surprising if we consider one of the most frequent
causes of cancer-related death in the elderly population:
colorectal cancer. Why should we focus our attention on
complicated, demanding, unconventional, non-reducibleto-the-standard-practice type of patients who are historically considered less amenable to curative treatment
because of their age? The elderly in Western countries
who have CRC have a worse prognosis than younger
patients; but this is true only during the first 12 mo after
surgery while 5-year cancer-related survival does not differ from the rest of the population which is healthier and
has access to more sophisticated treatment. We have to
focus our attention on that period of time. Our review
showed that, as physicians, the only answer we can give
is to implement strategies for personalizing the treatment
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Core tip: Colorectal cancer (CRC) prognosis is strictly
associated with the immune contexture of tumor microenvironment. IS improves prognostic prediction in CRC.
Human leukocyte antigen-G (HLA-G) through its direct
inhibitory functions on NK cells and cytotoxic T and B
lymphocytes represents a crucial tumor-driven immune
escape molecule. This review highlights the current
knowledge on HLA-G in CRC and in related inflammatory diseases. HLA-G genetic setting and circulating/
soluble profiles need to be defined to comprehend CRC
strategies to avoid host immune defences. We suggest
that HLA G could represent a novel prognostic immune
biomarker to associate with the Immune Score to better characterize host immune response in CRC.

Abstract
Colorectal cancer (CRC) is one of the most diffuse cancers worldwide and is still a clinical burden. Increasing
evidences associate CRC clinical outcome to immune
contexture represented by adaptive immune cells. Their
type, density and location are summarized in the Immune Score that has been shown to improve prognostic prediction of CRC patients. The non-classical MHC
class Ⅰ human leukocyte antigen-G (HLA-G), is a crucial
tumor-driven immune escape molecule involved in immune tolerance. HLA-G and soluble counterparts are
able to exert inhibitory functions by direct interactions
with inhibitory receptors present on both innate cells
such as natural killer cells, and adaptive immune cells as
cytotoxic T and B lymphocytes. HLA-G may play a prominent role in CRC strategies to avoid host immunosurveillance. This review highlights the current knowledge on
HLA-G contribution in CRC, in related inflammatory dis-
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INTRODUCTION
Colorectal cancer (CRC) remains one of the leading
causes of cancer death worldwide[1-3]. CRC develops
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sporadically[4], in the setting of hereditary forms[5], or on
the basis of inflammatory bowel disease (IBD)[6]. The
adenoma-carcinoma transition is the well-established
known model for CRC onset[7] and, its genetic and molecular background have been widely described[5,8]. In the
last years, the elaborate exchange among innate-adaptive
immune cells of the tumor microenvironment, the local
inflammatory state, and the host immune response in
solid tumors, generated the concept of cancer immunoediting, characterized by the final escape phase exerted
by the cancer from host defence immunity[9]. Increasing evidences demonstrated that solid tumors such as
CRC are infiltrated by different adaptive cells of the immune contexture that may influence the progression of
the disease[10]. These experimental observations finally
provided the design of the Immune Score (IS) that is
now considered as a novel and independent prognostic
marker, in human cancer as well in CRC[11]. IS, is represented by densities of adaptive immune cells: infiltrating
CD8+ cytotoxic T lymphocytes (CTLs), and CD45RO+
memory T cells, detected in center and marginal tumor
areas[12]. Higher number of infiltrating CD8+ CTLs and
CD45RO+ memory T cells correlates with an improved
patient prognosis; lower numbers correlate with tumor
relapse[13]. IS demonstrated to have a prognostic value for
overall survival (OS) and disease free survival (DFS) in
retrospective studies[14], and is currently being submitted
for clinical validation in prospective CRC studies, in 16
different Countries world wide[15].
The non-classical HLA-G is considered a tolerogenic
molecule due to its inhibitory functions vs T lymphocytes,
NK cells and other cell types of immune contexture[16].
HLA-G is only recently been involved in tumor escape
mechanisms from the host immune recognition and destruction[17], and is considered a tumor microenvironment
molecule[16,18]. HLA-G shows a lower nucleotide variability in coding sequences, while is highly polymorphic
in the untranslated regions (UTRs), both in 5’ and 3’ segments[19,20] (Figure 1). Polymorphic sites mainly present
in the 3’UTR region, may affect the post transcriptional
regulation and biological functions of HLA-G[21]. Indeed,
through alternative splicing, HLA-G can be expressed as
seven different and specific molecules, four membrane
bound (HLA-G1 to -G4) and three soluble (HLA-G5 to
-G7)[22]. Most of the published data concern the HLA-G1
molecule and its soluble counterpart HLA-G5 [23] .
HLA-G1 can be shed generating a soluble isoform
(sHLA-G1)[17]. The functional characterizations of the
five remaining HLA-G isoforms have been yet not clearly
elucidated. HLA-G is over-expressed in CRC[24-26] and is a
common signature in other types of cancer, autoimmune
disorders, viral infections and transplantations[16-18]. Increase in circulating sHLA-G has been detected in CRC
in few studies[27,28] and in other malignancies[23,29-31]. Growing attention is focusing on the genetic setting related to
the UTRs, especially the 3’UTR involved in micro RNA
(miRNA) binding[32]. Single nucleotide polymorphisms
(SNPs) in this region have been associated with the dis-
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ease risk in cancer[33-35] and other disorders[36,37] (Table 1),
but the association with CRC and the prognostic value
in this type of malignancy, remain to define. Aim of this
review was to investigate the HLA-G as a potential prognostic biomarker in CRC and related inflammatory colon
diseases, both at the genetic and circulating profiles (Table
2). Genotypic-phenotypic correlation has been highlighted and its potential role in IS explored (Figure 2).

CRC AND CHRONIC COLONIC
INFLAMMATION
CRC is one of the most diffuse cancers worldwide with
about 1.2 million new cases and 600000 deaths recorded
annually[1].
Despite improvements and advances in diagnosis,
surgery and treatment, CRC is still the 2nd most common
cause of cancer death in the United States and other industrialized countries[2,3].
Development of sporadic (88%-94%) and hereditary
forms of CRC are mainly related to the accumulation of
genetic changes in gatekeeper and caretaker genes like
APC and other oncoproteins (K-ras, erb-s, c-src, β -catenin,
PI3K) and tumor suppressors (p53, Smad4)[4,5], according
to the aberrant crypt foci (ACF)-adenoma-carcinoma
transition model[7]. It is well-established that the acquisition of these mutations in a multistep mechanism is part
of the genomic instability process that comprehends the
chromosomal instability (CIN), microsatellite instability
(MSI), and CpG island methylator phenotype (CIMP)
pathways[8]. While CIMP exhibits gene silencing due to
hypermethylation of CpG islands, in CIN positive tumors (about 70% of sporadic CRCs) an imbalance in
chromosome number (aneuploidy), subchromosomal
genomic amplifications and a high frequency of loss of
heterozygosity (LOH) are observed[38]. About 15% of
sporadic CRCs, mostly in the proximal colon anatomic
site, are characterized by MSI with a large number of
mutations at microsatellite sequences interesting the
DNA mismatch repair (MMR) system, so the consequence is the accumulation of thousands of unrepaired
mutations[39,40].
Genesis of most of CRCs depends also from environmental factors like intestinal microbiota, dietary
habits and lifestyle, associated with the patient genetic
background[41]. The chronic colonic inflammation due to
active ulcerative colitis (UC) or Crohn’s disease (CD), the
two major forms of inflammatory bowel disease (IBD),
lead to the colitis-associated cancer (CAC) development
that is a CRC subtype[6]. In UC, inflammation is limited
to the mucosal layer and usually starts from the rectum
spreading then into the colon, while in CD all the layers
of gut wall are interested with the terminal ileum and also
the colon as the most common sites[42].
IBD subjects are at increased risk to develop the tumor; it is estimated that about 20% of patients affected
by chronic UD and CD for a long time, within 30 years,
develop CAC; thus CRC risk increases with the duration
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HLA-G mRNA stability
HLA-G mRNA availability
HLA-G splicing
HLA-G/sHLA-G expression

miR-148a
14-bpINDEL

+3010C/G

+3035C/T

+3027C/A

+3003T/C

5’UTR

+3187A/G

+3142G/C

+3196C/G

3’UTR
HLA-G CDS

-1155G/A -1138A/G -964A/G -725C/G/T -689G/A -663A/G -477G/C
-716G/T
-369A/C
-666T/G
-1140T/A
-762T/C
-1121C/T
-1179G/A
-486C/A

-1306A/G

Figure 1 human leukocyte antigen-G single nucleotide polymorphisms involved in the biological features of the protein: nucleotide variants in the 5’-3’
untranslated regions may influence human leukocyte antigen-G expression levels by modifying the affinity of gene targeted sequences for transcriptional
(5’) or post-transcriptional (3’) factors respectively. Polymorphisms in 5’UTR (fucsia) were previously described by Costa et al[113] those in 3’UTR (light blue) by
Castelli et al[19]. In red 3’UTR SNPs involved in HLA-G mRNA stability and availability are highlighted. In orange the only one microRNA with a demostrated functional
inhibitory role in the HLA-G expression[134] was highlighted . UTR: untranslated region; SNPs: single nucleotide polymorphisms; HLA-G: human leukocyte antigen-G.

Table 1 List of associations found between single nucleotide polymorphisms/alleles in human leukocyte antigen-G untranslated
regions and different pathologies; genotype-phenotype correlations were also reported
UTRs

SNP

Genotype and/or allele

Disease

3’
3’
3’
3’
3’
3’
3’
3’
3’
3’

14 bp INDEL
14 bp I/I
PE
14 bp INDEL
14 bp I/I
RSA3
+3142 C/G +3142 GG and G allele
SLE
14 bp INDEL
14 bp I/I
SLE
14 bp INDEL
14 bp I/I
OvaC
14 bp INDEL
14 bp D/D
EsophC
14 bp INDEL 14 bp D/D and D allele
HCC
14 bp INDEL 14 bp I/I and D allele
HCC
14 bp INDEL
14 bp I/I
Allo-HSCT
14 bp INDEL
14 bp D/D
RA

3’
3’
3’
5’
3’
3’
3’

14 bp INDEL
+3142 C/G
14 bp INDEL
-725C/G/T
14 bp INDEL
14 bp INDEL
14 bp INDEL

14 bp I/I
+3142 GG
14 bp I/I
-725C>G
14 bp I/I
14 bp I/I
14 bp D allele

RR-MS
RR-MS
IVF3
IVF3
Heart T
HD
ERA

5’
3’

-725C/G/T
14 bp INDEL

-725Callele
14 bp I/I

RPL3
PTC

1

Association with

Increased disease risk
Increased disease risk
Increased disease risk
Increased disease risk
Increased disease risk
Increased disease risk
Increased disease risk
Increased disease risk
Lower OS and DFS
MTX therapy
(responder group)
sHLA-G
sHLA-G
sHLA-G
sHLA-G
sHLA-G
sHLA-G
Improved disease
remission
sHLA-G
Increased disease risk not
found

UTR SNP and
sHLA-G Statistical
2
sHLA-G correlation
level significance

Country

Ref.

ND
ND
ND
ND
ND
ND
ND
ND
ND
Yes

ND
ND
ND
ND
ND
ND
ND
ND
ND
Higher

Yes
No
Yes
No
Yes
Yes
Yes
No
Yes
Yes4

China
Denmark
Brazil
Brazil
Canada
China
Brazil
South Korea
Italy
Italy

[36]
[112]
[37]
[37]
[33]
[34]
[35]
[137]
[138]
[114]

Yes
Yes
Yes
Yes
Yes
Yes
Yes

Lower
Lower
Absent
Absent
Lower
Lower
Higher

Yes4
Yes4
Yes
ND
Yes
Yes
Yes4

Italy
Italy
Denmark
Denmark
Canada
China
Italy

[139]
[139]
[141]
[141]
[142]
[143]
[144]

Yes
No

Lower
Higher

Yes
Yes5

Iraq
Italy

[148]
[31]

1

Data reported in this column are related to the association with SNPs in UTRs; the increased disease risk was compared with a HD control group; 2Statistical significance is referred to HLA-G SNP and disease status analysis; 3The disease status is related to infertility problems; 4A statistical significance was
found also between HLA-G SNP and sHLA-G levels; 5A statistical significance was found between sHLA-G levels and the disease risk. UTR: Untranslated
region; SNP: Single nucleotide polymorphism; sHLA-G: Soluble human leukocyte antigen-G; INDEL: Insertion/deletion polymorphism; I: Insertion; D:
Deletion; PE: Pre-eclampsia; RSA: Recurrent spontaneous abortions; SLE: Systemic lupus erythematous; OvaC: Ovarian cancer; EsophC: Esophageal cancer;
HCC: Hepatocellular carcinoma; Allo-HSCT: Allogeneic hematopoietic stem cell transplantation; RA: rheumatoid arthritis; RR-MS: relapsing-remitting
multiple sclerosis; IVF: In vitro fertilization failure; Heart T: Heart transplantation; HD: Healthy blood donors; ERA: Early rheumatoid arthritis; RPL: Recurrent pregnancy loss; PTC: Papillary thyroid carcinoma; OS: Overall survival; DFS: Disease free survival; MTX: Methotrexate; ND: Not determined.

of the IBD and the severity of inflammation[43].
Pathogenesis of CAC in chronic colitis patients differs from the classical model sustained by sporadic CRC,
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for a transition from low-high grade dysplasia to carcinoma and also for the sequence of cellular and molecular
events[44]. In CRC adenomatous polyposis coli (APC)
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A

B

CRC with high HLA-G expression
CT

CRC with low HLA-G expression

IM

CT

IM

High
IS

Low
IS

+

+

CD8 CTL and/or CD3 memory CTL
NK cell
CRC cell
HLA-G molecule
Exosome vesicle containing ubiquitinated HLA-G molecules

Figure 2 Schematic representation of colorectal cancer tumor microenvironment: potential influence of human leukocyte antigen-G expression on Immune Score and host immune local response. A: High HLA-G expression shows an inhibitory role against host immune defences, represented mostly by natural
killer cells and CTLs. Increased HLA-G expression in the local microenvironment is also supported by exosome contribution through a hypothetical trogocytosis release mechanism that mediates HLA-G up-take. Another consequence is a direct association with a low IS value due to HLA-G inhibitory functions on CTLs in CT/IM
areas of the tumor, and consequently with a worse patient prognosis (not represented); B: Lower HLA-G expression correlates with a high IS value and a favoureable
immune contexture that improves host immune response and patient prognosis (not represented). Representation of IS is referred to recent quality and validation
criteria[15] (see text for further clarifications). HLA-G: human leukocyte antigen-G; CTLs: cytotoxic T lymphocytes; IS: Immune Score; CT: Center of the tumor; IM: Invasive margin.

carcinogen azoxymethane (AOM)[52].
A growing body of evidence is focusing both on
relationships between the immune contexture of solid
tumors like CRC, and patient prognosis in terms of DFS
and OS[53]. Tumor microenvironment is represented by a
complex network of stromal, inflammatory and immunocompetent cells. Histopathological analyses show that
solid cancers are infiltrated by innate-adaptive immune
cells, that have a role in tumor growth[54,55].
The interplay among tumor cells and immune system
is highly complex and suggested the concept of cancer
immunoediting, a dual process in which the main actors
are the host-protective and the tumor-promoting actions
of immunity[9,56,57]. Cancer immunoediting occurs in three
phases: elimination, equilibrium and escape. In the elimination phase (the modern concept of the older notion
“cancer immunosurveillance”)[58], innate and adaptive immunity work together to recognise and destroy nascent
tumor cells. If tumor cell variants are not completely
eliminated, will enter into an equilibrium phase, in which
adaptive immunity controls and stems the growth of

protein loss of function, is an early event during the formation of precocious adenoma, while it is less frequent
and occurs in the late pathogenesis of CAC[45]. p53-loss
of heterozygosity (LOH), p53 mutations or loss of function are early molecular events characterizing CAC origin
instead of CRC in which they frequently occur in the late
adenoma-carcinoma transition[46,47].

IMMUNE CONTEXTURE IN
INFLAMMATION AND CRC
The chronic inflammatory status is a common feature of
colorectal and colitis-associated tumors. Chronic inflammation is modulated by immune innate/adaptive cells infiltration and immune microenvironment[48,49]. The crucial
role of inflammation in tumorigenesis is emerged only
recently and now it is estimated that about 15%-20% of
cancers are related to an underlying chronic inflammation
process[50,51]. CAC is considered a classical inflammationdriven cancer as demonstrated in mice models in presence of dextran sodium sulphate (DSS) and the pro-
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Table 2 Summary of human leukocyte antigen-G evaluations in colorectal cancer and related colonic diseases of the gastrointestinal
tract
Sample type

HLA-Gs Methods

Disease, n

Relevances

Ref.

Tumor DNA

HLA-G RT-PCR

CRC, n = 39

[24]

Tumor tissue

HLA-G

IHC

CRC, n = 201

Tumor tissue
Tumor tissue

HLA-G
HLA-G

IHC
IHC

Tumor tissue

HLA-G

IHC

UC, n = 24; CD, n = 19
CRC, n = 60; DA, n = 67;
BC, n = 37; AC, n = 52
CRC, n = 415

Tumor tissue

HLA-G

IHC

CRC, n = 154

Serum

sHLA-G

ELISA

CRC, n = 144

Plasma

sHLA-G

ELISA

CRC, n = 37

PBMC

sHLA-G

ELISA

HD, n = 30; CD, n = 10;
UC, n = 18

Plasma and
PBMC

HLA-G

ELISA

UC, n = 27; CD, n = 22

HLA-G mRNA was significantly more expressed in CRC (87.2%) than in the extra
neoplastic tissue
HLA-G is over-expressed in primary CRC sites (64.6%), but not in the normal
CRC tissues or benign adenomas
HLA-G and IL-10 are highly expressed in UC but not in CD tissue biopsies
HLA-G is over-expressed in 52 % of CRC lesions
and also in 79% of PDAs, 76% in BC and 75% AC
HLA-G is expressed in > 30% of CRC lesions
(data summarize published data collected until 2008)
HLA-G is expressed in > 30% of CRC lesions (data summarize published data
collected until 2005)
Higher sHLA-G levels in CRC (median 124.3 U/mL) compared to benign
colorectal diseases (cut off value 88.6 U/mL).
CEA showed less sensitivity e specificity
sHLA-G as a diagnostic biomarker for the detection of early CRC
(median 84 U/mL) with respect to BD (median 34 U/mL)
Spontaneous secretion of sHLA-G from cultured PBMCs of CD
but not in UC and BD
Secretion of sHLA-G in CD patient cultures and BD but no in UC,
after LPS stimulation
Immunosuppressive therapy decreases sHLA-G hyperproduction in CD and
induces its release in UD, in both plasma and in PBMC culture supernatants

[25]
[154]
[26]
[16]
[17]
[27]

[28]
[161]

[162]

HLA-G: human leukocyte antigen-G; sHLA-G: soluble HLA-G; CRC: Colorectal cancer; UC: Ulcerative colitis; CD: Crohn’s disease; PDA: Pancreatic ductal
adenocarcinoma; BC: Biliary cancer; AC: Ampullary cancer; HD: Healthy blood donors; PBMC: Peripheral blood mononuclear cells; IHC: Immunohistochemistry; LPS: lipopolysaccharide; CEA: carcinoembryonic antigen; IL: Interleukin; ELISA: Enzyme-linked immunosorbent assay.

clinically undetectable tumor cells and blocks tumor cell
immunogenicity. When dormancy of tumoral cells stops,
malignant cells with reduced immunogenicity shift into
the escape phase and begin to grow and proliferate in an
immunologically unrestrained way, establishing an immunosuppressive tumor microenvironment, and becoming
clinically detectable. Escape mechanism from immune
host control is now considered one of the hallmarks of
cancer[59]. Innate immunity is the first line of host defense
and it is specialized in counteracting cancer cells and virally infected cells.
Innate immune cells i.e., myeloid derived suppressor cells (MDSCs), macrophages, neutrophils, dendritic
cells (DCs), mast cells (MCs), and NK cells, may have a
pro- or anti-tumorigenic role in both CRC and CAC[60].
MDSCs under the control of nuclear factor κB (NF-κB),
produce interleukin (IL)-6 that activates transcription
factor signal transducer and activator of transcription 3
(STAT3) resulting in survival, growth and progression
signals in early CAC[61].
Macrophages are responsible mainly for pro-inflammatory cytokines release and are distinguished in two
types. Type 1 macrophages (M1) that are activated by
interferon (IFN)-γ or tumor necrosis factor (TNF) cytokines, are efficient producers of reactive oxygen and
nitrogen species, have an interleukin (IL)-10low IL-12high
IL-23high inflammatory phenotype, and tend to negatively
control tumor growth[62]. Conversely, type 2 macrophages
(M2) share an IL-10high IL-12low IL-23low anti-inflammatory phenotype and stimulate cancer proliferation by
secreting immunosuppressive cytokines like IL-10. Pro-
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duction of mediators promoting angiogenesis such as
Vascular Endothelial Growth Factor A (VEGFA) and
Cyclo-Oxygenase-2 (COX-2)-derived prostaglandin E2[63],
hypoxia-dependent upregulation of chemokines (CX-C motif), induces accumulation of M2 macrophages
that is the predominant phenotype in tumor microenvironment[64,65]. A macrophage polarization of tumorassociated macrophages (TAMs) due to the local colonic
microenvironment during tumor progression is observed
with a switching from M1 (inflammatory) to M2 (antiinflammatory) type and a gradual NF-κB inhibition[66].
TAMs are one of the major components of leukocyte
infiltrates in tumors and represent an independent prognostic factor of poor prognosis in multivariate analysis in
different malignancies[67]. In CRC, TAMs correlate with
improved OS[68]. Finally, innate immune cells orchestrate
a complex inflammatory environment that may be modulated to either stimulate or inhibit CRC proliferation[69,70].
While innate immunity does not involve a specific
antigen or peptide or particular tumor-associated antigen
recognition, this is a prerequisite for adaptive immunity.
Cells of adaptive immune system are mainly represented
by B lymphocytes, T helper 1 (Th1) and T helper 2 (Th2)
CD4+ cells, CD8+ Cytotoxic T lymphocytes (CTL) cells
and CD4+ T regulatory (Treg) cells[71]. Recent findings of
memory responses by NK cells suggest that also NK may
contribute to adaptive immunity[72]. To destroy cancer
cells, CTLs need to recognize an antigen exposed on the
tumor cells in association with the human leukocyte antigen (HLA) class Ⅰ proteins[73]. Only through recognition
of this tumor cell antigen/HLA Ⅰ complex for which
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their T cell receptor (TCR) is specific, CTLs clonally expand and differentiate in memory T cells[74] (CD45RO+).
CD45RO+ comprise CD3+, CD4+ and CD8+ T cells that
have been exposed to antigen and respond faster and
with an increased intensity after antigen stimulation compared with naïve T cells[54].
Upon activation, CTLs release proteases and lytic
components as perforin and mediate disruption of tumor cell membrane and activation of apoptotic pathway.
CD4+ T cells respond only to antigens presented by the
HLA class Ⅱ proteins expressed by DCs in secondary or tertiary organs[75]. Many evidences highlight that
one of the cancer immunoediting topic is due to the
fact that T-cell recognition of tumor antigens drives
the immunological destruction of nascent and developing cancer cells. One of the most well-known way used
by tumors to escape from specific T-cell recognition
mechanisms is down-regulation or total suppression of
MHC Ⅰ molecules, and specific alteration leading to the
inefficient presentation of immunodominant antigens[76].
Recently, Matsushita et al[77], demonstrated that the
immunoselection by CD8+ T cells of tumor variants lacking strong tumor-specific antigens represents one of the
mechanism by which cancer cells escape tumor immunity.
Th1 cells secrete cytokines like IFN-γ and TNF-α,
support tissue destruction and CTLs by producing
IL-2 required for CD8+ proliferation[78]. Th2 cells produce cytokines such as IL-10, IL-4 and IL-5, and limit
CTLs proliferation. Tregs that also highly express CD25
(CD4+CD25+) secrete IL-10 and Tumor Growth Factor (TGF)-β which dampen the immune response[79]. It
should be emphasized that while CTLs, Th1 and Th17
inhibit cancer growth, Th2 cells and Tregs stimulate
cancer proliferation. Moreover, a shift in Th1 (tumor
rejection)/Th2 (tumor promotion) immune response is
observed in CRC[80]. Restoring of normal immunological
functions and pro-inflammatory cytokines after tumor
resection in CRC were demonstrated, highlighting that
CRC itself has a direct immunosuppressive effect[81,82].
Overall, immune contexture should be considered as
comprising the density of CD8+ CTLs and CD45RO+
memory T cells, their location at the center of the tumor
(CT) and invasive margin (IM), combined with the quality of tertiary lymphoid structures (TLS) and additional
functionality entities such as Th1-related factors, chemokines, adhesion molecules and cytotoxic factors[83].
Indeed, in CRC, not only Th1 immunity markers (STAT1,
IRF1, IFN-γ-SG pathway), cytotoxic markers (Granzyme
Perforin, Granulysin, TIA1, Caspase pathway), but also
chemoattraction (specific chemokines such as CX3CL1,
CXCL10, CXCL9) and adhesion (molecules as ICAM1,
VCAM1, MADCAM1) signatures are relevant in influencing the density of infiltrating immune cells[84,85].

able to inhibit cancer growth, and improved prognosis in
CRC[10,86] and other malignancies such as melanoma[87] and
ovarian cancer[88]. A particular phenotype in CRC is represented by MSI type tumors that are associated with a
high TILs levels, loss or downregulation of HLA class Ⅰ,
better patient prognosis, a reduced metastatic potential,
and a different response to chemotherapy[39,60].
In 2005-2006 the idea that the adaptive immune response plays a role in preventing tumor recurrence in
CRC emerged, mostly from the works of Pagès et al[89] and
Galon et al[13]. The authors first demonstrated that CRCs
with high density of infiltrating and effector memory T
cells with a protective immune role, were less prompt to
metastasize and can be associated with an increased survival of patients[89]. Subsequently, using the same cohort
of patients, relationships among type, density and location of immune cells within the tumor and the clinical
outcome, were investigated by using both genomic approaches and immunohistochemistry (IHC)[10]. Through
the selection and the evaluation of expression levels of
genes involved in inflammation, Th1 adaptive immunity
and immunosuppression, Galon et al[13] found a dominant
cluster of co-modulating genes for Th1 adaptive immune
response (i.e., IFNG, CD8a, GLNY, GZMB, CD3z). Applying specific tissue microarrays and a dedicated image
analysis work station, a quantification of total (CD3+) T
lymphocytes, CD8+ CTL effectors, associated molecule
(GZMB), and CD45RO+ memory T cells, was performed
both in CT and IM.
High immune cell densities (CD3+, CD8+, GZMB
and CD45RO+) in both CT and IM tumor regions were
present in CRC patients without recurrence after adjuvant therapy, while lower densities of the same immune
cell types correlated with disease recrudescence. Results
highlighted an inverse correlation among expression of
these genes and CRC relapse suggesting that Th1 adaptive immunity improve clinical outcome[13]. Camus et al[14]
demonstrated the association between loss of coordinated functional immune reaction and the progression
of CRC to a metastatic phenotype. These preliminary
results demonstrated for the first time that the host immune response plays an important role in determining
the outcome of CRC patients. Type, density, and location
of immune cells in CRCs increase the prediction accuracy
of DFS and OS, and started to represent a superior and
independent prognostic parameter with respect to the
UICC-TNM well accepted classification[90].
Finally, all these data and evidences, culminated in
the concept of “Immune Score” that emerged for the
first time in 2011 in the work of Pagès et al[12]. A multivariate Cox proportional hazard regression model was
used to assess the hazard ratio of the immune score
combination (CD45RO/CD8) in specific tumor regions
(CT/IM), together with clinical and histopathological
tumor markers. Pagès et al[12], analyzing a large cohort
of CRC patients with early (Ⅰ-Ⅱ) stage, showed that
the combined analysis of cytotoxic (CD8+) and memory
(CD45RO+) T cells confirmed its prognostic discrimina-

CRC AND IMMUNE SCORE
Accumulating evidences since the late 1990s showed an
association among tumor-infiltrating lymphocytes (TILs)
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inverse correlation between the number of Foxp3+ Treg
and the level of Foxp3+ in tumor cells, suggesting an antiproliferative effect of TGF-β on Tregs[105]. Furthermore,
patients with high Foxp3+ expression profile in CRC
tumor cells were correlated with a poorer prognosis that
was not observed for Foxp3+ Treg in the tumor[106].

tory power in the prediction of tumor recurrence and
survival[12]. Subsequently, the concept of IS as a clinical
prognostic marker improving the standard TNM classification at any stage of CRC, has been established evaluating infiltrating lymphocytes of 599 CRC specimens
by Mlecnik et al[91]. Patients with high IS had increased
DFS and OS, and patients with a low IS were likely to
experience a disease relapse[92]. IS represents a standardized, simple and powerful immune stratification system
proposed as a novel prognostic immune marker for routine testing potentially helpful for CRC management to
better identify and stratify high-risk patients who would
benefit most from adjuvant therapy[12].
Cancer outcomes can vary significantly among patients with the same stage and this could be related to differences in immune cells densities from patient to patient
as in CRC[93]. This argues the limit of traditional AJCC/
UICC TNM classification in providing limited prognostic information and predicting response to therapy[94]. A
worldwide task force representing 22 Institutions from
16 different countries, is working now for IS validation
in clinical practise, with the aim to introduce it as a new
component of classical cancer classification, that will
maybe designate in future as TNM-I (TNM-Immune)[15].
To improve quality and validation in standard laboratories, IS will be quantified by the combination of the
two easiest membrane stains CD3 and CD8 to avoid any
background noise due to CD45RO and GZMB stains[15].
Special emphasis will be focused in the prognostic significance of validated immunologic parameters in CRC that
with the primary goal to validate the prognostic power
of the IS in routine settings of stage Ⅰ/Ⅱ/Ⅲ CRC
patients and for recurrence prediction for stage Ⅱ CRC
patients[95]. Thus, the bases to revise and renegotiate the
clinical outcome based on classical clinical parameters
have been seeded[96].
Recently, a great emphasis has been done in an attempt to define the prognostic role of another subtype
of tumor infiltrating cells. Treg cells also positive for
the nuclear transcription factor protein forkhead box P3
(Foxp3), showed a strong and independent prognostic
significance in CRC, superior to CD45RO+ and CD8+
cells[97]. Foxp3+ Tregs cells are generally associated with
immunosuppressive properties and poor prognosis in different solid tumors such as hepatocellular[98], prostate[99]
and pancreatic carcinoma[100], but conversely were reported to be associated with improved prognosis in CRC[97].
Although Foxp3 is a well accepted marker used to identify tumor infiltrating CD4+ CD25+ Tregs, it is known
that a small proportion of Foxp3+ cells may also be
CD8+. CD8+ CD25+ Foxp3+ T cells showed suppressive
capacities in CRC[101], suggesting that Foxp3+ role should
be more explored. Foxp3 expression evaluated in tumor
cells was associated with worse outcome of patients in
different solid tumors[102-104] but not in CRC, highlighting
a new independent prognostic factor. Recently, Foxp3+
expression in tumor cells was compared to Foxp3+ Treg
infiltration in CRC, demonstrating for the first time an
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HLA-G: A CRUCIAL TUMOR-DRIVEN
IMMUNE ESCAPE MOLECULE
HLA-G is considered as a tolerogenic molecule exerting
its inhibitory functions by direct interaction with different inhibitory receptors of the immunoglobulin family
present on NK cells (ILT2/CD85j, KIR2DL4/CD158d),
T lymphocytes (ILT2/CD85j, KIR2DL4/CD158d), B
cells (ILT2/CD85j), endothelial (CD160), macrophages,
monocytes and DCs (ILT2/CD85j, ITL4/CD85d)[16].
HLA-G expression was originally detected in non-pathologic conditions and restricted to extravillous cytotrophoblast, thymic epithelial cells, cornea, pancreas, erythroid
and endothelial precursor cells[18]. Recent studies showed
that HLA-G proteins can be detected also in pathological
conditions, such as in allografts and infiltrating immune
cells within transplanted tissues, inflammatory diseases,
virus infections and cancer[107-109]. Originally, durings the
1990s, HLA-G role in maternal-fetal tolerance preventing attack of the fetus by the maternal immune system by
its interaction with uterine NK cell inhibitory receptors
was demonstrated[110]. This binding through KIRDL4
receptor stimulates secretion of cytokines and angiogenic
factors from NK cells, which favours implantation and
placental vascularisation and development. Trophoblast
itself secretes HLA-G modulating balance among these
proangiogenic and antiangiogenic factors. The tolerogenic role of HLA-G in pregnancy is strongly supported
by the correlations between HLA-G down regulation
and preeclampsia/spontaneous abortions events[111-113].
These preliminary evidences observed in maternal-fetal
tolerance suggested also that microenvironment factors
may modulate HLA-G expression in tissues. Ectopic
expression of HLA-G in damaged cells or tissues may
be enhanced by stress, nutrient deprivation, hypoxia, hormones such as progesterone, cytokines (GM-CSF, IFNs,
IL-10, TNF-α, TGF-β, LIF)[16] and immunosuppressive
drugs[114].
HLA-G gene is composed of eight exons and seven
introns with a stop codon at exon 6, a quite large 5’UTR
extending at least 1.4 kb from ATG, and a 3’UTR[32].
The coding exons transduce only the heavy chain of the
molecule and are located on chromosome 6, while β2microglobulin (β2m) is encoded by a separated gene on
chromosome 15. Exon 1 encodes the signal peptide,
exons 2, 3 and 4 the extracellular α1, α2 and α3 domains
respectively, and exons 5 and 6 the transmembrane and
the cytoplasmic domain of the heavy chain. Exon 7 and
8 are not translated. The 3’UTR is included in the exon
8[21]. Classical HLA class Ⅰ molecules are characterized
by nucleotide sequence variations around the peptide-
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functions vs cells of the immune contexture. Furthermore, sHLA-G produced by immune cells and/or by
cancer cells induces apoptosis of activated CD8+ T cells
by binding to CD8 and by triggering a Fas/FasL-dependent pathway[119]. Moreover, the release of IL-3, IL-4 and
IL-10 is stimulated by sHLA-G[17]. Increased sHLA-G
levels compared to healthy controls have been reported
in successful pregnancy after in vitro fertilization (IVF)[121],
in patients with lymphoproliferative disorders[29], melanoma[30], and different type of cancers[23,31]. sHLA-G has
been proposed as a diagnostic biomarker in CRC with
increased specificity and sensibility respect to the well
known carcinoembryonic antigen (CEA) protein[27]. Due
to the possibility that serum sHLA-G is trapped within
during the clot formation, to evaluate true biological
sHLA-G levels, it is recommended to detect sHLAG in
plasma[123]. Anyway, many studies still present data from
serum samples.
sHLA-G levels are commonly detected with classical ELISA assay by the use of the monoclonal antibody
(MoAb) MEM-G9 which recognizes (the precise epitope
is unknown) the native HLA-G molecule in β2m associated forms, HLA-G1 and HLA-G5 soluble and not
membrane bound isoforms[124]. It should be noted that recently, Zhao et al[125] demonstrated by flow cytometry that
the MEM-G9 antibody it is able to bind also HLA-G3
isoform that is β2m free, thus speculating that an epitope
on MEM-G/9 localized on the α1 domain of HLA-G.
HLA-G may be expressed at the cell surface and also secreted. Anyway, sHLA-G can also be produced into the
cells and subsequently incorporated in microvesicles, the
exosomes such as in cancer[126] (Figure 2). In exosomes,
HLA-G molecules form high molecular weight complexes through disulfide bridges, share partially an ubiquitinated phenotype and can be released by exosomes as
demonstrated recently in vivo[127]. Moreover, very preliminary data coming from the HLA-G Conference held in
Paris in 2012, showed that in plasma samples of healthy
controls sHLA-G is preferentially exosomal-bound, while
in plasma samples of lung cancer patients the level of
free “not exosomal-bound” sHLA-G is increased[128].
Intriguing, it was demonstrated a mechanism of protection and immune evasion for HLA-G negative tumor
cells that are in proximity of HLA-G positive tumor cells.
These HLA-G expressing tumor cells by “trogocytosis”
transfer membrane patches containing HLA-G molecules
to active and surrounding NK cells[129]. Upon acquisition
of HLA-G1-containing membranes from tumor cells,
effector NK cells stop proliferating, stop being cytotoxic
toward legitimate targets, and behave as regulatory cells
capable of inhibiting the cytotoxic functions of other
NK cells. This immediate functional inversion from an
effector cell to a regulatory cell is directly due to acquired
cell-surface HLA-G1[16]. We hypothesize that this mechanism could be related also to exosome sHLA-G release
in the extracellular medium (Figure 2) for its re-capture,
under the influence of unknown factors, may be chemokines and/or cytokines, but experimental investigations

binding cluster encoded by exon 2 (α1 domain) and exon
3 (α2 domain), while HLA-G nucleotide variability spans
through exon 2, 3 and 4 (α3 domain)[21,22]. HLA-G coding
sequence has a limited genetic variability in contrast to
the classical HLA class Ⅰ molecules that exhibit hundreds
of alleles and, to date, 49 different alleles and 15 related
proteins have been recognized[115]. On the other hands, 5’
UTR and 3’UTR segments are high polymorphic, both
influencing HLA-G expression modifying the affinity
of gene targeted sequences for transcriptional or posttranscriptional factors, respectively[19] (Figure 1).
Indeed, HLA-G may presents 7 protein isoforms generated by alternative splicing of the primary transcript.
4 isoforms are membrane-bound (HLA-G1, G2, G3
and G4) and 3 are soluble (G5, G6 and G7) species[23].
HLA-G1 and HLA-G5 are the most common isoforms
observed, but HLA-G1 was the first isoform to be discovered in healthy tissues and first implicated in maternofetal tolerance [116]. HLA-G1 is the complete protein
similar to the other classical membrane bound HLA-I
molecules associated with β2m[23]. Crystal structure of the
protein have shown that the full-length HLA-G1 is composed of a heavy chain non-covalently associated with
the β2m molecule, and a peptide of about 8-10 amino acids similar to that found in the other classical Ⅰ HLAs[117].
HLA-G2 isoform has no α2 domain, HLA-G3 has no
both α2 and α3 domains, HLA-G4 does not present
[21]
α3 domain . This high post transduction availability in
HLA-G molecules suggests a deeper modulation due to
alternative splicing involving mostly 3’UTR region. We
speculate that it could be tissue specific considering that
miRNA are differentially expressed, and this modulation
may be influenced by inflammation status and immune
contexture microenvironment. It is known that KIR2DL4
present on NK and T cells binds HLA-G through α1 domain, or ITL-4 (DCs, monocytes and macrophages) and
CD8 (T and NK cells) bind via α3 domain, or ITL-2 via
α3 domain in association with β2m, however, the exact
role of the less common HLA-G isoforms has not been
elucidated[118]. HLA-G dimers may also be formed via a
Cys42-Cys42 intermolecular disulfide bond on the α1
domains of the heavy chains from two HLA-G monomers. These HLA-G dimers exhibit enhanced binding
avidity for ITL2/4-mediated signaling[119]. Soluble and not
bound HLA-G5, HLA-G6 and HLA-G7 species have
the same extraglobular domains of HLA-G1, HLA-G2
and HLA-G3 respectively[21]. It should be pointed that
another form of HLA-G may be generated by proteolytic
shedding of the isoform HLA-G1 (sHLA-G1)[120] and
potentially anchored HLA-G2-G4, can also be shed from
the cell surface if expressed. It should be highlighted that
sHLA-G1 is analogue to the sHLA-G5 isoform. Soluble
isoforms consequent to secretion or shedding, especially
the most common sHLAG5 and sHLA-G1, can be
detected in body fluids such as plasma, serum, ascites,
cerebro spinal fluids exudates from patients with inflammatory diseases o cancer[17,121,122]. Similarly to membrane
bound HLA-G1, sHLA-G exerts immunosuppressive
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an ovarian cancer animal model[135], and also with NK cell
cytotoxicity inhibition and MMP-15 expression in ovarian cancer cell line[136]. In Kazakh population the risk of
developing esophageal carcinoma was significantly higher
in individuals carrying the 14 bp Del/Del (D/D) genotype[34], while Teixeira et al[35] showed that the 14 bp (D/D)
genotype increases hepatocellular carcinoma (HCC) susceptibility in Brazilian population. Conversely, the 14 bp
INDEL was no associated with HCC and liver cirrhosis
susceptibility in a Korean study[137]. The 14 bp I/I was
also found to be related to lower OS and DFS in patients
with haematological malignancies undergoing allogeneic
Hematopoietic Stem Cell Transplantation (allo-HSCT)
and Methotrexate (MTX) treatment in univariate and
multivariate analysis[138]. The 14 bp I/I genotype was also
suggested to represent a therapy marker in Rheumatoid
Arthritis (RA), able to identify responder patients treated
with MTX[114].
To date, an association among the +3142 C>G SNP
and a specific disease status, was recently described only
in the Systemic Lupus Erythematous (SLE) autoimmune
disorder[37] and in Relapsing-Remitting Multiple Sclerosis
(RR-MS)[139] (Table 1).
A first attempt to find possible correlations between HLA-G genotype and phenotype (sHLA-G) was
performed by Rebmann et al[140] in 2001, analyzing 94
healthy subjects. In particular, individuals carrying the
HLA-G*01041 allele had significantly higher sHLA-G
levels, while individuals with HLA-G*01031 allele and
HLA-G*0105N allele, presented significantly lower of
plasmatic and circulating HLA-G[140]. It should be noted
that the 5’UTR and 3’UTR HLA-G regions were not
investigated. The 14 bp I/I was then associated with
significantly lower levels of sHLA-G in blood plasma or
serum in different studies[141,142] (Table 1). Chen et al[143]
reported a dramatic and significantly lower expression of
sHLA-G in plasmatic samples from healthy donors (n =
150) of Chinese etnicity in the presence of the 14 bp I/I
genotype with respect to the 14 bp D/D. Another recent
investigation performed in MS patients in serum and
cerebro spinal fluid (CSF), demonstrated an association
among higher sHLA-G levels and +3142 C/C, 14 bp
D/D genotypes and lower sHLA-G levels in +3142 G/G,
14 bp I/I combination[139] (Table 1).
Rizzo et al[144] identified a subgroup of Early Rheumatoid Arthritis (ERA) patients characterized by prevalence
in 14 bp D/D, 14 bp D/I polymorphisms, and improved
disease remission, therefore highlighting a protective role
for the 14 bp Del allele. Moreover, the 14 bp Del allele
was associated with higher sHLA-G and mHLA-G production and ITL2 expression. In 2010 Castelli et al[19] defined almost eight distinct 3’UTR haplotypes named from
UTR-1 to UTR-8, that include the eight common polymorphisms of this nucleotide segment described above.
Furthermore, HLA-G alleles were associated with each
haplotype, and high Linkage Disequilibrium (LD) among
most of the variants was observed, according to HardyWeimberg test. In particular, it was evidenced that the 14

are needed. Moreover, we hypothesize a direct role of
HLA-G in affecting the IS value considering its direct inhibitory properties over NK cells and CTLs[130] (Figure 2).
This topic could represent a matter of debate in the early
future, not only for CRC.

HLA-G MODULATION REFLECTS 5’UTR
AND 3’UTR GENETIC VARIABILITY
A growing body of evidence has been focusing in the
last years on the 3’UTR polymorphisms and haplotypes,
due to the microRNAs (miRNAs) interaction and their
influence on expression. In particular, at least eight distinct haplotypes and eight SNPs have been described
so far: the14-bp Insertion/Deletion (INDEL), +3003
T/C, +3010 C/G, +3027 C/A, +3035 C/T, +3142 C/G,
+3187 A/G, and +3196 C/G[19] (Figure 1). INDEL and
+3187 A/G SNPs have been associated with HLA-G
mRNA stability and degradation processes even if, the exact mechanisms are not already been well elucidated[21,131].
In presence of the 14-bp Insertion (5’-ATTTGTTCATGCCT-3’) sequence, HLA-G alleles have been associated
with lower mRNA production[132]. In the other hand, it
has been demonstrated that a smaller fraction of HLA-G
mRNA transcripts presenting the 14-bp Insertion (Ins)
can be alternative spliced from the mature HLA-G with
the removal of 92 bases of exon 8 (include SNPs +3003
and +3010)[19]. mRNA producing smaller mRNA transcripts, reported to be more stable than the complete
forms[20]. Interestingly, some AU-rich elements (ARE) are
present in the 3’UTR of HLA-G, and it is known that
these sequences are recognized by proteins causing rapid
changes in mRNA stability[19,32]. The 14-bp sequence
begins with AUUUG, and the absence of such motif in
the 92 base-deleted transcripts might give an explanation
of their resistance to degradation processes[20]. The presence of a guanine in the position +3142 increases the
affinity of specific miRNAs (miR-148a, miR-148b and
miR-152) to the HLA-G mRNA, decreasing HLA-G expression[32,133] (Figure 1). The influence of +3142G allele
was demonstrated by functional studies in which HLA-G
high expressing JEG-3 cells were transfected with miR148a: decreased soluble HLA-G levels were detected[134].
In Table 1 are listed the associations found among
HLA-G UTR SNPs and alleles, in particular the 14 bp
INDEL polymorphism, and various disorders including cancer. Associations with circulating HLA-G levels
were also reported if investigated. Recently, the risk of
invasive cancer of uterine cervix was found to be significantly increased in presence of the 14 bp I/I and also the
HLA-G*01:01:01:02 genotype in a large Canadian study
of 539 women with histologically confirmed HG-CIN
and invasive cancer; 833 women with normal cytology
served as controls[33]. Moreover, 14 bp I/I genotype correlates with disease progression from high-grade cervical intraepithelial neoplasia (CIN3) to invasive cancer[33].
Previous data provided evidences of HLA-G expression
in association with tumor metastasis and poor survival in
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genotype was found vs the CG and CT condition[148] (Table
1). Of note, the presence in this position of a G nucleotide may alter the methylation profile of CpG di-nucleotides resulting in a modification of gene expression[113],
and also influences binding of ISRE or other regulatory
elements.

bp Ins allele is always associated with the +3142G and
+3187A alleles, both previously related with low mRNA
availability, thus suggesting the implication of these two
polymorphisms in lower mRNA production is associated
with 14 bp insertion (Figure 1). The+3187G allele is only
associated with the 3’UTR-1 haplotype carrying the 14
bp deletion[19].
It should be emphasized that 4-bp upstream the
SNP +3187A/G there is an AUUUA motif, and 9-bp
downstream to +3196C/G there is the presence of an
UUAUUU motif. These (AU)-rich elements may modulate mRNA degradation and therefore expression level,
and are also influenced by close sequence variations.
Some authors, according to this nomenclature, started to
analyze data from 3’UTR region in terms of haplotypes
using different algorithm approaches such as EM algorithm, PHASE method, and FBAT. This haplotype analysis could represent an amazing way to correlate genetic
data to the specific phenotypes of the study grouped also
in a dominant or in a recessive model, or used to compare a single common haplotype with other phenotypes
grouped together. To date, 3’UTR haplotypes analyses
were performed in few studies and not regarded to cancer disease and so to CRC[113,131,145].
Recently, the functional impact of 3’UTR and in
particular the 14 bp INDEL polymorphism, was deeply
investigated by Svendsen et al[146], with particular attention
on the processing and stability of the full-length membrane bound transcript of HLA-G1 (mHLA-G1). Authors, transducing different HLA-G1 DNA sequences in
K562 human cell line, demonstrated that mRNA from 14
bp I/I had a higher degree of stability than the others, in
accordance to the data reported in literature. Moreover,
transductants carrying the 14 bp Ins, presented lower
sHLA-G1 levels per mHLA-G1 ratio with respect to the
constructs lacking the 14 bp Ins, but were the most efficient in inhibiting NK cytotoxicity[146].
In regard to the 5’UTR region, it has been less investigated and only recently, 16 SNPs in the 5’UTR
region (Figure 1) and the 14-bp INDEL polymorphism
in 3’UTR were analyzed in the same study in Brazilian
patients who underwent assisted reproduction treatments (ART), characterized by failure implantation of
embryos[113]. Larsen and Hviid[133], presented a complex
panel of haplotypes related to the 5’UTR and in part of
the 3’UTR regions showing clear LD between several of
the polymorphisms centered around two main lineages
of HLA-G alleles named G*010101xx and G*010102xx,
in accord to WHO classification. The HLA-G promoter
region is considered unique among the HLA genes with
many regulatory sequences, such as tissue specific regulatory element (TSRE) from position -1350 to -1100, and
IFN-stimulated response element (ISRE) from -726 to
-725 position[21,147]. The 5’UTR tri-allelic polymorphism
-725C/G/T was evaluated in relation to plasma sHLAG
concentration in a recent study in Iraqi women with
recurrent pregnancy loss[148] A significantly association
among lower levels of sHLAG in presence of the CC
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HLA-G IN CRC AND FUTURE
APPLICATIONS
Despite the advances in knowledge and increasing interest in the immune contexture involvement, HLA-G
has been poorly investigated in CRC and inflammation
associated diseases of the gastrointestinal tract. A common mechanism present in CRC and in various types of
cancer used by tumor cells to avoid recognition by CTLs,
is the HLA class Ⅰ down-regulation or total loss[149]. Altered HLA Ⅰ class phenotypes regard reversible down
regulation or irreversible mutational genes inactivation
and are usually related to LOH of classical HLA-A, -B
and -C heavy chains located in the chromosome region
6p21. HLA-G (protein and/or mRNA) is frequently overexpressed in tumors[16,17], including CRC[16,17,24-26] (Table
2). HLA-G expression was associated with malignant
transformation and was never detected in the surrounding and closest areas near the tumor[17]. MHC class Ⅰ loss
or down-regulation due probably in defects or alterations
in Processing Machinery (APM) components have been
found in different malignancies and associated to reduced
MHC class Ⅰ recognition vs tumor-associated antigen
(TAA)-specific CTL and disease progression[150]. LOH
in the 15q21 region was observed in progressing lesions
after immunotheraphy such as in melanoma[151]. Intriguingly, while classical HLA Ⅰ proteins are frequently down
regulate in in about 15% up to 75% of colon carcinoma
lesions[150,152,153], HLA-G (related to isoform G1) results
over-expressed in CRC malignant and pre-malignant
tissues[26] (Table 2), in accord to his role in the host immune escape. Strong positive HLA-G expression was
also detected in UD biopsies but no in tissues taken from
patients affected by CD, thus it was proposed as a tool to
better distinguish these inflammatory diseases[154] (Table 2).
LOH frequency for classical HLA genes in CRC was
reported to be 40% evaluating 95 patients[155]. In CRC,
higher LOH percentages were found in other chromosomal regions containing tumor suppressor genes i.e.,
43%-79% at 18q, 43%-76% at 17p and 17%-43% at
5q[156]. The irreversible total loss of HLA class Ⅰ is generally referred to mutations affecting the β2m gene that
are usually followed to loss of the second copy by LOH
within his locus in the 15q21 region[157,158]. Expression of
the β2m protein should be taken in consideration due its
fundamental role in associate to HLAs molecules for correct antigen presentation. If β2m is lost, stable antigenHLA class Ⅰ complexes cannot be produced[156]. Of note,
the major function of HLA-G is not antigen presentation
and, if β2m is necessary to assemble the most studied
HLA-G1, sHLA-G1 and sHLA-G5 isoforms, it should
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be discussed the function of alternative spliced isoforms
lacking β 2m. We speculate that HLA-G alternative
spliced isoforms without β2m assembly could represent
another way to escape from immune control, especially
in tumor such as CRC in which β2m downregulation or
loss is a frequent event[158]. Moreover, their role should
be established and explored (which are their interactors?)
providing new insides of the HLA-G planet.
Alterations due to LOH have been reported in
25%[159]-35%[156] of CRCs in β2m 15q21 and in 6p21 in
40% of the same patients[156], demonstrating a strong correlation that may impact on disease progression in terms
of immune escape exert by the tumor[160]. To date in
CRC, HLA-G polymorphisms and haplotypes have not
been investigated to find correlations with prognosis or
phenotype (circulating sHLA-G proteins) even if, recently, some authors started to report complex and intriguing
analysis not related to cancer[147,148].
Data about the soluble HLA-G has been reported
only for CRC patients of Chinese ethnicity[27,28] suggesting
that sHLA-G should be considered as a good diagnostic
tool superior to classical CEA[27], and also a useful indicator to distinguish benign colorectal related disease from
CRC. Of note, Cao et al[28] collected and analyzed plasma
samples from a limited patient series, while Zhu et al[27]
quantified sHLA-G in a quite large cohort of patients
in serum that is not the recommended biological sample
(Table 2). Both authors did not genotype patients at the
germinal level to search for a possible phenotype correlation and/or to assess specific HLA-G alleles and genotypes related to CRC. No correlations were performed
with clinical outcome of CRC patients in terms of survival, disease relapse and response to therapy treatment. In
our opinion, detection of sHLA-G is not sufficient alone
and should be associated to genotyping of the gene, with
particular attention on the regulatory untranslated regions
that are susceptible to post translational modifications
such as methylation, transcription factors and miRNA
binding (Figure 1). Moreover, sHLA-G assay should be
standardized and defined by precise guidelines to improve
its clinical application. Recently, preliminary data that need
further investigations, showed that higher sHLA-G expression in mucor secretory vs non-mucosecretory CRC,
correlate with worse prognosis of patients[128].
A differential spontaneous sHLA-G secretion from
PBMC was reported in CD (high levels of the secrete
molecules) and a lack of sHLA-G in UC also after inflammatory stimulus by Lipopolysaccharide (LPS) activation[161] (Table 2). Conversely, opposite results were previously described analyzing HLA-G protein expression
by IHC in CD and UC biopsies, with higher expression
levels in UC and negative staining in CD samples[154] (Table 2). Subsequently, these controversial data were not
confirmed with novel studies. However, authors who
reported a lack of sHLA-G in UC[162], showed that immunosuppressive drugs influence the sHLA-G secretion
in UC and CD patients, stimulating its release in UC and
decrease it in CD[162] (Table 2). Halama et al[163], basing on
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the evidence that CRC patient prognosis is dependent on
the local immune contexture, characterized NK and T
cells localization and densities in primary CRC liver metastasis, adenomas and normal tissues. NK cells were rare
in tumor tissue independently of HLA class Ⅰ expression,
and also not depending from chemokine levels that
were rather elevated and correlated to T cells infiltration[163] Subsequently, for the first time Rocca et al[164],
characterized tumor-associated NK cells (TANKs), with
respect to autologous peripheral blood NK cells (PBNKs), from CRC patients, and compared the latter with
PB cells from healthy donors. Authors demonstrated an
altered phenotype for TANKs in CRC patients, with a
low expression of activating receptors and also with an
impaired degranulation and release of cytokines (IFN-γ)
capacity. It should be pointed that HLA-G evaluation
would be of interest in both these analysis, especially
considering recent data about sHLA-G role in impair NK
cells by (1) modulation of specific chemokine secretion
(CXCR3, CX3CR1, and CCR2); (2) functional inhibition
on CD94/NKG2A receptor; and (3) modulation of NK
chemokines and cytokines secretion[165].
Finally, the host-immune reaction could be the critical element in determining response to therapy, and the
effect on the immune response could be the underlying
factor behind many of the predictive markers[13]. In ovarian cancer, positive HLA-G cells from peritoneal and
pleural effusions decrease in number after chemotherapy
and this result correlates with improved survival of the
related patients[166]. These data suggest that HLA-Gexpressing cells are more susceptible to elimination by
the immune response or treatment[162,166].
On the opposite, IFN-α immunotherapy showed to
further increase circulating sHLA-G levels in melanoma
patients[30], thus in accord to the presence of ISRE element in the 5’UTR region[21]. It is of knowledge that
common therapies in cancer (chemotherapy and radiotherapy) have an impact on immune system[54], that could
be different depending from the therapy regiment, often
associated to different grades of toxicity and neutropenia[167]. A favourable prognosis correlated with TILs
in stage Ⅲ CRC patients treated by surgery alone (n =
851) or 5-fluorouracil (5-FU) adjuvant chemotherapy (n
= 305), was observed[168]. Moreover, high densities TILs
in metastatic liver lesions at the invasive margin revealed
strong association with chemotherapy efficacy and prognosis in advanced CRC patients[169,170]. These studies based
on infiltrating lymphocytes in correlation with therapy,
have provided the scientific basis to implement the concept of IS and, in the future, we hope that IS validation
will provide a well defined tool to assess CRC prognosis
and clinical outcome based also on patient treatment.
Due to HLA-G functional properties in the direct inhibition of cytotoxic and memory T lymphocytes, we stress
the possible association between IS and HLA-G (Figure 2)
and therefore patient prognosis.
Moreover, particular HLA-G haplotypes and/or genotypes and allelic variants could be identified as predictive
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genetic marker of response treatment, to better stratify
patients.
In particular, further investigations in large cohort of
patients are needed to define: HLA-G haplotypes, genotypes, and alleles frequencies and association with: (1) the
risk of CRC (possible distinctions comparing them with
those of UD and CD diseases); (2) the prognostic power:
relation with OS, DFS, and predictive value of response
to therapy; (3) plasma sHLA-G levels as predictive and
prognostic markers; and (4) genotype-phenotype correlations among soluble and HLA-G genotypes/alleles
(especially 5’UTR and 3’UTR nucleotide variations).
We suggest that HLA-G could represent a novel
prognostic immune biomarker with a prominent role in
inhibiting host immune response in CRC. We also suggest to assess an association with IS and HLA-G (Figure
2) to better characterize host immune response and complete the immune contexture overview in CRC patients.
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Core tip: Computed tomography colonography (CTC)
can be employed as a “one-stop-shop” examination
for preoperative assessment in patients with colorectal cancer (CRC). CTC is well accepted and tolerated
by patients and also accurate in the detection of significant colorectal lesions. In patients with CRC, CTC
defines the segmental location of the tumor and the
presence of synchronous lesions or lack thereof and
provides fairly accurate locoregional staging.

Abstract
In patients with colorectal cancer (CRC), accurate
preoperative evaluation is essential for a correct therapeutic plan. Colonoscopy and intravenous contrastenhanced computed tomography (CT) are currently
recommended in the preoperative work-up for CRC.
Preoperative colonoscopy has some limitations such
as misdiagnosis of synchronous cancers in cases of
incomplete exploration of the colon and inaccurate
tumor localization. Intravenous contrast-enhanced CT
successfully documents distant metastases although it
sometimes enables unsatisfactory locoregional staging.
Computed tomography colonography (CTC) is obtained
after gas insufflation of the colon and offers a comprehensive preoperative evaluation in patients with CRC,
including a definition of the segmental location of the
tumor, presence of synchronous lesions or lack thereof,
and fairly accurate locoregional staging. CTC has some
limitations, including a lack of biopsy capability, suboptimal sensitivity for synchronous small polyps, and unsatisfactory nodal staging. Bearing in mind these limitations, CTC could be employed as a “one-stop-shop”
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INTRODUCTION
In Europe, colorectal cancer (CRC) is the second most
frequent malignant neoplasia and the second most common cause of death from cancer[1]. Whereas in the United States, CRC accounts for the fourth highest incidence
of cancer and the fourth leading cause of cancer-related
deaths[2].
In European countries, the average relative five-year
survival rate for patients with CRC is 54%[3]. However,
patient prognosis and treatment largely depend on the
disease stage at initial diagnosis. Accurate preoperative
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Table 1 Computed tomography colonography scanning technique for a 64-slice scanner

Ⅳ contrast media

Patient position
Collimation
Tube voltage
Tube current
Tube rotation time
Pitch
Section width
Reconstruction increment

1

Preoperative CTC

Screening CTC

Yes
Prone (unenhanced), supine (portal phase)
32 mm × 0.6 mm
120 kV
140 eff mAs (unenhanced), 200 eff mAs (enhanced)
0.5 s
1.4
1 mm
1 mm

No
Supine, prone
32 mm × 0.6 mm
120 kV
50 eff mAs
0.5 s
1.4
1 mm
1 mm

1

Scan parameters for Sensation 64 (Siemens, Erlangen, Germany). CTC: Computed tomography colonography.

evaluation is essential for a correct therapeutic plan, including surgery (open or laparoscopic), radiotherapy or
chemotherapy. In particular, a preoperative work-up is
aimed to exclude the presence of synchronous cancers,
to evaluate local invasion, and to detect nodal and distant
metastases. Moreover, precise localization of the tumor
is essential for surgical treatment planning, especially in
the case of the laparoscopic approach.
A wide range of diagnostic tools is available to study
patients with CRC, including optical colonoscopy, double
contrast barium enema (DCBE), ultrasound (US), computed tomography (CT), computed tomography colonography (CTC), magnetic resonance (MR) and positron
emission tomography (PET)[3,4]. CTC potentially represents a comprehensive examination for preoperative evaluation of patients with CRC. In particular, it is accurate in
the detection of significant colorectal lesions[5-7]; enables
evaluation of the entire colon, even in cases of obstructive lesions; and allows segmental localization of the
tumor. At the same time, CTC permits staging of extracolonic tumor spread, both locoregional and distant.
CRC may present with non-specific symptoms or
signs (rectal bleeding, change in bowel habits, abdominal
pain or anemia) or with acute bowel obstruction. Moreover, CRC may be discovered in asymptomatic subjects
as the result of screening with fecal occult blood test,
sigmoidoscopy, colonoscopy, or CTC. In all cases an
ultimate diagnosis is generally made by colonoscopy and
biopsy.
Herein, we shall review the technique, benefits and
limitations of CTC as a preoperative examination in patients with already diagnosed CRC.

and the administration of a cathartic agent such as a
polyetilenglycole solution the day before the CTC examination. In frail or elderly patients, a reduced cathartic
preparation should be considered such as a three-day low
fiber diet and the administration of 13.8 g of macrogol
3350 (Movicol; Norgine, Milan, Italy) diluted in a glass
of water and given at the three main meals for three
days before the examination[9]. Fecal tagging should be
routinely used, as it improves colonic lesions detection
without noticeably affecting image quality after administration of intravenous contrast media[8]. Fecal tagging is
usually obtained with 50 mL of iodinated oral contrast
agent (Gastrografin; Bayer Schering Pharma AG, Berlin,
Germany) administered 2-3 h before the procedure.
Colonic distension should preferably be performed
using an automatic carbon dioxide insufflator [10], although the manual insufflation of room air is acceptable.
Before insufflation, if there are no contraindications, including hypersensitivity to the active principle, untreated
narrow angle glaucoma and prostatic hypertrophy with
urinary retention, we intravenously administer 20 mg of
scopolamine butylbromide (Buscopan; Boehringer Ingelheim Italia, Milan, Italy) to improve colonic distension[11].
In patients with stenosing lesions, insufflation should
be gradually performed and carefully monitored using
CT scout views, as the risk of perforation, although extremely low for CTC, could be increased[12].
The recommended scanning technique for preoperative CTC differs from that adopted for screening CTC,
including patient positioning, scan parameters concerning the delivered radiation dose and administration of intravenous contrast media (Table 1)[13]. In our institution,
for the preoperative evaluation of CRC, a preliminary
unenhanced acquisition is performed in a prone position. Then, a portal phase supine scan is performed 70 s
after the administration of contrast media[8]. The use of
a multi-phasic CT protocol after administering contrast
media may be chosen by the radiologist in specific clinical settings (e.g., patients with non-characterized liver
focal lesions). An arterial phase thoracic acquisition can
also be performed as part of staging, when appropriate.
All images are then transferred to a dedicated workstation, which allows visualization of two-dimensional
axial and multi-planar reformatted (MPR) images, three-

CTC TECHNIQUE
A state-of-the-art CTC examination requires adequate
bowel preparation, optimal colonic distension and proper scanning technique[8]. Moreover, in patients with diagnosed CRC, CTC must be performed with an administration of intravenous-iodinated contrast media, as it
allows extra-colonic organ evaluation, which is requested
in search of distant metastases[8].
Bowel preparation for CTC in patients with known
CRC is usually obtained with a three-day low fiber diet
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dimensional endoluminal surface-shaded images (SSD)
and double-contrast-like reconstructions of the colon.

plete colonic distension was achieved in 83% to 100%
of the cases[24,30-32]. In a series of 174 patients with CRC,
McArthur et al[32] showed that all synchronous cancers
and 83.3% of synchronous polyps greater or equal to 10
mm were identified by CTC. Other studies with smaller
groups of patients reported that CTC depicted all synchronous cancers and had a sensitivity for polyps greater
or equal to 10 mm of 100%[24,30,31].
One study showed that CTC is technically feasible
and well tolerated also in patients with CRC presenting
with acute or subacute bowel obstruction[33]. Finally, a
study proved that CTC is a safe and useful method for
preoperative examination of the proximal colon after
metallic stent placement in patients with acute colon obstruction caused by cancer[34].
Overall, the above data indicate that CTC, despite
its limitations, should be the examination of choice to
complete colonic examination after incomplete colonoscopy in patients with CRC (Figure 1), as it reliably
detects synchronous cancers and polyps, allowing surgical removal of cancer and/or post-operative endoscopic
polypectomy.

DIAGNOSIS OF SYNCHRONOUS
CANCERS
An important issue regarding patients with CRC is the
occurrence of synchronous cancers (SC), which are
reported in 2%-11% of the cases[14-16]. A search for SC
is routinely performed during open surgery for CRC,
but intra-operative palpation of the colon can miss up
to 69% of SC[17]. Moreover, in case of the laparoscopic
approach to CRC, the surgeon cannot explore the entire colon in a search for simultaneous lesions. Missed
diagnosis of SC can lead to increased morbidity and
progression of CRC to a more advanced stage [18]. In
fact, preoperative identification of SC implied a more
extended colonic resection in 11%-44% of cases [18].
Because patients undergoing preoperative conventional
colonoscopy have fewer local recurrences, fewer distant
metastases and a longer disease-free survival time[19], full
preoperative colonic evaluation with colonoscopy should
always be performed in patients with CRC.
In case of incomplete colonoscopy due to an insuperable stenosing cancer or other causes (e.g., inadequate
bowel preparation, anatomic variants, fixed colon segments, patient’s intolerance to the procedure), endoscopic diagnosis of synchronous lesions may be precluded.
A recent study showed that advanced neoplasia could
be missed in up to 4.3% of patients during incomplete
colonoscopy, suggesting that further colonic evaluation
is mandatory in these cases[20]. To complete evaluation of
the colon, radiological examinations can be performed,
such as double-contrast barium enema (DCBE) and
CTC.
A multi-centric randomized trial comparing diagnostic performance of DCBE and CTC in patients with
suspected CRC clearly showed that diagnostic accuracy
of DCBE for CRC is not satisfactory[21]. In particular,
barium enema missed 12 of 85 cancers [21]. However,
CTC showed a sensitivity for cancer and adenomas
larger than 10 mm comparable to colonoscopy, namely
96.1%[5] and 84%-92.2%[6,7]. Moreover, CTC is well tolerated by patients[22], and its complications are exceedingly
rare [12]. However, CTC has some limitations. It does
not allow the biopsy or removal of discovered lesions,
precluding histological diagnosis. Moreover, its sensitivity for intermediate polyps (6-9 mm) is lower than that
of colonoscopy, namely 70%, and even worse, 48%, for
diminutive lesions (< 5 mm)[23]. In fact, small polyps can
be overlooked by preoperative CTC.
Several studies showed that CTC represents a valuable tool to evaluate the proximal colon after incomplete
colonoscopy[24-28], and the American Gastroenterologists
Association (AGA) recognized that CTC is indicated for
adults with failed colonoscopy[29]. Several studies evaluated the role of CTC in patients with CRC and incomplete
colonoscopy. In patients with CRC, a CTC with com-
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TUMOR LOCALIZATION
Tumor localization is another significant issue of preoperative work-up for CRC, especially in the case of the
laparoscopic approach. Laparoscopic surgery for CRC
is increasing in clinical practice as it showed comparable
results to those of open surgery in randomized trials[35].
Accurate preoperative localization is fundamental in
laparoscopy-assisted colectomy because the colon cannot be palpated during the procedure and the lesion may
not be apparent on the serosal surface, adding the risk
of removing the wrong colonic segment[36].
Precise endoscopic localization of the tumor can be
challenging as anatomical landmarks may not be readily apparent at colonoscopy and often only the distance
from the anal verge is recorded. The endoscopist can
also be confounded by the presence of a redundant
colon or anatomic variants. In fact, studies showed that
colonoscopy has a suboptimal accuracy in locating the
tumor, which can be incorrect in 14%-21% of the cases[37,38], especially in the sigmoid and descending colon[37].
Other techniques can be used to precisely localize
colonic lesions, such as barium enema, CTC, endoscopic
tattooing, and intraoperative colonoscopy[39].
As DCBE is a suboptimal tool to detect CRC, its
usefulness for tumor localization is questionable. Moreover, DCBE does not clearly show the position of the
various colonic segments in the three dimensions leading to potential errors, especially in the transverse and
sigmoid colon. CTC clearly demonstrates the involved
colonic segment, the length of tumor extension and its
relationship with adjacent organs, vascular structures and
peritoneal spaces. On 94 patients with CRC, the accuracy
of CTC for tumor localization was 94.7%[39]. In 65 patients with CRC, the sensitivity and specificity of CTC in
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Figure 1 Computed tomography colonography performed in an 83-year-old female with incomplete colonoscopy due to stenosing adenocarcinoma of
the sigmoid colon. Computed tomography colonography (CTC) identified three other synchronous colonic tumors confirmed as adenocarcinomas at surgery. CTC
endoluminal and axial source images are shown. A, B: Distal stenosing lesion of the sigmoid (arrowhead); C, D: Proximal stenosing lesion of the sigmoid (arrow and
arrowhead); E, F: Vegetating lesion of the transverse colon (arrow and arrowhead); G, H: Stenosing lesion of the right flexure (arrowhead).

determining the location of colonic masses were found
to be 100% and 96%, respectively, whereas colonoscopy
failed to precisely localize the tumor in 24% of cases[40].

results have been reported with staging accuracy, ranging from 48% to 77%[42]. CTC potentially represents a
comprehensive examination for CRC staging, as it allows
for the evaluation of the inner and outer colonic wall (T
stage), pericolonic lymph nodes (N) and distant metastases (M) (Figure 2).
Several studies evaluated accuracy of CTC for T and
N staging of CRC[42-47]. Because CT cannot discriminate
the different bowel wall layers, a simplified T staging system has been proposed for CTC reports with a grouped
T1/T2 category for lesions confined to the bowel wall,
T3 category for lesions invading subserosal fat and T4
category for cancer invading adjacent organs[42].
To distinguish T1/T2 from T3 cancers, both colonic
wall deformity and lesion outer borders should be considered. As suggested by Utano et al[44], intestinal wall

CANCER STAGING
Treatment of CRC depends on the preoperative assessment of disease extension. Colorectal carcinomas are
clinically staged using the TNM system established by
the American Joint Committee on Cancer (Table 2)[41].
Chest and abdominal CT is recommended for the preoperative staging of CRC by the European Society of
Medical Oncology[3] and by the American College of Radiology[4], with the exception of rectal cancer, for which
magnetic resonance is more accurate for T staging. Although CT is the examination of choice, disappointing

WCGO|www.wjgnet.com

1450

February 8, 2015|First Edition|

Sali L et al . Preoperative CTC in colorectal cancer

A

B

C

Figure 2 Stenosing adenocarcinoma of the sigmoid colon. A: A Computed tomography colonography (CTC) oblique coronal reconstructed image depicts the
lesion (arrowhead) and its nodular infiltrating margins in pericolonic fat (arrow); B: An endoluminal CTC image better shows lobulated inner borders (arrows) of the lesion; C: A surgical specimen from left hemicolectomy shows the stenosing lesion with its lobulated inner borders (arrows).

A

B

C

Figure 3 Computed tomography colonography of a T2 vegetating lesion of the sigmoid colon. A: A Computed tomography colonography (CTC) SSD reconstructed image shows a trapezoid type wall deformity of the sigmoid colon (arrowhead); B: A CTC endoluminal image demonstrates that wall involvement is less than
50%of luminal circumference. C: A CTC sagittal reconstructed image shows that the lesion (arrow) has sharp margins.

A

B

C

Figure 4 Computed tomography colonography of a T3 stenosing lesion of the descending colon. A: A Computed tomography colonography (CTC) SSD reconstructed image shows an apple-core type wall deformity of the descending colon (arrowhead); B: A CTC endoluminal image demonstrates that wall involvement is
more than 50% of the luminal circumference; C: A CTC axial source image shows that the lesion (arrowhead) has nodular infiltrating margins.

mity involving more than 50% of the circumference of
the lumen. The arc or trapezoid type is associated with
T1/T2 cancers (Figure 3), whereas the apple-core type
is associated with T3/T4 (Figure 4). In a series of 246
patients with CRC, the sole evaluation of wall shape deformity, as described above, showed an overall accuracy
for T staging of 79%[44]. With a similar classification of

deformity associated with CRC and observed on SSD
reconstructions can be classified into arc type, trapezoid type, and apple-core type. Arc type is defined as
a smooth concave wall deformity, trapezoid type is defined as a square-like irregular wall deformity involving
less than 50% of the circumference of the lumen, and
apple-core type is defined as a trapezoidal wall defor-
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Table 2 TNM staging of colorectal cancer

1

Stage

Description

Primary tumor (T)
T1
T2
T3
T4
Regional lymph nodes (N)
N0
N1
N2
Distant metastases (M)
M0
M1

Tumor invades submucosa
Tumor invades muscularis propria
Tumor invades through the muscularis propria into the subserosa, or into the non-peritonealized pericolic tissues
Tumor directly invades other organs or structures and/or perforates the visceral peritoneum
No regional lymph node metastases
Metastases in 1-3 regional lymph nodes
Metastases in ≥ 4 regional lymph nodes
No distant metastases
Distant metastases

1

American Joint Committee on Cancer (AJCC).

A

B

Figure 5 Computed tomography colonography of a T3 N2 stenosing computed tomography colonography of the descending colon. A: A Computed tomography colonography (CTC) sagittal reconstructed image shows the lesion (arrow); B: A CTC sagittal reconstructed image demonstrates four subcentimetric perivisceral
lymph nodes (arrowheads).

staging may be unsatisfactory because the presence of
regional lymph-node metastases represents an important
indication for adjuvant chemotherapy, and up to 30% of
node-negative patients eventually develop distant metastases, possibly as a consequence of lymph-node micrometastases[49].
It has been emphasized that the use of MPR images[45], and in particular of true axial images along the
short axis of the colonic segment[50], improves the depiction of the outer margins of the lesion, of the relationships with adjacent organs and of regional lymph nodes,
leading to more accurate T and N staging.
Finally, similar to standard contrast-enhanced abdominal CT, CTC with intravenous contrast administration allows for the identification of liver metastases
(Figure 6), retroperitoneal or iliac lymph node enlargement, and the presence of peritoneal carcinosis (Figure
7). Moreover, scans conducted at the level of the lower
pulmonary lobes can identify lung metastases.

wall deformity, an accuracy of 77.6% was reported in
another study[43].
Colonic wall outer margins should also be evaluated
to distinguish T1/T2 from T3 cancers. Rounded or nodular advancing margins in perivisceral fat are considered
an expression of a T3 stage cancer[42]. The presence of
spiculations within the fat is not universally considered
a sign of pericolonic fat invasion, as spiculations can be
caused by inflammatory reactions and extramural fibrosis[48]. Direct invasion or absence of a fat cleavage plane
from an adjacent organ indicates a T4 stage cancer. Using the above-mentioned criteria, the overall accuracy of
CTC for T staging ranged from 66% to 95%[42-47].
The identification of nodal involvement with CT is
limited by the use of dimensional and other morphological criteria, such as clustering. In particular, as proposed
by Filippone et al[42], N1 stage can be assumed on CTC
if a cluster of three nodes is present, independent of
their size, or if fewer than three lymph nodes are present, with at least one of the nodes measuring 10 mm
or more in the long axis. In stage N2 neoplasms, more
than three perivisceral lymph nodes are identified, regardless of their size (Figure 5). Using these criteria, the
overall accuracy of CTC for N staging ranged from 70%
to 85%[42-47]. Notably, the accuracy of CTC for nodal
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CONCLUSION
CTC is a reliable technique to define the precise segmental location of CRC, to establish the presence of
synchronous cancers and polyps greater than 10 mm,

1452

February 8, 2015|First Edition|

Sali L et al . Preoperative CTC in colorectal cancer

A

B

Figure 6 Computed tomography colonography of T3 M1 rectal cancer. A: A sagittal reconstructed image shows the rectal tumor (arrow) and a hepatic metastasis
appearing as a hypoattenuating focal lesion (arrowhead); B: An axial source image demonstrates that the metastatic lesion is located in the third hepatic segment (arrowhead).

A

B

Figure 7 Computed tomography colonography of a T3 M1 stenosing Computed tomography colonography of the transverse colon. A: A Computed tomography colonography (CTC) axial source image shows the lesion (arrow); B: A CTC axial source image depicts marked omental thickening (arrowheads) consistent with
peritoneal carcinosis.

and to perform a fairly accurate tumor staging. These
factors notwithstanding, CTC has some limitations, including a lack of biopsy capability, suboptimal sensitivity
for synchronous small polyps, and unsatisfactory nodal
staging. Bearing in mind these limitations, CTC could be
employed as a “one-stop-shop” examination for preoperative assessment in patients with CRC.
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have been conducted to find new candidate protein
biomarkers for diagnosis, prognosis and as therapeutic
targets for this malignancy, as well as to elucidate the
molecular mechanisms of colorectal carcinogenesis.
An important advantage of the proteomic approaches
is the capacity to look for multiple differentially expressed proteins in a single study. This review provides an overview of the recent reports describing the
different proteomic tools used for the discovery of new
protein markers for CRC such as two-dimensional electrophoresis methods, quantitative mass spectrometrybased techniques or protein microarrays. Additionally,
we will also focus on the diverse biological samples
used for CRC biomarker discovery such as tissue, serum and faeces, besides cell lines and murine models,
discussing their advantages and disadvantages, and
summarize the most frequently identified candidate
CRC markers.
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Core tip: Proteomics is an important tool for the identification of candidate cancer biomarkers since it allows
the simultaneous analysis of multiple differentially expressed proteins in a single study. This review provides
an overview of recent reports focused on the different
proteomic tools used for the discovery of candidate
protein markers for colorectal cancer (CRC), such as
two-dimensional electrophoresis methods, quantitative
mass spectrometry-based techniques or protein microarrays. We also emphasize the use of different samples
including cell lines, murine models, clinical samples as
tissue, serum or faeces, for CRC biomarker discovery,
discussing their advantages and disadvantages, and
finally summarize the candidate CRC markers most fre-

Abstract
Colorectal cancer (CRC) is the second most common
cause of cancer-related deaths in Europe and other
Western countries, mainly due to the lack of well-validated clinically useful biomarkers with enough sensitivity and specificity to detect this disease at early stages.
Although it is well known that the pathogenesis of CRC
is a progressive accumulation of mutations in multiple
genes, much less is known at the proteome level.
Therefore, in the last years many proteomic studies
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responsible for the phenotypes of cells, therefore it is
impossible to elucidate mechanisms of disease solely by
studying the genome. Proteomics is the large-scale study
of proteins to comprehensively map biological processes
such as the molecular mechanisms of carcinogenesis[7].
The proteome is more complex than the genome due
to alternative transcription initiation, alternative splicing,
RNA editing, proteolytic processing and post-translational modifications (phosphorylation, glycosylation, etc.),
among others. Therefore, the knowledge of the human
proteome is an extraordinary challenge. Proteomics can
be defined as the discipline that includes the set of methodologies used for the large-scale study of a proteome, i.e.
the set of proteins in an organism, a cell or any biological
system, in a given time and under certain conditions. It
should be noted that proteomics does not focus exclusively on the identification and quantification of these
proteins, but also in the study of their location, their
modifications, their interactions and their functions.
Proteomic studies generate large protein databases
and an expanding list of candidate protein markers that
are differentially expressed in CRC patients, identified using two-dimensional electrophoresis (2-DE) and two-dimensional differential in-gel electrophoresis (2D-DIGE)
techniques[8]. As an alternative to 2-DE and 2D-DIGE,
proteomic studies have also employed the technique of
direct expression profiling of tumour and normal tissue
by surface-enhanced laser desorption/ionization timeof-flight mass spectrometry (SELDI-TOF-MS) or by
matrix-assisted laser desorption/ionization time-of-flight
mass spectrometry (MALDI-TOF-MS)[9]. With these approaches, the reproducible spectra profiles of tumour and
normal tissue are used to generate classification models.
More recently, the technique of choice is the LC-MS/MS
(liquid chromatography-tandem mass spectrometry), as it
is more rapid and sensitive. With this methodology, commonly referred to as shotgun analysis, proteins from a
complex mixture are collectively in-solution digested and
the resulting complex mixture of peptides is separated by
high-performance liquid chromatography (HPLC). Then,
chromatographic fractions are introduced directly into a
sensitive tandem mass spectrometer capable of isolating
and fragmenting individual peptides. Protein identification is performed at the level of peptide fragmentation
patterns acquired during tandem MS, which are indicative
of the amino acid sequence.
Briefly, in this review we provide an overview of
recent reports describing the different proteomic techniques used and the diverse biological samples employed
for the discovery of new candidate protein markers for
CRC.

quently identified.
Original sources: Álvarez-Chaver P, Otero-Estévez O, Páez de
la Cadena M, Rodríguez-Berrocal FJ, Martínez-Zorzano VS. Proteomics for discovery of candidate colorectal cancer biomarkers.
World J Gastroenterol 2014; 20(14): 3804-3824 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v20/i14/3804.htm
DOI: http://dx.doi.org/10.3748/wjg.v20.i14.3804

INTRODUCTION
Colorectal cancer (CRC) is the second most frequently
diagnosed cancer and the second most common cause of
cancer-related deaths in Europe and other Western countries[1]. This is mainly due to the lack of well-validated and
clinically useful biomarkers with adequate sensitivity and
specificity to detect this disease at early stages. Over the
last two decades CRC survival rates have barely changed,
with more than 50% of the patients having regional or
distant metastasis at the time of presentation[2].
However, CRC is potentially curable if detected early
before the development of metastasis. After the surgical
resection of a tumour that is still localized to the colon or
rectum (Duke’s stage A) patients have a 5-year survival rate
of more than 90%. Contrarily, patients with Duke’s stage
D cancer, where the tumour has spread to other organs,
have a 5-year survival rate of less than 10%[2]. Nowadays
it is well known that the pathogenesis of CRC is a progressive accumulation of mutations in multiple genes
such as APC, KRAS and p53[3]. CRC development is a
multi-step process that usually spans about 5-10 years,
which offers a period of several years to detect the tumour in an early stage and to interfere with the natural
course of the disease[4].
Early detection of CRC can therefore significantly
reduce the mortality for this malignancy. However, current screening methods including faecal occult blood test
(FOBT), sigmoidoscopy, colonoscopy and virtual computed tomography scanning either lack the required sensitivity and specificity or are costly and invasive[5]. Some
biomarkers such as the circulating carcinoembryonic antigen (CEA) levels and tumour-associated gene mutations
have only shown some prognostic or predictive value. In
particular, the KRAS mutation has been proposed as a
marker of probable failure of epidermal growth factor
receptor (EGFR)-targeted therapy[6]. In patients with metastasis, for whom no curative options remain, therapies
include the combination of traditional chemotherapy
with the use of new drugs. There is therefore an urgent
need for developing new screening tests and identifying
new biomarkers to diagnose, predict, and monitor the
progress of CRC, and eventually find more efficient drug
targets for this disease.
Following the genomics revolution, recent technological advancements allow the proteomic analyses of
complex protein mixtures. Proteins, not only genes, are

WCGO|www.wjgnet.com

Proteomic techniques for
Colorectal Cancer Biomarker
Discovery
The analysis of the proteome changes between normal

1457

February 8, 2015|First Edition|

Álvarez-Chaver P et al . Proteomics for discovery of CRC biomarkers
Tissue, serum, cells, secretome, etc

Protein extraction
Gel-based proteomics

Gel-free proteomics

In-solution digestion

2-DE

2D-DIGE

LC-MS/MS identification

Antibody microarray

Intensity

1-DE

m/z
Healthy

Tumour

Quantification
Healthy

Tumour

MALDI imaging

In-gel digestion

Spectral counting

SELDI/MALDI-TOF/MS identification

Quantification

Healthy

Tumour

Figure 1 Schematic representation of the principal workflows used in proteomics for colorectal cancer biomarker discovery. Please note that for both gel-based
and gel-free proteomics only one of the quantification methods is shown. DE: Dimensional electrophoresis; 2D-DIGE: Two-dimensional differential in-gel electrophoresis;
SELDI: Surface-enhanced laser desorption/ionization; MALDI: Matrix-assisted laser desorption/ionization; TOF: Time of flight; MS: Mass spectrometry.

and diseased samples is known as comparative proteomics and is fundamental for the discovery of candidate cancer biomarkers. This area of proteomics employs
the techniques described below and the workflows outlined in figure 1.

trometer. Among the differentially expressed proteins
they identified low abundant proteins and proteins with
extreme pH, which were previously not detected in 2-D
gels. In another study, a lectin affinity-based approach
followed by the same proteomic strategy (SDS-PAGE
coupled to LC-MS/MS) was employed to detect differentially expressed secreted proteins in the secretome (conditioned media) of cultured paired normal and CRC tissues.
EGF-containing fibulin-like extracellular matrix protein 2
(EFEMP2) was found up-regulated and was further validated by immunohistochemistry (IHC) at tissue level and
enzyme-linked immunosorbent assay (ELISA) at serum
level. The expression level of EFEMP2 was dramatically
increased in CRC patients, even at early stages. Moreover,
the diagnostic accuracy of EFEMP2 was superior to that
of CEA, with an area under the receiver operating characteristic curve of 0.923 and 0.728, respectively. These
authors concluded that EFEMP2 is a promising serum
biomarker for the early detection of CRC[13].

1-D electrophoresis
For many proteomic applications, 1-D electrophoresis
(1-DE) is the method of choice to resolve protein mixtures. Proteins are solubilised in sodium dodecyl sulphate
(SDS) and then separated on the basis of their molecular
weight (MW). This technique is simple to perform, is
reproducible, and can be used to resolve proteins with
molecular masses ranging between 10 and 300 kDa[10].
Due to its limited resolving power, the most common
application of 1-DE is the characterization of proteins
after a purification procedure[11]. Nowadays, it is also often employed to carry out the digestion of samples to be
analysed by LC-MS/MS because it is more effective than
in-solution digestion. For example, Lim et al[12] employed
SDS polyacrylamide gel electrophoresis (PAGE) to overcome the limitation of two-dimensional (2-D) electrophoresis for resolving extreme acidic, basic, or membrane
proteins. In their study, the protein bands were subjected
to in-gel digestion and protein analysis was performed
using electrospray ionization (ESI) ion trap mass spec-
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and the core technology for protein separation prior MS
characterization. In fact, this procedure offers a good
resolution because it combines two types of gel electrophoresis techniques: isoelectric point (pI)-based protein
separation by isoelectric focusing (IEF) and MW separation by SDS-PAGE.
Traditionally, a comparative proteomic study involves
the extraction of the protein content from the samples
(tissue, serum, cells, etc.) in an appropriate lysis buffer, the
separation of samples on 2-D gels, the staining of gels
with a protein stain such as Coomassie brilliant blue, silver nitrate or SYPRO, the acquisition of images and the
matching of protein spots using a statistical package[14]
such as Melanie, PDQuest or Progenesis Samespots.
These analyses generate two master 2D maps, one for
the healthy samples and another one for the pathological samples. Subsequent analyses with the same software
compare the two maps to detect proteins which are present in greater or lesser quantities in one of the samples.
Then, differentially expressed proteins are excised and
subjected to in-gel digestion with trypsin for MS identification in protein databases.
Using 2-DE, often referred to as gel-based proteomics, protein isoforms and variants expressed by a
biological system (tissue, cells, etc) may be displayed, allowing the visualization of different phenotypes[15,16].
However, it is clear that classical 2-DE has several limitations. For example, proteins that are low-abundant, or
have a MW lower than 10 kDa or higher than 150 kDa,
as well as those with very basic pI values, are seldom
detected using conventional gels. Moreover, insolubility
precludes the penetration inside the gels of hydrophobic or membrane-associated proteins that are of special
interest in the biomarker discovery field. However, since
its development in the 1970s as the first approach to
separate complex protein mixtures, the role of 2-DE in
the proteomics workflow has been well preserved due to
the emergence of new methodologies and protocols that
overcome its limitations. In 1975 the first buffer for protein solubilisation was introduced, but the proposed procedure was not very suitable for membrane-associated,
alkaline or hydrophobic proteins separation[14]. To perform a complete protein solubilisation several additives
must be included in the buffers, such as chaotropes (urea,
thiourea) to prevent protein aggregation, detergents (Triton x 100 or CHAPS) to increase the solubility of certain
proteins, and reducing agents such as dithiothreitol (DTT)
to reduce disulphide bonds. After disulphide links reduction, the newly produced free sulphidryl groups must be
protected by alkylation, being iodoacetamide (IAA) the
alkylating reagent most compatible with 2-DE. Moreover,
sample solubilisation can be improved by procedures
such as agitation and ultra-sonication[17].
Using gel-based proteomics, many studies have been
carried out in order to find new CRC biomarkers. Among
the most recent we can highlight the work of Chen et al[18]
who found an overexpression of alpha-enolase, the heat
shock protein HSP27 and macrophage migration inhibi-
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tory factor (MIF) in tumour tissue of CRC patients with
low preoperative serum CEA. They corroborated that
serum alpha-enolase and MIF were significantly overexpressed in those patients, improving the diagnosis of
primary CRC when combined with the determination
of preoperative CEA levels. Other examples of 2D gelbased discovery studies that have yielded novel candidate
CRC serum markers include S100A8 and S100A9[19], and
desmin[20].
Besides comparisons between normal and tumourderived tissues, several 2D gel studies have analysed metastatic and non-metastatic CRC tissues and have validated
candidates for CRC markers using IHC and functional
analyses in cell lines and mouse models. Zhao et al[21] performed a comparative proteomic analysis to show that
Rho GDP-dissociation inhibitor (RhoGDI) is markedly
up-regulated in metastatic CRC, validating the result
by Western blot in tissue and cells and by IHC in 126
pathologically characterized CRC cases. RhoGDI was
shown to correlate with tumour invasion, lymph node
metastasis and clinical stage. Authors also demonstrated
that the transfection of the RhoGDI gene in HT29 cells
with low levels of this inhibitor resulted in an increase in
cell proliferation and motility in vitro. In another similar
study, the same authors showed that gene transfectionmediated overexpression of LIM and SH3 domain protein 1 (LASP-1) in SW480 human colon adenocarcinoma
cells resulted in an aggressive phenotype of cancer cells
and promoted cancer growth and metastasis[22]. More
recently, using 2D serum proteome analysis combined
with MS, transthyretin (TTR) was also identified by these
authors as a specific marker of CRC metastasis[11]. Other
CRC tumour markers, which have been widely studied
by our group through the use of 2D technology, are the
proteins clusterin[23] and nucleoside diphosphate kinase A
(NDK A)[24].
As we have mentioned above, many proteomic studies from the past 10 years have focused on the comparison of colorectal tumour and adjacent normal mucosa
tissues. These analyses predominantly employed 2D gel
separation of total tissue lysates which limit the loading
amount of sample, restricting the analysis to the more
abundant proteins that mask minor proteins that could
be interesting as possible CRC marker candidates. In an
attempt to identify less abundant CRC proteins, few studies have combined more targeted approaches with 2-DE,
including studies focusing on membrane proteins[25,26]
or basic proteins[27,28]. Despite these targeted attempts,
the analyses still are largely limited to abundant proteins
that are found overexpressed in several tumours, such
as structural proteins, glycolytic enzymes or heat shock
proteins. In serum 2D analysis, the previous depletion
of albumin and IgG, which account for more than 60%
of the total serum proteins, may result in the loss of potentially important proteins bounded to them. Therefore,
sample preparation improvements like sonication before
the depletion and desalting steps allowed the detection
of valuable, low abundant proteins in serum of CRC
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patients[11]. Other improvements of 2-DE were the introduction of new gels which can separate proteins with
extreme pI values and/or make use of narrow range
pH gradients for increased resolution, as well as the use
of improved pre-fractionation strategies. Consequently,
2-DE remains as a pivotal methodology for the display
of an extensive image of a complex mixture of proteins.

of 132 CRC cases revealed that EB1 was overexpressed
in tumour cells and was correlated with poor prognosis.
Therefore, they proposed EB1 as a candidate biomarker
and therapeutic target for CRC. In another study, the
proteomic analysis of six paired normal and CRC tissues by 2D-DIGE and MALDI-TOF-MS showed two
markedly down-regulated proteins, which were identified
as cytoplasmic carbonic anhydrase Ⅰ and Ⅱ and whose
changes were further validated by IHC and Western blot.
The down-regulation of these enzymes is an early event
in colorectal carcinogenesis, but is not correlated with
lymph node metastasis[33]. More recently, Zhou et al[34]
showed that overexpression of carbonic anhydrase Ⅱ
remarkably suppressed tumour cell growth both in vitro
and in vivo. Using the Caco-2 cell line, an in vitro model to
study colorectal carcinogenesis, our research group identified the translationally-controlled tumour protein (TCTP)
and the transforming growth factor-β-induced protein
ig-h3 (TGFβ1p), among others, as candidate biomarkers
for CRC[35]. Grandjean et al[36] used the new methodology
of sequential immunoaffinity depletion-differential in gel
electrophoresis (SID-DIGE), that allowed the efficient
screening of sera for the identification of autoantibodies
as candidate biomarkers. The identification of autoantibodies is based on the characterization of tumour-associated antigens against which they are directed. Among
the 25 tumour-associated antigens identified, 7 were also
detected using the conventional SERPA (serological proteome analysis) technique, validating their new approach.
The identification of the additional 18 autoantibodies
proved the potential of this new method.

Differential in-gel electrophoresis
An exciting advance in 2-DE, which improved the speed
and reproducibility of conventional 2-DE, was introduced by Unlü et al[29]. This technology is called differential in-gel electrophoresis (DIGE). Basically, different
protein samples (healthy vs pathological, for example) are
labelled on lysine side chains with succinimidyl esters of
propyl-Cy3 and methyl-Cy5, two fluorophores that emit
light at different wavelengths (Figure 1). An internal standard is prepared by pooling equal amounts of samples,
labelled with a third dye (Cy2). The protein samples are
mixed prior to separation and loaded onto the 2D gel
together. After electrophoresis, the 2-D pattern is visualized by imaging the gel with a fluorescence scanner by sequential excitation of the fluorescent dyes. Three images
are obtained, which are combined to identify pattern differences. Because the samples run together, differences
in gel preparation, running conditions and local gel structure are eliminated, making this technique of great utility
for biomarker studies. However, 2D-DIGE also has its
drawbacks: fluorescent labels are less sensitive than both
SYPRO dyes and silver staining, proteins differ in their
labelling efficiency, and the technique is relatively expensive compared to silver or Coomassie staining of gels.
Using 2D-DIGE, proteome analysis of membrane
fractions in colorectal carcinomas revealed several proteins with an altered expression[26]. Among them, annexins (A2, A4, A5 and A7), lamin B, calponin 1 and voltagedependent anion channel (VDAC) were analysed by IHC
using tissue microarrays. Authors proposed annexin A2,
annexin A4 and VDAC as candidate markers for colorectal cancer diagnosis and, presumably, also for therapy.
More recently, Ma et al[30] used 2D-DIGE coupled with
MS to screen for biomarker candidates in the serum proteome of CRC patients and healthy donors. They identified and validated transaldolase 1 and thyroid receptor
interactor as CRC-associated serum biomarkers. Sawhney
et al[31] demonstrated the compatibility between the subcellular fractionation by laser microdissection (LMD)
of human colon tissue and 2D-DIGE. They observed
a greater coverage of proteins from very small amounts
of micro-dissected material. Sugihara et al[32] compared
the proteome of normal colorectal epithelial tissues with
that of the tumour in 59 CRC patients using 2D-DIGE.
They found a higher expression of 110 protein spots and
focused on the adenoma polyposis coli-binding protein
(EB1). This protein was originally discovered as a binding
protein of the tumour suppressor gene product APC, and
had been associated with poor prognosis in several malignancies but not in CRC. Immunohistochemical analysis
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Protein microarrays
Using protein microarrays, the simultaneous analysis
of different proteins is performed in one single experiment, allowing the study of the protein identity, quantity,
interaction and function. There are two types of protein
arrays: forward-phase protein arrays and reverse-phase
protein arrays.
For forward-phase protein microarrays (also known
as capture arrays), the elements of the array are capture
molecules (antibodies, proteins, nucleotides or aptamers),
each binding specifically to a particular protein. Antibody
arrays are the most common, and use antibodies immobilized on a solid surface or membrane to specifically
interact with the proteins of interest. For the detection,
samples can be labelled with different fluorophores like
in 2D-DIGE (figure 1), allowing two possible samples
to undergo the same treatment for comparison[37]. This
technology has started to be implemented extensively in
cancer research. For example, Ellmark et al[38] prepared
a cell suspension from a colorectal tumour containing
a mixed population of cells which was captured on an
antibody microarray. Cancer cells were detected using a
fluorescently tagged antibody for carcinoembryonic antigen (CEA-Alexa647) or epithelial cell adhesion molecule
(EpCAM-Alexa488). Using this multiplexing procedure,
authors found a differential expression of CD45, CD71
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and CEA in cancer cells, among others proteins.
In a reverse-phase protein microarray, the samples
are immobilized on the surface or membrane and antibodies are then be applied to the array to detect specific
epitopes, protein sequences or structures[37]. For example,
Oliveira et al[39] used tissue microarrays and found that
NDK A protein expression was higher in tumour tissue
of CRC patients than in adjacent non-neoplastic mucosa.
In another study, serum CRC biomarker candidates Apolipoprotein AI (Apo A1) and C9 complement component
(C9) were selected by liquid chromatography (LC) and
MS, and then validated using a reverse-phase protein microarray[40].
Currently, antibody microarrays are attracting considerable attention in cancer biomarker discovery. Several
aspects of microarray technology make it well suited to
cancer research because of the low-volume requirements
and its multiplexed detection capability that make optimal
use of precious clinical samples. These assays are rapid
and highly amenable to automation, which makes them
ideal for biomarker studies[41]. For a review of array-based
detection of serum autoantibodies in CRC the reader
is referred to Tan et al[42]. In addition, the equipment of
SPR (Surface Plasmon Resonance) is now available for
the analysis of protein microarrays, allowing the study of
interactions and the identification by MS of ligands of
interest. A protein array variant vastly used in the search
for new biomarkers for CCR is the technique named
Surface-Enhanced Laser Desorption/Ionization TimeOf-Flight Mass Spectrometry (SELDI-TOF-MS). It is a
widely used technology platform for biomarker discovery
in tissue, plasma and serum, though it is most commonly
associated with the development of serum-based markers. SELDI-TOF-MS combines two powerful technologies, chromatography and MS, and consists of solid
supports or chips made of aluminium or stainless steel
coated with specific chromatographic surfaces, including reverse phase, anionic exchange, cationic exchange
and immobilised metal affinity surface. In the case of
serum samples, the prefractionation technique called ProteoMiner™ (Bio-Rad Laboratories, Hercules, CA, United
States) is widely used prior to the analysis by SELDITOF-MS due to the presence of a wide range of protein
concentrations.

of the proteomic studies aimed at the search of new tumour markers was firstly the separation of the proteins
in the sample using 2-DE or 2D-DIGE to compare the
proteome between healthy and tumour tissues and, secondly, the removal of the spots of interest from the gel
for the subsequent identification by SELDI/MALDITOF-MS[44]. However, as an alternative to 2-DE and 2DDIGE, most of the proteomic studies in the last three
years have employed another technique of MS to carry
out studies of differential expression between samples
from healthy individuals and patients: the liquid-chromatography coupled to tandem mass spectrometry (LCMS/MS). This methodology allows performing a previous separation of the peptides typically in a reverse phase
chromatographic column. As the LC equipment is usually
connected on-line to the mass spectrometer, the fractions
obtained after the chromatography enter successively
in the mass analyser, allowing the one by one slicing of
the peptides present in the sample. This analysis can be
performed with digested bands from a 1-D gel, with digested spots from a 2-D gel or with a complex mixture
of proteins not previously separated so that the peptides
from different proteins are mixed after digestion. This
latter type of analysis is known as shot-gun proteomics
or multidimensional protein identification technology
(MudPIT). However, prior to the MS analysis, it is necessary to perform two independent chromatographic separations in different conditions to resolve the complexity
of the sample. In addition, mass spectrometers used for
this type of studies have great resolution and sensitivity,
obtaining a much higher number of proteins identified
compared to that obtained with classical proteomic studies based on 2-DE or 2D-DIGE[45]. Several authors have
described the advantages of this technology in comparison with gel-based proteomics. For example, the proteasome activator complex subunit 3 (PSME3), an intracellular CRC-associated protein, was identified in a 2D gelbased study comparing normal and cancer tissues. This
candidate was then selected for follow-up analysis by
immunoblotting[46]. One year later, in a second study of
the same authors, PSME3 was validated as a novel CRC
serum marker using MS[47]. This new study detailed the
technical advantages of the mass spectrometry-based approach for relative quantification of protein abundance,
as compared to the traditional image analysis approach.
Importantly, PSME3 up-regulation would have been
missed by image analysis because this protein was masked
by another co-migrating high-abundant protein, annexin
A4. As another interesting example, Thierolf et al[48] analysed the same paired normal and CRC tissues by 2-DE
and 2D-LC-MS/MS, showing the complementarity of
these two different strategies since a set of proteins were
uniquely identified by each one. Among the identified
proteins S100A12 was validated in serum, and authors
concluded that this protein was more sensitive for the detection of CRC patients than CEA.
Another MS approach, the MALDI-TOF-MS, is most
commonly used to discriminate tumour from normal

Mass spectrometry-based proteomics
For the protein identification by MS two strategies can be
pursued. On one hand the so-called peptide mass fingerprinting (PMF) and on the other hand, the sequencing or
tandem mass spectrometry (MS/MS). In both cases it is
necessary to digest the protein, and its fragments (peptides) should pass to a gas state. At the end of the 1980s,
two revolutionary methods for the ionization of peptides
and proteins were developed: the electrospray ionization
(ESI) and the matrix-assisted laser desorption/ionization (MALDI), for which the authors received the Nobel
Prize in Chemistry in 2002[43].
Less than five years ago, the strategy used in most
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tissue and in some cases can sub-classify disease. For
example, Liao et al[49] evaluated the potential value of this
approach to classify various clinic-pathological features in
CRC. They found 73 protein peaks with a higher expression in tumours than in adjacent normal mucosa tissues
in the mass range of 1800-16000 Da. Using “leave-oneout” cross validation algorithms for tumour spectra they
correctly classified poorly, well and moderately differentiated tumours. Similar analyses of normal mucosa
spectra correctly predicted disease recurrence, diseasefree survival and metastasis. More recently, Fan et al[50]
employed a well-defined technology platform called ClinProt (Bruker Daltonics, Germany), based on magnetic
bead purification of peptides and MALDI-TOF-MS.
They successfully detected 61 short peptides, from 1 to
18 kDa, which were differentially expressed in the serum
of patients with CRC, concluding that this peptidome
pattern may provide an alternative for CRC diagnosis or
may help in tailoring the use of chemotherapy to each
patient. MALDI is also a method of ionization used
for analysing the molecular content of tissue sections,
including formalin-fixed and paraffin-embedded tissue
samples, which are the standard embedding techniques
used in clinical routines. This technique is named imaging mass spectrometry (MALDI-IMS), commonly known
as MALDI imaging. It has emerged in the last few years
as a useful tool for the molecular classification of tissue
samples regarding disease stage, risk stratification and
therapy response, as well as for the identification of disease biomarkers[51]. Recently, this approach was employed
to evaluate fresh frozen sections of CRC tissue and adjacent healthy mucosa, offering novel insights into tumour
micro-environmental biochemistry[52].

the low abundant proteins may help to overcome these
limitations. Therefore, the combination of ProteoMiner
™ (Bio-Rad Laboratories, Hercules, CA, United States)
pre-fractionation and SELDI based protein profiling is
suitable for large-scale serum proteome profiling studies
yielding reliable and reproducible results[57].
In tissue studies, only Melle et al[58] have reported the
detection of differences between normal mucosa and
colorectal carcinoma by SELDI. In 2005 they found that
pituitary adenylate cyclase activating polypeptide precursor (PACAP), heterogeneous nuclear ribonucleoproteína
A1 (HNRNP A1), flavin reductase, calgizzarin (S100A11),
nucleoside diphosphate kinase B (NDK B), cyclophilin A
and smooth muscle protein 22-alpha showed significantly
differential abundance between colorectal tumour tissue
and adjacent normal mucosa. In another study published
a year later, these authors validated the differential expression of the calgizzarin (S100A11) by immunological
techniques[59]. Regarding other clinical material, Ward
et al[60] used urine of CRC patients as sample to detect
proteomic changes in MALDI and SELDI spectra. They
found a number of changes in peak intensity significantly
associated with colon cancer and these, in conjunction
with class prediction models, yielded a diagnostic sensitivity of 78% and a specificity of 87% (values higher than
those obtained with serum CEA).
MS-based strategies for protein quantification
Although the quantification in gel-based approaches as
2-DE and 2D-DIGE is very accurate and sensitive, the
relative high amount of protein sample necessary for
protein identification, as well as the multiple experimental
steps required, are the major disadvantages of these techniques. Due to these drawbacks and as a consequence
of the technical improvements in the fields of chromatography and mass spectrometry, novel MS-based quantification strategies have been developed, allowing high
throughput proteome analyses complementary to gelbased approaches, leading to a higher proteome coverage.
Current MS-based strategies for protein quantification can be divided into two main groups: strategies
based on labelling a specific amino acid residue and the
so-called label-free proteomics. In all labelling strategies
the first and maybe the most critical step is to modify
the molecular mass of a specific amino acid so it can be
distinguished from its unlabelled counterpart in the detection phase. This can be done in various ways: in one
approach stable isotope labelling is used without changing the chemical identity of the amino acid, as in the case
of introducing stable isotopes of 2H, 13C, 15N and 18O
within various functional groups. In a second approach,
chemical modification with or without stable isotope labelling is used. Alkylating Cys is an example of the first
case, while guanidination which transfers C-terminal Lys
to homoarginine is an example of the latter[61]. Basically,
proteins or peptides in one of the samples are modified
with an isotope tag. The two samples are then mixed before being processed and analysed by MS. Although the

SELDI-TOF-MS
As mentioned above, SELDI-TOF-MS is a widely used
technology platform for biomarker discovery. It can
be described as a type of MALDI-TOF-MS where the
sample matrix, known as protein chip, has an active role
in the sample purification as well as in the desorption/
ionization step[53].
Several peptide-profiling studies using serum of CRC
patients have reported the combination of SELDI-TOFMS with bioinformatics in order to perform pattern diagnostics. For an overview of these studies, readers can refer
to the work of Gemoll et al[54]. As an example, Liu et al[55]
determined a set of two protein peaks that had the ability
to distinguish patients with different stages of CRC from
healthy subjects, with a sensitivity of 95.0% and a specificity of 94.9%. More recently, Helgason et al[56] identified 13
candidate biomarkers for CRC (m/z 2.0-31.9 kDa) and
2 peaks (m/z 2022 and 28100 Da) that changed during
chemotherapy in accordance with patient response to the
treatment. Nevertheless, when human serum or plasma is
studied with this technique, its sensitivity is restricted due
to the wide dynamic range of serum protein concentrations. In this context, sample pre-fractionation targeting
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physical characteristics of the peptides remain the same,
the masses of the isotopically labelled peptides are proportionally shifted in the spectrum, and the ratio between
the intensities of the differentially labelled peptides peaks
then permits accurate relative quantitation of the proteins. Stable isotopes can be incorporated into proteins
or peptides using different techniques: O18 proteolytic
labelling, isotope-coded affinity tags (ICAT), isotopecoded protein labelling (ICPL), iTRAQ (isobaric Tags for
Relative and Absolute Quantification), or SILAC (Stable
Isotope Labelling with Amino acids in cell Culture),
where stable isotopes are incorporated into growing cells.
The advantage of labelling strategies is that in the same
experiment several samples can be analysed and very
small changes of expression can be detected. For example, Kim et al[62] combined 2-DE with ICAT and found
a set of five proteins (VCP, TPM2, ITLN1, TAGLN
and FABP1) differentially expressed in the tumour tissue of CRC patients, with value for the prognosis of the
disease. Using the iTRAQ-based quantitative proteomics
approach Ghosh et al[63] validated the role of calcyclin
binding protein (CacyBP) in promoting colorectal cancer
metastasis.
The goal in the search for new CRC biomarkers is not
the identification of proteins with small changes of expression; instead, large variations in their expression are
desirable. Therefore, proteomic techniques based on LCMS/MS without prior marking of the samples (label-free
proteomics) are frequently used, despite these are timeconsuming since the samples are analysed one by one.
Using this approach with the insoluble fractions from tissues from CRC patients, Yang et al[64] found four proteins
(KRT5, JUP, TUBB, and COL6A1) that gave specific network information for CRC. Their panel of novel markers
proposed as candidate targets for treatment was further
validated by Western-blotting. By label-free quantitative
mass spectrometry and protein microarray, Matsubara
et al[65] reported that adipophilin is a plasma biomarker
potentially useful for the detection of early-stage CRC,
showing improved diagnostic performance.
A novel label-free quantitative proteomics technique
is the so-called SRM (Selected Reaction Monitoring). It is
an MS/MS method, which consists in selecting a specific
precursor ion or peptide that will later be divided, allowing the selection of one of its product ions. This detection is used to make a relative or absolute quantification
of the peptide and, by extension, of the protein to which
it belongs in the analysed sample. Although this approach
can be used without making a prior labelling, a recent
study combined this technique with ICAT to compare
healthy mucosa and tumour tissues of CRC patients,
identifying more than 1000 proteins overexpressed in tumours, related to endocytosis, mitochondrial dysfunction
and various cell signalling pathways[66]. Other MS-based
strategy for protein quantification is label-free spectral
counting. Considering that the detected spectral counts
are correlated with the abundance of corresponding proteins, Yao et al[13] compared and identified proteins in the
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secretome of paired normal and CRC cultured tissues
before and after a lectin capture method. After lectin capture the percentage of spectral counts of secreted proteins was signiﬁcantly increased from 45% to 80% for the
conditioned medium of normal tissues, and from 50% to
85% for the CRC ones, indicating that secreted proteins
were effectively enriched by the lectin affinity based approach.

BIOLOGICAL SAMPLES FOR
COLORECTAL CANCER BIOMARKER
DISCOVERY
The first critical issue in the proteomic analysis for CRC
biomarker discovery is the selection of the sample. Different samples can be used for searching candidate protein markers, including clinical samples such as serum,
tissue or faeces from patients, as well as other biological
samples like cell lines or animal models. Below, we will
briefly discuss the advantages and disadvantages of these
different types of samples, and summarize the putative
CRC markers most frequently identified.
Serum or plasma
Blood is the most suitable sample used to identify biomarkers for the screening or diagnosis of CRC due to
its availability and non-invasive collection. However,
biomarker detection in serum or plasma has some drawbacks. One is the fact that in these fluids a heterogeneous
mixture of proteins derived from different tissues is
found, making it difficult to attribute a differentially expressed protein to a tissue-specific disease. This limitation
can result in the identification of putative protein markers that are not specific for CRC. Furthermore, in serum
a small number of major proteins (e.g., albumin) are highly concentrated and mask other less abundant proteins
that could be interesting as biomarkers. One strategy
to overcome this problem is to remove the serum most
abundant proteins by using commercial affinity columns
designed specifically for this purpose[67].
Despite these shortcomings, in the last years several
proteomic studies have been published focusing on
the search of serum proteins to discriminate CRC patients from healthy individuals. Interestingly, different
authors including our own group identified the same
differentially expressed proteins using a variety of proteomic tools[18,19,40,68-74]. Among those proteins we found
apolipoproteins, cathepsins, alpha-1 antitrypsin, alpha1-acid glycoprotein types 1 and 2, transferrin, beta-2
microglobulin, complement components C3 and C9,
gelsolin, heat shock proteins as HSP60, transthyretin,
defensins (also known as human neutrophil peptides),
alpha-enolase, S100 A calcium binding proteins, as well
as the inhibitor of metalloproteases TIMP-1. This latter
marker is known to be aberrantly glycosylated in patients
with CRC[75].
Recently, the application of new proteomic technolo-
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gies allowed the identification of other candidate proteins
such as adipophilin, also known as perilipin-2 or adipose
differentiation-related protein [65], and kininogen-1 [76],
for the early detection of CRC. Although in some cases
these putative markers show good diagnostic parameters,
in general it has been demonstrated that a single protein
marker is not enough to get high sensitivity and specificity values for CRC diagnosis. Therefore, in order to reach
a greater diagnostic accuracy it can be more useful to use
a panel of several markers. In fact, Brock et al[77] have
described that the protein panel alpha-1-acid glycoprotein 1, gelsolin, C3, C9, hyaluronic acid binding protein 2
(HABP2) and serum amiloide A2 (SAA2) yielded a sensitivity of 94% and a specificity of 83% to differentiate
CRC patients from healthy donors.
Looking for the identification of metastasis-associated
proteins, the serum of healthy individuals vs patients with
metastatic CRC were compared. Specific proteins were
identified in the patients, including mitogen activated
protein kinase activated protein kinase 3 (MAPKAPK3),
activin A receptor ⅡB (ACVR2B), Pim-1 oncogene
(PIM-1), v-src sarcoma viral oncogene homolog (SRC)
and fibroblast growth factor receptor-4 (FGFR4) [78].
Other authors have compared serum samples from CRC
patients with lymph node or liver metastasis and those
from patients without recurrence or metastasis for at least
3 years. In these studies the protein transthyretin (TTR)
was identified as a candidate lymph node metastasis
marker in CRC[11], whereas a panel of 8 peptides identified
as fragments of alpha-fetoprotein, complement C4-A,
fibrinogen alpha, eukaryotic peptide chain release factor
GTP-binding subunit ERF3B, and angiotensinogen, demonstrated promising value for predicting liver metastasis in
patients who underwent radical resection of CRC[79].

However, because of the small size of tissue biopsies and
other technical reasons, this separation is usually not carried out. In consequence, some proteins overexpressed in
tumours are also increased in inflammation and this lack
of specificity may prevent its use in clinical practice.
An overview of the proteins with altered expression
in colorectal tumours identified by different authors comparing matched normal and tumour tissues reveals that
many of them are abundant proteins such as structural
and cytoskeleton proteins, annexins, chaperones or glycolytic enzymes which are also modified in other cancers[83].
In order to detect less abundant proteins, an approach
that will be discussed later in this review is the isolation
of subcellular fractions and the characterization of the
corresponding sub-proteomes.
Among the proteins differentially expressed in
colorectal tumours and consistently described in literature as candidate markers we can highlight translationally
controlled tumour protein (TCTP)[21,46,84], NDK A[19,20,46,84]
and S100A9[19,85], all of them overexpressed in tumours,
as well as selenium-binding protein (SELENBP1 protein)[19,85] and carbonic anhydrase 1 (CA-1)[27,85,86] which are
less expressed in the tumour tissue. Noticeably, in some
cases the analysis of whole tumour lysates has led to
the identification of marker candidates which have been
subsequently validated in tissue or serum samples from a
different cohort of CRC patients. Among these interesting biomarkers are proteins from the S100A family such
as S100A8, S100A9[19] and S100A12[48], ribonucleoprotein
HNRNPA1[87], the enzyme nicotinamide N-methyl transferase (NNMT)[46], proteasome activator complex subunit
3 (PSME3)[47], desmin[20] and olfactomedin-4 (OLF4).
This latter protein is overexpressed not only in adenocarcinomas at early stages, but also in adenomas[88].
Besides the comparisons between healthy mucosa and
tumour tissue, other authors have analysed metastatic
and non-metastatic CRC tissues. Kang et al[89] compared
the primary tumour tissues from 14 CRC patients with
and without hepatic metastasis. They found a differential protein cluster, consisting of 17 proteins from the
PI3K/AKT pathway which was validated by Western
blot. A similar approach was performed by Zhao et al[21]
who detected that Rho GDP-dissociation inhibitor alpha
is markedly up-regulated in metastatic CRC.
A different approach to analyse whole tumour proteins has been recently published by Wiśniewski et al[90].
In this study, using formalin-fixed paraffin-embedded
tissues, they were able to identify about 10000 proteins,
many of them previously described as candidate CRC
markers. This method offers a great advantage for the
identification of prognostic markers since it allows retrospective studies analysing archival paraffin-embedded
samples from patients who have been clinically followedup for several years.

Tissue
The analysis of tissue samples obtained from CRC
patients allows comparing the protein profile between
tumour and the adjacent healthy mucosa, particularly useful in the discovery of prognostic tumour markers. This
approach has several advantages over serum or plasma
analysis. The first one is that not all the proteins altered in
the tumour, and therefore marker candidates, are secreted
to the blood from the tumour cells. Therefore, the concentration of a putative marker is higher in tumour tissue
than in blood. In addition, since tumour samples are analysed, there is no doubt that the altered proteins identified originate in the tumour itself. However, proteomic
studies in tumours have also some disadvantages. First
of all, the availability of this type of sample is limited.
Moreover, tumours are heterogeneously composed of
neoplastic cells besides the surrounding stromal cells. As
an example of this latter drawback, various studies have
described alterations of the protein vimentin in colorectal
tumours[80-82] even though this protein is not expressed
in epithelial cells, only in stromal cells and lymphocytes.
Therefore, the identification of specific biomarkers
would require the isolation of the tumour epithelial cells.
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Stool
Stool samples provide important advantages over other
clinical samples in the search for CRC markers such as
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ally validated in clinical samples from CRC patients[67].
The human colon adenocarcinoma Caco-2 cell line is
an accepted in vitro model to study colorectal tumorigenesis since Caco-2 cells seems to lose their carcinogenic
phenotype during the differentiation process. Taking into
account this advantage, several authors have applied different proteomic technologies to compare the whole cell
lysates before and after differentiation of Caco-2 cells.
Along the differentiation process, the proteins glutathione
S-transferase alpha 1 (GSTA1), annexin A4 (ANXA4),
villin 1 (VIL1), galectin (LGALS3) and phosphoglycerate
kinase 1 (PGK1) were up-regulated, whereas the proteins
CDC2, PCNA and HNRNPH3 were down-regulated[95,96].
Fanayan et al[97] analysed cell lysates of other human colon
cancer cell lines (LIM1215, LIM1899 and LIM2405) that
were selected to represent a wide range of pathological
states of colorectal cancer. They identified both cancerassociated proteins with differential expression patterns,
as well as protein networks and pathways which appear to
be de-regulated in these cell lines. Examples of candidate
markers include mortalin, nucleophosmin, ezrin, alpha
and beta forms of spectrin, exportin, the carcinoembryonic antigen family, EGFR and met-proto-oncogene
(MET).
In order to identify metastasis-associated proteins, some
studies have compared two cell lines with different metastatic potential as SW-480, derived from a Dukes’ stage B
colon carcinoma and SW-620, derived from a lymph node
metastasis of the same patient. Ghosh et al[98] analysed
the whole cell proteome profiles of these two isogenic
colorectal cancer cell lines and identified 147 proteins significantly altered in the metastatic cell. Up-regulated proteins in the SW620 cell line included stathmin, villin, myosin 10 and myristoylated alanine-rich C-kinase substrate
(MARCKS), whereas down-regulated proteins included
those related to cytoskeletal signalling (type 1 cytoskeletal
13, type Ⅱ cytoskeletal 5, tubulin beta 2A/2B, actin, and
several acting binding proteins), annexin A1 and proteins
with roles in cellular adhesion including beta-catenin and
neural cell adhesion molecule1 (NCAM1). However, a
beta-catenin degrading protein, calcyclin-binding protein
(CacyBP), was found up-regulated in SW620 cells, suggesting the possible involvement of CacyBP in CRC metastasis through the alteration of beta-catenin-mediated
cellular adhesion.
In recent years, the proteomic analysis of the secretome of human colon adenocarcinoma cell lines has been
described as a useful strategy for the detection of candidate blood-based markers. This is due because the analysis of a cell-specific secretome limits the contamination
by the major proteins of the human serum, favouring
the identification of tissue-specific proteins[99]. However,
as Malard et al[100] pointed out, the analysis of human cell
line secretomes by proteomics techniques presents some
drawbacks. First, proteins secreted in culture media are
highly diluted. Moreover, changes in the physiology of
the cells may occur upon a change of medium, as most
of secretome studies are performed with the basal me-

the availability and the non-invasive collection of the
sample. Furthermore, tumour-derived proteins may be
more abundant in faeces than in blood. However, one
drawback of the proteomic analysis of stool samples is
the proteolysis caused by the gut micro-biota, leading to
protein degradation.
In faeces of CRC patients the following proteins
have been identified: defensins, S100A calcium binding
proteins (including calprotectin), haemoglobin, haptoglobin, alpha-1 antitrypsin, lactoferrin, CEA, dipeptidyl
peptidases Ⅰ and Ⅳ, cadherin 17, SELENBP1, pyruvate
kinase type M2 (M2PK), metalloprotease 9 (MMP9) and
its inhibitor TIMP1[91]. Although some of these proteins
are related with inflammation, resulting inespecific for
CRC, others have been previously reported as CRC-associated proteins and have been tested as candidate CRC
screening biomarkers. Interestingly, tumour pyruvate
kinase type M2 showed good sensitivity for the detection
of tumours (85%) but not for adenomas (28%)[92].
Moreover, it has been demonstrated that a marker
panel containing the proteins S100A12, TIMP1 and
haemoglobin-haptoglobin showed higher sensitivity than
faecal occult blood, and identified 74% of the patients
at early stages of tumour development[93]. More recently,
Ang et al[94] developed a multiplex analysis for 40 human
proteins on faecal samples from eight CRC patient and
seven healthy volunteers. These authors identified 24 proteins consistently found in all samples and nine proteins
(alpha-1 antitrypsin, alpha 1-acid glycoprotein, complement C3, fibrinogen, haptoglobin, hemoglobin alpha,
hemoglobin beta, myeloblastin and transferrin) detected
only in the CRC patients. The relatively high abundance
of these nine candidate markers in the CRC patient samples indicate that they could be clearly differentiated from
the healthy controls.
Cell lines
Cell lines derived from colon tumours offer several advantages over clinical samples for biomarker identification. Cell lines are homogeneous cell populations, they
are easy to work with and their availability is almost
unlimited. Besides, it is easier to obtain subcellular fractions such as plasma membrane, nucleus, secretome
(the conditioned media in which the cells grow), and
exosomes from cell cultures. Thereby, cellular proteome
complexity is reduced, simplifying the identification of
less abundant proteins. Nevertheless, the use of cell cultures has some limitations. Almost all available human
colon cell lines come from tumours, whereas cell lines
derived from normal mucosa epithelial cells do not exist.
This fact prevents the study of the proteome changes associated to the CRC malignant transformation sequence:
normal mucosa-adenoma-adenocarcinoma. In addition,
cell cultures do not exactly represent the in vivo situation
since they lack features of an in situ tumour such as the
interactions among tumoral cells, stromal cells and the
immune system. For this reason, it is mandatory that the
candidate biomarkers discovered in cell lines are eventu-
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dium without the addition of fetal calf serum.
Secretomes comprise protein released through different mechanisms, including secreted membrane vesicles
(exosomes) able to transfer information to target cells.
Searching for CRC-specific markers, Wu et al[101] studied
the secretome of 21 cancer cell lines from 12 different
cancer types, and found that collapsin response mediator
protein-2 (CRMP-2) was exclusively detected in the colon
cell lines Colo205 and SW480. This protein was eventually validated in serum, demonstrating its value for discriminating CRC patients from healthy donors. Aiming to
find secreted metastasis-associated proteins, other studies
have compared the secretome of SW-480 and SW-620
cells. Among the proteins differentially expressed between these two cell lines the proteins alpha 5 and alpha
6 integrins, peroxiredoxins 2 and 6, soluble E-cadherin,
growth/differentiation factor GDF15 and trefoil factor
3 (TFF3) have been found[71,102]. Noticeably, the serum
levels of GDF15 and TFF3 were significantly increased
in CRC patients with lymph node metastasis as compared
to patients without metastasis or healthy donors[71]. Besides, another study showed that serum levels of soluble
E-cadherin reflect the disease status of CRC patients, although validation in a larger cohort would be required to
confirm this finding[103].

few proteomic studies analysing membrane-associated
proteins in CRC patients. Comparing paired tumours and
healthy mucosa samples the overexpression of several
membrane proteins including CEA, claudin-3 and the A1
antigen of the histocompatibility complex has been reported in tumours[105]. Another membrane protein identified as a possible biomarker is STOML2 (stomatin-like
protein 2), which was found increased in tumours and
also detected in serum of CRC patients at early stages of
the disease[106]. Other authors have identified candidate
markers for metastasis when comparing the cell surface
proteomes of the low metastatic cell line KM12C and the
high metastatic KM12SM cells. A number of cell signalling, integrins and other cell adhesion proteins (cadherin
17, junction plakoglobin) were described among the most
de-regulated proteins[107].
Our research group has analysed the sub-proteomes
of membrane and soluble fractions of tumours, and
compared them with those from adjacent healthy mucosa. Among the de-regulated membrane proteins we found
cytoskeleton proteins, chaperones and two isoforms
of the calcium binding protein S100A6[81]. Regarding
the soluble fraction a panel of four putative biomarker
proteins were identified, 14-3-3 protein zeta/delta, parkinson protein 7 (DJ-1), retinoblastoma binding protein
4 (RBBP-4) and nucleoside diphosphate kinase A (NDK
A), differentially expressed in normal and tumour tissues.
Furthermore, NDK A was detected in serum and preliminary results indicated an increased concentration in CRC
patients. Thus NDK A is an interesting candidate serum
biomarker for CRC[24].
Exosomes are 40-100-nm diameter membrane vesicles
of endocytic origin that are released from most cell types
and circulate in body fluids, including blood. Therefore,
analysing the protein profile of these vesicles released by
tumour cells can be a useful method to identify markers
for the diagnosis of CRC. Indeed, the proteome analysis
of exosomes derived from tumoral colon cell lines has
led to the identification of the candidate markers claudin-3, Ephrin-B1 and galectin 4[108], cadherin-17, CEA,
EGFR, glycoprotein A33 and EpCAM (epithelial cell surface adhesion molecule), among others[109]. Recently, the
exosome protein profiles of SW480 and SW620 cell lines
were compared to identify metastatic factors and signalling molecules fundamental for tumour progression. A
major finding was the selective enrichment of metastatic
factors (MET, S100A8, S100A9, TNC) and signal transduction molecules (EFNB2, JAG1, SRC, TNIK) in exosomes derived from the metastatic cells[110].

Subcellular fractions
As we have previously mentioned, the analysis of whole
cell lysates can yield good candidate markers, although
the complexity of such a sample may hamper biomarker
discovery. An alternative for reducing sample complexity
of tissue biopsies or cell lysates is to perform a previous
subcellular fractionation of the sample and then to analyse the sub-proteome of different subcellular fractions.
In this regard, Yang et al[64] focused on the identification
of proteins in the insoluble fraction of biopsies from 13
CRC patients and found a panel of four proteins (KRT5,
JUP, TUBB and COL6A1) as candidate CRC biomarkers.
Other authors have analysed the nuclear matrix proteome
comparing adenomas and adenocarcinomas since nuclear
phenotypic alterations and chromosomal instability are
a hallmark of tumour cells[104]. Therefore, it is expected
that among the differentially expressed proteins identified
in that study (MNDA, HNRPH2, DNASE1, NUP62,
NUP88), some meaningful tumour markers could be
eventually validated in larger cohorts.
A subcellular fraction of particular interest that has
been studied by several researchers including our own
group is the membrane fraction. Membrane-associated
proteins account for approximately 30% of human
proteome and play essential roles in cell-cell and cellextracellular matrix interactions as well as in signal transduction. Most of the biomarkers currently used in clinical
practice (e.g., CEA) and about 70% of all known therapeutic targets are membrane proteins. However, because
of the difficulties to isolate and analyse these proteins,
mainly due to their hydrophobic character, there are only
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Animal models
Animal models can be an alternative to clinical samples
for the discovery of biomarkers since proteomic studies
using inbred strains of mice avoid genetic and physiological variations among individuals. Unfortunately, there are
only a small number of mouse models that show genetic
alterations that lead to CRC. Among such murine models
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are the Apc (Min/+) mice, which are mutant in the APC
gene and can develop tumours in the small intestine and
the colon. The analyses of serum and tumours alterations of the proteins catepsins B and D, DJ-1, clusterin
and S100A9 have been described[111]. In another study,
among a total of 52 de-regulated proteins identified
when comparing tumours and adjacent healthy tissue,
a co-expressed gene network linked to innate immunity
and inflammation was found in tumours. The network
included cathelicidin antimicrobial peptide (CAMP), Tolllike receptors, IL-8 and triggering receptor expressed
on myeloid cells 1 (TREM1)[112]. More recently, serum
proteins from tumour-bearing Apc (Min/+) mice were
quantitatively compared to tumour-free wild type mice
via in anima metabolic labelling and LTQ Orbitrap mass
spectrometer. Among the 40 differentially expressed proteins identified, MGAM, ITIH3 and F5 were validated in
neoplastic colonic tissues from the mutant mice. These
proteins provided a set of candidate biomarkers for future validation in humans[113].
An overview of recent reports focused on the different proteomic techniques and samples used for the discovery of candidate protein markers for CRC is provided
in Table 1.

filing acquisition may be also applied as an alternative
method for diagnosis of CRC[50]. Moreover, it is expected
that combining several markers for CRC and applying
multivariate analyses will significantly improve their diagnostic performance[114-116].
Future work should also be directed to evaluate the
functional protein interaction networks derived from
the proteomics data, in order to elucidate the molecular
mechanisms of CRC carcinogenesis. Recently, Jimenez
et al[83] reported a summary of differently expressed proteins in clinical proteomics studies comparing colorectal
healthy and cancer tissues. Authors also analysed these
proteins using the STRING tool (http://string.embl.de/)
to visualize the protein-protein interaction networks. At
the heart of the network they found a cluster of five upregulated and well-connected proteins in CRC (enolase 1,
glyceraldehyde-3-phosphate-dehydrogenase, pyruvate kinase isoenzymes M1/M2, fructose-bisphosphate aldolase
A and transketolase), all involved in glycolysis. Glycolytic
activity is increased in almost all cancers to provide cells
with enough energy for proliferation, a phenomenon
called “Warburg effect”[117]. Other molecular and cellular
functions associated with the up-regulated proteins include “Cell Death”, “Cell-To-Cell Signalling and Interaction” and “Cellular Assembly and Organization”[83].

VALIDATION OF CANDIDATE
BIOMARKERS

CONCLUSION
The discovery of novel biomarkers in CRC is crucial for
the early detection of the disease, the characterization of
the disease progression and the prediction to therapy response. Recent advances in proteomic technologies allow
large-scale analysis of proteins which can be applied for
discovering aberrant protein profiles of clinical and other
biological samples related to CRC. A first critical issue in
the search for candidate markers is the selection of the
sample set. Tumour tissue is the most direct approach for
biomarkers discovery as they are most likely present in
cancer tissues at higher concentration than in serum or
plasma. In the next step, protein candidate markers must
be assessed by a targeted assay and validated in large
independent cohorts. Only this validation will allow the
translation of the candidate CRC markers to the clinical
practice. Finally, it is now generally accepted that a combination of proteins rather than a single individual candidate can better discriminate CRC patients from controls,
or determine the prognosis of the patients, implying the
advantage of using proteins involved in different physiopathological pathways. In conclusion, there has been a
significant amount of research for the identification of
CRC biomarkers using proteomic techniques; however,
these are yet to yield stronger candidates. A single unique
biomarker, of sufficient sensitivity and specificity, may
not be a realistic goal, but instead a panel of markers may
be a useful way to overcome the difficulties imposed by
inter-individual variability.

Many proteomic studies have identified CRC-associated
proteins, but little work has been done to validate these
candidate biomarkers. Therefore, it would be worthwhile
to collect samples from larger cohorts of healthy individuals and CRC patients and to analyse their peptidome
and proteome in depth to fully assess the biomarker
potential of proteomic changes. Only this validation will
then allow transferring novel biomarkers into clinical use
for a better detection and treatment of CRC.
Nowadays, antibody-based methods (Western blotting, IHC, microarrays and particularly ELISA) are the
most widely used for quantitative biomarker measurement. Nevertheless, antibody specificity is often lacking
and considerable care must be taken in the validation of
the signals observed. Insufficient samples, often of poor
quality, are a key problem, as well as a lack of suitable
antibodies or ELISA kits. Additionally, developing a validated ELISA is expensive and time-consuming. This fact,
together with the recent advances in MS technology, is
further stimulating the development of quantitative MS
technologies for protein and peptide biomarker analysis.
Multiple reaction monitoring (MRM, also known as selective reaction monitoring, SRM) is rapidly becoming the
method of choice[94]. With this technique tens of protein
candidates can be followed up in one LC-MS/MS analysis without the use of antibodies, and employing only
microliters of sample though it cannot be still performed
routinely. Nowadays, MALDI-TOF-MS for peptide pro-
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Table 1 Overview of recent proteomic reports focused on the discovery of candidate protein markers for colorectal cancer
Gene
YWHAZ
HLA-A1
ACVR2B
PLIN2

Protein name

Sample

14-3-3 protein zeta/
Tissue
delta
HLA class Ⅰ histocomp Membrane fraction
atibility antigen A-1
of tissue
Activin receptor typeSerum
2B
Adipophilin
Serum

Potential clinical
value

Proteomic technique

Validation

Ref.

Tissue biomarker

2-DE, LC-MS/MS

WB

[24,46]

WB

[105]

Tissue biomarker 1-DE, iTRAQ labelling, LCMS/MS
Diagnosis
FP-protein microarray
Diagnosis

SPTBN1
A1AT

Beta-spectrin
Alpha-1 antitrypsin

Cell lines
Serum, stool

Metastasis
Diagnosis

ORM1

Serum, stool

Diagnosis

Serum, stool

Diagnosis

ENO1

Alpha-1-acid
glycoprotein type 1
Alpha-1-acid
glycoprotein type 2
Alpha-enolase

Diagnosis

AFP

Alpha-fetoprotein

Tissue, validated in
serum
Serum

AGT

Angiotensinogen

Serum

ANXA2

Annexin A2

ANXA4

Annexin A4

APOA1

Apolipoprotein A1

Membrane fractions
from colorectal
carcinoma
Membrane fractions
from colorectal
carcinoma
Serum

Liver metastasis
from CRC
Liver metastasis
from CRC
Diagnosis and
presumably
therapy
Diagnosis and
presumably
therapy
Diagnosis

CTNNB1

Beta-catenin

Cell lines

Metastasis

CACYBP

Calcyclin binding
protein
Cadherin 17

Cell lines

Metastasis

Membrane fractions
from cell lines,
exosomes, stool

Metastasis

Cell lines,
membrane fraction
from tissue,
exosomes, stool
Tissue from animal
model
Animal model

Prognosis

ORM2

CDH17

CEACAM5

CAMP

Carcinoembryonic
antigen

CTSB

Cathelicidin
antimicrobial peptide
Cathepsin B

CTSD

Cathepsin D

Tissue, animal
model

CDC2

Cell division control
protein 2 homolog
Claudin-3

Cell lines

CLDN3

PTPRC
TFRC
CLU
F5

Cluster of
differentiation 45
Cluster of
differentiation 71
Clusterin
Coagulation factor Ⅴ

Membrane fraction
from tissue,
exosomes
Tumor tissue

WB, RP-tissue
microarray, ELISA
Label-free quantitative LC- WB, RP-microarray,
MS/MS
IHC
1-DE, LC-MS/MS
RNA-Seq
SELDI-TOF-MS, 1-DE,
MudPIT, SRM
1-DE, MudPIT, SRM
SRM

iTRAQ labelling, LC-MS/
WB, ELISA
MS, 1-DE, MudPIT, SRM
2-DE, 2D-DIGE, LC-MS/
WB
MS, MALDI-TOF-MS
MALDI-TOF-MS, LC-MS/
MS
MALDI-TOF-MS, LC-MS/
MS
2D-DIGE, MALDI-TOF-MS RP-tissue microarray

2D-DIGE, MALDI-TOF-MS RP-tissue microarray

2-DE, 2D-DIGE, MALDITOF-MS, LC-MS/MS

WB, RP-protein
microarray, RP-tissue
microarray
1-DE, iTRAQ labelling,
WB, RP-tissue
LC-MALDI-TOF-MS, LCmicroarray, flow
MS/MS
cytometry, confocal
microscopy
iTRAQ labelling, LCWB
MALDI-TOF-MS
1-DE, LC-MS/MS
WB, RP-tissue
microarray, flow
cytometry, confocal
microscopy
Protein microarray, iTRAQ
WB, RP-tissue
labelling, 1-DE, LC-MS/
microarray, flow
MS
cytometry, confocal
microscopy, RNA-Seq
2-DE, MudPIT, LC-MS/MS
-

Candidate tissue
biomarker
Candidate
MudPIT, LC-MS/MS
WB, Ab microarray,
diagnosis
IHC
biomarker
Candidate
2D-DIGE, MudPIT, LCWB, Ab microarray,
diagnosis
MS/MS
IHC
biomarker
Candidate tissue
2-DE, MALDI-TOF-MS
WB
biomarker
Tissue biomarker 1-DE, iTRAQ labelling, LCWB
MS/MS

[78]
[65]
[97]
[69,94]
[77,94]
[73,94]
[18,19,46]
[79]
[79]
[25]

[25,80]

[40,70,80]

[98,107]

[63,98]
[91,107,109]

[38,91,97,105,
107,109]

[112]
[111]

[80,111]

[95]
[105,108]

Diagnosis

Protein microarray

-

[38]

Tumor tissue

Diagnosis

Protein microarray

-

[38]

Serum, animal
model
Animal model

Diagnosis

2-DE, MALDI-TOF-MS,
MudPIT, LC-MS/MS
Metabolic labelling, LCMALDI-TOF-MS, SRM,
LC-MS-MS

WB, antibody
microarray, IHC
-

[23,70,111]
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COL6A1

Collagen, type Ⅵ α-1
chain
Collapsin response
mediator protein-2

Tissue

Prognosis

LC-MS/MS

WB, IHC

[64]

Diagnosis

1-DE, MALDI-TOF-MS

WB, IHC, ELISA

[101]

Complement C3

Secretome from cell
lines, validated in
serum
Serum, stool

Diagnosis

SRM

[69,74,77,94]

Complement C4-A

Serum

Complement C9

Serum

SELDI-TOF-MS, 1-DE,
MudPIT, SRM, LC-MS/MS
MALDI-TOF MS, LC-MS/
MS
LC-MS/MS, SRM

DEFA1

Cyclophilin A
Cytoplasmic carbonic
anhydrase Ⅰ
Cytoplasmic carbonic
anhydrase Ⅱ
Defensin-1

Tissue, serum, stool

Diagnosis

DEFA2

Defensin-2

Tissue, serum

Diagnosis

DEFA3

Defensin-3

Tissue, serum, stool

Diagnosis

Desmin

Tissue, validated in
serum
Tissue

Diagnosis and
prognosis
Prognosis

DPYSL2

C3
C4A
C9
PPIA
CAI
CAII

DES
MAPRE1

CDH1
EFEMP2

EFNB2
EGFR

-

[79]

RP-protein
microarray, SRM
IHC
WB, IHC

[40,77]

Tissue
Tissue

Liver metastasis
from CRC
Diagnosis early
stage
Tissue biomarker
2-DE, SELDI-TOF-MS
Tissue biomarker 2D-DIGE, MALDI-TOF-MS

[58]
[27,33,84,86]

Tissue

Tissue biomarker 2D-DIGE, MALDI-TOF-MS

WB, IHC

[33]

-

[68,91]

-

[68]

The adenomatous
polyposis coli-binding
protein
E-cadherin
Secretome from cell
lines , serum
EGF-containing fibulinSecretome of
like extracellular matrix
cultured fresh
protein 2
normal and CRC
tissues
Ephrin-B2
Exosomes
Epidermal growth
Cell lines, exosomes
factor receptor

EPCAM

Epithelial cell surface
adhesion molecule

Exosomes

GSPT2

Eukaryotic peptide
chain release factor
GTP-binding subunit
Exportin
Ezrin
Fatty acid-binding
protein 1
Fibroblast growth factor
receptor 4
Fibrinogen alpha

Serum

BLVRB
LGALS3
LGALS4
GSN

Flavin reductase
Galectin 3
Galectin 4
Gelsolin

GSTA1

Glutathione
S-transferase alpha-1
Glycoprotein A33

XPO4
EZR
FABP1
FGFR4
FGA

GPA33

GDF15

HBG
HSPA9
HSPB1

Diagnosis
Diagnosis

SELDI-TOF-MS, MALDITOF-MS
SELDI-TOF-MS, MALDITOF-MS
SELDI-TOF-MS, MALDITOF-MS
2-DE, MALDI-TOF-MS

-

[68,91]

WB, IHC

[20]

2D-DIGE

IHC

[32]

2D-DIGE, MALDI-TOFMS, LC-MS/MS
1-DE, LC-MS/MS

WB

[102,103]

WB, IHC

[13]

WB, RP-tissue
microarray, flow
cytometry, confocal
microscopy, RNA-Seq
-

[108,110]
[97,107,109]

MALDI-TOF-MS, LC-MS/
MS

-

[79]

1-DE, LC-MS/MS
1-DE, LC-MS/MS
2D-DIGE, ICAT, LC-MS/
MS
FP-protein microarray

RNA-Seq
RNA-Seq
WB, IHC

[97]
[97]
[62]

-

[78]

MALDI-TOF MS, LC-MS/
MS, 1-DE, MudPIT, SRM

-

[79,94]

IHC
WB
WB, IHC

[58]
[95]
[108]
[19,77]

WB

[95,96]

-

[109]

WB, ELISA

[71]

Metastasis
Candidate
diagnosis
biomarker

1-DE, LC-MS/MS
1-DE, LC-MS/MS

Candidate
diagnosis
biomarker
Liver metastasis
from CRC

LC-MS/MS

[109]

Cell lines
Cell lines
Tissue

Tissue biomarker
Tissue biomarker
Prognosis

Serum

Diagnosis

Serum, stool

Tissue
Cell lines
Exosomes
Tissue, serum

Liver metastasis
from CRC,
diagnosis
Tissue biomarker
Tissue biomarker
Tissue biomarker
Diagnosis

Cell lines

Tissue biomarker

Exosomes

Candidate
diagnosis
biomarker
Metastasis

2-DE, SELDI-TOF-MS
2-DE, MALDI-TOF-MS
1-DE, LC-MS/MS
2D-DIGE, MALDI-TOFMS, SRM, LC-MS/MS
2-DE, MALDI-TOF-MS,
LC-MS/MS
Immunoaffinity capture
microbeads and LC-MS/
MS
LC-MS/MS

Diagnosis
Tissue biomarker

1-DE, MudPIT, SRM
1-DE, LC-MS/MS

Immunoassay
RNA-Seq

[93,94]
[97]

Diagnosis

2-DE, LC-MS/MS

-

[18]

Growth/differentiation Secretome from cell
factor 15
lines, validated in
serum
Haemoglobin
Stool
Heat shock 70 kDa
Cell lines
protein 9 (mortalin)
Heat shock protein 27 Tissue, validated in
serum
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HSPD1

HNRNPH2
HNRNPA1
HNRNPH3
HABP2
ITLN1
ITIH3

IL8

Heat shock protein 60

Serum

Heterogeneous nuclear
Nuclear fraction
ribonucleoprotein H2
from tissue
Heterogeneous nuclear Tissue, validated in
ribonucleoprotein A1
serum
Heterogeneous nuclear
Cell lines
ribonucleoprotein H3
Hyaluronan-binding
Serum
protein 2
Intelectin-1
Tissue
Inter-alpha-trypsin
Serum from animal
inhibitor heavy chain 3
model
Interleukin 8

Animal model

JAG1
JUP

Jagged 1 protein
Junction plakoglobin

Exosomes
Membrane fraction
from cell lines,
tissue

KRT5

Keratin 5

Tissue, cell lines

KNG1

Kininogen-1

Serum, tissue

MIF
MGAM

MAPKAPK3
MET
PRTN3
MNDA
MYH10
MARCKS
NCAM1
NNMT
NUP62
NUP88
NPM1

Macrophage migration Tissue, validated in
inhibitory factor
serum
Maltase-glucoamylase Serum from animal
model
MAP kinase-activated
Serum
protein kinase 3
Met-proto-oncogen
Cell lines, exosomes
Myeloblastin
Stool
Myeloid cell nuclear
Nuclear fraction
differentiation antigen
from tissue
Myosin 10
Cell lines
Myristoylated alanineCell lines
rich C-kinase substrate
Neural cell adhesion
Cell lines
molecule 1
Nicotinamide
Tissue, validated in
N-methyltransferase
serum
Nuclear pore complex
Nuclear fraction
62
from tissue
Nuclear pore complex
Nuclear fraction
88
from tissue
Nucleophosmin
Cell lines

Diagnosis of
2D-DIGE, MALDI-TOF-MS
late stage CRC,
prognosis?
Tissue biomarker
1-DE, MALDI-TOF-MS,
LC-MS/MS
Diagnosis and
2-DE , MALDI-TOF-MS,
prognosis
SELDI-TOF-MS
Tissue biomarker
2-DE, MALDI-TOF-MS
Diagnosis

Candidate serum
biomarker
Diagnosis
Metastasis
Diagnosis
Tissue biomarker
Candidate tissue
biomarker
Candidate tissue
biomarker
Candidate tissue
biomarker
Diagnosis
Tissue biomarker
Tissue biomarker
Candidate tissue
biomarker
Diagnosis

Tissue, cell lines,
serum

NME2

Tissue

Tissue biomarker

OLFM4

Nucleoside diphosphate
kinase B
Olfactomedin-4

Tissue biomarker

PARK7

Parkinson protein 7

PRDX2

Peroxiredoxins 2

Secreted proteins
from tissue
Tissue, animal
model
Cell lines

PRDX6

Peroxiredoxins 6

Cell lines

Phosphoglycerate
kinase Ⅰ
Pituitary adenylate
cyclase-activating
polypeptide

Cell lines
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Tissue

-

[104]

IHC

[58,87]

WB

[95]

-

[77]

2D-DIGE, ICAT, LC-MS/
WB, IHC
MS
Serum biomarker
Metabolic labelling, LCMALDI-TOF-MS, SRM,
LC-MS-MS
Candidate tissue 2-DE, MudPIT, LC-MS/MS
biomarker
Metastasis
1-DE, LC-MS/MS
Diagnosis,
1-DE, LC-MS/MS
WB, RP-tissue
prognosis and
microarray, flow
metastasis
cytometry, confocal
microscopy
Prognosis
LC-MS/MS, 2-DE, iTRAQ
WB, IHC
labelling, LC-MALDI-TOFMS
Diagnosis
MB-WCX, MALDI-TOFELISA, IHC
MS
Diagnosis
2-DE, LC-MS/MS
-

Nucleoside diphosphate
kinase A

ADCYAP1

[72]

Prognosis

NME1

PGK1

SRM, LC-MS/MS

WB, ELISA, Tissue
microarray

Tissue biomarker
Candidate tissue
biomarker
Candidate tissue
biomarker
Candidate tissue
biomarker
Tissue biomarker

1470

Metabolic labelling, LCMALDI-TOF-MS, SRM,
LC-MS-MS
FP-protein microarray

[62]
[113]

[112]
[110]
[64,107]

[64,98]

[76]
[18]

-

[113]

WB, RP-tissue
microarray, ELISA
RNA-Seq
Immunoassay
-

[78]
[97,110]
[94]
[104]

WB

[98]

WB

[98]

WB

[98]

WB, ELISA

[46]

1-DE, MALDI-TOF-MS,
LC-MS/MS
1-DE, MALDI-TOF-MS,
LC-MS/MS
1-DE, LC-MS/MS

-

[104]

-

[104]

-

[97]

2-DE, 2D-DIGE, RP-tissue
microarray, MALDI-TOFMS, LC-MS/MS
2-DE, SELDI-TOF-MS

WB, IHC

[4,19,20,24,39,46,84]

IHC

[58]

OFFGEL, iTRAQ labelling,
MALDI-TOF-MS
2-DE, LC-MS/MS

IHC

[88]

WB, IHC

[24,111]

2D-DIGE, MALDI-TOFMS, LC-MS/MS
2D-DIGE, MALDI-TOFMS, LC-MS/MS
2-DE, MALDI-TOF-MS

WB

[102]

WB

[102]

WB

[95]

2-DE, SELDI-TOF-MS

IHC

[58]

1-DE, LC-MS/MS
1-DE, MudPIT, SRM
na1-DE, MALDI-TOF-MS,
LC-MS/MS
iTRAQ labelling, LCMALDI-TOF-MS
iTRAQ labelling, LCMALDI-TOF-MS
iTRAQ labelling, LCMALDI-TOF-MS
2-DE, MALDI-TOF-MS
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PCNA
PSME3
RBBP4
ARHGDI
S100A11
S100A12
S100A6
S100A8

S100A9

SELENBP1
PIM1
SAA2
TAGLN
SPTAN1
SRC

Proliferating cell
nuclear antigen
Proteasome activator
complex subunit 3
Retinoblastoma binding
protein 4
Rho GDP-dissociation
inhibitor
S100-A11 calcium
binding protein
S100-A12 calcium
binding protein
S100-A6 calcium
binding protein
S100-A8 calcium
binding protein
S100-A9 calcium
binding protein

Selenium binding
protein 1
Serine/threonineprotein kinase Pim-1
Serum amyloid A-2
protein
Smooth muscle protein
22-alpha
Spectrin

Cell lines

2-DE, MALDI-TOF-MS

WB

[95]

2-DE, MALDI-TOF-MS

IHC

[46,47]

2-DE, LC-MS/MS

WB

[24]

Tissue, cell lines

Candidate tissue
biomarker
Diagnosis and
prognosis
Candidate tissue
biomarker
Metastasis

Tissue

Tissue biomarker

2-DE, SELDI-TOF-MS

Tissue, validated in
serum
Cell line, tissue

Tissue, stool,
Diagnosis
validated in serum
Membrane fraction Tissue biomarker
from tissue
Tissue, cell lines,
Diagnosis
exosomes, validated
in serum, stool
Tissue, cell lines,
Diagnosis
exosomes, animal
model, validated in
serum, stool
Tissue, cell lines,
Prognosis
serum
Serum
Diagnosis

[19,84,86]
[78]

RNA-seq

[97]

FP-protein microarray,
1-DE, LC-MS/MS

WB, RP-tissue
microarray, ELISA

[78,110]

iTRAQ, LC-MALDI-TOFMS
LC-MS/MS

WB

[98]

ELISA

[106]

1-DE, LC-MS/MS
2D-DIGE, MALDI-TOF MS

-

[110]
[30]

Lectin Fractionation,
MALDI-MS-MS
2-DE, MudPIT, LC-MS/MS

SRM

[75]

-

[112]

1-DE, LC-MS/MS

-

[110]

2D-DIGE, MALDI-TOF MS
SELDI-TOF-MS, 1-DE,
MudPIT, SRM
2-DE, 2D-DIGE, MALDITOF-MS

-

[30]
[69,94]

-

[35,46]

WB, IHC

[62]

-

[35,84]

Serum

Diagnosis

Animal model
Exosomes

Candidate tissue
biomarker
Metastasis

Serum
Serum, stool

Diagnosis
Diagnosis

Transforming growth
factor β-induced protein
ig-h3
Transgelin

Cell lines

Candidate serum
biomarker

Tissue

Prognosis

Translationally
controlled tumour
protein
Transthyretin
Trefoil factor 3

Secretome from cell
lines, tissue

TUBB

WB

1-DE, LC-MS/MS

Exosomes
Serum

TPM2

2D-DIGE, MALDI-TOF/
TOF, and MALDI-TOF-MS
FP-protein microarray

Candidate tissue
biomarker
Diagnosis,
metastasis

Tenascin C
Thryroid receptor
interactor
TIMP metallopeptidase
inhibitor 1
Toll-like receptors

Triggering receptor
expressed on myeloid
cells 1
Tropomyosin 2 (beta
chain)
Tubulin beta chain

[19,84,85,91,110]

Cell lines

TNC
TRIP

TREM1

WB, IHC

[58]

Diagnosis and
prognosis
Metastasis
Diagnosis

TTR
TFF3

1-DE, 2D-DIGE, MALDITOF-MS, LC-MS/MS

IHC

Tissue, serum

TPT1

[19,84,91,110]

2-DE, SELDI-TOF-MS

Stomatin-like protein 2

TAGLN

WB, IHC

Tissue biomarker

STOML2

TGFBI

[81,110]

[48,93]

Tissue

Metastasis

TALDO1
TFRC

-

2-DE, MALDI-TOF-MS,
LC-MS/MS
1-DE, 2-DE, MALDI-TOFMS, LC-MS/MS
1-DE, 2D-DIGE, MALDITOF-MS, LC-MS/MS

1-DE, MudPIT, LC-MS/MS

Cell lines

TRAF2 and NCKinteracting protein
kinase
Transaldolase 1
Transferrin

[58,59]

Diagnosis

STMN1

TNIK

IHC, protein
microarray
Immunoassay

Serum

Serum, exosomes

TLRs

[21]

WB, RP-tissue
microarray, ELISA
SRM

Proto-oncogene
tyrosine-protein kinase
Src
Stathmin

TIMP1

2-DE, MALDI-TOF-MS

Serum
Secretome from
cell lines, tissue,
validated in serum
Animal model

2D-DIGE, ICAT, LC-MS/
MS
Candidate serum 2D-DIGE, MALDI-TOF-MS
biomarker

[77]

Metastasis
Metastasis

2-DE, MALDI-TOF MS
LC-MS/MS

ELISA
WB, ELISA

[11]
[71]

Candidate tissue
biomarker

2-DE, MudPIT, LC-MS/MS

-

[112]

Tissue

Prognosis

WB, IHC

[62]

Tissue, cell lines

Diagnosis and
prognosis

2D-DIGE, ICAT, LC-MS/
MS
2DE, iTRAQ labelling, LCMALDI-TOF-MS, LC-MS/
MS,

WB, IHC

[64,98]
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PKM
VCP
VIL1

VDAC1

Pyruvate kinase type
M2
Valosin-containing
protein
Villin 1

Tissue, stool

Diagnosis

Tissue

Prognosis

2D-DIGE, MALDI-TOF-MS

-

2D-DIGE, ICAT, LC-MS/
WB, IHC
MS
Tissue, cell lines
Metastasis
iTRAQ labelling, 2-DE, 2DWB
DIGE, LC-MALDI-TOFMS, MALDI-TOF-MS
Voltage-dependent
Membrane fracDiagnosis and pre- 2D-DIGE, MALDI-TOF MS RP-tissue microarray
anion-selective channel tion from colorectal sumably therapy
protein 1
carcinoma

[19,92]
[62]
[19,95,98]

[25]

CRC: Colorectal cancer; 2-DE: Two-dimensional electrophoresis; LC: Liquid chromatography; MS: Mass spectrometry; SELDI-TOF-MS: Surface-enhanced
laser desorption/ionization time-of-flight mass spectrometry; MudPIT: Multidimensional protein identification technology; SRM: Selected reaction monitoring; ELISA: Enzyme-linked immunosorbent assay; IHC: Immunohistochemistry.
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Colorectal cancer screening: 20 years of development and
recent progress
Miroslav Zavoral, Stepan Suchanek, Ondrej Majek, Premysl Fric, Petra Minarikova, Marek Minarik,
Bohumil Seifert, Ladislav Dusek
8000 people are diagnosed with CRC and some 4000
die from this malignancy. Twenty years ago, the first
pilot studies on CRC screening led to the introduction
of the opportunistic Czech National Colorectal Cancer
Screening Program in 2000. Originally, this program
was based on the guaiac fecal occult blood test (FOBT)
offered by general practitioners, followed by colonoscopy in cases of FOBT positivity. The program has
continuously evolved, namely with the implementation
of immunochemical FOBTs and screening colonoscopy,
as well as the involvement of gynecologists. Since the
establishment of the Czech CRC Screening Registry
in 2006, 2405850 FOBTs have been performed and
104565 preventive colonoscopies recorded within the
screening program. The overall program expanded to
cover 25.0% of the target population by 2011. However, stagnation in the annual number of performed
FOBTs lately has led to switching to the option of a
population-based program with personal invitation,
which is currently being prepared.
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Abstract

Core tip: The rising incidence rate of colorectal cancer
(CRC) puts demands on systematic approaches towards
secondary prevention. The National CRC Screening Program in the Czech Republic has been running for more
than 13 years. Nowadays, guaiac and immunochemical fecal occult blood tests (FOBT) are used, as well as
screening colonoscopy. The quality control system was
devised with the introduction of CRC Screening Registry. Since 2006, 104565 preventive colonoscopies have
+
been performed: 89752 FOBT colonoscopies (85.8%)
and 14813 screening colonoscopies (14.2%). Adenomas
+
were diagnosed in 30515 patients undergoing FOBT

Colorectal cancer (CRC) is the second most common
cancer in Europe and its incidence is steadily increasing.
This trend could be reversed through timely secondary
prevention (screening). In the last twenty years, CRC
screening programs across Europe have experienced
considerable improvements (fecal occult blood testing; transition from opportunistic to population based
program settings). The Czech Republic is a typical example of a country with a long history of nationwide
CRC screening programs in the face of very high CRC
incidence and mortality rates. Each year, approximately
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colonoscopy (34.0%), and in 3719 patients through
screening colonoscopy (25.1%). In all preventive colonoscopies, a total of 4193 cancers were registered.

CANCER BURDEN IN CENTRAL EUROPE
In Europe in 2012, it is estimated that 3.45 million new
cases of cancer were diagnosed and 1.75 million patients
died from malignant diseases. Concerning CRC, the annual number stands at 447000 new cases, with 215000
fatalities[21]. The burden of CRC is not equally distributed
across Europe. Central European countries, most notably
Slovakia, Hungary, and the Czech Republic, rank among
the countries with the highest CRC incidence and mortality rates in Europe, with values two to three times higher
than countries with the lowest occurrence (e.g., Bosnia
and Herzegovina, Greece, and Albania). The mortality to
incidence (MI) ratio has been shown to be a good indicator of cancer-specific survival[22]. With a CRC MI ratio
of 0.42, the Czech Republic is close to the EU-27 value
(0.40). Within Central Europe, similar results were shown
for Austria (0.41) and Slovakia (0.44).
Time trends in CRC incidence in the Czech Republic
and neighboring countries show diverse patterns for the
last two decades (Figure 1, Table 1; selected cancer registries with trends available over long periods of time were
chosen to represent Germany and Poland). Whereas in
1990, Saarland in Germany was the area with the highest
CRC incidence, followed by the Czech Republic and Austria, in 2000, the Czech CRC incidence rates ranked first,
representing a 25% increase in incidence over a decade.
An even sharper increase was seen in Slovakia (+33%)
and in Kielce, Poland (+80%). Fortunately, these trends
were not repeated during the most recent period: CRC
incidence rates have decreased (Czech Republic, Germany, and Austria) or only moderately increased (Slovakia,
Poland).
In the Czech Republic, 8265 new CRC cases were
diagnosed in 2010 with 3991 deaths. CRC incidence
has been increasing alarmingly from the start of cancer
registration in the 1970s up to the early 2000s. Recently,
CRC incidence dropped by 4.4% between the periods
1995-1999 and 2006-2010. An even more substantial
decrease was observed in CRC mortality rates, which
dropped by 20.8% between 1995-1999 and 2006-2010
(Figure 2). In 2010, 23.8% of the patients were diagnosed
with stage 3 and 23.0% in the primary metastatic stage
(Figure 3). However, the first positive trends in early
diagnosis have been witnessed; whereas only 15.6% of
patients were diagnosed with stage 1 CRC in 2000, this
proportion increased to 23.3% in 2010.
The epidemiological situation has been a challenge in
the designing of a more effective CRC screening program
in the Czech Republic. The program has been developed
in step by step phases.

Original sources: Zavoral M, Suchanek S, Majek O, Fric P,
Minarikova P, Minarik M, Seifert B, Dusek L. Colorectal cancer
screening: 20 years of development and recent progress. World
J Gastroenterol 2014; 20(14): 3825-3834 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v20/i14/3825.htm DOI:
http://dx.doi.org/10.3748/wjg.v20.i14.3825

INTRODUCTION
Colorectal cancer (CRC) poses serious health risks to the
European population, mainly in the Central European region, where it is the second most common cancer as well as
the second most common cause of cancer deaths[1]. This is
an unfortunate fact knowing that CRC belongs to the group
of preventable diseases, if diagnosed early[2]. CRC prevention includes two modalities: screening (early diagnosis of
a disease in asymptomatic individuals) and surveillance[3]
(long-term follow-up of high-risk individuals). Screening is
focused on people aged 50 and over. Age represents a low
risk factor for sporadic CRC, that is, carcinoma developing
in patients with negative family or personal history of CRC
or chronic inflammatory bowel disease; this type of carcinoma accounts for 80% to 95% of all CRC cases[4].
Screening procedures are performed in either one or
two steps. One-step programs are represented by screening colonoscopy[5], flexible sigmoidoscopy[6-8], and CT
colonography[9]. The initial method of two-step programs
involves fecal occult blood tests (FOBT), which can be
either guaiac-based (gFOBT)[10,11] or immunochemical
(FIT)[12]. In cases of positive FOBT, examination with
colonoscopy or flexible sigmoidoscopy follows. Recently,
studies with other tests (such as capsule colonoscopy[13,14]
or DNA testing[15]) have been performed, but their efficiency in practice has yet to be proved.
Guaiac FOBTs are the most frequently used test in
screening programs worldwide. The malignant transformation of premalignant lesions (adenomas) lasts 8-10
years on average[16]. These lesions are often accompanied
only by irregular and occult bleeding. However, with repeated and regular FOBT examination, the chances of
detecting advanced adenomas or early cancers (followed
by successful treatment) are high. It is documented that
CRC diagnosis in an asymptomatic individual is associated with a 90% five-year survival rate, but this proportion decreases to 40% and 25% if the symptoms last for
3 or 7 mo, respectively[17]. Similarly, the five-year relative
survival[18] can range between 90% and 15% for localized
and advanced cancers, respectively[19].
The key point of the screening programs is to reach
adequate target population coverage. Therefore, an organized population-based screening program based on early
identification and followed by personal invitation to each
individual from the target population is preferred[20].
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CZECH NATIONAL CRC SCREENING
PROGRAM
CRC screening pilot studies
Due to the unfavorable development of CRC incidence
and mortality rates in the Czech Republic in the second
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Czech Rep
Germany, Saarland
Poland, Kielce

70

Slovakia
Austria

Table 1 Time trends for incidence rates for colorectal cancer
in the Czech Republic and neighboring countries
Cancer registry

CRC incidence (ASR-E)

60

Colorectal cancer incidence-ASR (E)
1990 2000

50

Czech Republic
Germany, Saarland
Slovakia
Austria
Poland, Kielce

40
30
20

50.3
58. 8
41.7
48.8
19.1

62.7
61.7
55.7
49.4
34.3

Trend
2007
Trend
1990-2000
2000-2007
+25%
+5%
+33%
+1%
+80%

59.0
58.7
57.9
41.8
35.7

-6%
-5%
+4%
-16%
+4%

Source of data: Steliarova-Foucher et al[21] ECO; Czech National Cancer
Registry. ASR (E): Number per 100000 population, age-standardized rate
(European).
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program was implemented and established; from 2006
until now, it was continuously improved and evolved.
Compared to the other widely recommended screening
programs (focused on breast cancer and cervical cancer), the CRC program is a multidisciplinary issue. In the
beginning, the organizational structure comprising of
GPs and gastroenterologists was established. Over the
first three years, specific financial support (approximately
CZK 240 million, equivalent to EUR 9 million) was allocated, with the objective of substantial improvements
in the equipment of endoscopy units. A media campaign
was launched, and educational courses were held in all
regions. The program has been monitored and evaluated
by the CRC Screening Council, consisting of regional
coordinators of all involved medical specialties, and by
the CRC Screening Committee of the Czech Ministry of
Health. Until 2005, the evaluation was only based on aggregated data (provided by health insurance companies).
During this period, 977973 gFOBTs were performed,
19257 adenomas were removed, and 2797 cases of CRC
were diagnosed.

Year

Figure 1 Time trends for incidence rates of colorectal cancer in the Czech
Republic and neighboring countries. CRC: Colorectal cancer; ASR-E: Number per 100000 population, age-standardized rate (European).

half of the 20th century, six pilot studies incorporating
gFOBT were performed in the period 1979-1984, and
their summary results were published in 1986[23].
These studies were followed by the subsequent phase,
referred to as the “Czech Screening Program”, in the
period 1985-1991. This program was conducted in all
regions and involved more than 109000 asymptomatic
individuals between 45 and 60 years. Compliance of the
target population reached 83.1%. Cancers diagnosed
within this screening program were detected in earlier
stages than non-screening cancers[24].
To confirm these outcomes in a different political and
medical care setting (national vs private health care), yet
another prospective study was conducted under the label
“The Prague Project” (1997-1998). Here, 68 general practitioners (GPs) were involved and 12600 asymptomatic
individuals were examined, with 80% compliance.
Both studies confirmed favorable cost-benefit and
cost-effectiveness results, interest of the target population, as well as readiness of health care professionals to
support CRC screening.

Assessment of quality control for program improvement
In 2006, the Czech CRC Screening Registry for collecting
anonymous individual data was established. This online
database contains data from the nationwide network of
high-quality endoscopy units (168 centers for screening
colonoscopy) on all preventive colonoscopies. The term
“preventive colonoscopy” covers both FOBT+ colonoscopies (performed after a positive FOBT) and screening
colonoscopies (available to all individuals aged over 55
years). The centers are required to meet strict quality
criteria, including adequate personnel, materials and
equipment, the recommended annual volume of colonoscopies and endoscopic polypectomies, quality control
system, and a plan for the management of complications. The registry includes demographic data, the type
and date of FOBT applied, and the main findings of the
performed colonoscopy. Records in the registry also involve information about the number, size and histology
of adenomas, the preoperative staging and histology of
cancers, as well as complications (severe bleeding, perforation) during diagnostic procedures and polypectomies.
The collected data is centrally stored and analyzed at the

Introduction to the national program
Based on these facts, negotiations among the Czech Society of Gastroenterology, the General Health Insurance
Company, and the Czech Ministry of Health followed,
leading to the introduction of the National CRC Screening Program on July 2000. At that time, the Czech Republic was only the second country to have a nationwide
CRC screening program (with Germany being the first).
In the two-step program, the biennial guaiac FOBT (three
stool samples) was offered to asymptomatic individuals
aged over 50 as part of preventive check-ups at GP clinics[25]. In cases of a positive test, colonoscopy followed.
Further development
The two phases in the developmental course of the program can be distinguished. In the period 2000-2005, the

WCGO|www.wjgnet.com

1479

February 8, 2015|First Edition|

Zavoral M et al . Colorectal cancer screening

CRC incidence/mortality (ASR-E)

70
60
50

Incidence rate
Mortality rate

40
30
20
10

19

7
19 7
7
19 8
7
19 9
8
19 0
8
19 1
8
19 2
8
19 3
8
19 4
8
19 5
8
19 6
8
19 7
8
19 8
8
19 9
9
19 0
9
19 1
9
19 2
9
19 3
9
19 4
9
19 5
9
19 6
9
19 7
9
19 8
9
20 9
0
20 0
0
20 1
0
20 2
0
20 3
0
20 4
0
20 5
0
20 6
0
20 7
0
20 8
0
20 9
10

0
Year

Figure 2 Time trends for the incidence and mortality rates for colorectal cancer in the Czech Republic. CRC: Colorectal cancer; ASR-E: Number per 100000
population, age-standardized rate (European).
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Figure 3 Time trends for the distribution of stages in newly diagnosed colorectal cancer patients in the Czech Republic. CRC: Colorectal cancer.

Institute of Biostatistics and Analyses of Masaryk University, Brno). The results of the program are available at
the national website: www.kolorektum.cz.
Data entered in the registry is used for quality control
of the program, with the main indicators as defined by the
European guidelines[26,27]. The indicators are: adenoma detection rate (ADR), advanced ADR, cecal intubation rate,
positive predictive value, and endoscopic complications[28].
Since 2006, a total of 104565 preventive colonoscopies have been performed: 89752 FOBT+ colonoscopies
(85.8%) and 14813 screening colonoscopies (14.2%).
Adenomas were diagnosed in 30515 patients undergoing FOBT+ colonoscopy (34.0%; 48.1% of them with
advanced adenomas) and in 3719 patients undergoing
screening colonoscopy (25.1%; 29.4% of them with

WCGO|www.wjgnet.com

advanced adenomas). In all preventive colonoscopies, a
total of 4,193 cancers were registered. The overall cecal
intubation rate reached 94.7% in FOBT+ colonoscopies and 97.7% in screening colonoscopies. In the years
2006-2012, there were 92 cases of perforation (0.09%
of all examinations) and 361 cases of bleeding during
endoscopic polypectomies (0.76% of all therapeutic procedures) reported.
The Czech National Cancer Registry (CNCR) and
the Czech National Reference Centre (CNRC) are additional sources for monitoring the quality of the screening program. The Czech National Cancer Registry, the
data of which was made partly accessible via the www.
svod.cz portal[29], is an essential source of cancer statistics
data, covering the entire population of cancer patients
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Figure 4 Time trends for coverage by colorectal cancer screening (fecal occult blood test and screening colonoscopy) in the Czech Republic.

in the Czech Republic starting from 1977. CNCR is a
population registry involving the following information:
personal data, tumor diagnosis, treatment, and post-treatment follow-up entries. The population-based monitoring allows us to estimate the incidence and the mortality
rates, distribution of the clinical stages, as well as cancer
treatment and survival rates. Malignant neoplasms are
recorded in accordance with the International Classification of Diseases for Oncology (ICD-O, 10th revision)[30].
Tumor staging is performed on the basis of the TNM
classification system[31]. Standardized Death Certificates
(internationally recommended by the WHO) are implemented to collect precise individual data on the cause of
death[32].
In the Czech Republic, all residents are covered by
public health insurance. The Czech National Reference
Centre aggregates complete information from all health
insurance companies. As the insurance cover is practically
universal, this data can be used to estimate the number
of preventive and diagnostic colonoscopies, as well as the
performed FOBTs. This information system is, therefore,
an essential tool for monitoring early performance indicators within the Czech program. In the period 2006-2011,
2405850 FOBTs were performed, with an estimated
overall positive result of 5.1%; however, this figure
showed an upward trend until it reached 6.7% in 2011.

between FOBT (biannually) and screening colonoscopy
(at 10-year intervals). Since early 2013, gFOBT has been
phased out. All types of FIT are allowed, both qualitative
and quantitative, without determining a uniform cut-off
value. Participation of gynecologists in the screening program was beneficial, mainly due to the rise in FIT use. In
2011, 8% of FOBTs were performed by gynecologists;
helping to increase the coverage notably in women aged
less than 65.
Impact on long-term indicators
Twelve years after its initiation, the Czech CRC screening
program now extends coverage to about one in four of
the target population. As it is far below the levels recommended by the European Guidelines, a significant impact
of the program on CRC incidence and mortality in the
target population cannot be expected. However, our data
suggests a decrease in CRC incidence over the last decade: any slight decrease in the incidence is accompanied
by a substantial fall in mortality and some increase in the
proportion of the early stages. It is likely that the advent
of CRC screening, combined with improvements in
both the quality and capacity of endoscopy centers and
increased CRC awareness, has had a positive impact on
early diagnosis of CRC. Bearing in mind the slow spread
of the screening cover, together with the sluggish natural
progression of the adenoma to carcinoma, the impact of
screening on CRC incidence is probably rather small, but
may become more relevant in the years to come. The observed decrease in CRC mortality rates is the likely effect
of both early diagnosis and a more successful treatment
regime for CRC, as demonstrated by improvements in
stage-specific CRC survival[33].

Current design
The CNRC data shows that the coverage of the target
population (all individuals aged over 50) has been steadily
increasing since the program’s introduction; however, this
rise has been very slow and the coverage has been well
under the target values as recommended by the European
Guidelines (Figure 4). Therefore, in 2009, a new program
design was launched with the implementation of FIT,
screening colonoscopy, and the involvement of gynecologists. Currently, the program is offered to asymptomatic individuals aged 50 and over. As regards people
aged between 50 and 54 years, annual FOBT is offered
followed by FOBT+ colonoscopy in cases of a FOBT
positive result. People aged 55 years and over can choose

WCGO|www.wjgnet.com

DISCUSSION
In the last twenty years, CRC screening programs across
Europe went through considerable changes[34-37]. The first
country to implement an organized program was Germany in 1976, followed by the Czech Republic in the year
2000[38,39].
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Table 2 Characteristics of selected fecal occult blood test colorectal cancer screening projects including personal invitations
Country

Age group (yr), test Time period

Studies and pilot projects
England
50-69
gFOBT
France

50-74

Procedure in personal invitation

Participation rate

Source

2000-2004

Centralized invitations by the screening unit
Sending fecal occult blood test (FOBT) test kits

Weller et al[67], 2007
UKCRCSPG[66], 2004

2003-2006

Centralized invitations according to sickness fund
database files
Invitation to general practitioners (GP), reminder after 6
mo, FOBT kit reminder 4 mo later
Exclusions by GP: serious illness, recent colorectal cancer
(CRC) screening, high CRC risk
Centralized invitations
Exclusions: Inflammatory bowel disease (IBD), CRC,
recent CRC screening
Pre-invitation, sending test kits after 2 wk, reminder after
6 wk
Centralized invitations by the screening center
Sending FOBT test kits
Reminder-second kit-after 6 wk (kit in first round only)
Centralized invitations
Exclusions: CRC, adenoma, high CRC risk
Invitation-reply-sending test kit, reminder after 6 wk

F: 59%
SM: 48%
SW: 56%
FM: 54%

gFOBT

Netherlands

50-74
gFOBT, FIT

2006-2007

Scotland

50-69
gFOBT

2000-2007

Spain

50-69
gFOBT

Since 2000

Population-based screening programs
England
60-69
Since 2006
gFOBT
Finland

60-69
gFOBT

Since 2004

Denis et al[59], 2007

FW: 57%

gFOBT:
50%

Hol et al[60], 2010

FIT: 62%
FM: 50%, FW: 60%
SM: 49%, SW: 57%

Steele et al[65], 2009

FM: 17%, FW: 18%
SM: 21%, SW: 24%

Peris et al[64], 2007

Centralized invitations by the screening center
M: 50%
People registered with a GP practice
W: 54%
Sending FOBT test kits
Centralized invitations by the national screening center FM: 62%, FW: 77%
using Population Register Center
SM: 68%, SW: 80%
Sending FOBT test kits

Logan et al[61], 2012

Malila et al[48], 2011
Malila et al[63], 2008
Malila et al[62], 2005

F: First round of screening; S: Second round of screening; M: Men; W: Women; gFOBT: Guaiac fecal occult blood test; FIT: Fecal immunochemical test.

The development can be attributed to two main
processes: fecal occult blood testing evolution and the
transition from an opportunistic to population-based
program setting. Initially, gFOBTs were used widely,
mostly because of the favorable results of a randomized
controlled study in 1993 that confirmed its 15%-33%
CRC mortality reduction [40], low test cost, and easy
handling. In the last decade, many trials showing the
superiority of FIT were published[41,42]. Higher sensitivity for colorectal neoplasia and higher target population
compliance were detected[43,44]. Some European countries
(Great Britain, the Czech Republic, and Germany) have
been replacing gFOBT by FIT; some started with FIT
from the beginning (the Netherlands and Slovenia)[45].
The main issue is to find an appropriate cut-off level to
balance the sensitivity and cost-effectiveness[46]. Most
studies prefer the cut-off level in the range of 75-100
ng/mL[47]. In Finland, on the other hand, there is long
tradition of using gFOBT, which has not changed over
time, mainly because of the favorable results. The participation rate of 80% in women has been achieved for the
second round[48]. Poland remains the only country using
colonoscopy in organized CRC screening program as the
only screening modality[49,50]. Colonoscopy is considered
as a gold standard for CRC screening, but there has not
been any randomized controlled trial confirming a reduction in CRC mortality by using this method. Therefore,
an extensive international study (the NordICC Study) has
started to prove this fact from a long-term perspective[51].
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In contrast, recent data from England points to a 43%
reduction in CRC mortality with flexible sigmoidoscopy
screening[52,53]. Outside FOBT, colonoscopy, and flexible
sigmoidoscopy, other methods have not yet been implemented as a regular part of screening programs as they
are still under development (CT colonography[54], capsule
colonoscopy[55], and molecular tests[56,57]).
In 2010, the European Guidelines for Quality Assurance in Colorectal Cancer Screening and Diagnosis were
published[58] based on the recent and evidence-based
data focused on CRC secondary prevention and diagnosis. Concerning the program organization, it favors the
population-based setting that can lead to adequate target
population compliance (acceptable level of 45%, recommended level of 65%). Programs including personal invitations were successfully tested or implemented in many
European countries and generally achieved very promising results regarding the participation rate of the target
population (Table 2)[59-67].
The above developmental steps have been reflected in
the colorectal cancer screening program in the Czech Republic. Based on the recent data, with a stagnating annual
number of FOBTs, preventive colonoscopies, and diagnosed adenomas and cancers, it seems that the maximum
limit of opportunistic screening has been reached (Table
3). A switch to a population-based program is therefore
essential and currently being prepared. This nationwide
project (run by the Czech Ministry of Health) includes
all three national screening programs (colorectal cancer,
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Table 3 Basic characteristics of preventive colonoscopies performed within the Czech colorectal cancer screening program, 2006-2012
Basic characteristics
+

FOBT CS

Screening CS

Total

1

1

Year

Patients with CS

Patients with detected adenoma

Proportion

Patients with detected CRC

Proportion

2006
2007
2008
2009
2010
2011
2012
Total
2009
2010
2011
2012
Total

5334
5679
7457
11712
18327
20131
21112
89752
1362
4400
4571
4480
14813
104565

1578
1635
2367
3778
6235
7134
7788
30515
345
1076
1160
1138
3719
34234

29.6%
28.8%
31.7%
32.3%
34.0%
35.4%
36.9%
34.0%
25.3%
24.5%
25.4%
25.4%
25.1%
32.7%

335
337
446
599
829
733
770
4049
24
43
42
35
144
4193

6.3%
5.9%
6.0%
5.1%
4.5%
3.6%
3.6%
4.5%
1.8%
1.0%
0.9%
0.8%
1.0%
4.0%

Source: Czech colorectal cancer (CRC) Screening Registry. 1Proportions of detected neoplasia represent the positive predictive value for fecal occult blood
test (FOBT) + colonoscopies (CS) and the detection rate for screening CS.

breast cancer, and cervical cancer). It is based on an organized personal invitation of the eligible population sent to
individuals by health insurance companies. Another topic
of discussion focusing on further improvements in the
program effectiveness includes the choice of a particular
FOBT. Immunochemical methods currently used in the
screening program differ in their analytical performance.
The validation and selection of methods with an appropriate cut-off and quality control may be essential in the
future. In a Czech initial study, the optimum cut-off level
of quantitative FIT was determined as 75 ng/mL using
one test[68]. However, further studies will be necessary
for the implementation of an appropriate cut-off to the
screening program.
Currently, the uniform design of the CRC screening program is used for asymptomatic individuals, but
increased CRC risk has been proven in patients with
cardiovascular diseases and diabetes mellitus, type Ⅱ[69-71].
Therefore, an extensive Czech nationwide study is underway, focusing on the determination and stratification of
metabolic risks in the development of colorectal neoplasia, and setting the specific intervals of CRC screening
programs for these patients.
National screening programs may significantly improve the current state of public health. They require
cooperation among health professionals, the Ministry of
Health, and health insurance companies. In contrast to
other national cancer prevention programs for breast and
cervical cancers, the CRC screening program is aimed at
both sexes, although women are statistically more likely
to recognize the importance of the screening procedures.
CRC screening is more complicated and partially invasive
(colonoscopy). The publicity of the program has to be
permanent, focusing on the entire population as well as
on health professionals. It also needs the necessary support of prominent representatives of various professions
from different segments of society. Since the beginning
of this century, international scientific societies have
drawn attention to the high CRC incidence and mortality
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rates prevalent in all developed European countries. In
2010, the European Society of Digestive Oncology, the
International Digestive Cancer Alliance, the International
Agency for Research on Cancer, the United European
Gastroenterology, and the Munich Gastroenterology
Foundation emphasized in the Barcelona Declaration that
CRC is the second most common cause of cancer death.
In the EU Parliament, a group of representatives headed
by the Czech diplomat Pavel Poc opened a discussion on
this topic, and the assembly finally approved the Written
Declaration on Fighting Colorectal Cancer in the European Union. Therefore, CRC prevention is not only a
medical topic; it is an issue of social policy as well. This
fact should be reflected in CRC prevention at all levels,
from the general public to the responsible authorities.
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Core tip: To develop optimal chemopreventive agents,
we need to target cells and pathways that are essential
and critical to carcinogenesis: early tumorigenic changes of stem cells and signals for dedifferentiation may
be good targets for chemoprevention. Major chemopreventive drugs, such as non-steroidal anti-inflammatory
drugs, statins, proliferator-activated receptor γ agonists
and metformin, have cancer stem cell (CSC)-suppressing effects via regulation of stem cell-regulating pathways, stem cell niche in the tumor microenvironment,
and altered tumor metabolism. These stem cell-related
steps in tumorigenesis could be critical targets for chemoprevention and CSC-targeted adjunctive treatment
of colorectal cancer.

Abstract
Recent epidemiological studies, basic research and clinical trials on colorectal cancer (CRC) prevention have
helped identify candidates for effective chemopreventive drugs. However, because of the conflicting results
of clinical trials or side effects, the effective use of chemopreventive drugs has not been generalized, except
for patients with a high-risk for developing hereditary
CRC. Advances in genetic and molecular technologies
have highlighted the greater complexity of carcinogenesis, especially the heterogeneity of tumors. We
need to target cells and processes that are critical to
carcinogenesis for chemoprevention and treatment of
advanced cancer. Recent research has shown that intestinal stem cells may serve an important role in tumor
initiation and formation of cancer stem cells. Moreover,
studies have shown that the tumor microenvironment
may play additional roles in dedifferentiation, to enable
tumor cells to take on stem cell features and promote
the formation of tumorigenic stem cells. Therefore,
early tumorigenic changes of stem cells and signals for
dedifferentiation may be good targets for chemoprevention. In this review, I focus on cancer stem cells in
colorectal carcinogenesis and the effect of major chemopreventive drugs on stem cell-related pathways.
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CHEMOPREVENTIVE DRUGS FOR
COLORECTAL CANCER AND FUTURE
DIRECTION
Colorectal cancer (CRC) is one of the most commonly
diagnosed cancers, and is a major cause of cancer morbidity and mortality worldwide[1]. Although there have
been improvements in surgical and oncological therapies,
the data have shown limited survival improvements in
advanced CRC[2]. Therefore, prevention strategies remain
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the most promising avenue for reducing both the incidence and mortality of CRC.
CRC development is a multi-step process that occurs over a span of about 10 years, thereby providing an
opportunity for prevention and early detection[3]. CRC
screening and polyp removal are effective interventions
for CRC prevention[3,4]. However, along with screening
efforts, we need a specific prevention strategy for patients at high-risk for developing CRC. Chemoprevention
involves the use of a variety of agents that can prevent,
delay, or even reverse the development of pre-malignant
lesions by suppressing the multi-step carcinogenic process. Many studies have demonstrated that pre-malignant
lesions can be reversed and prevented pharmacologically[5]. This effect is of particular importance to high-risk
individuals with a hereditary predisposition for or susceptibility to the environmental causes of CRC. Chemoprevention shows great promise in this regard and the ideal
chemopreventive agent, with an excellent safety profile,
remains to be discovered.
Until now, there have been several major candidates
for CRC chemopreventive drugs, including aspirin and
non-steroidal anti-inflammatory drugs (NSAIDs), statins,
peroxisome proliferator-activated receptor (PPAR) γ
agonist, and metformin, which exhibit chemopreventive
effects in epidemiologic studies, in in vitro and in vivo experiments, and in some clinical trials.
NSAIDs have received the most attention as chemoprevention agents in CRC, and experimental and clinical
studies have consistently shown that NSAIDs may reduce
the risk of colorectal adenoma or cancer[6,7]. In experimental models, either nonselective or cyclooxygenase-2
(COX2)-selective NSAIDs have been shown to suppress
CRC growth through COX2-dependent and -independent mechanisms, such as activation of apoptotic and
anti-inflammatory signals[8,9].
Many clinical trials have addressed the cancer-preventive effect of aspirin, using colorectal adenomas as a surrogate primary end point for cancer, and the data support
its benefits in reducing the risk of CRC. In patients with
a history of a previous CRC[10] or a history of colorectal
adenomas[6,11], the recurrence of adenoma was reduced in
patients who received aspirin vs those who did not. In addition, in patients with hereditary non-polyposis CRC, the
long-term use of aspirin reduced the incidence of CRC,
with an HR of 0.63 (95%CI: 0.35-1.13)[12].
In addition to aspirin, other NSAIDs have also shown
efficacy in CRC prevention trials. For example, in one
clinical trial, in which patients with a history of resected
adenomas were randomized to receive either sulindac plus
difluoromethylornithine or matched placebos, promising
results were seen, in that the risk ratio was 0.30 (95%CI:
0.18-0.49) for recurrent adenomas and 0.085 (95%CI:
0.011-0.650) for advanced adenomas in the intervention
arm relative to the placebo arm[13]. In addition, recent
long-term follow-up studies have reported that NSAIDs
may also reduce the recurrence and mortality of CRC[14-16].
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Meanwhile, celecoxib, a selective COX2 inhibitor, showed
promise in inhibiting adenoma occurrence in familial
adenomatous polyposis patients[17] and in patients with a
history of colorectal polyps[18,19]. However, COX2 selective inhibitors are no longer considered for prevention of
CRC because of their cardiovascular toxicities[20-22].
Statins, widely used cholesterol-lowering drugs, inhibit cholesterol synthesis via inhibition of 3-hydroxy3-methylglutaryl coenzyme A (HMGCoA) reductase, the
rate-limiting enzyme in the mevalonate and cholesterolsynthesis pathway. Many of the downstream products of
this pathway are required for critical cellular functions,
such as maintenance of membrane integrity, signaling,
protein synthesis and cell cycle progression[23,24]. However,
clinical studies examining the relationship between statins
and CRC incidence have yielded mixed results. Although
some case-control and cohort studies and a meta-analysis
study[25-31] demonstrated a protective effect against CRC
in statin users, other studies failed to do so[32-37]. Siddiqui
et al[38] showed reduced recurrence of polyps (OR = 0.51,
95%CI: 0.43-0.60) and high-risk polyps (OR = 0.74,
95%CI: 0.52-0.96), and diminished polyp size and number in patients who used statins continuously for up to 5
years. Moreover, statins have an excellent safety profile.
To overcome the possible discrepancies in the results
from studies of statins in CRC chemoprevention, a thorough analysis of the underlying CRC risk, methodologies
and exposure time are needed, along with data from welldesigned large-scale clinical trials and epidemiological
studies in the future. The exact role of statins in chemoprevention remains to be elucidated. In addition, recent
data have suggested that statins may have beneficial effects on disease progression and survival, indicating that
long-term use of statins may be associated with a lessadvanced tumor stage and a better survival rate[34,39].
PPARγ agonists, such as thiazolidinedione (TZD), an
insulin-sensitizing diabetes drug, also have anti-cancer activities, involving inhibition of cell growth and induction
of apoptosis and terminal cellular differentiation[40-43].
PPARs have central roles in the regulation of glucose
and lipid homeostasis, and also regulate cell proliferation,
differentiation, and inflammation[44]. Recently, several
studies have reported that the use of TZDs may be associated with a decreased risk of CRC in patients with
diabetes[45,46], and in some cases, PPARγ agonists have
also shown modest efficacy for chemoprevention in clinical trials[47,48]. In addition, PPARγ expression in CRC primary tumors correlates well with overall survival of CRC
patients[49], which is consistent with animal experiments
showing that intestinal tumors are exacerbated in APC
min/+ mice with genetic ablation of Pparg, compared
with control APC min/+ mice[50]. However, controversy
regarding the anti-tumor effect of PPARγ agonists persists because some studies indicated that activation of
PPARγ promotes tumorigenesis[51-54]. Furthermore, clinical studies show that TZD may be associated with an
increased risk of heart failure[55], bone fractures[56-58] and
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possibly bladder cancer[59]. Whether these are PPARγmediated side effects or off-target effects remain uncertain. Although PPARγ is currently considered a potential
target for chemoprevention, previous results are based
mainly on observational and preclinical studies, and rigorous clinical trials are needed to address the utility of
PPARγ agonists in CRC chemoprevention.
Metformin is a classic biguanide drug that has been
used as first-line therapy for type 2 diabetes mellitus
(DM). Metformin inhibits hepatic gluconeogenesis and
reduces insulin resistance. It is a safe and economical
drug that has been used for more than 50 years. Most
CRC-specific observational studies and meta-analyses
reported that patients with type 2 DM who were taking
metformin have a lower risk of CRC and better outcomes compared with patients not taking the drug[60-64].
Moreover, metformin showed a protective effect for
colorectal adenoma recurrence in colonoscopic surveillance of CRC patients with diabetes[65]. Preclinical studies in animal models support these findings, showing
that metformin induced AMP-activated protein kinase
(AMPK) activation and inhibited tumor development
and growth, including colon tumorigenesis[66,67]. In terms
of its molecular mechanism, metformin regulates insulin/insulin-like growth factor-related pathways, inflammatory activity, and the AMPK/mammalian target of the
rapamycin (mTOR) pathway[68]. Activated AMPK inhibits
the mTOR-mediated synthesis of key proteins responsible for malignancy and growth of cancer cells[69], and is
thought to be a main mediator of the potential anti-cancer mechanism of metformin. Despite the promising results in these studies, data pertaining to metformin from
well-designed clinical trials for CRC and its precancerous
lesions are lacking. Furthermore, the anti-tumor effect
of metformin on non-diabetic patients should also be
assessed, because the safety of metformin is well known
and it has no glucose-lowering effects in non-diabetic patients. One clinical trial demonstrated an inhibitory effect
of metformin in aberrant crypt foci formation of the
rectum in patients who did not have diabetes[70]. However, this study showed a short-term effect of metformin
in a small number of subjects. Therefore, large-scale
randomized controlled trials are required to confirm the
chemopreventive and therapeutic effects of metformin,
especially for non-diabetic patients[71].
Among the most-promising chemopreventive drugs
currently being studied, NSAIDs have consistently
shown a protective effect against CRC; however, they
are generally not recommended for widespread chemoprevention because of the increased risk of bleeding[72].
In addition, COX2-selective inhibitors showed increased
cardiovascular morbidity[73]. However, statins, PPARγ
agonists and metformin have a relatively good safety profile, and these drugs show similarities in their abilities to
improve metabolic disorders that are known to be associated with increased cancer risk, such as diabetes, obesity,
dyslipidemias, and chronic inflammation. For widespread
acceptance of these chemopreventive drugs, more defi-
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nite chemopreventive effects in large-scale well-designed
clinical trials need to be demonstrated, along with a more
acceptable safety profile for PPARγ agonists.
Future directions in CRC chemoprevention will include genetic and molecular approaches for identifying
pathways that are associated with cancer initiation and
development, and personalized approaches to predict
risk, drug susceptibility and toxicity. In addition, mechanism-based combinations of agents will also maximize
effectiveness, while limiting drug toxicity. From the
perspective of identifying new targets for chemoprevention, besides the traditional targeting of the multi-step
process in colorectal carcinogenesis, new evidence has
demonstrated that targeting essential cell types and critical signaling pathways, such as tumor-initiating stem cells
and stem cell-related pathways, could be another effective
strategy for preventing colorectal tumorigenesis.

STEM CELLS IN CRC AND EARLY
CARCINOGENESIS: OPPORTUNITIES FOR
CHEMOPREVENTION
Much evidence has shown that genomic instability, including chromosomal and microsatellite instability, and
epigenetic changes are important mechanisms for multistep tumorigenesis of CRC[74]. However, we have come
to understand that tumors show inter- and intra-tumoral
heterogeneity, even in the same patient, and more complex intercellular interactions. Therefore, we need to
identify the cells and cellular interactions that are critical
in tumors to eradicate cancer cells and prevent cancer
development. Recent evidence revealed that stem cells,
the tumor microenvironment and metabolic alterations
are closely related and critical steps in colorectal carcinogenesis. With recent advances in our understanding of
the homeostatic control of intestinal crypts and microenvironments (niches), we are able to delineate the steps in
early carcinogenesis of CRC, which could lead to development of new targets for chemoprevention of CRC.
Within the crypts of the intestinal mucosa, the intestinal epithelium is a permanently renewing tissue, the
architecture of which is maintained by the ability of the
intestinal stem cells to self-renew and generate a hierarchy of proliferative and differentiated cells[75]. The balance between proliferation and cell death is important for
homeostasis of the intestinal epithelium. Using genetic
lineage-tracing methods for stem cell markers, several
markers of intestinal stem cells, including B-lymphoma
Mo-MLV insertion region 1 (BMI1), telomerase reverse
transcriptase, leucine-rich repeat-containing G proteincoupled receptor 5 (Lgr5), leucine-rich repeats and immunoglobulin-like domains 1 (Lrig1), olfactomedin 4 and
achaete-scute complex homolog 2 (ASCL2), have been
identified[76-80].
As for the stem cell niche or microenvironment,
subepithelial mesenchymal cells, their secreted growth
factors, and basement membrane factors that regulate
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epithelial cell function support the intestinal crypts.
Pericryptal myofibroblasts (PCMFs), one of the microenvironment or niche components, have crucial functions and roles in intestinal organogenesis, regulation of
epithelial cell proliferation and differentiation, mucosal
protection, wound healing and extracellular matrix
(ECM) metabolism that affects the growth of the basement membrane[81,82]. In addition, many inflammatory
cells, such as macrophages and lymphocytes, are also
important components of the microenvironment in both
normal and pathological states. PCMFs and inflammatory cells are located immediately beneath the basement
membrane, just under the epithelial cells, and function
through the secretion of growth factors, cytokines and
basement membrane/ECM proteins; they become activated through direct and indirect interactions[82]. Several
studies showed that interstitial myofibroblasts and inflammatory cells increase in neoplastic lesions, suggesting
that myofibroblasts and inflammatory cells play critical
roles in colorectal neoplasia, as well as under normal
conditions[83-85].
The stem/progenitor cells, transient amplifying cells,
and, finally, the terminally differentiated cells in intestinal
crypts are under homeostatic control through important
signals, such as the Wnt, bone morphogenic protein
(BMP), NOTCH, Hh and phosphoinositol 3-kinase
(PI3K)/mTOR pathways[86]. The regulation of these signals occurs via the tight control of interactions between
stem/progenitor cells and the niche microenvironment,
such as the PCMFs, smooth muscle cells and inflammatory cells[86]. The dysregulation of cryptal homeostasis
can induce tumorigenesis and the micro environmental
factors secreted by inflammatory cells and myofibroblasts
in tumors, as well as accumulation of epithelial changes,
have important roles in early tumor progression[86].
Recent evidence suggests that CRC may arise from
mutated colorectal stem or progenitor cells that have
been termed colorectal cancer stem cells (CSCs) or initiating cells because of their exclusive ability to sustain
tumor formation[87,88]. Colorectal CSCs have been identified based on the expression of specific cell surface
markers, such as cluster of differentiation (CD)133,
CD44, CD166, aldehyde dehydrogenase, doublecortinlike kinase 1 (Dclk1), Lgr5 and Eph receptor B2, and
these cells demonstrated stem/progenitor cell properties,
in terms of their ability to self-renew, differentiate, and
proliferate indefinitely to drive continuous expansion of
the malignant cell population[89-93]. These data emphasize the importance of better characterization of CSCs,
because the limited numbers of CSCs within the bulk
of the tumor may account for their capability to escape
conventional therapies, leading to relapse and metastasis.
CSCs are now recognized as a specific target for the complete elimination of CRC (Figure 1). In addition, because
these CSCs appear in the very early stages of colorectal
carcinogenesis, the early changes that occur in normal
and cancer stem cells during carcinogenesis might be an
effective target for chemoprevention, as well as treatment
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of advanced CRC.
Effect and mechanisms of chemopreventive drugs on
CSCs
Recent evidence suggests interesting similarities in the
effects of the above-mentioned major chemopreventive
drugs, such as aspirin, NSAIDs, statins, PPARγ agonists,
and metformin; these include their CSC-suppressing effect, anti-inflammatory action, and regulation of altered
tumor metabolism. In addition, both anti-inflammatory
effects and regulation of altered tumor metabolism are
also associated with the CSC-suppressing effects of these
drugs.
CSCs are involved in tumor initiation, growth, recurrence, and metastasis; therefore, these data suggest that
the preventive and survival-improving effects of chemopreventive drugs on CRC might be related to their CSCsuppressing ability. Therefore, in this section, I focus on
the relationship between normal/cancer stem cell-related
pathways and the mechanism of the chemopreventive
drugs.
Direct effect on stem cell and cancer stem cells via
regulation of Wnt, NOTCH and BMP pathways
The anticarcinogenic activity of NSAIDs in CRC may depend mostly on the inhibition of COX2 activity, because
prostaglandins (PGs) play an important role in tumorigenesis in CRC[94-97]. COX2 is reported to be overexpressed in
85% of human CRC cases and in about 50% of colorectal adenomas[94], and was also identified in an animal model[97], in which a COX2 null mutation significantly reduced
the number and size of polyps in Apc∆716 mice[98]. An
earlier study reported that COX2 over-expression leads
to the production of PGE2, which ultimately stimulates
[99]
β-catenin-mediated transcription in colon cancer . The
WNT/β-catenin pathway is thought to be involved in the
regulation of CSCs, and is one of the most interesting
therapeutic targets in CSCs[100]. In terms of the anti-CSC
effect of NSAIDs, Moon et al[101] showed that the antiCSC effects of NSAIDs were related to both COX2dependent and -independent pathways.
As traditional NSAIDs exert anticancer effects via
COX2-independent mechanisms[102], the COX2-independent pathways of NSAIDs could be involved in their
anti-CSC activity. In several previous reports, NSAIDs
were shown to inhibit NOTCH/hairy and enhancer of
split 1 (HES1) signaling pathway as a γ-secretase inhibitor[103,104] and activate the PPARγ expression as a PPARγ
agonist[105,106]. NOTCH/HES1 signaling has been shown
to be oncogenic in CRCs, inhibiting the terminal differentiation of epithelial cells[107], and the dysregulation
of the NOTCH/HES1 signaling was implicated in the
self-renewal and maintenance of CSCs in CRC[108]. Meanwhile, PPARγ activation resulted in growth arrest and induced differentiation of colon cancer cells[45]. In addition,
the CSC-inhibitory effect of PPARγ agonists through the
inhibition of the Janus kinase-signal transducer and activator of transcription (STAT) pathway was demonstrated
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Figure 1 Role of cancer stem cell and anti-cancer stem cell therapy in colorectal cancer. The limited numbers of cancer stem cell (CSC) within the bulk of the tumor
may account for their capability to escape conventional therapies, leading to relapse and metastasis; therefore, CSCs are now recognized as a specific target for the complete elimination of colorectal cancer. CSCs are resistant to conventional chemotherapy: the tumor is reduced in size in the short term, but eventually relapses, driven by
CSCs. When CSC-targeted therapy or CSC-differentiating therapy is combined with conventional therapy, a tumor will progressively exhaust its growth potential.

in brain CSCs[109]. In this context, Moon et al[101] showed
that the NOTCH pathway and PPARγ could be related
to CSCs in CRC and be down- and up-regulated by
NSAIDs, respectively, suggesting that NSAIDs suppress
colon CSCs via COX2-independent pathways.
In addition, Qiu et al[110] demonstrated that sulindac
induces apoptosis to remove the intestinal stem cells
with aberrant Wnt signaling, and that diablo IAP-binding
mitochondrial protein (also referred to as SMAC), a mitochondrial apoptogenic protein, has a central role in
this tumor-suppressive effect of sulindac. These results
suggested that the chemopreventive effect of NSAIDs is
mediated through the elimination of stem cells that are
inappropriately activated by oncogenic events.
Some natural chemopreventive dietary compounds,
such as curcumin, sulforaphane and piperine, also have
been shown to suppress CSCs through inhibition of
WNT/β-catenin signaling[111-113].
Statins also have anti-CSC activity. Kodach et al[114]
showed that tumor-suppressive BMP signaling was silenced by promoter hypermethylation of BMP2 in CRC,
and downregulation of DNA methyltransferase activity
by statin led to BMP2 promoter demethylation and upregulation of BMP2 expression, culminating in the differentiation of CRC cells and reduction of “stemness”.
Therefore, the suppression of Wnt and NOTCH
signaling, and activation of BMP and PPARγ signaling
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that is induced by NSAIDs, statins, PPARγ agonists, and
some natural chemopreventive dietary compounds might
have potential effects on the fate of stem cells, inducing
cell differentiation, cell cycle arrest, and apoptosis.
Regulation of stem cell niche and the inflammatory
nuclear factor-κ B pathway
Recent studies show that bidirectional conversion between CSCs and non-CSCs can be triggered by stromal
factors secreted by inflammatory cells or myofibroblasts
in the tumor microenvironment[115,116]. These factors enhance Wnt activation, induce dedifferentiation of nonstem cells and expand stem cell properties during tumorigenesis. In this regard, the anti-inflammatory effect of
chemopreventive drugs can retard this de-differentiating
effect.
As an important component of the tumor microenvironment, chronic inflammation is also a key factor in
the progression of many cancers. Nuclear factor (NF)κB represents a key transcription factor within the inflammatory tumor microenvironment. Schwitalla et al[116]
demonstrated NF-κB’s function in CSCs, showing that
elevated NF-κB signaling enhances Wnt activation and
induces de-differentiation of non-stem cells that have acquired a tumor-initiating capacity. Subsequently, epithelial
cell-specific ablation of the RelA/p65 subunit of NF-κB
retards crypt stem cell expansion; these data support the
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concept of bidirectional conversion and the importance
of inflammatory signaling for de-differentiation and generation of CSCs[116].
Metformin inhibits initial cellular transformation and
selectively suppresses CSCs by inhibition of NF-κB and
STAT3[117]. In addition, metformin reduces inflammatory
responses via inhibition of tumor necrosis factor (TNF)production in human monocytes[118], and metformininduced AMPK signaling inhibits the NF-κB-mediated
inflammatory responses[119]. Thus, metformin may target
the inflammatory processes in the microenvironment of
most neoplastic tissues and cancer cells[117,119].
Similarly, PPAR γ agonists can attenuate NF- κ Bdependent signaling and induce downregulation of proinflammatory target genes, such as TNF and interleukin-6[120], and statins also reduce colon tumorigenesis via
their potential anti-inflammatory and immunomodulatory
properties[121,122]. In addition, the anti-inflammatory action
of NSAIDs is already well established. All the major chemopreventive drugs discussed in this review have antiinflammatory properties, which suggest their association
with anti-CSC activity through an anti-inflammatory
action on the tumor microenvironment, along with their
direct effects on CSCs.
Vermeulen et al[115] demonstrated that myofibroblastsecreted factors, specifically hepatocyte growth factor,
activate β-catenin-dependent transcription and subsequently CSC clonogenicity, indicating that Wnt activity
and cancer stemness are regulated by microenvironmental factors. They also showed that myofibroblast-secreted
factors restore the CSC phenotype in more differentiated
cells, suggesting the dynamic bidirectional conversion of
stemness of colon cancer cells[115].
Currently, the regulation of microenvironmetal factors has become one of the major targets for development of anti-CSC drugs, and they could be important
targets for chemoprevention as well, because the stem
cell niche is involved in the very early stages of tumorigenesis.

most frequently dysregulated signaling pathways in human cancer[124,126].
In preclinical studies, metformin induced tumor
suppression through mTOR inhibition by AMPK activation[127]. In addition, activation of the Akt/mTOR
pathway has been associated with malignant progression,
resistance to many types of cancer therapy and poor
prognosis[126]. The PI3K/Akt/mTOR pathway has, therefore, recently been identified as a target for novel cancer
therapy, and the inhibition of mTOR signaling is thought
to be one of the major mechanisms involving the anticancer effect of metformin. Activation of AMPK also
induces cell cycle arrest by inhibiting the expression of
cyclin D1 and activating p21/p27, resulting in cellular senescence, quiescence, and apoptosis[128,129].
Recent studies have demonstrated that metformin
could selectively suppress cancer stem cells using in vitro
experiments and in vivo xenograft models[117,130,131]. Metformin has also been shown to improve tumor response
to chemotherapy, by activating a cytotoxic effect on
CSCs that exhibit chemoresistant features[117,130,132]. The
PI3K/Akt/mTOR pathway is activated for maintenance
and proliferation of CSCs[133-135]; therefore, the mechanism of action of metformin-induced CSC suppression
involves the activation of AMPK and the consequent
inactivation of mTOR. CSCs are known to be resistant
to conventional chemotherapy, and are a cause of cancer
recurrence and metastasis; therefore, metformin’s effect
of eliminating cancer stem cells suggest the possibility of
metformin as an adjunctive agent combined with conventional chemotherapy, as well as a chemopreventive drug.
Moreover, aspirin, statin, and PPARγ agonists also
induce the activation of AMPK, targeting regulators of
intracellular energy homeostasis and metabolism[136-140].
These could contribute to their protective effects against
development of CRC.

CONCLUSION
Candidates for effective CRC chemopreventive drugs
have been identified through epidemiological studies,
basic research and clinical trials. However, to develop
more effective chemopreventive drugs with good safety
profiles, we need to target cells and pathways that are essential and critical to carcinogenesis, along with targeting
the traditional multi-step process of CRC tumorigenesis.
With recent advances in our understanding of intestinal crypt homeostasis and its dysregulation, mutated stem
cells and CSCs in early carcinogenesis are likely to be
promising targets for chemoprevention of CRC. However, to target the CSCs and stem cell-specific signaling
pathways in early carcinogenesis, a detailed understanding
of the mechanisms of stem cell maintenance and differentiation, and their relationship with the carcinogenic
pathways is needed.
Several recent reports indicate that major chemopreventive drugs like aspirin, NSAIDs, statins, PPARγ
agonists, and metformin have CSC-suppressing effects

Regulation of altered tumor metabolism and the AMPK/
mTOR pathway
In terms of cancer metabolism, recent evidence reveals
that metabolic alterations and reprogramming of cancer
cells are not indirect responses to cell proliferation, but
altered metabolism itself can be tumorigenic by changing
cell signaling and blocking cellular differentiation[123].
The AMPK/mTOR pathway is a central cellular energy sensor[124]. Liver kinase B1 (LKB1), the upstream
activator of AMPK, is a tumor suppressor, and the major
pathway controlled by LKB1-AMPK activation is the
mTOR signaling pathway, which regulates cell growth
and proliferation[124,125]. Activation of AMPK led to inhibition of the mTOR through phosphorylation and
subsequent activation of the tumor suppressor tuberous
sclerosis complex 2. mTOR is a key regulator of growth
factor and nutrient signals, as well as a critical mediator
of the PI3K/protein kinase B/Akt pathway, one of the
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Cancer prevention
Dedifferentiation

Adjunctive treatment
Chemopreventive drugs

NF-κB↑, BMP↓, PPARγ↓

Cancer progression

Niche interaction
Metastasis
WNT↑, NOTCH↑, mTOR↑

Mutated stem cell

Cancer stem cells
Chemopreventive drugs

Figure 2 Effects of chemopreventive drugs acting on cancer stem cells and their related signaling pathways in colorectal carcinogenesis. Changes and
crosstalk in the stem cells, microenvironment, and metabolism are closely related to essential steps in early carcinogenesis and tumor progression. Mutated stem cells
and dedifferentiated stem-like cells can progress to cancer stem cells through dysregulation of stem cell-regulating pathways (Wnt, NOTCH, and BMP), interaction
with stem cell niche or tumor microenvironment (inflammatory NF-κB and stromal factor-induced Wnt pathways), and alteration of tumor metabolism [AMP-activated
protein kinase (AMPK)/mammalian target of rapamycin (mTOR) pathway]. The major chemopreventive drugs, such as nonsteroidal anti-inflammatory drugs (NSAIDs),
statins, PPARγ agonists, and metformin, have cancer stem cell (CSC)-suppressing effects via regulation of these pathways. The development of CSC-suppressing
chemopreventive drugs could be useful for adjunctive treatment to avoid relapse or metastasis, as well as more potent chemoprevention in colorectal cancer. PPAR:
Peroxisome proliferator-activated receptor; NF: Nuclear factor; BMP: Bone morphogenic protein.

via regulation of stem cell-regulating pathways (Wnt,
NOTCH, and BMP), stem cell niche or tumor microenvironment (inflammatory NF-κB and stromal factorinduced Wnt pathways) and altered tumor metabolism
(AMPK/mTOR pathway) (Figure 2).
Changes in the stem cells, microenvironment, and
metabolism are closely related, underlying essential steps
in early carcinogenesis and tumor progression, and could
be critical targets for chemoprevention and treatment of
CRC (Figure 2). In addition to being more effective antineoplastic and chemopreventive drugs, either alone or in
combination with other agents, these chemopreventive
drugs could also be the basis for development of chemically modified drugs with better chemopreventive activity
and a more desirable safety profile.
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CRC. Although fecal occult blood test is simple and costeffective in screening CRC, there is room for improvement in terms of the accuracy of the test. Genetic dysregulations have been found to play an important role
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on the development of diagnostic tests based on more
sensitive and specific molecular markers and those tests
may provide a breakthrough to the limitations of current
screening tests for CRC. In this review, the molecular
basis of CRC development, the characteristics and applications of different non-invasive molecular biomarkers,
as well as the technologies available for the detection
were discussed. This review intended to provide a summary on the current and future molecular diagnostics in
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Core tip: In this review, the molecular basis of colorectal cancer (CRC) development, the characteristics
and applications of different non-invasive molecular
biomarkers, as well as the technologies available for
the detection were discussed. This review intended to
provide a summary on the current and future molecular
diagnostics in CRC and its pre-malignant state, colorectal adenoma.

Abstract
Colorectal cancer (CRC) is one of the most prevalent
cancers in developed countries. On the other hand,
CRC is also one of the most curable cancers if it is detected in early stages through regular colonoscopy or
sigmoidoscopy. Since CRC develops slowly from precancerous lesions, early detection can reduce both the incidence and mortality of the disease. Fecal occult blood
test is a widely used non-invasive screening tool for
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Australia, New Zealand and Eastern European countries
while comparatively lower in Mexico, South America and
Africa[14]. Such a difference in the rate of incidence has
been suggested to be related to their lifestyles. Studies
also showed that dietary practices, obesity and physical
inactivity are the risk factors for CRC[15,16].
According to the Hong Kong Cancer Registry, the
incidence of CRC in Hong Kong was 4335 (16.6% of
all cancers) in 2012 and it was the second most common
cancer in Hong Kong[17]. There is a rising concern on the
importance of the early diagnosis of CRC.

20(14): 3847-3857 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i14/3847.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i14.3847

INTRODUCTION
Colorectal cancer (CRC) is one of the most prevalent
cancers and cause of cancer mortality in developed countries[1]. Fortunately, CRC is also one of the most curable
cancers if it is detected in early stage through regular
colonoscopy[2]. Genetic mutations play important roles in
CRC development[3]. Recently, different initiating genes
have been found to be involved in different categories of
CRC and most of the genetic mutations are somatic with
no implication for future generations[4]. Nevertheless,
studies on monozygotic twins have revealed that about
35% of CRC can be attributed to genetic susceptibility[5].
Based on the above findings, CRC development is most
likely caused by genetic-environment interaction.
CRC can be broadly classified into two categories,
one related to hereditary while another is non-hereditary
(sporadic) [6,7]. Hereditary CRC can further be classified into two sub-groups, i.e., hereditary non-polyposis
colorectal cancer (HNPCC) which comprises about one
to six percent of all colorectal cancer[8] and multiple
polyps CRC, which includes familial adenomatous polyposis (FAP), hamartomatous polyposis syndrome and
MUTYH-associated adenomatous polyposis[6]. Each of
the above mentioned CRC subtypes involve different genetic causes[6]. Conventionally, fecal occult blood testing
(FOBT) was widely used as a non-invasive screening tool
for CRC[9]. Although FOBT is simple and inexpensive, it
is not an effective tool for screening CRC as false positive
results might be yield by diet and medication. Immunological FOBT that detects human haemoglobin, although
specific, shows low sensitivity at detecting adenomas and
CRC[10]. Invasive screening tests such as colonoscopy are
more effective and sensitive in screening CRC, however,
high cost and inconvenience limits the diagnostic value
since they require extensive bowel preparation and invasion of privacy[10]. Following the better understanding in
the molecular basis of CRC, molecular markers testing
may be an alternative to FOBT in non-invasive CRC
screening.

CLINICAL FEATURES
Many CRCs remain asymptomatic for years before diagnosis. However, as for cecal and right colonic cancers
that cause fatigue, weakness and iron-deficiency anemia,
early detection of the disease may be possible at early
stage and these bulky lesions bleed readily. Concerning
left-sided lesions, occult bleeding, changes in bowel habit,
left quadrant discomfort and weight loss may develop.
Furthermore, there is a higher chance for early discovery
and hence successful removal of the left-sided lesions
since patients have prominent disturbance in bowel function such as diarrhea and constipation. However, the localization of the bowel segments and the more infiltrative
nature of rectum and sigmoid will reduce the chance of
CRC detection. Colorectal tumors spread to other parts
of the body by direct extension into adjacent structures
and metastasis through the lymphatics and blood vessels.
According to the previous studies, the favored metastatic
sites of CRC are lymph nodes, liver, lung and bones[14].
Currently, the most commonly used system to describe
the extent of CRC is the tumor-nodes-metastasis (TNM)
classification and staging system released by the American Joint Commission on Cancer[18].

MOLECULAR BASIS OF COLORECTAL
CANCER
CRC is believed to be caused by a cascade of genetic mutations. The typical model for the carcinogenesis of CRC
proposed by Fearon et al[19] can be described as adenomacarcinoma sequence[6]. Adenoma-carcinoma sequence
describes a gradual progression from normal epithelial
mucosa to adenoma and then to carcinoma as a result of
a series of genetic changes such as mutation and gene
amplification[20] (Figure 1). The risk of recurrence and
subsequent death due to CRC is closely related to the
stage of the disease at the time of the first diagnosis[6].
Recent studies showed the risk of death from CRC could
be reduced by shifting the detection of the disease to an
earlier stage via mass screening and intervening[20]. Therefore, there is an urgent need for biomarkers for early detection of CRC[21].
In the molecular aspects, CRC is caused by the loss
of genomic stability that drives the development of CRC
by facilitating the acquirement of tumor-associated mu-

EPIDEMIOLOGY
Studies showed that the incidence rate of CRC was higher in men and the male-to-female incidence rate ratio has
increased progressively[11]. However, the rate of incidence
among races has not been frequently reported[12]. The
peak incidence for CRC was found to be between ages
of 61 and 70[11]. Approximately 6% of the incidence occurred before age of 30 is possibly hereditary CRC rather
than sporadic CRC[13]. If CRC is found in young patients,
pre-existing polyposis syndrome may be suspected[14].
The death rate of CRC is highest in the United States,
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Figure 1 Adenoma-carcinoma sequence in colorectal cancer formation. This is a simplified presentation of colorectal cancer tumourigenesis. The true carcinogenesis progress of colorectal cancer is much more complicated.

DNA replication mismatches in the affected cells[22].
The germline mutation of the MMR gene can lead to
HNPCC[6]. The second mechanism is the hypermethylation of promoter in MMR genes that suppress the expression of the genes like MLH1[22].

tations. In CRC or adenoma, several forms of genomic
instability have been identified, including chromosomal
instability (CIN), microsatellite instability (MSI), and epigenetic gene silencing.
CIN
Basically, CIN is characterized by any chromosomal copy
number or structure change. CIN is the commonest genomic instability that encompasses 80% to 85% of all
CRC and adenoma[6]. These types of genetic problem
always result in abnormal karyotypes such as aneuploidy,
chromosome rearrangement, oncogene activation and loss
of heterozygosity of tumor suppressor genes[6]. It is suggested that CIN induces carcinoma through the loss or
mutation of tumor suppressor genes such as APC, TP53
and also through activation of oncogenes such as KRAS[22].
CRC caused by CIN usually have poor prognosis[23].

Epigenetic gene silencing
Epigenetic silencing of genes is mostly caused by DNA
methylation[6]. Cancers with high degrees of methylation
can be considered as CpG island methylation phenotype
(CIMP) positive[25], and CIMP encompasses 35%-40% of
sporadic CRC[6].
DNA methylation is involved in normal cellular control of gene expression[6]. A vast majority of methylated
cytosines in the human genome are found in the CpG
dinucleotide sequences. In normal cells, dense regions
of CpG sequences (CpG island) are usually found in the
regions close to promoters[6]. The methylation patterns
of these CpG sequences are gene-specific. Aberrant CpG
hypermethylation can lead to silencing of tumor-suppressor genes in carcinogenesis since the expression of the
genes is repressed[25]. For example, p16, p14, MGMT and
hMLH1 are commonly silenced genes in CRC patients[26].
In some cases, the presence of epigenetic silencing is
overlapped with MSI[22] (Figure 2). Some sporadic CRC
with microsatellite instability is caused by DNA methylation. For example, DNA methylation of MLH1 gene
promoter blocks its expression and destroys the ability of
MMR system[27].

MSI
MSI accounts for 15% of CRC[6]. It is characterized by
altered length of gene with small deletions and insertions of short repetitive deoxyribonucleic acid (DNA)
sequences (microsatellite) distributed throughout the genome[6,24]. Single MSI within the whole genome may have
no significant effects but accumulation of the mutations
can result in frame shifts within gene coding sequences
and the subsequent inactivation of the genes would give
rise to the progression of tumor[6]. Mutations are frequently found in the coding mononucleotide repeats of
tumor suppressors such as transforming growth factor
βR2 (69%) and activin receptor type 2 (83%). Unlike the
tumor caused by chromosomal instability, these kinds of
tumors are diploid or near-diploid[6].
The underlying cause of MSI can be explained by
two mechanisms[6]. The first mechanism is the defective
mismatch repair (MMR) system, in which both alleles
of a MMR gene (MLH1, MSH2, MSH6, and PMS2) are
nonfunctional. This results in the loss of ability to repair

WCGO|www.wjgnet.com

Hereditary CRC
HNPCC: HNPCC is the most common hereditary colon
cancer syndrome. It is autosomal dominant[28]. The presence of HNPCC is defined as the presence of germ-line
mutation found in one of the four MMR genes, namely
MLH1, MSH2, MSH6 and PMS2[29]. Bethesda guidelines
can be used as a screening tool for HNPCC[30].
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CIN tumor marker: RAS family is a series of genes
including HRAS, NRAS and KRAS[22]. The RAS family
of oncogenes encode plasma membrane proteins at inner surface[6]. In RAS family, KRAS gene plays the most
important role. KRAS gene encodes GTP (guanosine
5′-triphosphate)-binding proteins, which function as molecular switches and act as self-inactivating intracellular
signal transducers for surface receptors such as epidermal
growth factor receptor. The activation of RAS genes can
promote cell survival and suppress apoptosis[22].
The oncogenic mutations of RAS family are believed
to be an early event in CRC and they occur in 37% of
CRCs and approximately 50% of adenomas > 1 cm (9%
in adenomas < 1 cm)[23]. Most of KRAS mutations occur in codon 12 (70%-80%) and codon 13[23,33]. In clinical applications, KRAS mutation analysis is widely used
as a prognostic and predictive biomarker of anti-EGFR
monoclonal antibodies like cetuximab and panitumumab
to predict the therapeutic effectiveness in CRC[34].
As well as KRAS, recent clinical studies start to focus
on v-raf murine sarcoma viral oncogene homologue B1
(BRAF) and neuroblastoma-ras (NRAS). BRAF genes
encode serine/threonine protein kinase that is regulated
by KRA protein[35]. Mutation in BRAF gene occurs in
approximately 12% of all CRC patients and it is mutually exclusive of KRAS mutation[35]. Recent studies try to
investigate the clinical importance of BRAF mutation as
a prognostic and predictive marker to predict resistance
to anti-EGFR therapy[36]. Consideration of BRAF mutation is also recommended when KRAS mutation is not
found[37]. NRAS is closely related to KRAS. NRAS mutation occurs in codon 61 and it is found in approximately
3%-5% of all CRC patients[38]. Similar to BRAF mutation, NRAS mutation is mutually exclusive of KRAS mutation[37,38].
Adenomatous polyposis coli (APC) gene plays a
crucial role in the Wnt/Wingless pathway. APC gene is
the most important gatekeeper of colonic epithelial cell
proliferation and it is responsible for controlling the underlying oncoprotein called β-catenin. The loss of function in APC gene may lead to the transition of adenoma
from normal colonic mucosa due to the up-regulation of
[22]
β-catenin .
Germline APC mutations usually give rise to FAP. It
is an inherited cancer-associated disorder in which more
than 100 adenomatous polyps can be developed in mutant gene carriers. For patient with FAP, the risk of CRC
by the age of 40 years is almost 100%. Somatic APC mutations are present in most sporadic colorectal adenomas
and cancers. Similar to KRAS, APC mutations appear in
the early stage of the progression from adenoma to carcinoma. Therefore, mutations in the APC gene are good
biomarkers for identifying individuals at risk of CRC in
patients’ families so as to guide the frequency of CRC
surveillance and the recommendation of prophylactic
surgery[22].

Mutations in
APC , KRAS ,
SMAD4 , p53

Chromosomal
instability

Hereditary
nonpolyposis
colorectal cancer

Figure 2 Genetic instability pathways that drive colorectal cancer development.

FAP: FAP is the most common polyposis syndrome. It
is autosomal dominant and is caused by de novo germline mutations[31]. The presence of FAP can be diagnosed
by direct sequencing of the germ-line mutations in APC
gene on chromosome 5q21[32].

CLINICAL APPLICATION OF MOLECULAR
MARKERS
CRC develops slowly via accumulation of genetic mutations. Therefore, many CRCs remain asymptomatic for
years before diagnosis. Carcinoembryonic antigen (CEA)
and carbohydrate antigen (CA) are the two most investigated gastrointestinal tumor markers of CRC. Although
the high levels of the CEA and CA are associated with
cancer progression in CRC, they may not be detected until the cancer is in advanced stages[10]. Moreover, the levels
of those markers may also elevate in response to other
diseases[10]. For example, high level of CEA may also be
found in patients with inflammatory bowel disease. To
conclude, CEA and CA are not effective in early detection of CRC. They should be used as prognostic markers
rather than diagnostic markers.
Detection of CRC in early stages can reduce both the
incidence and mortality of the disease. Molecular markers
that detect gene mutation in the early stages of CRC can
be used as non-invasive screening tests for early detection
of CRC, followed by invasive confirmatory tests such as
colonoscopy for individuals with positive results.

CURRENT MOLECULAR DIAGNOSTICS
IN COLORECTAL CANCER AND
COLORECTAL ADENOMA
Current markers
Since hereditary and sporadic forms of CRC are clinically
different, the following discussions are focused on sporadic CRC.
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Table 1 Panel with five microsatellite markers
Microsatellite
BAT25
BAT26
D2S123
D5S346
D17S250

Forward primer

Reverse primer

5’-TCGCCTCCAAGAATGTAAGT-3’
5’-TGACTACTTTTGACTTCAGCC-3’
5’-AAACAGGATGCCTGCCTTTA-3’
5’-AGCAGATAAGACAGTATTACTAGTT-3’
5’-GGAAGAATCAAATAGACAAT-3’

5’-TCTGCATTTTAACTATGGCTC-3’
5’-AACCATTCAACATTTTTAACCC-3’
5’-GGACTTTCCACCTATGGGAC-3’
5’-ACTCACTCTAGTGATAAATCGGG-3’
5’-GCTGGCCATATATATATTTAAACC-3’

based methods and immunounhistochemistry can be
used to detect MSI. Immunounhistochemistry staining
detects DNA MMR system proteins such as MLH1 and
MSH2. The loss in these markers is indicative of MSI.
However, immunounhistochemistry staining is only
best performed when the resection specimens are fixed
promptly and properly since the quality of staining would
be affected. Furthermore, the size of the specimens is
also a concern in staining. Small specimens are not suitable for staining since the amount of tumor cells and
internal staining controls are limited[6].
As PCR-based methods, currently, a 5 biomarkers panel MSI test, so-called Bethesda markers, has been
developed to assess MSI status (Table 1). It consists of
2 mononucleotide loci (BAT25 and BAT26) and 3 dinucleotide loci (D2S123, D5S346, and D17S250)[39]. This
panel is useful to detect about 15% of all CRC due to
germline mutation in one of the mismatch repair genes
(MLH1, MSH2, MSH6 and PMS2) or epigenetic slicing
of MLH1. Among the five tested regions, when MSIs are
present in two or more regions, the tumor is classified as
MSI-High. Otherwise, the tumor is considered as MSI
-Low (MSI in one region) or MSI-Stable (no MSI)[24].
The above classification system is highly valuable in
prognosis and therapy since standard chemotherapy using
5-fluorouracil is not effective in treating MSI-High tumor.
Instead, irinotecan-containing regimens have improved
response and better prognosis for MSI-High tumor[23].

reported to be an effective diagnostic marker for the noninvasive detection of CRC that is independent to the ages
and genders of the patients[41-44].
Unfragmented long-form DNA: In normal colonocytes, DNA is digested during apoptosis and some DNA
fragments of 180-200 bps long is released into stool.
However, cancerous cells in CRC show a decreased
rate of apoptosis and they are not affected by the normal action of nuclear endonuclease[9]. As a result, intact
unfragmented DNA sequences with 1800-2400 bp are
detected in stool samples when colonocytes are shed
into the lumen and then fecal stream[9,45]. The detection
of unfragmented long DNA molecules in stool samples
could therefore be used for CRC screening in additional
to FOBT[9].
Current molecular diagnostics methods
Methods for detection of gene mutation: There are a
number of molecular techniques available to detect gene
mutation in CRC such as allele-specific PCR, also known
as amplification refractory mutation system (ARMS) that
detects specific known mutated form of a gene and realtime quantitative PCR.
Both Sanger sequencing and allele-specific PCR can
be used to detect the gene mutations mentioned above,
such as APC and KRAS mutations. Sanger sequencing directly detects nucleotide sequences of regions of interest.
Both known and novel nucleotide changes, including base
substitution, insertion and deletion mutations, could be
detected by this method. However, the long turnover time
and high running cost make it not suitable for routine
clinical uses. Allele-specific PCR is another choice for the
detection of gene mutations with known positions and
base changes (Figure 3). The method makes use of the
allele-specific primers to selectively amplify the mutational
allele sequences. Allele-specific PCR could be adopted to
a real-time PCR platform in order to increase the speed
and accuracy of the detection[46]. Real-time PCR employs
a fluorogenic probe that is specific to the targeted DNA
sequence. The probe consists of a fluorophore and a
quencher attached covalently on both ends. When the
probe is intact, the quencher masks any fluorescent signal
emitted by the fluorophore. During PCR, the probe is first
annealed to the target sequence, and then broken down
by the 5’ to 3’ exonuclease activity of DNA polymerase.
After the degradation of the probe, the fluorophore is
released from the quencher and fluorescence is detected
in real time (Figure 4). By detecting the change in fluores-

Epigenetic markers: CpG regions that are hypermethylated in CRC patients when compared to normal individuals are valuable for biomarker development. Methylations
on different regions of DNA promoter have been shown
to be involved in the early event of CRC development.
APC methylation is one of the examples. In addition, the
methylation of MLH1 associated silencing is widely used
as prognostic and predictive markers for CRC[6].
Septin 9 (SEPT9) gene encodes the septin 9 protein, which is a member of GTP-binding proteins that
involves in many cellular processes such as cell cycle.
Disruption of SEPT9 gene could result in tumor formation[40]. In CRC development, the promoter region of
SEPT9 gene was found to be hypermethylated at the
early stage of CRC[41]. In the blood samples of CRC patients, the level of circulating methylated SEPT9 DNA
sequences was found to be increased when compared to
those of normal controls. This elevation was possibly
due to apoptotic release of DNA from tumor cells into
the bloodstream. The methylated SEPT9 DNA has been

WCGO|www.wjgnet.com

1503

February 8, 2015|First Edition|

Tsang AHF et al . Molecular diagnostics in colorectal cancer

T
A

A

Perfect match

Not match

T

A good marker helps the detection of disease at earlier
stage so that diseases can be cured effectively. Regarding
CRC detection, since CRC is believed to be developed
slowly via accumulation of genetic mutations, detection
of the disease at earlier stage is the key concern for developing new diagnostic methods.
The road to the development of novel biomarkers
begins with the discovery of potential candidates. The
number of potential candidates produced in the initial
stage of development is usually large[44]. Therefore, well
designed selection processes are critical to identify clinically significant biomarkers. In selection of novel biomarkers, in terms of CRC detection, a good marker must
be capable of discriminating between CRC patients and
healthy individuals significantly[44]. As a high-performing
screening assay, it must be capable of detecting target analytes at extremely low level. In other words, the clinical
sensitivity of the screening assay must be high enough to
detect early stage CRC with adequately specificity to the
disease[44]. Recommendations for biomarkers studies are
given to the investigators by The National Cancer Institute Investigational Drug Steering Committee and United
States Food and Drug Administration[49].

C

C

A

A

Extension of primer

No extension
of primer

Detectable PCR
product formed

No PCR
product formed

Figure 3 Principle of allele-specific polymerase chain reaction. PCR: Polymerase chain reaction.

cent signal, the amount of target DNA molecules can be
measured. With the help of real-time PCR, screening of
genes mutations can be performed in batch mode and the
turnover time is shorter than that of Sanger sequencing[6].
Compared to conventional PCR, real-time PCR is quantitative, fast and sensitive. As no post-PCR manipulation,
such as gel or capillary electrophoresis, is required, the
risk of laboratory cross-contamination can be minimized.
However, real-time PCR is not suitable for studying microsatellite in which the analysis of amplification product
size is required.

MicroRNA markers
MicroRNAs (miRNAs) are small non-coding RNA that
is usually 19-23 nucleotides in length. Due to their small
sizes, miRNAs are more stable in blood and FFPE tissues than other nucleic acids such as DNA and RNA[50].
miRNAs are involved in post-transcriptional regulation
of gene expression. Therefore, they are able to function
as oncogenes or tumor suppressor genes, and dysregulation of miRNA would be associated to cancers. Recent
studies showed that miRNA circulate in a stable and cellfree form in bloodstream[51]. Therefore, miRNAs that are
specific to CRC in blood samples may be identified for
the development of non-invasive prognostic and predictive markers of the diseases[52].
miR-135a and miR-135b play important roles in the
regulation of Wnt/Wingless pathway by down-regulating
APC gene expression[53]. miR-17-3p and miR-92a have
been found to be elevated in plasma and CRC tissues in
CRC patients, and their levels decreased after removal
of the cancer tissues[54]. In the plasma of CRC patients,
circulating miR-92 and miR-17 concentrations have been
reported to be elevated in the preoperative samples and
the concentrations were markedly reduced in the postoperative samples[51]. Those results suggested that circulating
miR-92 and miR-17 are potential non-invasive diagnostic
markers for CRC. Apart from the miRNAs mentioned
above, miR-211 is also believed to be a potential marker
for the diagnosis and prognosis of CRC[55].

Microsatellite markers detection: PCR amplification
of specific microsatellite repeats is used for MSI detection. The presence of MSI is determined by comparing
the length of nucleotide repeats in tumor cells with that
of normal cells from the same patient. Normal cells adjacent to the suspicious tumor cells should be collected
for comparison. The region of interest is PCR amplified
with fluorescent primers and the amplification product is
detected by capillary electrophoresis[24].
DNA hypermethylation detection: DNA hypermethylation can be detected in primary colorectal carcinomas
using bisulfite conversion of DNA samples followed by
methylation-specific PCR. Both quantitative methylationspecific PCR and pyrosequencing techniques can be employed[41,43,47,48].

FUTURE MOLECULAR DIAGNOSTICS
IN COLORECTAL CANCER AND
COLORECTAL ADENOMA

Methods of miRNA detection
Currently, a number of techniques are available for the
detection of miRNA expression. PCR based methods[56],
microarrays and in situ hybridization are well developed
platforms for miRNA profiling. Each technique has its

Choice of biomarkers is very important. In order to
develop a new diagnostic method, suitable biomarkers,
which are biological substances that can be used to indicate the biological state of a patient, must be identified[10].
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Figure 4 Principle of Taqman real time polymerase chain reaction. R: reporter; Q: quencher.

may help in miRNA detection[60,61]. Lateral flow nucleic
acid strip can give a simple, inexpensive, fast and sensitive
assay which meets the needs of point-of-care in miRNA
detection[59-61].
The principle of the assay is very straightforward.
First of all, the specimen is mixed with gold nanoparticles
conjugated detection probe (detection probe) and biotinbridge probe (capture probe). If target miRNA exists
in the specimen, after hybridization, both the detection
probe and the target miRNA bind to the complementary
capture probe. The miRNA-oligonucleotide complex
flows down a test strip by capillary action. The complex
is eventually captured at the detection zone containing
anti-avidin antibody. Nuclease is used to degrade the nonbinding capture probe and detection probe[59]. Accumulation of gold nanoparticles causes the development of
a red band which can be observed by naked eyes in the
detection zone. As the strength of the signal generated is
proportional to the amount of the target miRNA within
the specimen, to assess the result quantitatively, the strips
can be scanned and imaged by a quantitative detection
platform[59-61]. In order to increase the sensitivity of the
detection, silver enhancement can be used. Researchers
have shown that the lateral flow nucleic acid test strips
and gold nanoparticles were able to detect and quantify
miRNA level in a specimen as low as 1 fmol and 5 amol
without and with silver enhancement, respectively[59]. This
technique provides a simple, convenient and fast detection for point-of-care detection[60,61].

own advantages and disadvantages. Therefore, a suitable
technique that suits the requirements of the investigation
and experimental conditions should be chosen.
Quantitative reverse transcription PCR: The amount
of miRNA in the specimen can be measured by real-time
PCR. The first step of the measurement is to reverse
transcribe miRNA into cDNA. A stem-loop primer,
which enhances the miRNA reverse transcription efficiency by promoting the thermal stability of primermiRNA complex, is usually employed. After reverse
transcription, cDNA molecules are quantified by conventional real-time PCR[57] (Figure 5).
Microarray: miRNA microarray is a technique based on
the hybridization between target miRNAs and an array of
predesigned detection probes that are covalently immobilized onto a glass slide. The isolated miRNAs are labeled
with fluorescent dye and then hybridized to a miRNA
microarray. Fluorescent signal that is emitted from the
labeled miRNAs at different positions on the microarray
is then detected. By evaluating and analyzing the fluorescence signal data, the identities and relative quantities of
miRNAs can be determined[58].
Lateral flow nucleic acid assay: Molecular diagnostic
techniques developed for miRNA detection can provide
highly specific and sensitive diagnostic results. However,
the current existing techniques are too expensive and
resource-intensive for the clinics with poor settings to
perform the test[59]. In addition, well trained personnel are
also a must to carry out the test and analyze the results[60].
In order to put CRC related miRNA screening into routine health check up procedure, a simple and easy-to-use
detection method is desired. The emergence of the lateral
flow nucleic acid assay and gold nanoparticles (Au-NPs)

WCGO|www.wjgnet.com

Protein markers
Novel proteomic technologies have shown promise in
identification of new protein markers and profiles for
early detection of CRC[62-65]. Changes in protein patterns, either due to the secretion by the tumor tissues
or the non-tumor cells in tumor microenvironment, in
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Figure 5 Principle of stem-loop primers. R: reporter; Q: quencher; PCR: Polymerase chain reaction.

Table 2 Molecular markers for the detection of colorectal cancer
Markers

Detection method

Specimen

KRAS

Mutation analysis

Stool

APC gene

Mutation analysis

Stool

Digital-PCR based method

Stool

MSI markers

Long form DNA
Quantitative fluorescence determination by PCR
Septin 9 methylated DNA
Real time PCR analysis

Stool
Plasma

Sensitivity
C
A
C
A
C
A
C
C

Specificity

Ref.

100%
100%
100%
100%
100%

Puig et al[67], 2000
Traverso et al[68], 2002

89%
90%

Calistri et al[70], 2009
Grützmann et al[42], 2008

55%
27%
61%
50%
37%
0%
79%
72%

Traverso et al[69], 2002

C: colorectal carcinoma; A: colorectal adenoma; MSI: microsatellite instability; PCR: Polymerase chain reaction.

the bloodstream can serve as potential cancer markers
for CRC detection. With the fast development of proteomics, CRC specific autoantibody patterns and proteomic expression profiles can now be identified by techniques such as matrix-assisted laser desorption ionization
time-of-flight (MALDI-TOF) and surface-enhanced laser
desorption/ionization time-of-flight[45]. Proteomic profiling of serum from CRC patients is a promising approach
to discriminate CRC patients from healthy individuals[62].
In a previous study, blood samples from individuals
diagnosed with CRC and normal healthy individuals were
collected. Protein expression spectra were acquired using
SELDI mass spectrometry. From the results, increased
levels of transferrin, alpha-1-antitrypsin and complement C3a des-arg were identified and they are treated as
potential biomarkers for CRC[65]. Similar works were also
carried out using either SELDI[66] or MALDI-TOF[62-64].

sponse to therapy. Different molecular biomarkers including markers in stool and blood are discussed[21] (Table 2).
The screening has been shown to be effective in
terms of reduction of disease-related mortality and
costs. Currently, FOBT is the only screening modality for
CRC. DNA-based fecal markers are promising but are
not widely used in clinical settings. Detecting abnormal
DNA from the tumor cells, which are shed into the fecal
stream, can give informative indication on the incidence
of CRC. However, complicated environment in stool
sample and the presence of PCR inhibitors such as bilirubin and bile acids limits the successful amplification of
mutated DNA to a detectable quality[9].
In addition, insufficient sensitivity and specificity
preclude the use of all existing serum markers such as
carcinoembryonic antigen (CEA) for the early detection
of CRC[10]. In the field of clinical research, oncology is
expected to have the largest gains from biomarkers over
the next five to ten years. Development of personalized
medicine for cancer is closely linked to biomarkers, which
may serve as the basis for diagnosis, drug discovery and
monitoring of diseases. Early detection of CRC not only
can help the patients but the healthcare system since expensive chemotherapies can be avoided.
A major challenge in the future development of can-

CONCLUSION
Cancer biomarkers and characteristics of an ideal biomarker for CRC are discussed in this review, as well as
the technologies available for their detection. This review
aims to summarize the issues on the use of biomarkers for
determination of prognosis as well as monitoring of re-
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cer biomarkers will be the integration of proteomics with
genomics and metabolomics data and their functional
interpretation in conjunction with clinical data and epidemiology[21].
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Abstract
Colorectal cancer (CRC) is one of the most common human malignant diseases and the second leading cause
of cancer-related deaths worldwide. The treatment
of advanced CRC has improved significantly in recent
years. With the emergence of two targeted antibodies,
cetuximab (Erbitux), an anti-epidermal growth factor
receptor monoclonal antibody and bevacizumab (Avastin), a vascular endothelial growth factor monoclonal
antibody, the treatment of metastatic CRC has entered
the era of personalized therapy. Predictive and prognostic biomarkers have, and will continue to, facilitate
the selection of suitable patients and the personalization of treatment for metastatic CRC (mCRC). In this
review, we will focus primarily on the important pro-
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INTRODUCTION
Colorectal cancer (CRC) is one of the most common
human malignancies and the second leading cause of
cancer-related deaths worldwide. There are 25159 new
cases of CRC diagnosed each year and 12161 CRC-related
deaths in China[1]. Metastasis to the liver and lung are the
main cause of death, with approximately 40%-50% of
all patients experiencing metastasis[2,3]. The treatment of
advanced CRC has improved significantly in recent years,
and the overall survival (OS) for metastatic CRC (mCRC)
patients has increased from a median of 10 mo to more
than 20 mo[4]. With the emergence of two targeted antibodies, cetuximab (Erbitux), an anti-epidermal growth
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factor receptor (EGFR) monoclonal antibody and bevacizumab (Avastin), a vascular endothelial growth factor
(VEGF) monoclonal antibody, the treatment of mCRC
has entered the era of personalized therapy. Treatment on
a “personalized” basis now involves a simultaneous casespecific analysis of clinical and pathological characteristics
and analysis of a patient’s genetic and tumor biomarker
profile. Predictive and prognostic biomarkers have, and
will continue to, facilitate the selection of suitable patients
and the personalization of treatment for mCRC.
A prognostic factor is defined as any parameter,
evaluated at diagnosis (or surgery), which is associated
with treatment outcome (disease-free interval, survival,
local control) and may predict patient outcome independent of treatment. Prognostic factors (biological or
clinical) may be defined at any disease stage or setting
(for example, performance status in the advanced disease
setting). A predictive factor is any parameter which identifies patients who will benefit from a particular treatment and evaluates the response or lack of response to
specific treatment. Over the last 30 years, there has been
significant advancement in understanding the molecular
origins of CRC and the characteristics of tumor aggressiveness[5]. However, in practice, the distinction between
prognostic and predictive factors is not straightforward,
and many factors are a mixture of the two. Understanding the molecular mechanisms underlying the metastatic
process will help us to identify those at the highest risk
of recurrence and to find new tumor targets to prevent
disease progression.
This review focuses primarily on the important progresses made in the personalized treatment of mCRC
and highlights the potentially novel predictive and prognostic biomarkers for improved selection of patients for
the anti-cancer treatment in the future.

disease. Numerous studies have evaluated the prognostic
relevance of EGFR in CRC, but the impact of its expression on survival remains controversial[10]. Two monoclonal antibodies, cetuximab (Erbitux™; Bristol Myers
Squibb, Inc., Princeton, NJ, United States) and panitumumab (Vectibix™; Amgen, Inc., Thousand Oaks, CA,
United States), target the human EGFR in the treatment
of EGFR-overexpressing CRC[11,12]. Genetic alterations
of EGFR and its downstream signaling effectors may
predict response to anti-EGFR monoclonal antibodies
(mAbs), therefore research efforts have been made to understand the specific resistance mechanisms.
The main research areas in this setting have focused
on the role of (1) EGFR protein expression; (2) EGFR
gene copy number; (3) EGFR gene mutations; (4) overexpression of EGFR ligands (such as epiregulin and
amphiregulin); and (5) markers of EGFR downstream
signaling[13-17].
Overexpression of EGFR protein, as determined by
immunohistochemistry (IHC), was initially selected as an
entry criterion for early studies evaluating EGFR inhibitors on the assumption that sensitivity to such agents was
associated with EGFR expression[18]. However, a large
body of evidence from mCRC patients who were treated
with anti-EGFR mAbs[19-21] indicates that this biomarker
is poorly associated with response. Moreover, several authors reported that cetuximab was also active in EGFRnegative tumors detected by IHC[22,23]. EGFR expression
at either the protein or mRNA level is not correlated with
anti-EGFR mAbs response.
In a small fraction of CRCs, EGFR overexpression
is frequently associated with amplification of the gene
(17% in primary and 23% in metastatic tumors)[24]. Activating mutations in the EGFR catalytic domain are seen
frequently in lung cancer and play an important role in
determining responsiveness to anti-EGFR therapy[25].
However, EGFR mutations are very rare in CRC and are
not significantly associated with response to anti-EGFR
mAbs treatment[26,27].
In contrast, increased EGFR gene copy number
(EGFR GCN) has been associated with response to antiEGFR therapy and with prognosis of mCRC in small retrospective studies[28,29]. Recently, Yang et al[30] performed
a meta-analysis to summarize the evidence for the predictive value of EGFR GCNfor clinical outcomes of
mCRC patients treated with anti-EGFR mAbs. The data
showed that increased EGFR GCNwas generally associated with a better objective response, especially among
patients with wild-type KRAS. In another meta-analysis
performed by Jiang et al[31], increased EGFR GCN was
significantly associated with improved OS and progression-free survival (PFS) in the population that received
second-line or higher therapy. The prognostic impact of
EGFR GCN on survival does not appear to be related to
KRAS status, which suggests that EGFR GCN might be
an independent prognostic biomarker. EGFR GCN can
be detected by fluorescence in situ hybridization (FISH),
chromogenic in situ hybridization (CISH) or polymerase

EGFR
The appropriate use of targeted biologic agents can positively impact a patient’s prognosis. Extensive research has
focused on tumor factors due to the central role they play
in the response to targeted biologic agents. Currently, numerous potential biomarkers are under investigation, and
these biomarkers may be clinically useful in the future
once validated by appropriate trials (Table 1).
An important molecular target for mCRC treatment is the epidermal growth factor receptor (EGFR).
EGFR is a receptor tyrosine kinase frequently expressed
in epithelial tumors. Binding of a ligand to the extracellular domain of EGFR activates intracellular signalling
via several pathways, including the RAS/RAF/MAPK
pathway and the PI3K/Akt axis[6]. EGFR is expressed
on normal human cells, but higher levels of expression
have also been correlated with malignancy in a variety of
cancers, including CRC[7]. EGFR has been implicated in
colorectal tumorigenesis, tumor progression, and metastasis[8,9]. EGFR is overexpressed in 30%-85% of patients
with CRC and has been associated with advanced stage
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Table 1 Predictive and prognostic biomarkers for biological therapy in metastatic colorectal cancer
Biomarker

Prevalence

Evidence available

Predictive and prognostic value

KRAS mutations

40%

BRAF mutations

10%

NRAS mutations
PIK3CA mutations

3%-5%
15%-20%

Conclusive
Insufficient
Substantial
Insufficient
Insufficient1
Insufficient1

PTEN
(loss of expression)
P53 mutations

20%-40%

Insufficient1

1%-5%

Insufficient1

Epiregulin, amphiregulin
(high expression)
VEGF-D
VEGF-A

50%-60%

Insufficient1

Negative predictive biomarker for anti-EGFR mAbs
Predicts poor prognosis, but not an independent prognostic factor
Prognostic marker for poor outcome
Potential predictive marker for resistance to anti-EGFR mAbs
Potential predictive marker for resistance to anti-EGFR mAbs
Potential predictive marker for resistance to cetuximab (exon 20, not exon 9 mutations)
Potential prognostic marker for poor outcome
Potential predictive marker for resistance to cetuximab
Associated with activation of the PIK3CA pathway and adverse disease outcome
An independent predictive factor for cetuximab benefit
Not prognostic
Associated with resistance to anti-EGFR antibody therapy and adverse clinical outcome

40%-75%

Insufficient1
Insufficient1

Potential predictive marker for response to bevacizumab
Not predictive of response to bevacizumab

1

Insufficient: The current clinical evidence cannot definitively demonstrate that the biomarker has predictive or prognostic value in metastatic colorectal
cancer. EGFR: epidermal growth factor receptor; VEGF: vascular endothelial growth factor.

chain reaction (PCR)-based methods. Interestingly, the
EGFR GCN evaluated by quantitative PCR does not appear to correlate with the clinical outcome of patients,
whereas the results of FISH analysis appear to be associated with an increase in treatment response[32]. The comparability of these methods and their differential impact
on results still needs to be defined. However, EGFR copy
number is not used in clinical practice to select patients
for treatment, partly due to the lack of standardization of
FISH technology and the uncertainty of published clinical cutoff values. Further studies are required to assess
the increase in EGFR GCN as a predictive biomarker of
response to anti-EGFR therapy.
Increased expression of alternative EGFR ligands,
such as amphiregulin and epiregulin, may promote tumor
growth via an autocrine or paracrine loop that signals
through EGFR and have been shown in retrospective
studies to be predictive of response to cetuximab[33-35].
The level of sensitivity to cetuximab was shown to be
proportional to the intensity of epiregulin and amphiregulin mRNA expression[35-38]. Two studies demonstrated
that mCRC patients with KRAS wild-type tumors and
high amphiregulin and epiregulin mRNA expression
were more likely to have disease control with cetuximab
treatment[35,37]. In addition to their predictive value, amphiregulin and epiregulin mRNA expression appears
to be a useful prognostic marker in KRAS wild-type
patients regardless of whether they were receiving antiEGFR therapy[39]. Low expression of EGFR activating
ligands, amphiregulin and epiregulin, was associated with
resistance to anti-EGFR therapy and adverse clinical outcome, however, these ligands are not routinely measured
in clinical practice and further evaluation of their role is
required.
In brief, the predictive value of EGFR expression
remains unconvincing in the use of anti-EGFR therapy.
Therefore, the focus has shifted to alterations in the key
signaling pathway downstream of EGFR, which may
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drive the growth and progression of CRC and provide an
escape mechanism that allows tumors to overcome the
pharmacological blockade induced by anti-EGFR mAbs.
KRAS, BRAF, PTEN, and PI3KCA mutations have been
highlighted as the mechanisms that activate the EGFR
signaling pathway.
KRAS
KRAS belongs to the rat sarcoma virus (ras) gene family
of oncogenes which includes KRAS, HRAS, and NRAS.
All of these oncogenes when mutated have the ability to
transform cells, but KRAS is the most commonly mutated RAS family member in CRC[40]. KRAS mutations
occur in approximately 35%-45% of mCRC patients, and
lead to the constitutive activation of EGFR downstream
pathways[3]. KRAS mutation is thought to be a fairly
early event in colon carcinogenesis and appears to be ≥
95% concordant between primary tumor and metastatic
sites[41-43]. Point mutations in KRAS occur most frequently in codons 12, 13 (exon 2), 61 (exon 3)[44], and 146 (exon
4)[45], and up to 90% of activating KRAS gene mutations
are detected in codons 12 (82%-87%) and 13 (13%-18%).
These are generally observed as somatic mutations.
A number of studies have evaluated the potential
prognostic role of KRAS in CRCs, but the data are conflicting largely due to the differences in methodology and
datasets analyzed[46-50]. The first RASCAL meta-analysis
evaluated the KRAS gene status in 2721 patients, and
suggested that the presence of a mutation increased the
risk of recurrence (P < 0.001) and death (P = 0.004)[46].
This finding was later restricted to the G12V mutation,
which had a statistically significant impact on treatment
failure-free survival (HR = 1.3, P = 0.004) and OS (HR
= 1.29, P = 0.008)[47]. Furthermore, the N0147 trial
which evaluated the treatment with cetuximab combined
with FOLFOX in patients with resected stage Ⅲ CRC
showed that the 3-year disease-free survival in patients
with wild-type KRAS was significantly better than that in
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patients with KRAS mutations (72.3% vs 64.2%, HR =
0.7, P = 0.004). These analyses suggest that KRAS mutations are independent prognostic factors[51]. The COIN
trial assessed the effects of cetuximab combined with
oxaliplatin and fluoropyrimidine chemotherapy as firstline treatment in patients with advanced CRC. This trial
also showed that a KRAS mutation was a strong negative
prognostic factor, and the median OS was significantly
shorter in patients with KRAS, NRAS, or BRAF mutations (n = 706, 13.6 mo) compared to those with wildtype KRAS, NRAS, and BRAF (n = 581, 20.1 mo), irrespective of treatment[52].
However, a recent study by Roth et al[53] suggested that
the prognostic value of KRAS mutation status for PFS
and OS was lacking in large adjuvant trials of patients
with stage Ⅱ and Ⅲ resected colon cancer. Investigators from the PETACC-3 trial retrospectively analyzed
archival tissue (n = 1564) for mutations in KRAS (exon
2, codons 12 and 13) and found no clear association
with relapse-free survival (RFS) or OS in both univariate
and multivariate analyses. In the CALGB 89803 study[54],
stage Ⅲ CRC patients with KRAS mutated tumors did
not experience any difference in DFS, RFS and OS rates
compared to patients with KRAS wild-type tumors.
In advanced CRC, a few phase 3 studies comparing
cetuximab[55] or panitumumab[20,56] with best supportive
care (BSC) in the third-line setting demonstrated no significant prognostic value based on KRAS mutation status.
Two large studies evaluating the addition of cetuximab or
panitumumab to chemotherapy and bevacizumab in the
first-line setting did not find a prognostic value for KRAS
mutational status[57,58].
It may be difficult to interpret the various studies
published on the prognostic role of KRAS. Therefore,
further prospective studies are required to confirm
whether a specific KRAS mutation might lead to a clinically relevant prognostic effect in patients with CRC.
The predictive value of KRAS has been investigated
extensively in the era of EGFR-targeted therapy in colon
cancer. Evidence from several clinical trials demonstrated
that KRAS mutations have emerged as a major predictor
of resistance to anti-EGFR mAbs in CRC. Several retrospective analyses have been conducted to explore the role
of KRAS mutations as a negative predictive biomarker of
tumors in patients with mCRC treated with anti-EGFR
antibody (with or without chemotherapy)[13,55,59]. The first
study to evaluate the correlation between K-RAS mutational status and lack of response to treatment with cetuximab was performed by Lièvre et al[59]. They analyzed
30 patients predominantly treated with cetuximab plus
irinotecan after previous exposure to chemotherapy, and
KRAS mutations were observed in 13 of the 30 patients
enrolled (43%). None of the mutated tumors responded
to cetuximab treatment. The OS of KRAS wild-type
patients was significantly higher compared to those with
mutated KRAS. The negative predictive value of KRAS
mutations for response to anti-EGFR therapy has been
confirmed in a number of single arm retrospective stud-
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ies using the EGFR inhibitors cetuximab or panitumumab alone or in combination with chemotherapy. These
retrospective studies revealed that patients with KRAS
mutations receiving first and subsequent lines of treatment do not benefit from anti-EGFR therapy, and that
they show no survival benefit from such treatments[13,59].
Data from phase Ⅲ trials using anti-EGFR targeted
therapy in the metastatic setting also suggested that
mutated KRAS status predicts a lack of response[20,60,61].
The biomarker analysis of the pivotal phase Ⅲ trial of
panitumumab monotherapy in the relapsed or refractory
setting was the first large study (n = 463 patients) to confirm the negative predictive value of KRAS mutations[20].
This study found that in those treated with panitumumab,
PFS was 12.3 wk in the subgroup of patients with the
wild-type KRAS gene, but only 7.4 wk in the subgroup
of patients with the mutant KRAS gene. This was statistically significant. The PRIME trial evaluated the addition
of panitumumab to FOLFOX4 for the initial treatment
of patients with KRAS wild-type mCRC[62]. The results
were prospectively analyzed by tumor KRAS status,
which demonstrated a significantly longer PFS when panitumumab was added to chemotherapy in patients with
KRAS wild-type tumors (9.6 mo vs 8 mo, respectively; HR
= 0.80, 95%CI: 0.66-0.97, P = 0.02). Furthermore, additional phase Ⅲ studies have shown that only patients with
KRAS wild-type CRC will benefit from the addition of
panitumumab to FOLFIRI as second-line treatment[63].
Data have recently been published from two large
randomized phase Ⅱ-Ⅲ studies carried out to examine the benefits of cetuximab as first-line treatment for
mCRC[60,61]. The CRYSTAL study demonstrated that only
patients with wild-type KRAS tumors benefited from the
addition of cetuximab to FOLFIRI, showing a higher
response rate (RR) (57.3% vs 39.7%, P < 0.0001), longer
PFS (median, 9.9 mo vs 8.4 mo, P = 0.012) and longer
OS (median, 23.5 mo vs 20.0 mo, P = 0.0093). In patients
whose tumors carried KRAS mutations, there was no
evidence of benefit associated with the addition of cetuximab to FOLFIRI. The OPUS trial also showed that
the addition of cetuximab to the FOLFOX-4 regimen
was only beneficial in the wild-type KRAS subgroup[61].
In KRAS wild-type patients, the addition of cetuximab
to FOLFOX induced a significant increase in RR (61% vs
37%; P = 0.011) and PFS (7.7 mo vs 7.2 mo, HR = 0.57,
P = 0.0163) without OS benefit. In contrast, a negative
impact on treatment efficacy was noted when cetuximab
was added to chemotherapy in patients with KRAS mutant mCRC[64]. These results indicate that KRAS mutated
patients do not benefit from the addition of cetuximab
to conventional chemotherapy.
In contrast to these results, other phase Ⅲ trials
found that KRAS mutation status was not predictive of
benefit when cetuximab was combined with first-line
chemotherapy[52,65]. In the NORDIC Ⅶ trial, cetuximab
combined with the continuous or intermittent FLOX
regimen [bolus 5-fluorouracil (5-FU) plus oxaliplatin] did
not significantly improve efficacy compared with FLOX
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alone[65]. In the large COIN trial, the addition of cetuximab to oxaliplatin-based chemotherapy did not benefit
OS or PFS in KRAS wild-type patients[52].
When anti-EGFR therapy was added to bevacizumab-based first-line chemotherapy in advanced CRC, no
additional benefit was observed, even in patients with
wild-type KRAS tumors[57,58]. In the CAIRO-2 study,
the addition of cetuximab to capecitabine, oxaliplatin,
and bevacizumab as first-line treatment in patients with
mCRC had no effect on RR (50% vs 61.4%; P = 0.06) or
PFS (median, 10.5 vs 10.6; P = 0.3) among those with tumors carrying wild-type KRAS. Similarly, in the PACCE
study, the addition of panitumumab to bevacizumab
and oxaliplatin-based chemotherapy was associated with
shorter PFS and OS in patients with tumors carrying
wild-type KRAS. These data suggest a detrimental effect
following the addition of antiangiogenic agents to antiEGFR therapies in advanced CRC.
Based on current information from these clinical trials, the guidelines of the National Comprehensive Cancer
Network (NCCN), the ESMO (European Society for
Medical Oncology), and the ASCO recommend the use
of anti-EGFR-directed therapy only in mCRC patients
with wild-type KRAS status. In addition, the NCCN
guideline also recommends testing for KRAS mutations
in codons 12 and 13 in certified laboratories. This is the
first true use of personalized medicine in CRC.
However, it is interesting that not all KRAS mutations are equal in their biological characteristics and their
impact on mediating EGFR resistance. Anecdotal reports
indicate that a very small number of patients (< 10%)
with KRAS-mutated tumors respond to anti-EGFR therapy[13,66,67] and that about 15% have long-term disease stabilization[68]. Preclinical data demonstrated that cell lines
with KRAS codon 13 glycine-to-aspartate (G13D) mutations exhibit weaker in vitro transforming activity than
codon 12 mutations[69,70]. Moreover, a recently published
retrospective pooled exploratory analysis of patients with
chemotherapy-refractory CRC also suggested that patients with p.G13D-mutated tumors showed a trend toward a higher RR than other KRAS-mutated tumors. Patients with KRAS codon p.G13D mutations who received
cetuximab experienced longer PFS and OS compared
with BSC alone. In contrast, patients with other KRAS
mutations did not appear to benefit from cetuximab.
Furthermore, benefit from the addition of cetuximab to
first-line chemotherapy in patients with KRAS p.G13D
mutations has also been suggested in a pooled analysis
of the CRYSTAL and OPUS studies[71]. Taken together,
these data suggest that the use of cetuximab may affect
prolonged survival in patients with KRAS p.G13D mutations receiving first-line chemotherapy and those with
chemotherapy-refractory metastatic colon cancer.
The association between KRAS codons 61 and 146
mutations and clinical outcomes in mCRC patients treated with cetuximab has also been investigated[72,73]. It was
reported that patients with mCRC that harbors KRAS
mutations in codons 61 and 146 have a shorter PFS com-
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pared to patients with wild-type KRAS and demonstrate
resistance to anti-EGFR therapy[73]. In a prospective-retrospective biomarker analysis of the PRIME study, investigators found that not only KRAS mutations (mutation
at codons 12 or 13) are predictive of treatment resistance
to EGFR therapy, but RAS mutations (KRAS mutation
at codons 61, 117 or 146, NRAS mutation at codons 12,
13, 61, 117 or 146, and BRAF mutations), appear to do
the same[74]. These analyses suggest that the assessment
of other RAS mutations might help optimize the selection of candidate patients for anti-EGFR mAb therapy.
However, our understanding of the biology of KRAS
wild-type/mutated genotype and response to anti-EGFR
therapy is far from complete. This is underscored by the
fact that approximately 40%-60% of mCRC patients
with wild-type KRAS status fail to respond to anti-EGFR
therapy[75]. Moreover, mCRC patients with responsive
KRAS wild-type tumors inevitably acquire resistance to
anti-EGFR therapy and experience tumor progression[76].
A lot of ground remains to be uncovered to clarify the
molecular mechanisms that contribute to anti-EGFR
therapy resistance/sensitivity, in order that patients can
be identified for personalized targeted therapy based on
specific genotypes.
BRAF
BRAF, a component of the RAS/RAF/MEK/ERK/
MAPK pathway[66], is thought to function as a downstream effector of KRAS. The BRAF mutation has been
identified in 10%-15% of CRC patients[14,77,78]. The most
common BRAF mutation in tumors is the V600E mutation, which accounts for 90% of all BRAF mutations in
CRC. There is an inverse relationship with KRAS mutation results, with the V600E BRAF mutation seen only
in KRAS wild-type tumors[14,73,78]. There is a high concordance in BRAF wild-type status between primary and
metastatic tumors, but the level of concordance is lower
when the primary tumor harbors a BRAF mutation.
BRAF mutation has been shown to be associated with
high grade, right sided tumors, female gender, older age
and microsatellite instability high (MSI-H) tumors[53,77,79].
It also has been linked to poor survival in advanced CRC
independent of therapy[80].
Recently, a series of studies confirmed the potential adverse prognostic impact of BRAF mutations. Yokota et al[81]
identified BRAF V600E mutation as an independent
prognostic factor for survival in a representative cohort
of 229 patients with mCRC. In this study, BRAF mutation was associated with a significantly higher risk of
dying from cancer-related causes. This finding is consistent with those of other studies in patients at all disease
stages[14,82,83]. In KRAS wild-type patients, BRAF-mutated
individuals had a worse outcome in terms of PFS and
OS. Furthermore, BRAF is a negative prognostic factor
for OS, especially in patients with MSI low (MSI-L) and
stable (MSI-S) tumors.
In the CRYSTAL-OPUS pooled analysis, patients
whose tumors harbored BRAF mutations had worse
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CRYSTAL, patients with BRAF mutations seemed to
benefit from the addition of cetuximab to first-line
chemotherapy with an increase in OS and a doubling
of PFS, although these findings did not reach statistical
significance, most likely due to the low BRAF mutation
frequency[84]. This result raises the possibility that the addition of a biological agent might be effective for disease
control, at least as first-line chemotherapy, in patients
with wild-type KRAS and mutant BRAF. These differences were not statistically significant due to the limited
number of patients in this group.
The association between BRAF mutations and the
efficacy of anti-EGFR therapy remains controversial, but
its significant negative prognostic value has been established. Even if the BRAF mutation has been shown to
be predictive, its low prevalence suggests that it may have
limited utility in selecting patients for anti-EGFR therapy
in clinical practice. The novel strategy of targeting BRAF
kinase is warranted for further treatment of patients with
BRAF mutations to improve their poor survival.

PFS and OS compared with those who had both KRAS
and BRAF wild-type tumors, independent of treatment
with cetuximab[84]. These data are consistent with the
biomarker analysis of the CAIRO-2 trial[57,85]. This study
investigated a large series of patients with mCRC treated
with chemotherapy and bevacizumab with or without
cetuximab in a subgroup of 520 patients. BRAF mutations were detected in 45 (8.7%) tumors and was mutually exclusive of KRAS mutations, as reported previously.
Patients with BRAF-mutated tumors had a statistically
significantly worse PFS and OS compared to patients
with wild-type BRAF tumors in both arms of the CAIRO2 trial, however, the RR in the two treatment groups
did not differ significantly. The authors concluded that
BRAF mutations are not restricted to the outcome of cetuximab treatment[85]. These findings further support the
hypothesis that BRAF mutations are negative prognostic
biomarkers.
Several retrospective studies have suggested that the
occurrence of BRAF V600E mutations accounts for
resistance to both cetuximab and panitumumab, but full
validation of this association has not been achieved. Di
Nicolantonio et al[14] retrospectively examined tumors
from 113 patients who had received either cetuximab
or panitumumab in a second or successive line chemotherapy regimen. None of the BRAF-mutated patients
responded to cetuximab or panitumumab, and none
of the responders carried BRAF mutations. BRAFmutated patients had significantly shorter PFS and OS
than wild-type patients. De Roock et al[72] reported 4.7%
(36 of 761) of BRAF mutations in a retrospective pooled
study of chemorefractory patients from the European
Consortium, and patients with BRAF mutations had a
significantly lower RR (8.3% vs 38% for wild-type; OR,
0.15; P = 0.0012), shorter PFS (median, 8 wk vs 26 wk
for wild-type; HR = 3.74, P < 0.0001) and OS (median,
26 wk vs 54 wk for wild-type; HR = 3.03, P < 0.0001)
compared with BRAF wild-type patients. Recently, in the
phase Ⅲ PICCOLO trial[86], designed to evaluate the role
of panitumumab combined with irinotecan as second or
subsequent line therapy for prospectively tested KRAS
wild-type advanced CRC, patients with tumors bearing
a BRAF mutation (13.6%) had a poor prognosis and
panitumumab had an adverse effect on survival in this
subgroup. These results suggest that wild-type BRAF
is required for response to anti-EGFR mAb in mCRC.
Similarly, Souglakos et al[77] assessed the predictive value
of BRAF mutations in 100 patients treated with cetuximab, including 8 in the first line, 37 in the second, and
55 in the third or higher, always in combination with chemotherapy. No patient with BRAF mutations responded
to cetuximab. Patients with BRAF mutations also had a
shorter PFS, regardless of whether cetuximab was administered in the second, third or higher lines.
However, unlike KRAS mutations, the negative
predictive value of BRAF mutations to anti-EGFR
therapies in the first-line treatment has not been demonstrated[57,64,84,87]. In the pooled analysis of OPUS and
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PIK3CA STATUS
In addition to KRAS and BRAF, activation of the PI3K
signaling pathway can also be oncogenically deregulated
either by activating mutations in the PIK3CA p110 subunit or by inactivation of the PTEN phosphatase. Constitutive activation of the PI3K/AKT pathway has been hypothesized to play an important role in the development
of a number of human cancers, including colon cancer.
Activating mutations in the PIK3CA are described in approximately 10%-20% of unselected CRC patients[48,88-90],
mainly in exon 9 or 20. Exons 9 and 20 hotspots exert
different biochemical and oncogenic properties. Unlike
BRAF mutations, PIK3CA mutations can co-occur with
KRAS and BRAF mutations[72,91].
Several studies have suggested that PIK3CA mutations may be associated with resistance to EGFR mAb
therapy[52,92-94]. Preclinical data shows that colon cancer
cell lines with activating PIK3CA mutations were more
resistant to cetuximab than PIK3CA wild-type cell lines.
Based on these preclinical data, several retrospective
studies have evaluated the predictive value of PIK3CA
mutations in the clinic. Initial reports show that PIK3CA
mutations are able to predict resistance to anti-EGFR
mAbs in unselected mCRC patients, and more importantly in wild-type KRAS patients whose nonresponse to
treatment cannot be predicted by KRAS mutations[90,95].
Sartore-Bianchi et al[95] found activating PIK3CA mutations in 15 (13.6%) of 110 patients treated with cetuximab or panitumumab-based regimens, but none of the
PIK3CA mutated patients achieved a response to antiEGFR mAbs, compared with a RR of 23% in 95 patients
with wild-type PIK3CA (P = 0.0337). Wu et al[92] conducted a systematic review and included eight studies which
reported survival outcome in 839 mCRC patients. They
found that PIK3CA mutations were significantly associated with poorer PFS in unselected patients, and observed
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a worse OS in KRAS wild-type patients with PIK3CA
mutations. However, the clinical data regarding PIK3CA
mutations and response to EGFR mAbs are conflicting.
A study by De Roock et al[72] found that PIK3CA mutations in exon 9 were more common (10% of all samples),
but only mutations in exon 20 of PIK3CA (3% of all
samples) were statistically associated with resistance to
cetuximab-based therapy. Importantly, these mutations
were also associated with a negative effect on PFS and
OS. A meta-analysis by Mao et al[93] recently showed that
PIK3CA mutations, in particular in exon 20, were likely
to be related to the prognosis of KRAS wild-type mCRC
patients treated with anti-EGFR mAbs. The predictive
power of exon 20 mutations was also greater than that
of any exon mutations and exon 9 mutations. These findings suggest that exon 20 and exon 9 mutations may differ in their power of predicting the prognosis of mCRC
patients. If KRAS is unmutated, assessing the PIK3CA
exon 20 mutations provides additional information on
patient outcome.
The predictive value of PIK3CA mutation status has
been demonstrated, however, the prognostic significance
of PIK3CA mutations in CRC remains unclear. A number
of previous studies have examined the prognostic role of
PIK3CA mutations in CRC. Recent data suggest that the
presence of PIK3CA mutations predicts poor prognosis
for early stage CRC patients and mCRC patients[95,96]. Patients with PIK3CA mutations were more likely to experience local recurrences than patients without mutations[96].
In a study of 586 patients by Barault et al[48], it was found
that mutations of at least one gene among KRAS, BRAF
and PIK3CA were associated with a lower 3-year survival
rate. Kato and coworkers carried out an analysis of 158
CRC tissue samples and identified PIK3CA mutations as
the only independent and significant prognostic factor
for worse RFS in stage Ⅱ/Ⅲ CRC patients[97]. These results are in contrast with those observed in the metastatic
setting. Cappuzzo et al[98] described a PIK3CA mutation in
17.7% (14/85) of cetuximab-treated mCRC patients, but
found no difference in overall response rate (ORR), time
to progression (TTP) and OS compared to the wild-type
population. Liao et al[99] analyzed PIK3CA pyrosequencing in 1267 CRC patients, and PIK3CA mutations were
detected in 189 (16%) of 1170 cases. The results showed
that concomitant PIK3CA mutations of both exons
9 and 20 were associated with a poorer prognosis. In
contrast, neither PIK3CA exon 9 mutation nor exon 20
mutation alone appeared to have substantial prognostic
influence.
Taken together, these findings are not uniform and
there are contradictory reports, thus it is not anticipated
that in the short-term future PIK3CA mutation testing
will be performed in routine clinical practice to determine eligibility for anti-EGFR antibody therapy. It is also
estimated that only 3%-10% of patients who are in the
KRAS wild-type group will have a PIK3CA mutation,
therefore the potential contribution of this mutation for
individualized treatment of CRC will be limited. Thus,
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further evidence from large randomized clinical trials and
standardization of analysis will be required to establish a
role for these genetic markers in mCRC treatment.

PTEN STATUS
PTEN is the only tumor suppressor gene involved in
the PI3K-AKT-mTOR pathway. It has been shown that
inactivation of PTEN phosphatase deregulates the PI3K
pathway. PTEN loss is observed in 20%-40% of CRC tumors[94,100], and it has been found to co-occur with KRAS,
BRAF and PIK3CA mutations[91,101]. PTEN expression
shows only approximately 60% concordance between primary tumor and distant metastases[40,94]. Loss of PTEN
expression is associated with aggressive CRC and lack of
benefit with cetuximab in patients with chemotherapyrefractory mCRC. It may provide valuable prognostic
and predictive information to aid treatment strategies for
patients[94].
The prognostic role of PTEN in CRC is still under
investigation, and inconclusive results have been reported. In a retrospective analysis of archival tumor tissue
from 173 patients with mCRC, loss of PTEN expression
(19.9% cases) detected by IHC was associated with inferior OS in a multivariate analysis (HR = 1.9, 95%CI: 1.1-3.2,
P = 0.026)[100].
PTEN also shows promise as a predictive marker for
wild-type KRAS patients treated with an anti-EGFRbased regimen[102,103]. Wang et al[102] analyzed PTEN expression in 852 mCRC patients treated with anti-EGFR
mAbs, and loss of PTEN expression was detected in 242
(28.4%) patients. Anti-EGFR mAb therapy resulted in
improved PFS and OS in patients unselected by KRAS
mutation with normal PTEN expression over loss of
PTEN expression. Better PFS and OS were observed
in wild-type KRAS patients with normal PTEN expression vs loss of expression. Razis et al[103] reported that
normal PTEN protein expression was associated with
a higher RR and longer TTP in patients treated with
cetuximab-based therapy, despite a 50% RR observed in
patients who had lost PTEN protein expression. These
data showed that loss of PTEN expression is a potential
biomarker for resistance to anti-EGFR mAb therapy,
particularly in mCRC patients with KRAS wild-type tumors. Interestingly, preserved PTEN expression in metastatic samples was predictive of response to cetuximab,
while this was not observed in primary tumor tissue with
preserved PTEN expression. Therefore, these data are
limited and should be considered exploratory. The value
of PTEN as a predictive or prognostic marker in mCRC
cannot be established yet.

OTHER POTENTIAL BIOMARKERS
HER2 gene status
In contrast to gastric and breast cancer, human epidermal
growth factor receptor 2 (HER2) protein overexpression
and HER2 gene amplification are relatively rare in CRC.
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Some studies have shown that HER2 gene amplification
was significantly related to resistance to cetuximab or panitumumab and was associated with a significantly worse
PFS and a trend towards a worse OS[104-106]. However,
other studies have not found a predictive or prognostic
role for HER2[85,107]. Recently, data from a retrospective
study have suggested that HER2 status detected by FISH
might represent an additional useful marker for the identification of advanced CRC patients who may benefit
from anti-EGFR targeted therapies[105,106]. A total of 407
chemorefractory mCRC patients treated with cetuximab
alone or in combination with irinotecan were evaluated
and KRAS and BRAF mutations were assessed. The status of the HER2 gene was evaluated in 288 cases. Interestingly, HER2 gene-positive patients had a significantly
higher RR, longer PFS and OS compared with HER2
gene-negative patients, but when cases were stratified according to KRAS and BRAF mutations, no significant
differences in RR, PFS and OS were observed between
HER2-positive and negative cases. In conclusion, the
interplay between EGFR and HER2 requires further investigation for future best-tailored treatments.

IHC and the remainder employed DNA analysis. Therefore, it is likely that activation of the EGFR pathway will
contribute to cancer and anti-EGFR antibodies will be
efficient in tumors only if TP53 is inactivated. Based on
these observations, Oden-Gangloff et al[112] evaluated the
combined impact of KRAS and TP53 status on clinical
outcome in 64 mCRC patients treated with cetuximabbased chemotherapy, and suggested that TP53 mutations
are predictive of cetuximab sensitivity.
In conclusion, these data suggest that TP53 genotyping could have an additional value in mCRC patients
without KRAS mutations to optimize the selection of patients who could benefit from anti-EGFR therapies. The
clinical relevance of these results should be confirmed in
larger mCRC series.
Angiogenesis
Angiogenesis has become a major target in CRC therapy.
A variety of anti-angiogenesis approaches have been
evaluated for the treatment of mCRC. Bevacizumab, a
humanized monoclonal antibody against vascular endothelial growth factor A (VEGF-A), is approved for firstline treatment of mCRC. Novel antiangiogenic drugs,
such as regorafenib (a novel tyrosine kinase inhibitor
targeting VEGFR, PDGFR, FGFR, RET, KIT and
TIE2) and aflibercept (a VEGF trap), have also been
licensed by the United States Food and Drug Administration based on trials showing modest improvements in
OS[113,114]. However, despite the increasing use of various
antiangiogenic drugs and intense research efforts, there is
a lack of evidence for validated biomarkers in terms of
response to antiangiogenic therapy. Several markers that
have appeared promising in preclinical models have failed
as predictors of response in human trials (Table 2)[115-117].
To date, no biomarkers have emerged that are capable of
predicting the efficacy of these agents.
Several recent studies on the identification of predictive biomarkers for bevacizumab have been performed.
In the pivotal AVF2107 study of bevacizumab added
to chemotherapy in the first-line setting of advanced
CRC, plasma VEGF levels, primary tumor tissue VEGF
expression, microvessel density and genotypic characteristics of the malignant cells such as KRAS, BRAF, TP53
mutations, and TP53 overexpression were evaluated,
but none had predictive value for bevacizumab activity.
These findings were recently confirmed in the MAX trial,
in which the KRAS and BRAF mutation status failed to
predict benefit with bevacizumab[118-120]. In this study, the
expression levels of VEGF family members A through
D and VEGF receptors, VEGFR-1 and VEGFR-2,
were also analyzed using IHC, and the results showed
that VEGF-D expression was a predictor of response
to bevacizumab treatment. For patients treated with bevacizumab, low VEGF-D expression was predictive of
a significantly longer PFS and OS interval than those in
patients with high levels of VEGF-D expression. In the
NO16966 trial[119], exploratory analyses found that high
CD31, high VEGF-A, and low EGFR-2 expression lev-

c-Met and insulin-like growth factor receptor 1 pathways
MET, the hepatocyte growth factor receptor, is a receptor
tyrosine kinase (RTK) involved in cellular proliferation
and apoptosis. The activation of MET may lead to the
activation of pathways downstream of RAS, such as Raf/
MEK/MAPK and the PI3K/protein kinase B pathway
(PKB). In addition, MET is able to directly activate the
PI3K/PKB pathway in a RAS-independent manner[108].
Several preclinical findings suggest that MET can interfere
with anti-EGFR strategies. Inno et al[109] recently reported
that compared with low/normal expression, c-Met overexpression significantly correlated with shorter median
PFS and median OS in 73 patients with mCRC treated
with cetuximab-containing regimens. Cappuzzo et al[29]
also assessed MET at the genomic level using FISH in 85
EGFR FISH-positive mCRC patients treated with cetuximab. Both patients with MET amplification responded
to cetuximab therapy, although the number of patients
was too low to draw any conclusion.
insulin-like growth factor receptor 1 (IGF1R) is also
a transmembrane RTK implicated in promoting oncogenic transformation, growth and survival of cancer cells.
IGF1R is overexpressed in 50%-90% of CRCs[110], and
preclinical studies suggest that this target results in upregulation in the majority of CRC patients, poor prognosis
and resistance to anti-EGFR strategies[111].
P53 mutations
TP53 is a tumor-suppressor gene located on chromosome 17p, and mutations in this gene occur in about half
of CRCs. A large number of studies have described the
effects of genetic TP53 alterations on progression and
outcome of CRC, and the results are heterogeneous and
conflicting. Most studies which showed an association
between TP53 alterations and worse outcome employed
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FGFR1 gene leads to liver metastasis in CRC. Matsuda et
al[132] also found overexpression of the FGFR2, both FGFR2IIIc and FGFR2IIIb, in colorectal carcinomas which
tended to correlate with distant metastasis. On the other
hand, FGFR2IIIb expression in colorectal carcinomas did
not correlate with survival or metastasis[133]. It was also
found[134] that in colorectal carcinoma cases, expression
levels of FGFR2IIIc in tumor cells were correlated with
advanced carcinogenesis stages. Furthermore, FGFR2IIIc
expression correlated with metastasis and poor prognosis of colorectal carcinomas, which suggested that FGFR2IIIc may have a potential use in colorectal carcinoma
therapy. A number of agents that target FGF and/or
PDGF signaling are now in development for the treatment of mCRC. Potential predictive biomarkers for these
pathways are being investigated, but none have been validated for clinical use. Whether this could translate into a
higher likelihood of responding to PDGFR/FGFR targeted agents is a matter of speculation.
Hypertension is a common adverse effect of antiVEGF therapy. The development of hypertension due to
anti-VEGF treatment has also been evaluated as a predictive biomarker. An increase in blood pressure may reflect
successful inhibition of the VEGF pathway. However,
the role of hypertension in predicting responsiveness to
antiangiogenic drugs is controversial. In the AVF2107
study, the development of hypertension predicted better
PFS (HR = 0.55, P = 0.0008) and better OS (HR = 0.43,
P = 0.0001), but this was not confirmed by other studies[135]. The role of hypertension as a predictive biomarker
requires further evaluation, particularly as it is standard
practice to treat hypertension as soon as it develops[136].

Table 2 Summary of key biomarkers investigated in clinical
trials of bevacizumab
Key biomarkers evaluated
KRAS mutational status
BRAF mutational status
p53 mutational status
VEGF and VEGFR-2 (KDR) gene expression
VEGF A- to VEGF-D, VEGFR-1, and VEGFR-2 protein expression
CD31 expression
Neuropilin expression
Stromal thrombospondin-2 expression
Microvessel density
Plasma VEGF levels
VEGF: vascular endothelial growth factor.

els were correlated with a longer duration of response,
and high levels of neuropilin and placental growth factor were associated with less benefit from bevacizumab.
However, these results are considered exploratory and
need to be confirmed in additional clinical trials.
Blood-based biomarkers have, until now, produced
mixed results. Several studies have demonstrated that
plasma VEGF-A is a prognostic biomarker in CRC, but
it is unable to predict response to antiangiogenic treatment in mCRC[121,122]. A retrospective analysis of 1816
patients with colon, renal cell, and lung cancer found
that plasma VEGF levels were not predictive of benefit
from bevacizumab[123]. However, an association between
plasma VEGF and benefit from bevacizumab treatment
was observed in a breast cancer trial[124]. Further prospective studies are underway to validate the value of plasma
VEGF-A in clinical practice. VEGF polymorphisms are
also potentially promising biomarkers, however, it is not
currently possible to personalize treatment with antiangiogenic therapies[125].
More recently, preclinical data supporting the role of
fibroblast growth factor receptor (FGFR) and platelet-derived growth factor receptor (PDGFR) signaling in angiogenesis have been reported. Inhibition of these pathways
holds potential therapeutic benefit for cancer patients[126].
In addition, one or both of these pathways have been
associated with resistance to agents targeting the EGFR
and VEGF[127]. Some studies have elucidated the role of
FGFR and PDGFR in colon cancer angiogenesis. However, only a few studies have analyzed the clinical implications of FGFR/PDGFR expression in CRC. Wehler
et al[128] in a series of 99 human colorectal carcinomas,
reported that coexpression of PDGFRα/β observed in
57% of tumor samples, was significantly associated with
lymphatic metastasis (P = 0.007) and advanced tumor
stage (P = 0.03). Schimanski et al[129] reported that specific receptor tyrosine kinases (TK) were overexpressed
in KRAS-mutated CRC. In a study by Nakamura et al[130],
patients with high PDGF-BB expression had a significantly poorer survival rate than those with low PDGFBB expression. A multivariate analysis also demonstrated
that PDGFR expression was an independent prognostic
factor. Sato et al[131] reported that overexpression of the
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Epigenetics in CRC
Epigenetics describe the changes in phenotype or gene
expression that do not involve DNA sequence changes.
CRC is considered a genetic disease with the histologic
progression of carcinogenesis characterized by sequential
genetic and epigenetic alterations[137]. Epigenetic instability in CRC is manifested in a variety of ways including
hypermethylation of gene promoters that contain CpG
islands and global DNA hypomethylation. The role of
epigenetics in CRC development and pathogenesis is
beginning to be defined. Retrospective studies have proposed candidate markers, such as CpG island methylation
(CIMP), which may predict poor outcome for CRC patients after fluorouracil treatment[138]. However, there are
conflicting results and studies are required to determine
the reproducibility of the data[139]. Promoter CpG island
methylation of the Werner syndrome gene[140] and the
UDP-glucuronosyl-transferase gene, UGT1A1[141], have
been reported to influence the effects of and response to
the topoisomerase inhibitor, irinotecan, with these studies being directly related to silencing of genes involved in
the mechanism of action of this drug. However, the data
are not currently robust enough to recommend its clinical
use[142,143].
Epigenetic changes in CRC are also potential mark-
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Figure 1 Prevalence of epidermal growth factor receptor pathway deregulations and response to monoclonal antibodies targeting epidermal growth factor
receptor in chemotherapy-refractory advanced colorectal cancer.

ers for the early detection of CRC and prediction of
prognosis. Several publications report a prognostic role
for promoter CIMP markers, such as p16INK4A, p14ARF,
MGMT, HPP1, HLTF, and ID4, but their effects seem to
be dependent on the presence of other methylated markers or adjuvant treatment[139]. A prognostic role was also
suggested for CIMP, and a worse prognosis for patients
with CIMP CRCs was observed in most studies, although
conflicting results have also been reported[140]. These
examples of the potential prognostic use of alterations
in DNA methylation highlight the need for validation of
their clinical utility in observational, population-based
studies to assess the natural course of the disease.
Despite these examples and other studies of predictive and prognostic epigenetic markers in CRC, none
have yet been developed to the point of clinical utility.
Continued efforts to investigate these molecular mechanisms will allow for a better understanding of the role of
epigenetic alterations in CRC and will lead to the translation of these insights into the clinical arena.

of a single marker or included a small sample size. These
study designs are unlikely to accurately predict disease
progression with sufficient resolution and reproducibility. Second, data analysis and interpretation still remain
challenging, although many advances have been made in
technologies for profiling and in decreasing the requirements of the input material. The data from current studies usually lack definition, adequate validation, and cannot
be used in clinical practice for decision-making. Furthermore, the lack of methodology standardization involved
in the detection of biomarkers, the lack of comprehensive analysis of a particular molecular pathway, and
incomplete analysis of biomarkers have all contributed
to the frustration associated with biomarker validation.
Therefore, to date, only KRAS gene has entered routine
clinical practice as a predictive marker of response to
EGFR-targeted therapies in advanced CRC.
A number of comprehensive biomarker-driven
studies are currently underway. BRAF V600E mutation is prognostic of patient outcome with respect to
survival, but not clearly predictive of treatment effects
with anti-EGFR agents in patients with mCRC. The low
prevalence of such mutations makes it difficult to evaluate these mutations as predictive biomarkers in clinical
practice. The predictive and prognostic value of PIK3CA
mutation, PTEN deletion and TP53 mutation is presently under evaluation, but clinicians are currently unable
to use these data in clinical practice for decision-making.
In the future, NRAS, PIK3CA and PTEN status may
be useful when combined with KRAS and BRAF mutation analysis to predict which mCRC patients will benefit
from anti-EGFR therapy (Figure 1). The identification
of a biomarker to predict response to anti-VEGF agents
is lacking, and further data are required from large well
designed prospective studies to understand the biological
processes underlying response and/or resistance. Novel
prospective randomized controlled trials are needed to
determine the role of various putative molecular markers,

CONCLUSION
Currently, the treatment of advanced CRC varies and
oncologists face complicated decisions in the selection
of the most appropriate treatment options for their patients. Predictive and prognostic biomarkers can facilitate
clinical decision-making and are becoming increasingly
important with the development of targeted therapies for
advanced CRC. The identification of molecular biomarkers that have predictive and/or prognostic significance in
CRC is essential to improve anti-cancer treatments and
patient outcome[144]. Several molecular biomarkers have
been studied over the past two decades and encouraging
improvements have been achieved. However, the results
of published studies have often been conflicting and
several drawbacks affect the reliability of conclusions[145].
First, most published studies were retrospective analyses
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and hopefully this will facilitate the development of personalized therapy based on the molecular profile of CRC.
In addition to these molecular markers, many patientrelated factors may also influence response to targeted
therapy, including age, sex, tumor subtype, disease stage,
comorbid diseases, overall PS, pharmacokinetic, pharmacodynamic and pharmacogenetic factors. These factors
should be considered as important predictive and prognostic biomarkers in CRC.
In the future, it is anticipated that new biomarkers
will be developed that can further personalize the treatment of this important human cancer. In the era of
targeted therapies, it is further anticipated that new small
molecule drugs that target specific gene mutations (for
example, BRAF inhibitors) and genetic translocations will
be developed in association with specific biomarker tests
that are linked to drug response and patient eligibility for
treatment.
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lack of understanding of the mechanism of many single
nucleotide polymorphisms (SNPs) that are associated
with CRC. In addition, the utility of SNPs as prognostic
markers of CRC in clinical settings remains to be further
assessed. Finally, the currently validated SNPs explain
only a small fraction of total heritability in complex-trait
diseases like CRC. Thus, the “missing heritability” still
needs to be explored further. Future epidemiological
and functional investigations of these variants will add
to our understanding of CRC pathogenesis, and may ultimately lead to individualized strategies for prevention
and treatment of CRC.
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Core tip: This review covers the recent advances in
genome-wide association studies (GWASs) that have
identified genetic variants associated with an altered
risk of colorectal cancer (CRC). In this review, we summarize single nucleotide polymorphisms (SNPs) located
in or near genes that play crucial roles in signal transduction pathways, genome stability, cell cycle control,
and gene expression and regulation. SNPs that are
found in gene desert regions are also discussed. The
relationship between genetic variations and clinical outcomes in CRC is presented from epidemiological studies that have identified SNPs with methods other than
GWASs.

Abstract
Colorectal cancer (CRC) has an apparent hereditary
component, as evidenced by the well-characterized
genetic syndromes and family history associated with
the increased risk of this disease. However, in a large
fraction of CRC cases, no known genetic syndrome or
family history can be identified, suggesting the presence of “missing heritability” in CRC etiology. The
genome-wide association study (GWAS) platform has
led to the identification of multiple replicable common
genetic variants associated with CRC risk. These newly
discovered genetic variations might account for a portion of the missing heritability. Here, we summarize
the recent GWASs related to newly identified genetic
variants associated with CRC risk and clinical outcome.
The findings from these studies suggest that there is a
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nism by which these variants contribute to colorectal carcinogenesis remains unclear. Here, we summarize these
variants in relation to their implications in pathways of
signal transduction, genome instability, cell cycle control,
and gene expression and regulation (Table 1). These pathways and related significant SNPs identified by GWASs
are also depicted in Figure 1. This figure was produced
by combining pathways from various studies[12-15].

INTRODUCTION
It is estimated that 35% of colorectal cancer (CRC) risk
may be explained by heritable factors[1]. Heritable factors
include well-characterized genetic syndromes inherited
in a straightforward Mendelian manner, such as familial
adenomatous polyposis and hereditary non-polyposis
colorectal cancer, also known as Lynch Syndrome [2].
It is estimated that cumulatively, these and other wellcharacterized genetic syndromes with Mendelian mode
of inheritance account for up to 10% of all CRC cases.
In an estimated further 25% of cases, family history
contributes to CRC risk in the absence of one of these
identifiable genetic syndromes. The important role of
family history in CRC risk is reflected in the guidelines
published by the American College of Gastroenterology
and the American Cancer Society, which recommend
starting screening colonoscopies at an age cutoff that is a
function of family history[3].
The combined effect of genetic syndromes and family history may explain up to 30% of CRC susceptibility,
whereas the remaining genetic risk of CRC may be accounted for by a combination of high-prevalence and
low-penetrance of common genetic variants. Recent
advances using genome-wide association study (GWAS)
have enabled the identification of multiple CRC-related
single nucleotide polymorphisms (SNPs) [4-10]. These
genetic variants can be broadly classified into two categories: those that affect the risk of developing CRC,
and those that influence the clinical course of CRC once
established. In this review, we summarize these GWASidentified genetic variants - including functional characterizations and implications for clinical applications - and
discuss some of the limitations and challenges of these
studies.

Genetic variants in signal transduction pathways
CRC GWASs have identified significant variants in signal
transduction pathways such as those mediated by WNT/
β-catenin, transforming growth factor (TGF)-β/bone
morphogenetic protein (BMP), and mitogen-activated
protein kinase (MAPK). Somatic mutations in the WNT/
β-catenin signaling pathway were discovered in more
than 95% of CRC patient tissues[16], suggesting abnormalities of genes in this pathway may play an important
role in colorectal carcinogenesis. The risk allele rs59336
located in the intron of TBX3 gene, a downstream target
of WNT/β-catenin pathway, has been associated with a
significantly higher risk of developing CRC[8]. Changes in
β-catenin and SMAD7 expression can influence WNT/
[17]
β-catenin pathway signaling . Moreover, perturbation
of SMAD7 expression has been documented to affect
CRC progression[18]. Three genetic variants of SMAD7
in chromosome 8q21 - rs4939827, rs12953717 and
rs4464148 - confer an increased CRC risk[5]. These findings and other WNT/β-catenin variants were further independently identified and validated[6,19]. BMPs are closely
related to signal transductions mediated by TGF-β. Two
independent GWASs[9,20] identified 14 CRC risk loci, of
which three were adjacent to genes involved in BMPmediated signaling transduction, including rs4444235
on BMP4, rs961253 on BMP2, and rs4779584 on DNA
family BMP antagonist GREM1. BMP-related variants
were further confirmed in another independent CRC
population[21]. The MAPK-mediated signaling pathway is
known to be crucial for several cellular mechanisms such
as cell proliferation, survival, and resistance to apoptosis.
A GWAS using German familial CRC patients[9] observed
that CRC risk increases significantly with an increase
in the number of risk alleles in seven genes involved in
MAPK signaling. The molecular basis of these observed
associations remains undetermined.

GENETIC VARIANTS AND CRC RISK
By comparing the distributions of millions of tagged
SNPs between CRC patients (cases) and cancer-free
populations (controls), a large number of common genetic variants have been identified under the “common
disease-common variant” premise. To date, more than
40 chromosome regions harboring common variants
conferring altered CRC risk have been identified by the
GWAS approach. These variants are dispersed amongst
almost every human chromosome and the vast majority of them exhibit a small effect size (Table 1). Most of
these loci confer a modest increase in CRC risk, typically
with an OR of less than 1.20. Among the 48 SNPs listed
in Table 1, eight had an OR of more than 1.20, of which
only three exhibited an OR of more than 1.30. A higher
effect size (OR = 2.64) was reported for rs6038071 located upstream of the CSNK2A1 gene and validated in
familial CRC populations, although only under a recessive
genetic model with least statistical power[11]. The majority of GWAS-identified CRC risk variants are involved in
known biological pathways; however, a few highly significant ones reside in gene desert regions, and the mecha-
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Genetic variants related to genome instability
Genome instability is known to be both a contributor to,
as well as a consequence of, colorectal carcinogenesis.
There are several major genomic instability-related mechanisms in colorectal carcinogenesis, such as chromosomal
instability, microsatellite instability, and CpG island methylator phenotypes[22]. Several loci involving these mechanisms were identified recently by GWASs. For example,
Peters et al[10] identified rs11903757, a significant SNP in
an intergenic locus on chromosome 2q32.3, proximal to
NABP1, which encodes human single-stranded DNA
binding protein 2 and plays a role in a diverse array of
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Table 1 Genome-wide association study-identified common genetic variants associated with colorectal cancer risk
SNP

Loci

Gene

Common biological pathway-related
rs12701937
7p14.1
GLI3 and
INHBA
rs11014993
10p12.1
MYO3A
rs59336
12q24.21
TBX3
rs4444235
14q22.2
BMP4
rs1957636

14q22.2

BMP4

rs16969681

15q13.3

GREM1

rs4779584

15q13.3

GREM1

rs11632715

15q13.3

GREM1

rs4939827

18q21

SMAD7

rs12953717
rs4464148
rs961235

18q21
18q21
20p12.3

SMAD7
SMAD7
BMP2

rs4813802

20p12.3

BMP2

rs6038071

20p13

CSNK2A1

Genome instability-related
rs11903757
2q32.3

NABP1

rs647161

5q31.1

PITX1

rs1321311

6p21

CDKN1A

rs3824999

11q13.4

POLD3

rs78378222

17p13

TP53

Cell cycle control-related
rs10911251
1q25.3
rs6691170
1q41

LAMC1
DUSP10

rs6687758

1q41

DUSP10

rs886774

7q31

LAMB1

rs3802842

11q23

POU2AF1

rs10774214
rs3217810
rs3217901
rs11169552

12p13.32
12p13.32
12p13.32
12q13.13

CCND2
CCND2
CCND2
DIP2

rs1728785

16q22

CDH1

rs10411210

19q13.33

RHPN2

rs4925386
20q13.33
LAMA5
rs5934683
Xp22.2
SHR00M2
Gene expression and regulation-related
rs16892766
8q23.3
EIF3H

rs7014348

8q24

POU5FIP1
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Full name of gene

OR

P value

Pathway/function

Ref.

Method

GLI family zinc finger 3
and inhibin, beta A
Myosin ⅢA
T-box3
Bone morphogenetic
protein 4
Bone morphogenetic
protein 4
DAN family BMP
antagonist
DAN family BMP
antagonist
DAN family BMP
antagonist
SMAD family member 7

1.36

3.50E-05

MAPK signaling pathways

[11]

G

1.22
1.09
1.09

2.00E-03
2.46E-06
1.95E-11

MAPK signaling pathways
Wnt pathway
BMP pathway

[11]
[10]
[21]

G
G+M
G

1.08

1.36E-09

BMP pathway

[21]

G

-

5.33E-08

BMP pathway

[21]

G

-

5.27E-03

BMP pathway

[21]

G

-

2.30E-10

BMP pathway

[21]

G

1.2

7.80E-28

SMAD family member 7
SMAD family member 7
Bone morphogenetic
protein 2
Bone morphogenetic
protein 2
Casein kinase 2, alpha 1
polypeptide

1.17
1.15
1.12

9.10E-12
6.66E-08
4.45E-16

1.09

7.52E-11

BMP pathway

[21]

G

2.64

3.00E-04

MAPK signaling pathways

[11]

G

Nucleic acid binding
protein 1
Paired-like homeodomain
transcription factor 1
Cyclin-dependent kinase
inhibitor 1A

1.16

9.50E-08

[10]

G+M

1.11

1.22E-10

[29]

G+M

1.1

1.14E-10

[26]

G+M

Polymerase
DNA- directed δ3
Promotor region of TP53
gene

1.08

3.65E-10

[26]

G+M

1.39

1.60E-04

DNA repair, genomic
stability
RAS pathway; activate TP53;
telomerase activity
Microsatellite instability,
DNA repair, genomic
instability
DNA mismatch and baseexcision repair
TP53

[63]

G

Laminin gamma 1
Dual-specificity
phosphatase
Dual-specificity
phosphatase
Laminin β1

1.09
1.06

5.90E-08
9.55E-10

Gene transcription
Inactivates p38 and SAPK

[10]
[9]

G+M
M

1.09

2.27E-09

Inactivates p38 and SAPK

[9]

M

1.17

3.00E-08

[33]

G

POU class 2 associating
factor 1
Cyclin D2
Cyclin D2
Cyclin D2
Disco-interacting protein
2B
E-cadherin,

1.1

5.80E-10

[6]

G

1.09
1.2
1.1
1.09

3.06E-08
3.70E-07
< 5.0E-7
1.89E-10

Anchoring the singlelayered epithelium,
ulcerative colitis
Growth of multiple
myeloma cells
Cell-cycle transition
Cell-cycle transition
Cell-cycle transition
Cell morphogenesis

[29]
[10]
[10]
[9]

G+M
G+M
G+M
M

1.17

2.80E-08

[33]

G

Rho GTPase binding
protein 2
Large laminin A5
Shroom family member 2

1.15

5.00E-09

Epithelial restitution, repair
following mucosal damage,
active colitis
Actin cytoskeleton

[20]

G+M

1.08
1.07

1.89E-10
7.30E-10

BMP pathway
Cell morphogenesis

[9]
[26]

M
G+M

Eukaryotic translation
initiation factor 3, subunit
H
POU class 5 homeobox 1B

1.25

3.30E-18

Translation initiation

[8]

G

1.19

8.60E-26

Weak transcriptional
activator

[6]

G

1529

TGF-β1 pathway, cell arrest, [5,6,19]
cell proliferation
TGF-β and Wnt signaling
[5]
TGF-β and Wnt signaling
[5]
BMP pathway
[21]

G
G
G
G
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rs7136702

12q13.13

ATF1

rs6017342

20q13.12

HNF4A

Gene desert and others
rs7524102
1p36.12
rs16823149
1q31
rs4574118
2q12

Clorf21
PLGLA

rs10936599
rs4140904

3q26.2
4p15.3

MYNN
NCAPC

rs7758229

6q26-27

SLC22A3

rs6983267
rs7837328
rs2209907

8q24
8q24
9q21.3

TLE4

rs10795668
rs9548988
rs2423279

10p14
13q13.3
20p12.3

PLCB1

Activating transcription
factor 1
Transcription factor
hepatocyte nuclear factor
4α

1.06

4.02E-08

Transcription

[9]

M

1.11

3.20E-17

Transcription

[33]

G

Plasminogen-like A, noncoding RNA
Myoneurn gene
Non-SMC
condensing Ⅰ complex,
subunit G
organic cation transporter

1.1
-

3.10E-07
5.50E-08
1.80E-07

-

[33]
[11]
[11]

G
G
G

1.08
-

3.39E-08
1.40E-07

Unknown
-

[9]
[11]

M
G

1.28

7.92E-09

[19]

G

Transducin-like enhancer
of spit 4
Phospholipase C-beta 1

1.18
1.17
-

1.51E-08
7.44E-08
3.40E-08

Transport of cationic drugs,
toxins, and endogenous
metabolism
-

[19]
[19]
[11]

G
G
G

1.12
1.1
1.1

2.50E-13
2.70E-07
6.64E-09

Unknown

[8]
[33]
[29]

G
G
G+M

SNP: Single nucleotide polymorphisms; G: Genome-wide association study; M: Meta-analysis; G + M: Combination of GWAS and meta-analysis; BMP:
Bone morphogenetic protein; MAPK: Mitogen-activated protein kinase; TGF-β: Transforming growth factor; GWAS: Genome-wide association study.

275 kb apart within a large poorly-defined haplotype
block covering the DIP2 gene, which encodes a protein
with putative role in epithelial cell fate determination[9].
Another SNP, rs10911251, is proximal to the promoter
of encoding laminin gamma 1 (LAMC1) and confers a
significantly increased CRC risk by virtue of influencing LAMC1 gene expression[10]. SNPs in two additional
laminin genes (laminin beta1 in 7q31 and laminin alpha 5 in
20q13) were also identified in recent CRC GWASs[9,21,33].
Laminins are known to be involved in a variety of cellular mechanisms such as regulation of cell adhesion, differentiation, and migration[34,35]. Another important cell
cycle-related SNP was reported by Dunlop et al[26] using
five GWAS datasets. This SNP, rs5934683, is on chromosome Xp22.2 and proximal to encoding shroom family
member 2, a human homolog of the Xenopus laevis APX
gene that is known to have broad functions in cell morphogenesis during endothelial and epithelial tissue development[36]. Missense mutations in this gene have been
detected in a large-scale screening for recurrent mutations
in cancer cell lines[37]. The relationship between Xp22.2
and CRC risk represents the first evidence for the role of
X-chromosome variation in the predisposition to a nonsex-specific cancer.

cellular processes such as DNA replication, recombination, transcription, and maintenance of genomic stability[23-25]. Another variant, rs1321311, is in linkage disequilibrium with a region that encompasses the CDKN1A
gene[26], which encodes the p21 protein that mediates
p53-dependent growth arrest, and affects multiple tumor
suppressor pathways. The p21 protein also interferes
with the activity of proliferating cell nuclear antigen
(PCNA)-dependent DNA polymerase, thereby regulating
DNA replication and repair. It has been demonstrated
that down-regulation of p21 inversely correlates with
microsatellite instability status[27,28]. Two additional CRC
risk variants - rs248999 and rs647161 - could also potentially interact with p21[26,29]. Other genome instability
related SNPs include rs248999, located in an intron of
the POLD3 gene which encodes a component of the
DNA polymerase-δ complex of PCNA, and rs647161
in a putative tumor suppressor homeodomain 1 gene
PITX1, which has been reported to encode a protein that
activates p53 protein and maintains genome stability[30,31].
Genetic variants related to cell cycle control
Genetic pathways mediating cell-cycle control are commonly implicated in colorectal carcinogenesis. Polymorphisms of several cell cycle-related genes have been reported to be associated with CRC risk in recent GWASs,
including two independent SNPs (rs3217810 and
rs3217901) located in the introns of CCND2. Jia et al[29]
identified another SNP, rs10774214, located in 12q13.32,
proximal to CCND2 in Asian populations. CCND2 encodes cyclin D2, a member of the D-type cyclin family
which plays a critical role in cell cycle control, specifically
at the G1/S boundary by activating cyclin-dependent
kinases (CDKs), primarily CDK4 and CDK6[32]. Two
significant SNPs, rs7136702 and rs11169552, lie about
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Genetic variants related to gene expression and
regulation
Thousands of transcription factors, cofactors, and chromatin regulators establish gene expression patterns and
maintain specific cell stages in humans. Barrett et al[33]
identified a significant association between CRC risk and
SNP rs6017342 which maps to a recombination hot spot
on chromosome 20q13 containing the 3’-untranslated
region of the HNF4A gene. HNF4A encodes the transcription factor hepatocyte nuclear factor 4α, which regu-
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Figure 1 Major pathways with significant genetic variants implicated in the development of colorectal cancer. Several pathways and related genes involved
in the progression of colorectal cancer are illustrated. Genes with significant single nucleotide polymorphisms that are associated with colorectal cancer risk are represented with gray color. TGF-β: Transforming growth factor-β; BMP: Bone morphogenetic protein; CIMP: CpG island methylator phenotype; MSI: Microsatellite instability; CIN: Chromosomal instability.

lates the expression of multiple organ development-related genes. In addition, HNF4A has also shown to interact
with β-catenin to regulate cell-cell adhesion and gene
transcription[38]. Another significant SNP, rs11169552, is
close to activating transcription factor 1 (ATF1)[9], which
belongs to the ATF subfamily and basic-region leucine
zipper family. The protein product of ATF1 influences
cellular processes by regulating the expression of many
downstream target genes involved in cellular growth and
survival. Previous studies have demonstrated that ATF1
protein interacts with EWSR1 to form a unique chimeric fusion protein complex which is important in the
development of clear cell sarcoma[39,40]; however, its role
in colorectal carcinogenesis remains to be established.
Moreover, ATF1 may also form cyclin-dependent kinase
3-mdiated activating transcription factor 1 complex that
is critical in cellular proliferation and malignant transformation[41].

have been significantly associated with CRC risk in recent
GWASs[4,6,19,42]. In addition, variants in the 8q24 region
have also been associated with cancers of breast, prostate,
ovarian, bladder, pancreas, and brain[6,42-49]. Nonetheless,
majority of the significant SNPs identified in this region
are not located in, or close to, any well annotated genes
because the 8q24 region is largely a gene desert. Therefore, details of the molecular mechanisms underlying the
observed effect of these SNPs remain largely unknown.
It has been speculated that these SNPs may function
through their long-range linkage with causal variants
within other oncogenes or tumor suppressor genes. Others have conjectured that some SNPs may influence gene
expression through long-range cis-regulatory elements.
Wasserman et al[50] used an in vivo bacterial artificial chromosome enhancer-trapping strategy to scan the 8q24 gene
desert region and found that a highly significant CRC risk
variant, rs6983267, resides within an in vivo prostate enhancer whose expression mimics that of the nearby MYC
oncogene[51]. Another discovery illustrated a gene encoding a novel non-coding RNA, CCAT2, also mapped to
the 8q24 gene desert region. Encompassing the rs6983267
SNP, this long non-coding RNA transcript is highly
overexpressed in microsatellite-stable CRC, promoting
tumor growth, metastasis, and chromosomal instability[52].
Another 8q24 locus, rs7014346, in high linkage disequilibrium with rs6983267, resides within 3 kb upstream

Genetic variants in the gene desert regions and others
Although the majority CRC risk variants are related to
well-established biological pathways, the functions of
some reported loci remain elusive. Various independent
studies have reported that multiple SNPs in chromosome
region 8q24 are associated with altered risk of several
solid tumor malignancies, including CRC. Three SNPs in
this region, namely rs7014348, rs6983267, and rs7837328,
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Table 2 Common genetic variants associated with colorectal cancer clinical outcome
1

SNP

Patient population

Clinical outcome

HR (95%CI)

P value

Ref.

MTHFR
ESR2
SCN1A

glu429ala
rs2987983
rs3812718

OS
OS
TTR

1.71 (1.18-2.49)
0.77 (0.60-0.99)
2.26 (0.89-5.70)

0.005
0.002
0.039

[64]
[65]
[66]

SMAD7
mir608

20p12.3

rs355527

18q21.1
8q24.21

rs4464148
rs6983267
rs10505477
rs4779584
rs10795668
rs6505162
rs6505162
rs4919510
rs3749474
rs1801260
rs7849
-2578
-460
rs10013228
rs8193
rs1157
rs17109924

OS
RE
OS
ER
ER
ER
OS
ER
OS
OS
OS
OS
OS
RE
OS
RFS
RFS
OS
OS
RE
TTR
TTR
RE
TTR
TTR
TTR

1.16 (1.06-1.27)
1.65 (1.13-2.41)
1.96 (1.19-3.21)
2.98 (1.27-6.99)
0.46 (0.27-0.80)
0.46 (0.22-0.96)
0.24 (0.09-0.68)
0.48 (0.23-0.99)
0.29 (0.10-0.81)
4.34 (1.46-12.89)
4.20 (1.13-15.64)
4.20 (1.13-15.64)
0.33 (0.15-0.72)
0.55 (0.30-1.00)
2.12 (1.34-3.34)
1.59 (1.08-2.36)
0.61 (0.41-0.92)
0.55 (0.37-0.81)
0.31 (0.11-0.88)
2.89 (1.54-5.41)
2.01 (1.13-3.56)
0.50 (0.29-0.89)
0.53 (0.30-0.95)
0.51 (0.35-0.93)
0.56 (0.33-0.94)
0.33 (0.12-0.90)

0.002
0.01
0.008
0.012
0.006
0.038
0.007
0.048
0.019
0.008
0.032
0.032
0.007
0.05
0.001
0.019
0.017
0.003
0.03
0.001
0.02
0.02
0.032
0.022
0.024
0.023

[55]
[67]

15q13.3
11q23.1
20p12.3

rs4939827
rs4919510
rs4919510
rs10318
rs10749971
rs961253

Mixed colorectal cancer (CRC) patients
Postmenopausal women with CRC
Stage Ⅱ/Ⅲ patients with adjuvant 5-fuorouracil (5-FU)
based chemotherapy
Mixed CRC patients
Stage Ⅲ patients with 5-FU based chemotherapy

Genes/loci

15q13
10p14
pre-mi-423
pre-mi-608
CLOCK
SCD
VEGF
KDR
CD44
ALCAM
LGR5

Stage Ⅱ patients with 5-FU based adjuvant chemotherapy
Stage Ⅲ patients with 5-FU based adjuvant chemotherapy

Chinese CRC patients
Mixed CRC patients

Resected CRC patients
Stage Ⅱ patients with 5-FU based adjuvant chemotherapy
Stage Ⅱ
Resected CRC patients
Stage Ⅲ and high risk stage Ⅱ patients with 5-FU based
chemotherapy

[56]

[57]
[68]

[69]
[70]
[71]
[72]
[73]

1

Only the most significant single nucleotide polymorphism (SNP) was shown. OS: Overall survival; RE: Recurrence; RFS: Recurrence free survival; TTR:
Time to recurrence.

of POU5F1P1, a pseudogene of POU5F1 that encodes
an important stem cell-related protein regulating cellular
pluripotency and self-renewal[53]. However, no functional
implication of this SNP has been reported and it remains
to be assessed whether it influences the development of
CRC stem cells, a suspected small portion of cancer cells
that are responsible for tumor progression and drug resistance[54]. In all, the identification of the large number
of bona-fide risk variants in gene desert regions indicates
that candidate-gene and pathway-based strategies may
not be adequate to capture and understand the complete
spectrum of common risk variants of CRC. Unbiased
genome-wide interrogation in adequately powered studies,
combined with meta-analysis and functional characterization is more likely to help us understand how common
genetic variations play a role in CRC carcinogenesis.

of yet, no GWAS has been reported to examine a direct
relationship between genetic variations and CRC clinical
outcome. The findings of some of recently published
studies are summarized in Table 2.
Three recent studies have examined the relationship
between GWAS-identified CRC risk variants and the clinical outcome of the disease[55-57]. Based on the data from
five GWAS populations of 2611 CRC patients, Phipps
et al[55] assessed 16 SNPs and found rs4939827, a SNP in
the SMAD7 gene, to be significantly associated with reduced overall survival of patients (HR = 1.16, P = 0.002)
and disease-specific survival (HR = 1.17, P = 0.005). Dai
et al[56] used a Caucasian population of 285 stage Ⅱ or Ⅲ
CRC patients receiving fluorouracil-based chemotherapy
to evaluate 26 CRC risk variants derived from 10 GWASidentified chromosome loci. Although no SNP was found
to be associated with the survival of all patients, they
found that different SNPs might be associated with the
clinical outcome of patients in specific stages. In another
study of 380 Chinese CRC patients, Xing et al[57] reported
two GWAS-identified CRC risk variants - rs4779584 on
chromosome 15q13 and rs10795668 on 10p14 - were associated with reduced risk of both death and recurrence.
Moreover, stratified analysis indicated that the beneficial
effect of chemotherapy in this patient cohort was evident only in patients with the variant rs10795668, but not

GENETIC VARIANTS AND CRC CLINICAL
OUTCOME
There have been reports of genetic variants associated
with the clinical outcome of CRC patients which can be
used to categorize patients with different survival patterns or responses to specific treatments. However, the
majority of reported outcome-related SNPs are generated from candidate gene or pathway-based studies. As
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in those with the wild-type genotype of this SNP. This
indicates that rs10795668 may potentially be useful in
selecting patients for chemotherapy treatments. Taken together, these findings suggest that genetic variants associated with CRC risk may also predict the clinical outcome
of CRC patients. However, these studies are limited by
small sample size and heterogeneous patient population
and treatments. Therefore, their findings need to be interpreted with caution and warrant further validations.
In addition to those GWAS-identified CRC risk loci,
other epidemiological studies have also identified genetic
variations associated with clinical outcome of CRC (Table
2). All of these studies are based on candidate gene or
pathway-based approaches instead of GWAS. This is
largely because compared to case-control studies, clinical
outcome studies are generally based on cancer patients
with highly heterogeneous characteristics and treatments
that confound the very modest effect of genetic variants
on patient outcomes. This issue could be partly resolved
by the use of clinical trial patients that have more homogeneous characteristics and treatments, or consortium
studies with much larger number of patients.

dated SNPs in aggregate still explain only a small fraction
of total heritability in most complex-trait diseases[61]. Several possible reasons may further account for this “missing
heritability”. These include unidentified common variants, the unexplored territory of rare genetic variants that
have high-penetrance but low-prevalence, and the largely
un-assessed gene-gene and gene-environment interactions[21,62]. All of these issues could be partially addressed
by increasing population size and thus statistical power.
Thus, meta-analysis and combined analysis of multiple
study populations are effective means to tackle these issues in the near future. In addition, using novel technologies such as the next generation sequencing to identify
rare causal variants may also help address the missing
heritability.
Despite these limitations, the identification of a host
of specific genetic variants associated with elevated CRC
risk through the GWAS approach does suggest the possibility of tailoring colorectal screening strategies such as
age at first colonoscopy, and interval between surveillance
colonoscopies. By better appreciating the mechanism by
which these genetic variants alter CRC risk, morbidity
and mortality could be reduced in higher risk sub-groups
by more aggressive surveillance and cost could be reduced in low-risk groups requiring less intensive testing.

CONCLUSION
Findings from the first wave of GWASs seem to promise
greater understanding of the genetic component of CRC
pathogenesis on a molecular level. However, there are
several major limitations in current GWAS approaches
which may also pose challenges for future studies. First,
the vast majority of currently identified SNPs lack known
functional significance. Thus, whether they are causal
variants or just surrogates that are in linkage disequilibrium with the functional loci remains largely unknown.
Therefore, a major task ahead is to conduct fine-mapping
in the immediate regions surrounding these loci, and
narrow down the regions of association to pinpoint the
causal variants[58]. Second, although the statistical significance of most GWAS-identified SNPs is high, the utility
of these bona-fide variants in a clinical setting to predict
the risk of developing cancer remains to be assessed.
This is largely due to the modest effect size associated
with most of the specific individual variants. Wacholder
et al[59] reported a very modest increase in the power to
predict breast cancer risk by adding 10 highly significant
GWAS-identified breast cancer risk variants to the commonly recognized self-reported risk factors. Moreover,
they found that the level of predicted breast cancer risk
among most women barely changes by the addition of
the GWAS-generated genetic information. Similarly, Park
et al[60] reported that the combined use of all current genetic information derived from GWASs only has modest
discriminative power (about 63.5% area under curve) in
breast, prostate, and colorectal cancers. Therefore, further identification of additional low-penetrance common
variants, especially the causal variants, is necessary to
improve the clinical utility of GWAS-generated genetic
information. Third, it is estimated that the currently vali-
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Targeting mTOR network in colorectal cancer therapy
Xiao-Wen Wang, Yan-Jie Zhang
agents such as cytotoxic chemotherapy, inhibitors of
vascular endothelial growth factor, epidermal growth factor receptor and Mitogen-activated protein kinase kinase
(MEK) inhibitors are being intensively studied and appear
to be promising. Further understanding of the molecular mechanism in mTOR signaling network is needed to
develop optimized therapeutic regimens. In this paper,
oncogenic gene alterations in colorectal cancer, as well
as their interaction with the mTOR pathway, are systematically summarized. The most recent preclinical and
clinical anticancer therapeutic endeavors are reviewed.
New players in mTOR signaling pathway, such as nonsteroidal anti-inflammatory drug and metformin with
therapeutic potentials are also discussed here.
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Abstract

Core tip: Mechanistic target of rapamycin (mTOR) pathway serves as a central regulating axis that coordinates
cell growth and proliferation. Single-agent mTOR inhibition therapy, however, has provided only limited
therapeutic efficacy towards colorectal cancer. Blocking
compensatory pathways and multiple feedback loops is
considered the challenge. Combination regimens are being intensively tested in clinic. This review summarizes
extensive studies describing crosstalk between mTOR
pathway and major oncogenic pathways contributing
to colorectal cancer development and novel combinational strategies targeting the mTOR pathway in treating
colorectal cancer are also introduced.

The mechanistic target of rapamycin (mTOR) integrates
growth factor signals with cellular nutrient and energy
levels and coordinates cell growth, proliferation and
survival. A regulatory network with multiple feedback
loops has evolved to ensure the exquisite regulation of
cell growth and division. Colorectal cancer is the most
intensively studied cancer because of its high incidence
and mortality rate. Multiple genetic alterations are involved in colorectal carcinogenesis, including oncogenic
Ras activation, phosphatidylinositol 3-kinase pathway
hyperactivation, p 53 mutation, and dysregulation of wnt
pathway. Many oncogenic pathways activate the mTOR
pathway. mTOR has emerged as an effective target for
colorectal cancer therapy. In vitro and preclinical studies
targeting the mTOR pathway for colorectal cancer chemotherapy have provided promising perspectives. However, the overall objective response rates in major solid
tumors achieved with single-agent rapalog therapy have
been modest, especially in advanced metastatic colorectal cancer. Combination regimens of mTOR inhibitor with
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signals from upstream regulators that sense environmental growth signals and nutrition levels. TSC1 protects
TSC2 from ubiquitin degradation [14]. In response to
growth signals, multiple effectors phosphorylate TSC2,
including Akt, extracellular-signal-regulated kinase1/2
(ERK1/2), and ribosomal S6 kinase (RSK1), thereby
promoting mTOR signaling activation.
The TSC1/2 complex also responds to diverse stress
signals. Upon hypoxia or low ATP state, adenosine
monophosphate-activated protein kinase (AMPK) phosphorylates TSC2 and enhances its GAP activity toward
Rheb[15]. Mitogen-activated protein kinase kinase kinase
kinase 3 (MAP4K3) [16], mammalian vacuolar protein
sorting 34 homolog (hVPS34)[17] and inositol polyphosphate monokinase (IPMK) [18] are reported as amino
acid sensing proteins. However, our understanding of
the mechanisms by which mTOR senses amino acids
through the v-ATPase (vacuolar H+-ATPase)-Ragulator
(LAMTOR1-3)-Rag GTPase complex has evolved
greatly in recent years. Four Rag proteins, RagA to
RagD, form heterodimers: RagA with RagB, and RagC
with RagD. When RagA/B is bound to GTP, RagC/D
is bound to GDP, and vice versa. Amino acids promote
GTP loading of RagA/B, thus enabling the heterodimer
to interact with raptor. Ragulator binds with Rag GTPases and translocates to the lysosome surface, where
mTORC1 interacts with GTP bound Rheb. v-ATPase
locates on the lysosomal membrane interacts with Ragulator to relay the amino acid level signals from the lysosomal lumen[19-22].

INTRODUCTION
The signaling pathway of mechanistic target of rapamycin (mTOR), regulates cell growth and proliferation
largely by promoting key anabolic processes, by sensing
nutrition levels and growth factors, as well as various environmental cues[1,2]. The mTOR pathway is conserved
in organisms from yeast to human. The central protein,
mTOR, is an atypical serine/threonine protein kinase
that belongs to the phosphoinositide 3-kinase (PI3K)related kinase family. mTOR interacts with several proteins to form two distinct complexes, known as mTOR
complex 1 (mTORC1) and complex 2 (mTORC2). Both
complexes share a DEP domain-containing mTORinteracting protein (DEPTOR), a mammalian lethal with
sec-13 protein 8 (mLST8, also known as GbL)[3] and
Tti1/Tel2[4]. Regulatory-associated protein of mammalian target of rapamycin (raptor)[5] and proline-rich Akt
substrate 40 kDa (PRAS40)[6] are unique to mTORC1
and rapamycin-insensitive companion of mTOR (rictor)[7], mammalian stress-activated MAP kinase-interacting protein 1 (mSin1)[8] and protein observed with rictor
1 and 2 (protor1/2)[9] are specific to mTORC2. mTOR
is the target of rapamycin (or sirolimus), but only
mTORC1 is sensitive to rapamycin inhibition upon FKBP12-rapamycin binding[10]. Rapamycin also inhibits the
mTORC1 downstream targets differently[11]. mTORC1
plays a pivotal role in regulating protein and nucleotide
synthesis by signaling through its main effectors, p70 ribosomal S6 kinase 1 (S6K1) and eIF4E binding protein
1 (4E-BP1). S6 ribosomal protein, a component of the
40S ribosomal subunit, is the best characterized S6K1
substrate and a major effector of cell growth. Phosphorylated 4E-BP1 binds to eukaryotic translation initiation
factor 4E (eIF4E), which is an important component
of the pre-initiation eIF4F complex and prevents the
complex from binding with the 5’ end cap structure on
messenger RNAs of proteins essential for the cell cycle
progression, functioning as a rate-limiting factor in capdependent translation initiation. mTORC1 promotes de
novo lipid synthesis by regulating Lipin-1 and SREBP1/2,
and it promotes energy metabolism by positively regulating cellular metabolism and ATP production through
activation of HIF1α and suppresses autophagy through
ULK1 (unc-51-like kinase 1) and Atg13 (mammalian
autophagy-related gene 13). mTORC2 phosphorylates
protein kinase B (Akt/PKB), serum- and glucocorticoidinduced protein kinase 1 (SGK1), and protein kinase
C-α (PKCα), regulating cell survival, metabolism, and
cytoskeletal organization [12]. Multiple feedback loop
mechanisms add to the complexity of the mTOR signaling pathway[13].
mTORC1 integrates intracellular and extracellular
signals--growth factors, stress, energy status, oxygen, and
amino acids--mainly through the TSC1-TSC2 (hamartintuberin) complex. The TSC1/2 complex functions as a
GAP (GTPase-activating protein) for the Ras homolog
enriched in brain (Rheb), of which the GTP-bound
form activates mTORC1. The TSC1/2 complex relays
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KEY COLORECTAL CARCINOGENESIS
PATHWAYS AND THEIR INTERACTION
WITH THE mTOR PATHWAY
Colorectal cancer (CRC) is the third most common cancer
worldwide, with more than one million cases annually.
CRC caused almost 0.7 million death in 2012 globally[23].
It is the second most deadly cancer among adults in the
United States[24]. In approximately 75% of cases, the cancer are confined within the wall of the colon (stage Ⅰ and
Ⅱ), or only spreads to regional lymph nodes (stage Ⅲ).
These stages of cancer are mostly curable by surgical excision combined with chemotherapy. However, in about
20% of cases, the tumors metastasize to distant sites and
are usually inoperable and incurable, with only a 12%
5-year relative survival rate[25,26]. Approximately 75%-80%
of colorectal tumors develop in a sporadic manner[27]. An
over-simplified model that generalizes the genetic cause
of colorectal carcinogenesis is one where microsatellite instability (MSI) contributes to 85% of CRC, while
the remaining 15% arise from chromosomal instability
(CIN). However, some studies have shown that the MSI
and CIN pathways are not mutually exclusive in CRC
and considerable crosstalk exists between various pathways[28]. The “canonical” colorectal carcinogenesis model, that the carcinomas arise from pre-existing adenomas,
was proposed in 1990 by Fearon and Vogelstein[29]. This
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model describes approximately 80%-90% of CRC and it
is still accepted, despite a large body of new information
on CRC that has emerged during the last two decades. In
this model, the accumulation of genetic alterations, such
as APC, p53, DCC, and K-ras, enable colorectal carcinogenesis, as well as histological malignancy progression[27].
Many of the genetic pathways involved lie upstream
of mTOR, and the oncogenes affected elicit part of
their oncogenic effect through the mTOR signaling
pathway[30]. The interaction between mTOR signaling
and other important pathways involved in colorectal carcinogenesis are reviewed here (Figure 1).

tive activation of the Wnt pathway, which is considered
the initiating event in colorectal cancer. APC mutation
can cause more than 100 adenomatous polyps[36-38]. The
Wnt signaling pathway stimulates the TSC-mTOR pathway[39]. mTOR signaling, as well as the mTOR protein
level, was observed to be elevated in ApcΔ716 mice. Inhibition of the mTORC1 pathway by treating the APC
mutant mice with RAD001 (everolimus) was reported to
suppress intestinal polyp formation and reduce the mortality of the animals[15,39].
PI3K/AKT pathways
Nutrient signals act mostly through insulin or insulin-like
growth factor (IGF) signaling pathways. Growth factorsreceptors, such as epidermal growth factor receptor
(EGFR), platelet-derived growth factor receptor (PDGFR), insulin like growth factor-1 receptor (IGF-1R), and
cell adhesion molecules, such as integrin and G-proteincoupled receptors, activate the PI3K pathway to promote cell survival, proliferation and cell growth[40]. The
activated receptor tyrosine kinases interact with PI3K,
where class Ⅰ PI3K family members convert phosphatidylinositol 4,5-bisphosphate (PIP2) to phosphatidylinositol 3,4,5-trisphosphate (PIP3), hence activating
phosphoinositide-dependent kinase-1 (PDK1) and
mTORC2. Specifically, phosphatase and tensin homolog (PTEN) reverses this process by dephosphorylating
PIP3 to PIP2. IGF-BP3 binds to IGF-1 and prevents

Wingless/wnt pathway
Aberrant crypt foci (ACF) is considered the first identifiable precursor lesion in colorectal tissue[31]. ACF derives
from epithelial cells in the lining of the colon and rectum and can develop into adenomatous polyps, which
could potentially progress to adenocarcinoma[32]. Adenomatous polyposis coli (APC) tumor suppressor gene
normally suppresses the Wnt pathway by actively degrading β-catenin and inhibits its nuclear localization[33]. A
close link between β-catenin signaling and the regulation
of VEGF-A expression was observed in human CRC,
indicating the role of β-catenin in CRC angiogenesis[34].
β-catenin was also shown to induce cyclin D1 in CRC
cells, which contributes to neoplastic transformation[35].
Aberrant, mutant APC or APC loss can cause constitu-
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over activation of IGF-1/AKT signaling. It is currently
believed that PDK1 phosphorylates AKT on Thr308,
whereas mTORC2 phosphorylates AKT at Ser473.
Double phosphorylation fully activates AKT activity[41].
Hyperactivation of the PI3K/AKT pathway is associated with malignant behavior, including proliferation,
adherence, transformation, and survival [42-45]. PI3K/
PTEN/AKT pathway mutations are found in a large
number of CRC cell lines[46-49]. The PIK3CA mutation is
found in 15% of metastatic colorectal cancer (mCRC)[50].
Germline PTEN ablation is associated with Cowden
syndrome, which can cause an increased lifetime risk
for CRC[51,52]. Elevated protein levels of PI3K subunit
p85 α and AKT1/2, and phosphorylation levels of
mTORSer2448 and phosphor-p70S6KThr389 have been observed in CRC patients. Notably, p85α expression was
considerably higher in stage Ⅳ tumors than in earlier
stages[46]. Analyzing the mechanism of GP130-mediated
mTORC1 activation in mice revealed a requirement for
JAK and PI3K activity in the activation of mTORC1,
leading to colorectal tumorigenesis[53]. mTOR inhibition
abolishes S6K phosphorylation and relieves the feedback suppression on RTK, leading to PI3K activation
and, eventually, to AKT activation[54,55].

RAS/RAF/MITOGEN-ACTIVATED
PROTEIN KINASE PATHWAY
Ras is the first identified oncogene and the most frequently mutated gene in human malignancy. Ras is a
small GTPase that relays signals from a subset of growth
factors responsive RTK to its effector pathways, which
are responsible for growth, migration, adhesion, cytoskeletal integrity, survival and differentiation. The three
true Ras proteins in the RAS family that have been most
studied are H-Ras, N-Ras and K-RAS[67]. The K-RAS
gene is the most mutated RAS pathway member in CRC,
with a 35%-45% mutation rate in mCRC, compared with
BRAF 8% and NRAS 4%[50]. K-RAS mutation is thought
to be a relatively early event that correlates histologically
with early to late adenomas. N-RAS mutations are also
observed in a small percentage of CRC[31]. The major
Ras downstream pathway is the Raf-mitogen-activated
protein (MAP) kinase kinase-MAP kinase signal transduction pathway. Ras also indirectly signals to mTOR
through its other effector pathway, the PI3K/AKT pathway[68,69]. The p44/42 mitogen-activated protein kinase
pathway (MAPK)-ERK1/2 directly phosphorylates and
inactivates TSC2[70,71]. ERK phosphorylates ribosomal
protein S6, a direct effector of S6K1, stimulating capdependent translation[72,73]. The MAPK-activated kinase
and RSK interact with and phosphorylate TSC2 at
Ser-1798, thus inhibiting the tumor suppressor function
of the TSC1/2 complex, resulting in increased mTOR
signaling to S6K1[74].

p53 pathway
p53 is considered the “guardian of the genome”. p53
mediates diverse stress signals, such as DNA damage,
energy and metabolic stress, hypoxia, oxidative stress,
oncogene stress and ribosomal dysfunction. Functioning
as a transcription factor, p53 regulates its downstream
factors to elicit its tumor suppressive functions, which
include cell cycle arrest, senescence, DNA repair, and
programmed cell death[56]. Under normal conditions,
p53 inhibits the mTOR pathway by multiple routes. Deregulation of the p53 pathway by either mutation of the
TP53 gene or by 17p chromosomal deletion is thought
to be the second key step in tumorigenesis of CRC,
marking the transition from adenoma to carcinoma[26,57].
p53 closely monitors the IGF-1/AKT pathways, which
is an upstream regulation pathway of mTOR[58,59]. p53
induces IGF-BP3 to inhibit mitogenic signaling[60] and
directly regulates the transcription of PTEN[61]. In addition, p53 induces Sestrin1/2 upon DNA damage and oxidative stress, which negatively regulates mTOR through
activation of AMPK and TSC2 phosphorylation [62].
Furthermore, in colorectal cancer cell lines, p53 can
suppress mTOR activity by regulating AMPK-β1 and
TSC2 directly. Notably, the increased mRNA level of
TSC2 by γ-irradiation-induced p53 activation can be cell
type specific. However, data showed that p53-dependent
induction of TSC2 exists in HCT116 cells and mouse
colon tissue[63,64]. REDD1 is another p53 target gene that
regulates the mTOR pathway[65]. REDD1 is regulated
by reactive oxygen species (ROS) and oxidative stress.
REDD1 is necessary for hypoxia induced TSC1/2 activation[66].

WCGO|www.wjgnet.com

Autophagy
It is well established that mTORC1 negatively regulates
autophagy. Atg1/ULK1 are central components in autophagy, and ULK1 as a direct target of TORC1[75]. On
the other hand, the role of autophagy in cancer, including colorectal cancer, can be complicated. Autophagy can
contribute to cell death during chemotherapy, but could
also serve as a survival mechanism for cancer cells. In
fact, its function may vary in different types of tumors,
as well as for various stages of cancer[76-78]. Autophagy is
also reported to contribute to cancer cachexia. High level
of HMGB1 was detected in the serum of CRC patients,
and was associated with colorectal cancer progression.
HMGBI was shown to induce autophagy in muscle tissue
by reducing mTOR phosphorylation in tumors bearing
mice, therefore increasing plasma free amino acid levels,
providing energy source to the cancer cells[79].
Other mechanisms
The mTOR signaling pathway may have a direct effect
on carcinogenesis. Elevated mTOR mRNA and protein
levels, as well as Raptor and Rictor levels, are observed
in CRC patient tissues. Furthermore, a good correlation
between a higher malignancy stage and higher expression
level was observed[80,81] mTORC1/2 are critical for CRC
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central role of the PI3K/mTOR pathway in cancer biology suggests that other drug combinations showing
mTOR inhibition merit evaluation. Combinational regimens consisting of Rapalogs and other antitumor agents
have shown promising results[97].
Both preclinical data and clinical trials have demonstrated that combined VEGF and mTOR inhibition
has greater anti-angiogenic and anti-tumor activity than
either monotherapy. Bevacizumab and everolimus combined therapy was well tolerated, with prolonged stable
disease in patients with refractory, metastatic colorectal
cancer[98,99]. Reported side effects included risks related
to mucosal damage and/or impaired wound healing[100].
The addition of a chemotherapy agent, such as doxorubicin, is also in development for advanced cancer therapy. Molecular analyses revealed an association between
tumor response and a PIK3CA mutation and/or PTEN
loss/mutation, suggesting further evaluation in patients
with PI3K pathway dysregulation[100]. Using a xenograph
tumor model, Lapatinib was shown to reduce tumor
volume synergistically with everolimus, by reducing
P-glycoprotein (P-gp) efflux of everolimus through inhibition of P-gp. This provided a new lead towards new
chemotherapy in mCRC harboring K-RAS mutations[101].
The mosaic mutations in various oncogenic/tumor
suppressive genes downstream of EGFRs undermines
the therapeutic response of the anti-EGFR antibodies.
K-RAS and BRAF mutations are associated with poor
prognosis in CRC[102]. Temsirolimus has limited efficacy
in chemotherapy-resistant K-RAS mutant disease, and
K-RAS mutation is a negative predictive prognostic
factor during mCRC treatment with anti-EGFR compounds[95,103]. Sorafenib, which is a multikinase inhibitor of Ras/MAPK signaling targeting Raf, also inhibits
growth factor receptors, such as VEGFR and PDGFR.
Sorafenib has been shown to enhance the therapeutic efficacy of rapamycin in CRC carrying oncogenic K-RAS
and PIK3CA, in preclinical settings[104].
In a subgroup analysis of the Phase Ⅲ trial, the
combination of everolimus and octreotide LAR demonstrated a significant prolonged median progression-free
survival (PFS) in patients with advanced colorectal neuroendocrine tumors[105]. Everolimus combined with irinotecan proved to be well tolerated in a phase Ⅰ study as
second-line therapy in mCRC; however, an in vitro study
showed an additive effect in HT29 tumor xenografts,
but not in HCT116, which both harbor BRAF/PIK3CA
mutations[106].

metastases via RhoA and Rac1 signaling[81]. Using a genetically engineered mouse model, mTOR was proposed
to contribute to tumorigenesis by causing chromosomal
instability[82,83].

COLORECTAL CANCER THERAPIES
TARGETING THE mTOR PATHWAY
mTOR has a central role in the regulatory network sensing nutrition and growth signals, coordinating cell
growth and proliferation. It has long been proposed
that mTOR inhibitors may be efficacious for treating
and preventing tumor progression[84-86], particularly in
CRCs[87]. Tremendous efforts have been made to develop potent and effective molecules to target the mTOR
pathway[88]. Efforts on targeting the mTOR pathway for
CRC treatment have been reviewed extensively in previously published reviews[89,90].
Nowadays, CRC chemotherapy consists mainly of
oral fluoropyrimidines, with the addition of irinotecan
and oxaliplatin. The emergence of targeted monoclonal
antibodies (Mabs), such as bevacizumab (Bev) (anti-VEFG-A), cetuximab and panitumumab (anti-EGFR), has
provided more treatment options to extend survival and
improve clinical outcomes in mCRC[91,92]. However, less
than 20% of patients with mCRC respond to clinically
available targeted drugs when used as monotherapy[50].
This also suggests that a better understanding of the in
depth molecular alterations in CRC is needed to discover
more precise and effective therapeutic targets for those
CRC cases that do not respond well to current treatment
paradigms.
First generation of mTOR inhibitors-rapamycin and
rapalogs
Rapamycin is the first discovered natural inhibitor of
mTOR. The antitumor effect of rapamycin in colorectal cancer has been demonstrated in vitro and in various
mouse models[39,53,93] Rapamycin inhibits mTORC1 with
high specificity; however, its hydrophobicity and poor
bioavailability has made it a less than optimal antitumor
agent. Rapalogs, such as temsirolimus (CCI-779), everolimus (RAD001), and ridaforolimus (AP-23573, deforolimus) confer better potency, pharmacokinetic profiles
and clinical activity than rapamycin, and are thus being
used in the clinic or in developing treatments for many
types of cancer, mostly solid tumors[90]. Temsirolimus
and everolimus are approved for treating metastatic renal
cell carcinoma and pancreatic neuroendocrine tumors.
Everolimus is also approved for breast cancer therapy.
However, multiple clinical trials have failed to demonstrate meaningful efficacy of everolimus in the treatment of CRC in the single agent setting[94,95]. Moreover,
Rapalogs used alone are thought to be cytostatic in most
tumor types and primarily stabilize clinical disease[83,86].
Deregulation of the PI3K and K-Ras signaling pathways
determines therapeutic response to everolimus[96]. The
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Second generation of mTOR inhibitors-Dual PI3K/mTOR
inhibitors and mTOR kinase inhibitors
Isolated inhibition of mTORC1 by rapamycin or Rapalogs proved that they were only partial inhibitors of
mTORC1 and they do not have a meaningful contribution clinically in a single agent setting. Moreover, because
of the release of feedback inhibition of AKT from
S6K1 inhibition, a pro-survival effect derives from induced AKT activity. Inhibitors that block both the PI3K
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signaling pathway and mTORC1/2 have been developed
and have shown greater anticancer effects than Rapalogs[107-111]. Dual PI3K/mTOR inhibitors are less likely
to induce drug resistance than single-kinase inhibitors.
mTOR specific kinase inhibitors are expected to inhibit
mTORC1 and mTORC2 simultaneously, although inhibiting mTORC1 may cause mTORC2 upstream AKT activation. Many dual PI3K/mTOR inhibitors and mTOR
kinase inhibitors are under preclinical study and some
have entered the clinical phase[88].
Resistance arises from simultaneous mutation in parallel pathways related to the mTOR pathway. Preclinical
and clinical studies indicate that PIK3CA mutation in the
absence of KRAS mutation is a predictive marker for the
response to PI3K and mTOR inhibitors[109,112]. However,
CRC with the KRAS activation mutation is frequently
observed, and it commonly coexists with PIK3CA
mutations. Coexisting mutations of KRAS, BRAF and
PIK3CA attenuate sensitivity to PI3K/mTOR inhibition
in CRC cell lines[113,114]. Partial mTOR inhibition from
rapamycin and mTOR kinase inhibitors indicates the existence of an unknown 4E-BP1 kinase that is potentially
responsible for resistance in CRC[115]. The combination
of a MEK inhibitor and PI3K/mTOR inhibitor was thus
proposed to overcome the intrinsic resistance to MEK
inhibition in CRCs[116,117]. Concomitant BRAF and PI3K/
mTOR inhibition has been shown to be required for
treatment of BRafV600E CRC[118].

of cells carrying the gain-of-function H1047R mutation
of the PI3KCA gene, which has been shown to form
diet restricted-refractory xenotumors[129], suggesting that
metformin was not a bona fide diet restriction mimetic[130].
In both chemical carcinogen-induced and APC mutant
colorectal carcinogenesis murine models, metformin activated AMPK and inhibited the mTOR/S6K1 pathway,
leading to suppressed colonic epithelial proliferation and
reduced colonic polyp formation[131,132]. These data suggest
that metformin might be a safe and promising candidate
for the chemoprevention of CRC.
Tandutinib inhibits several receptor tyrosine kinases,
including the Fms-like tyrosine kinase 3 receptor, platelet-derived growth factor receptor (PDGFR), and c-Kit
receptor tyrosine kinase. Tandutinib inhibits the Akt/
mTOR signaling pathway to inhibit CRC growth[133].
Curcumin, derived from the tropical plant Curcuma
longa, has a long history in traditional Asian medicine.
The preventive and therapeutic properties of curcumin
are associated with its antioxidant, anti-inflammatory,
and anticancer properties. Curcumin regulates the expression of inflammatory cytokines, growth factors,
growth factor receptors, enzymes, adhesion molecules,
apoptosis related proteins, and cell cycle proteins. Curcumin modulates the activity of several transcription
factors and their signaling pathways[134]. The antitumor
effect of curcumin towards CRC was mediated by
modulation of Akt/mTOR signaling[135]. Another natural product, pomegranate polyphenolics, was shown
to suppress azoxymethane-induced colorectal aberrant
crypt foci and inflammation, possibly by suppressing the
miR-126/VCAM-1 and miR-126/PI3K/AKT/mTOR
pathways[136].

Others
Non-steroidal anti-inflammatory drugs, including aspirin
and selective cyclooxygenase-2 (COX-2) inhibitors, have
been investigated for protection against CRC development[119]. Aspirin was reported to lower the risk of, and
improve the survival from, colorectal cancer[120,121]. PIK3CA mutation in colorectal cancer may serve as a predictive molecular biomarker for adjuvant aspirin therapy[122].
A study showed that aspirin reduced mTOR signaling
by activating AMPK; suppressed autophagy by mTOR
inhibition may contribute to the antitumor effect of aspirin[123]. Indomethacin and nimesulide are also reported
to reduce mTOR signaling and suppress CRC growth via
a COX-2 independent pathway. These studies unveiled a
novel mechanism through which COX-2 inhibitors exert
their anticancer effects, as well showing protective effects against development of CRC, further emphasizing
the validity of targeting mTOR signaling in anticancer
therapy[124]. Additive antitumor effects with low carbohydrate diets were observed with the mTOR inhibitor
CCI-779 and, especially, with the COX-2 inhibitor Celebrex[125].
A meta-analysis showed that diabetes mellitus increased risk of developing CRC[126], while metformin therapy appears to be associated with a significantly lower risk
of colorectal cancer in patients with type 2 diabetes[127,128].
Metformin regulates glucose homeostasis by inhibiting liver glucose production and increasing muscle glucose uptake. A preclinical study showed that metformin inhibits
insulin-independent growth and xenograft tumor growth
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PERSPECTIVE
Epidemiological studies indicate that lifestyle factors
throughout life influence CRC incidence and prognosis[137]. For example, a large waist circumference and body
mass index has been associated with CRC risk[138,139]. A
plausible mechanism was proposed that ample nutrition
factors such as amino acids, insulin, glucose and IGF-1
circulating in the body, constantly activates the mTOR
pathway. Another study showed that hyperinsulinemia
decreases IGFBP3 and consequently increases circulating IGF-1 and diabetes, both of which increase the
risk of CRC[140]. CRC is a multifactorial disease. A new
model: convergence of hormones, inflammation, and
energy-related factors (CHIEF), proposes that various
environmental agents (commensal bacteria, dietary antigens, mucosal irritants and pathogens) activate a basal,
repetitive, mild subclinical inflammation, while additionally estrogen, androgens and insulin levels provoke the
inflammation, which influences the CRC risk[141]. mTOR
appears to be in the hub of this network. The concept of
the CHIEF model agrees with the contemporary therapeutic trend, recognizing multiple parallel pathways, and
suggesting that combined inhibition of multiple pathways
would provide more comprehensive tumor suppression
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efficacy, with a better chance of overcoming resistance.
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challenging due to the heterogeneity of the tumor itself
and the chemoresistance of the malignant cells. Furthermore, the same microenvironment that maintains
the pool of intestinal stem cells that contribute to the
continuous renewal of the intestinal epithelia also provides the necessary conditions for proliferative growth
of cancer stem-like cells. These cancer stem-like cells
are responsible for the resistance to therapy and cancer recurrence, though they represent less than 2.5%
of the tumor mass. The stromal environment surrounding the tumor cells, referred to as the tumor niche, also
supports angiogenesis, which supplies the oxygen and
nutrients needed for tumor development. Anti-angiogenic therapy, such as with bevacizumab, a monoclonal
antibody against vascular-endothelial growth factor,
significantly prolongs the survival of metastatic CRC
patients. However, such treatments are not completely
curative, and a large proportion of patient tumors retain chemoresistance or show recurrence. This article
reviews the current knowledge regarding the molecular
phenotype of CRC cancer cells, as well as discusses the
mechanisms contributing to their maintenance. Future
personalized therapeutic approaches that are based on
the interaction of the carcinogenic hallmarks, namely
angiogenic and proliferative attributes, could improve
survival and decrease adverse effects induced by unnecessary chemotherapy.
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Abstract
Carcinogenesis is a multistep process that requires the
accumulation of various genetic and epigenetic aberrations to drive the progressive malignant transformation
of normal human cells. Two major hallmarks of carcinogenesis that have been described are angiogenesis
and the stem cell characteristic of limitless replicative
potential. These properties have been targeted over
the past decade in the development of therapeutic
treatments for colorectal cancer (CRC), one of the most
commonly diagnosed and lethal cancers worldwide. The
treatment of solid tumor cancers such as CRC has been
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Core tip: Recent progress in the therapeutic treatment
of colorectal cancer has resulted from targeting the
hallmark stem cell-like properties of tumor cells. The
survival of colorectal cancer patients has been significantly prolonged with bevacizumab, which inhibits an-
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therapies[7], and contains cells that possess stem cell-like
properties such as self-renewal and multipotentiality[8].
These cells have been termed tumor-initiating cells, or
cancer stem-like cells (CSCs). Although CSCs represent
only a small proportion of cell types within the tumor,
they may be responsible for the resistance to cancer
therapies and tumor recurrence in solid cancers such
as glioblastoma[8] and CRC[9,10], which is composed of a
heterogeneous population of dormant (or quiescent) and
active cells[11]. CSCs are intrinsically resistant to apoptosis
and express several members of the ATP-binding cassette (ABC) transporter family, which are overexpressed
in the multidrug-resistant phenotype[12]. Microenvironment stimuli, such as hypoxia, also contribute to chemoresistance by inducing a stem cell-like phenotype in cancer cells[13]. The relationship between these cells and the
angiogenic microenvironment is fundamental for understanding tumor progression and therapeutic resistance.

giogenesis providing the proliferative conditions for tumor cell growth. Personalized therapeutic approaches,
centered on the angiogenic and proliferative properties
of cancerous cells, could improve patient survival and
decrease adverse effects induced by unnecessary chemotherapy.
Original sources: Mathonnet M, Perraud A, Christou N, Akil
H, Melin C, Battu S, Jauberteau MO, Denizot Y. Hallmarks in
colorectal cancer: Angiogenesis and cancer stem-like cells. World
J Gastroenterol 2014; 20(15): 4189-4196 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v20/i15/4189.htm DOI:
http://dx.doi.org/10.3748/wjg.v20.i15.4189

INTRODUCTION
Carcinogenesis is a multistep process reflecting a series of
genetic and epigenetic alterations in normal human cells
that drives their progressive transformation into highly
malignant derivatives. The successful growth of metastatic cells depends on the interactions and the properties of
the cancer cells and the potential target organs, proposed
as the “seed and soil” hypothesis by Paget[1]. In 2000, Hanahan and Weinberg suggested that the malignant growth
of nearly all types of tumors is a result of six essential
alterations in cell physiology: self-sufficiency in growth
factors, insensitivity to growth-inhibitory signals, evasion
of apoptosis, limitless replicative potential, sustained
angiogenesis, and the ability to invade and metastasize[2].
Since then, two additional hallmarks of carcinogenesis
have been described: the reprogramming of energy metabolism and the evasion of immune destruction, which
have contributed to the reconceptualization of cancer
cell biology. The notion of a tumor microenvironment[3]
has led to profound changes in the study of cancer and
in the therapeutic approach. Furthermore, the study of
angiogenesis and stem cell-like limitless replicative potential of cancer cells in the tumor microenvironment
has facilitated progress in cancer treatment, especially for
colorectal cancer (CRC).
The formation of new vasculature, or angiogenesis,
is actively involved in tumor development, progression,
and metastasis. Although the initial step of tumor angiogenesis is not well understood, the recruitment of
perivascular support cells is necessary for blood vessel
formation[4]. Diverse tissue-specific tumor-associated
stromal stem cell types contribute to the formation of
the tumor niche, including carcinoma-associated fibroblasts (CAFs), tumor-associated macrophages, lymphocytes, pericyte cells, inflammatory cells, normal epithelial
cells, and mesenchymal stem cells (MSCs). Recently, it
was shown than MSCs migrate to tumors and can transition into CAFs[5,6]. These processes appear at the earliest
stage of tumor development.
The tumor niche provides conditions favorable for
cell proliferation and protection against conventional
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INTESTINAL STEM CELLS
Normal intestinal epithelial cells have a lifetime of around
five days and are continuously renewed by stem cells
(SCs) under microenvironmental influence[14]. The intestinal SCs are located at the crypt base and are involved
in tissue homeostasis and repair. These cells undergo
asymmetric division, giving rise to one identical daughter
cell, and one cell with the potential to migrate to the top
of the crypt and fully differentiate into an intestinal cell.
Intestinal crypts contain two pools of SCs. At the lowest part of the crypt base is an active pool of SCs that
express Lgr-5 (leucine-rich repeat containing G proteincoupled receptor 5). A second reserve pool of quiescent
SCs resides at the +4 position, i.e., the fourth cell above
the lowermost cell of the intestinal crypt. These cells express Bmi-1 and TERT (telomerase reverse transcriptase)
and have the ability to replace Lgr-5-expressing cells[15,16].
However, the identification of intestinal SCs remains an
issue of debate. Many molecules have been proposed as
putative markers (Table 1), such as the cell surface proteins Lgr-5, aldehyde dehydrogenase-1 (ALDH-1), and
integrin-β1 (CD29), but none have been widely accepted
as specific molecular markers.

CANCER STEM-LIKE CELLS
Any normal cell can accumulate mutations and become
a cancer origin cell, such as a CSC. CSCs are multipotent
cells that give rise to progenitors and differentiated cells
causing tumor heterogeneity, and whose migration results
in metastasis. The existence of CSCs was first hypothesized in 1994 by Lapidot et al[17] and later confirmed when
Ricci-Vitiani et al[14] isolated CD133+ cells from colon
cancer tumors and characterized them as CSCs. CSCs express markers common to stem and progenitor cells, and
are similarly capable of unlimited growth in vitro. While
only a small portion of cells within a tumor (< 2.5%) are
endowed with tumor propagation[18], CSCs have the abil-
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Table 1 Markers used to identify normal colonic stem cells and colonic cancer stem-like cells

Normal stem cell

Cancer stem-like cell

Marker

Function

Integrin-β1 (CD29)
Hes-1
Msi-1
Bmi-1
Lgr-5
ALDH-1
DCAMKL-1
TERT
Ascl-2
CD133
CD44
CD166
ALDH1
4-Oct
SOX2
c-Myc
Integrin-β1 (CD29)

Cell surface receptor - cell adhesion molecule
Transcriptional repressor - transactivated by Msi-1
RNA binding protein - maintenance of undifferentiated state
Polycomb receptor - maintenance of chromatin silencing
Wnt target gene - potential of self renewal
Detoxifying enzyme
Kinase - radioresistance abilities
Quiescent stem cells and radio resistant
Transcription factor - target of Wnt and Notch pathways
Pentaspan transmembrane glycoprotein
Hyaluronic acid receptor
Cell adhesion molecule
Enzyme
POU-domain transcription factor
Transcription factor
Transcription factor
Cell surface receptor-cell adhesion molecule

ity to reproduce the parental tumor in vivo.
Clonal evolution of proliferating CSCs may lead to a
gain or loss of stem cell-like attributes through individual
responses to microenvironmental stimuli, including
epigenetic modifications and additional genetic aberrations[16]. The Wingless/Int (Wnt) signaling pathway plays
a pivotal role in the regulation of SC self-renewal[19]. In
normal cells, Wnt signals are transduced through the
Frizzled/LRP5/6 complex to inhibit the phosphorylation-dependent degradation of β-catenin. In colon
cancer cells, constant but heterogeneous mutations in
adenomatous polyposis coli (APC) and β-catenin genes
result in high Wnt signaling activity. Moreover, extrinsic
signals given by neighboring or matrix cells, such as stromal myofibroblasts, can regulate Wnt activity and SC attributes of CSCs[20].
Four other major signaling pathways are also altered
in CSCs. In normal colon tissue, TGF-β and Notch signaling pathways regulate cell proliferation, differentiation,
migration, apoptosis, and SC maintenance and function.
Altered TGF-β signaling in more advanced and metastatic CRCs results in an inhibition of its tumor suppressive activity. Notch-1 is abundantly expressed in the stem
cell zone in normal colon tissue, and is upregulated in
CRC[21]. Moreover, Notch signaling is 10 to 30 fold higher
in CRC-CSCs compared to commonly used colon cancer
cell lines[22]. This upregulation prevents CSC apoptosis
through p27, a cell-kinase inhibitor, which maintains CSC
renewal and represses cell lineage differentiation genes.
Neighboring myofibroblasts produce bone morphogenetic protein antagonists Gremlin 1 and Gremlin 2 in addition to Wnt signaling ligands, which can also modulate
Notch signaling[23]. The Hedgehog signaling pathway is
one of the key regulators of animal embryogenesis, and
is also involved in the proliferation, migration, and differentiation of cells. Hedgehog signaling has been implicated in tumor growth and CD133+ stem cells in CRC[20].
Recently, a role for neurotrophins was highlighted in CRC
both in vitro and in tumors, where enhanced brain-derived
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neurotrophic factor signaling as a result of increased expression of tropomyosin-related kinase B (TrkB) receptors, was associated with advanced disease and a worse
prognosis[24]. Moreover, some studies suggest that TrkB
regulates epithelial-mesenchymal transition (EMT) in
solid cancers[25], especially in CRC[26].

CSC IDENTIFICATION
Identification of CSCs is based on SC markers (Table 1),
especially Lgr-5 and Bmi-1, the only markers rigorously
evaluated in vivo[27,28]. CD133 and CD44 are two classical
markers that have also been used, though they are not
specific. Two transcription factors, Oct-4 and Sox2, are
more promising CSC markers as they are involved in cell
renewal. Levels of Oct-4 and Sox2 are elevated in CRC
and correlate with increased CSC proliferation and poor
prognosis[29,30]. Several methods have been developed to
isolate CSCs based on the expression of these markers[16,31]
using flow cytometry (fluorescence-activated cell sorting
or FACS) or magnetic-activated cell sorting[32] (Table 2),
though tumor heterogeneity as well as the low abundance
and lack of differentiation has made the isolation of CSCs
from patient tumors and in vitro cultures difficult. These
methods rely on specific antigen recognition and thus are
restricted by the availability of highly specific antibodies.
In addition, labeling of cell-surface markers by antibodies
could trigger signaling pathways and induce cell modification and differentiation. Therefore, the development of
methods that do not rely on marker labeling is greatly
needed. Tools based on intrinsic biophysical properties
such as size or density may be of benefit. Counterflow
centrifugal elutriation, which separates cells by weight, has
been a valuable tool for obtaining homogeneous populations[33], though experiments to isolate CRC-CSCs have
not yet been attempted. More recently, CSCs have been
sorted from a panel of CRC cell lines using sedimentation
field flow fractionation technology, in which sorting is
based on cell size and density[34].
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Table 2 Advantages and disadvantages of the cell sorting methods
Method

Advantages

Disadvantages

MACS
FACS
CCE
SdFFF

Fast, easy to make
Fast
Cell labeling not necessary, cell weight based method
Cell labeling not necessary, cell size and density based method

Cell labeling indispensable
Cell labeling indispensable, flux cytometry indispensable
Time consuming, specific instrumentation indispensable
Time consuming, specific instrumentation indispensable

MACS: Magnetic-activated cell sorting; FACS: Fluorescence-activated cell sorting; CCE: Counterflow centrifugal elutriation; SdFFF: Sedimentation flux
force fractionation.

creting CXCL12[43], and their secretion of IL-6 can induce
non-cancer stem cells to express CSC markers and cause
tumor formation in vivo[44]. IL-6 induces the secretion
of endothelin-1 (ET-1) from cancer cells and promotes
tumor development by recruiting endothelial cells and activating signaling pathways that regulate protein synthesis.
This was demonstrated in a study by Huang et al[45] showing that angiogenesis as a result of mixing non-tumorigenic MSCs and HT-29 cells, a colorectal cancer cell lineage, was blocked by IL-6 or ET-1 antibodies. Moreover,
patients with CRC have significantly higher VEGF and
IL-6 serum levels, which correlate with advanced stages
and metastatic disease[46]. Additional studies have also implicated IL-6 in tumor development[47-50].

TUMOR NICHE AND
MICROENVIRONMENT
The non-cancerous niche is a dynamic milieu, consisting
of stem cells, neural cells, lymphocytes, macrophages, endothelial cells, fibroblasts, smooth muscle cells, and myofibroblasts surrounded by a stromal microenvironment.
The niche adapts in response to environmental cues to
ensure the optimal conditions for SC proliferation and
differentiation, even in the absence of SCs[19]. Intestinal
SCs can also be affected by the components of the crypt
lumen, such as bacteria or epithelial cells[16]. One of the
most extensively studied niche components is intestinal
subepithelial myofibroblasts, which regulate intestinal SCs
by secreting growth factors and cytokines.
CSCs can secure the niche microenvironment by displacing normal SCs and interact with it to generate vascular precursors[35]. The tumorigenic niche is composed of
recruited myeloid cells, vascular and lymphovascular endothelial cells, macrophages, and transformed myofibroblasts surrounded by stromal tissue. Stromal fibroblasts
secrete various cytokines and growth factors that act in
an autocrine or paracrine fashion on tumor cells, such as
tumor necrosis factor alpha (TNF-α), interleukin-6 (IL-6),
and hepatocyte growth factor, which is an enhancer of
Wnt activity[36,37]. CAFs that are present in the tumorigenic niche secrete the cytokines CXCL1 and CXCL2,
as well as IL-1β and IL-6 to enhance angiogenesis and
tumor progression[38]. These cells are able to modulate
the expression of oncogenic genes in cancer cells, such as
Her2, EGFR, and Ras and thereby contribute to chemotherapeutic resistance[39]. CAFs are a major contributor to
the tumor-prone microenvironment, and thus promote
tumor growth. Targeting of these cells remains a challenge due to the presence of distinct CAF populations
that do not express tumor-specific markers[40].
MSCs are non-hematopoietic precursor cells residing
in the bone marrow that also contribute to the tumor
microenvironment. MSCs have been shown to influence
tumor development, progression, metastatic diffusion,
and resistance to chemotherapy in many solid cancers,
including colon cancer[41]. The interaction of MSCs and
cancer occurs early in tumor formation via numerous
pathways. MSCs in the colon express a high level of vascular endothelial growth factor (VEGF) when stimulated
by interferon-gamma and TNF-α, thus leading to colon
cancer growth[42]. They can recruit endothelial cells by se-

WCGO|www.wjgnet.com

ANGIOGENESIS AND HYPOXIA
In normal adult tissues, angiogenesis is only transiently
turned-on. Tumor angiogenesis generates neovascularization in response to the need for nutrients and oxygen
and for the elimination of metabolic wastes and carbon
dioxide. During tumor progression, an angiogenic switch
is activated causing normally quiescent vasculature to
continually sprout new vessels that sustain expanding
neoplastic growth[3]. The angiogenic switch is governed
by countervailing factors that either induce or oppose
angiogenesis, such as VEGF and thrombospondin, respectively. VEGF signaling is complex with alternative
splice variants that are regulated at multiple levels, and
VEGF gene expression can be upregulated by hypoxia,
through activation of the HIF1 transcription factor, and
by integrin or oncogene signaling. HIF1 is known to induce self-destruction or autophagy of the tumor in order
to preserve nutrients in hypoxic conditions[51]. VEGF is
secreted through a K-ras/PI3K/Rho/ROCK/c-Myc axis
in CRC[13]. VEGF ligands signal through tyrosine receptor kinases, two of which are implicated in angiogenesis,
namely VEGFR1 and VEGFR2, and a third receptor,
VEGFR3, which is implicated in lymphangiogenesis.
VEGFRs are not only expressed in vascular endothelial
cells, but also in other cell types, including macrophages
and monocytes, suggesting they play a role in EMT[52].
Other signaling pathways that have been implicated in
angiogenesis have crosstalk with VEGF signaling, such as
the Ang/Tie or Notch signaling pathways[53]. Other factors, such as fibroblast growth factor, or platelet-derived
growth factor, are involved in the maintenance of the
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angiogenic process.
The blood vessels produced within the tumor are
typically aberrant with abnormal endothelial proliferation
and apoptosis[54]. Numerous cells originating from bone
marrow play crucial roles in pathological angiogenesis
and in the formation of primary tumor and metastatic
sites, notably macrophages, neutrophils, mast cells, myeloid progenitors, and endothelial progenitor cells (EPC).
EPCs account for 12% of the total number of endothelial cells in tumor vessels, and play a critical role in the
metastatic angiogenic switch. Most of these cells can migrate into neoplastic lesions and become intercalated into
the neovasculature as pericytes or endothelial cells[55].

EMT can induce chemoresistance through intrinsic and
indirect mechanisms. Intrinsic mechanisms involve proficient DNA repair machinery, high expression of ABC
transporters, and altered cell cycle kinetics. For example,
the blockade of ABC transporters improves patient response to neoadjuvant radiotherapy[59]. Alterations in cell
cycle leave some CSCs in a state of quiescence where
they are protected from chemotherapeutic toxicity, thus
enabling tumor regrowth[60,61]. In addition, the overexpression of IL-4 that occurs in CRC amplifies the expression of anti-apoptotic mediators, thus the in vivo efficacy
of cytotoxic therapy is increased with IL-4 blockade[62].
Indirect contributions to chemoresistance come from the
microenvironment[12]. The dynamic interactions between
CSCs and the microenvironment result in a continuous
remodeling of both compartments. These epitheliomesenchymal interactions occur in the EMT, which in
addition to promoting metastasis development, plays a
role in chemoresistance. Furthermore, the chaotic and
dysfunctional vasculature of the tumor, which inhibits
supply of oxygen and nutrients, prohibits the accrual of
optimal concentrations of chemotherapeutic agents within the tumor[12]. Therefore, targeting of both the intrinsic
and indirect mechanisms with anti-angiogenic agents
or inhibitors of EMT/hypoxia-associated effectors will
more effectively deplete the CSC pool and contribute to
increased chemotherapeutic response.
A main prognostic indicator for CRC is the identification of the predominant cell type. Traditionally, the basis
for prognosis and care has come from the classification
of CRC as outlined by the American Joint Committee on
Cancer[63]. Surgery is curative for stages 1-3, adjuvant chemotherapy is indicated for high-risk stages 2 and 3 CRC,
and anti-angiogenic drugs are recommended for metastatic patients. Unfortunately, it is still difficult to predict
disease progression or treatment response. Studies of
CRC have attempted to determine a signature capable
of identifying the patient populations with high-risk for
recurrence that need adjuvant therapy. Currently, patients
are screened for mutations in the KRAS or BRAF genes
that indicate resistance to therapy, though a large proportion of patients with wild-type KRAS are also chemoresistant[64].
Multiple molecular subtypes of CRC have been identified, and whereas the most differentiated CRC subtypes,
named transit-amplified and goblet-like subtypes, have
a good prognosis and do not need adjuvant therapy, the
stem cell-like subtype has the poorest prognosis and requires adjuvant chemotherapy (FOLFIRI), even in cases
of metastasis[65,66]. A new classification system has been
proposed based on the cellular phenotype and therapeutic response. Sadanandam et al[67] combined gene expression analyses with differential responses to cetuximab to
define six CRC subtypes in cultured cell lines and from
patient tissues. The CRC subtypes were associated with
cellular differentiation state and Wnt signaling activity
from distinct anatomical regions of the colon crypts.
The heterogeneity of CRC indicates that a change to

CSCs AND MICROENVIRONMENT
INTERACTIONS: IMPLICATIONS FOR
PHYSICIANS
An understanding of angiogenic pathways has progressed
the development of cancer therapeutics over the last decade, especially for treatment of CRC. In 2004, the first
treatment with an anti-angiogenic compound, a monoclonal antibody against VEGF named bevacizumab, was
recommended for use with first and second line adjuvant
chemotherapy, FOLFOX (5-flourouracil, leucovorin, and
oxaliplatin) or FOLFIRI (5-fluorourcil, leucovorin, and
irinotecan). A meta-analysis conducted in 2009 including more than 3000 patients concluded that the addition
of bevacizumab to chemotherapy for metastatic CRC
prolonged both specific free survival and overall survival
despite a higher incidence in grade Ⅲ/Ⅳ hypertension,
arterial thromboembolic events, and gastrointestinal perforations[56]. However, a phase 3 randomized trial assessing the use of bevacizumab in combination with oxaliplatin-based therapy in adjuvant treatment of patients with
resected stage Ⅲ or high-risk stage Ⅱ colon carcinoma
(the AVANT study), suggested a detrimental effect of
bevacizumab that involved more serious adverse effects
without an improvement in disease-free survival[57]. Thus,
anti-angiogenic therapy may only benefit CRC patients
with liver metastasis, though further evaluation is needed.
Other anti-angiogenic therapies, such as aflibercept, a
VEGFA, VEGFB and placenta growth factor decoy
receptor, or ramucirumab, a VEGFR1/2/3 and Tie2
tyrosine kinase inhibitor, have been validated by clinical trials[13]. Due to the increase in plasma VEGF levels
and EPCs after partial hepatectomy in CRC metastatic
patients, Pocard and Eveno[58] claim the following: (1) the
primary cancer should be resected rapidly to minimize
metastatic niche activation; (2) systemic chemotherapy
associated with anti-angiogenic drugs should be administered after surgery; (3) liver metastases should be resected; and (4) immunomodulatory and anti-angiogenic treatments should be administered to minimize recurrence.
In practice, neither anti-angiogenic drugs nor adjuvant
chemotherapy can completely eliminate recurrence or
resistance events. It is now acknowledged that CSCs and
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therapeutic schemas is needed. Most importantly, therapeutic approaches should include multiple targets, aimed
at disrupting the cooperative interaction between the
tumor cell and its microenvironment. Advancement of
personalized therapeutic approaches will help to improve
patient survival, not only by increasing specific survival,
but also by decreasing the adverse effects induced by unnecessary chemotherapy.
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circadian clock circuitry in colorectal cancer
Gianluigi Mazzoccoli, Manlio Vinciguerra, Gennaro Papa, Ada Piepoli
system cancers. Carcinogenesis relies on disrupted control of cellular processes, such as metabolism, proliferation, DNA damage recognition and repair, and apoptosis.
Cell, tissue, organ and body physiology is characterized
by periodic fluctuations driven by biological clocks operating through the clock gene machinery. Dysfunction of
molecular clockworks and cellular oscillators is involved in
tumorigenesis, and altered expression of clock genes has
been found in cancer patients. Epidemiological studies
have shown that circadian disruption, that is, alteration of
bodily temporal organization, is a cancer risk factor, and
an increased incidence of colorectal neoplastic disease is
reported in shift workers. In this review we describe the
involvement of the circadian clock circuitry in colorectal
carcinogenesis and the therapeutic strategies addressing
temporal deregulation in colorectal cancer.

Gianluigi Mazzoccoli, Manlio Vinciguerra, Department of Medical Sciences, Division of Internal Medicine and Chronobiology
Unit, IRCCS Scientific Institute and Regional General Hospital
“Casa Sollievo della Sofferenza”, 71013 San Giovanni Rotondo
Foggia, Italy
Manlio Vinciguerra, Istituto EuroMEditerraneo di Scienza e
Tecnologia (IEMEST), 90100 Palermo, Italy
Manlio Vinciguerra, Division of Medicine, Royal Free Campus, Institute for Liver and Digestive Health, University College London, London NW3 2PF, United Kingdom
Gennaro Papa, Department of Surgical Sciences, Division of
Urology, University of Chieti, 66100 Chieti, Italy
Ada Piepoli, Department of Medical Sciences, Research Laboratory and Division of Gastroenterology, IRCCS Scientific
Institute and Regional General Hospital “Casa Sollievo della
Sofferenza”, 71013 San Giovanni Rotondo Foggia, Italy
Author contributions: Mazzoccoli G and Vinciguerra M contributed equally to this work; Mazzoccoli G and Piepoli A conceived
the review article; Papa G performed the literature mining; Mazzoccoli G, Vinciguerra M, Papa G and Piepoli A wrote the paper.
Supported by the “5x1000” voluntary contribution and by a
grant to GM from the Italian Ministry of Health through Department of Medical Sciences, Division of Internal Medicine and
Chronobiology Unit, IRCCS Scientific Institute and Regional
General Hospital “Casa Sollievo della Sofferenza”, Opera di
Padre Pio da Pietrelcina, San Giovanni Rotondo (FG), Italy,
Nos. RC1203ME46 and RC1302ME31; by a grant to AP from
the Italian Ministry of Health through Department of Medical
Sciences, Division of Gastroenterology and Research Laboratory, Nos. RC1203GA55 and RC1203GA56; and by a grant to
MV from AIRC, No. MFAG-AIRC2012-13419
Correspondence to: Gianluigi Mazzoccoli, MD, Department
of Medical Sciences, Division of Internal Medicine and Chronobiology Unit, IRCCS Scientific Institute and Regional General
Hospital “Casa Sollievo della Sofferenza”, Cappuccini Avenue,
71013 San Giovanni Rotondo Foggia,
Italy. g.mazzoccoli@operapadrepio.it
Telephone: +39-882-410275 Fax: +39-882-410275
Received: September 9, 2013 Revised: January 6, 2014
Accepted: January 19, 2014
Published online: February 8, 2015

© 2015 Baishideng Publishing Group Inc. All rights reserved.

Key words: Colorectal cancer; Circadian rhythm; Clock
gene
Core tip: The biological clock drives crucial cell processes, such as growth, proliferation, differentiation and
apoptosis, controls metabolic pathways, and regulates
tissue functions and behavioral cycles. Derangement of
these phenomena is involved in colorectal carcinogenesis. The circadian clock circuitry is a leading actor in
physiological regulation, a drawn in bystander in colorectal tumorigenesis, and a possible therapeutic target.
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Abstract

INTRODUCTION

Colorectal cancer is the most prevalent among digestive

Digestive system cancers account for approximation

WCGO|www.wjgnet.com

1557

February 8, 2015|First Edition|

Mazzoccoli G et al . Colorectal cancer and circadian rhythmicity

20% of neoplastic disease incidence, and colorectal cancer (CRC) is the most prevalent, representing > 50% of
all these cancers. CRC is the third most commonly diagnosed cancer, representing approximation 10% of all
newly diagnosed cancers apart from skin cancers, with
19.4 new cases per 100000 of the male population and
17 new cases per 100000 of the female population. CRC
is the fourth leading cause of cancer deaths, accounting for 8.1% of all cancer-related deaths worldwide.
Epidemiological data report a 5-year CRC prevalence
of 66.3 cancer survivors per 100000 population worldwide, and a cumulative CRC risk in persons aged < 75
years of 1.96% worldwide; 2.35% in men and 1.62% in
women[1,2]. At present, the first-choice treatment is surgical excision with or without adjuvant chemotherapy, and
the identification of novel biomarkers for prognosis and
molecular targets for therapeutic intervention is urgently
needed. CRC onset and progression are related to mutational pathways, such as chromosomal instability and
microsatellite instability (MSI). MSI is distinguished as
H (high frequency or probability), L (low frequency or
probability) and S (stable); is determined by defects in
the normal DNA damage response and mismatch repair
process, leading to the loss or gain of repeated units on
the daughter strand and resulting in length variation[3,4];
and influences cancer-specific survival and time to recurrence in CRC patients[5,6]. An early step in colorectal
carcinogenesis is represented by mutations in the gene
adenomatous polyposis coli (APC), causing large deletions in the C terminus of the proteins that are found in
> 80% of human colon cancers. This region is involved
in the binding of β-catenin and axin, and its deletion
leads to post-translational stabilization and accumulation of β-catenin. In turn, this transcriptional factor
translocates from the cytoplasm to the nucleus, where it
relieves T-cell factor (TCF)/lymphocyte enhancer factor
(LEF)1-mediated transcriptional repression, to activate
several oncogenes and other gene targets, such as c-MYC
and CCND1, which stimulate target-gene expression and
eventually tumor phenotype development[7,8].

generation of circadian rhythmicity consists of a set of
interlocking transcription-translation feedback loops that
complete one cycle each day and are driven by the core
clock genes encoding the circadian proteins brain and
muscle aryl-hydrocarbon receptor nuclear translocatorlike (ARNT)l (BMAL1/2 also called ARNTL/2), circadian locomotor output cycles kaput (CLOCK) or its
paralog neuronal PAS domain protein (NPAS)2, PERIOD (PER) 1-2, CRYPTOCHROME (CRY) 1-2 [16].
Other proteins that in some way are related to the clock
gene machinery are represented by PER3, TIMELESS,
timeless-interacting protein (TIPIN), and protein kinases. The genes PER1-2 and CRY1-2 are transcriptionally activated by the basic helix-loop-helix/PAS (period,
aryl-hydrocarbon-receptor, single minded) transcription
factors CLOCK and BMAL1, which heterodimerize and
bind to E-box enhancer elements in the promoters of
these genes[16]. In turn, PER and CRY proteins form a
repression complex that translocates back into the nucleus and interacts with CLOCK and BMAL1, hindering
their activity. PER3 is believed to be the product of one
of the output genes, more than a core clock gene, considering that Per3 knockout mice do not show any circadian
phenotype, whereas PER1 and PER2 play an essential
role in the molecular clockwork[17]. TIMELESS is the homolog of a core circadian gene of Drosophila melanogaster
and is maintained in mammals, but its role in the function of the mammalian molecular clock is still unclear.
TIMELESS and its partner TIPIN interact with components of the DNA replication system to regulate DNA
replication processes under both normal and stress
conditions and are essential for ataxia telangiectasia and
Rad3-related (ATR)-checkpoint kinase (Chk)1 and ataxia
telangiectasia mutated (ATM)-Chk 2-mediated signaling
and S-phase arrest[18,19]. CLOCK-BMAL1 heterodimer
activates an assisting loop that promotes expression of
the nuclear receptors reverse transcript of erythroblastosis gene (REV-ERB) α/β (encoded by NR1D1 and
NR1D2, respectively), and retinoic acid-related (RAR)
orphan receptor (ROR)α/γ, which in turn compete for
ROR-responsive elements (ROREs) of the BMAL1 promoter, and control negatively and positively the rhythmic
transcription of BMAL1, as the REV-ERBs repress
BMAL1 transcription, while RORs activate it. This stabilizing negative loop is important for precise control
of the circadian pacemaker, and these nuclear receptors
regulate a number of physiological functions, including
circadian rhythmicity, lipid metabolism, and cellular differentiation[20-23]. The correct functioning of the clock
gene machinery relies on post-translational modifications of circadian proteins, represented by phosphorylation, O-GlcNAcylation, SUMOylation, acetylation, and
deacetylation. Phosphorylation is operated by protein
kinases, such as casein kinase (CK)1- ε (encoded by
CSNK1Ε), which targets the proteins BMAL1, PER1,
PER2, and CRY1; CK2, which targets BMAL1 and
PER2; AMP-activated kinase (AMPK), which targets
the CRY proteins; and glycogen synthase kinase (GSK)-

Circadian clock circuitry and the bowel
Colorectal carcinogenesis is related to the progressive
loss of homeostatic control of cell proliferation, differentiation and apoptosis. Cellular processes and functions
in living organisms show time-related variations[9-11]. The
patterns of oscillation may be rhythmic with a period
of approximation 24 h and are called circadian[12]. The
circadian timing system responsible for the generation
of these rhythmic variations is composed of central
and peripheral oscillators[13]. The central pacemaker is
located in the suprachiasmatic nuclei of the brain, which
are entrained to the environmental light-dark cycle by
photic inputs conveyed by the retino-hypothalamic tract,
and synchronize self-sustained oscillators in peripheral
tissues through autonomic nervous system fibers and
hormone output; mainly represented by cortisol and
melatonin[14,15]. The molecular clock responsible for the
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The biological clock in colorectal carcinogenesis
The clock genes drive the circadian rhythmicity of expression of so-called clock-controlled genes, which represent 5%-20% of the genome, comprising key cell-cycle
regulators, tumor suppressor genes and oncogenes, and
their expression regulates timing of basic cell functions,
such as metabolism, xenobiotic detoxification, DNA
damage repair, and autophagy[45,46]. Cell-cycle progression
is tightly regulated and the circadian system is involved
in the control of cell proliferation and apoptosis, driving
the transcription and/or post-translational modification
of key proteins that are essential for DNA replication
such as thymidylate synthase, and molecules that gate
cell division in mitosis such as WEE-1[47-49]. Disruption
of the circadian clock may lead to deregulated cell proliferation and deregulation of the circadian clock has
been implicated in CRC[49-52]. The alteration of bodily
temporal organization, defined as circadian disruption,
is considered a cancer risk factor, and an increased incidence of CRC has been reported in shift workers by
epidemiological studies[53-55].
The role of the disruption of the molecular clockwork in colorectal carcinogenesis and CRC progression
is hinted by experimental data showing distortion of circadian regulation in colonic neoplastic tissue and genespecific disruption in the matched nontumorous tissues.
Overexpression of PER1 in human cancer cell lines results in reduced colony formation and clonogenic expansion, in sensitization to radiation-induced apoptosis, and
in altered expression of transcriptional target genes such
as c-MYC and p21. In contrast, Per2-null mice show an
increase in hyperplasia and neoplasia in response to γ radiation, and Per2 mutation has been shown to accelerate
intestinal polyp formation in ApcMin/+ mice[56-58]. PER1
and PER2 are involved in ATM-Chk1/Chk2 DNA damage response pathways and modulate β-catenin, encoded
by the clock-controlled gene CTNNB1, whose promoter
shows BMAL1 occupancy, indicating direct circadian
regulation by this transcription factor[59,60], and that can
function as an oncogene, influencing cell proliferation in
colon cancer cells. In turn, intestinal tumorigenesis may
alter clock function as a result of increased β-catenin
destabilization of PER2 protein and impairing circadian
clock gene expression in intestinal mucosa of ApcMin/+
mice[61].
In mice, mutation in the Period genes leads to altered
temporal expression of genes involved in cell-cycle regulation and tumor suppression, such as c-Myc, Cyclin D1,
Cyclin A, Mdm-2 and GADD45Α, deregulation of DNAdamage response, accelerated intestinal polyp formation
in Apc Min/+ mice, and increased neoplastic growth [62].
Moreover, the BMAL1 gene is a fundamental hinge in
the clock gene machinery and plays a key role in the regulation of tumor cell apoptosis, cell-cycle progression,
and DNA damage response. In in vitro and in vivo experiments the knockdown of BMAL1 by RNA interference
in murine colon cancer cells (C26) reduced the expression of Per1, Per2, Per3, Wee1 and Tp53; decreased apop-

3β, which targets the proteins CLOCK, BMAL1, PER2
and CRY2 [24] . In the absence of GSK-3 β -mediated
phosphorylation BMAL1 becomes stabilized, decreasing the dependent circadian gene expression[25]. In turn,
GSK-3β regulates the activity of O-GlcNAc transferase,
which works as a metabolic sensor gauging the nutrient
flux into the hexosamine biosynthesis pathway, and finetunes the regulation of the circadian clock through reversible change of structure and transcriptional activity
of the circadian proteins CLOCK and PER, as well as
stabilization of BMAL1 and CLOCK as a result of inhibition of their ubiquitination[26,27]. Furthermore, BMAL1
is SUMOylated in vivo on Lys259; CLOCK is necessary
to stimulate this post-translational modification; and
BMAL1 SUMOylation and activation oscillate with circadian rhythmicity in the mouse liver[28,29]. Acetylation is
operated by CLOCK, whereas deacetylation is operated
by SIRT1, a type Ⅲ NAD+-dependent histone/protein
deacetylase that is required for high-magnitude circadian transcription of several proteins encoded by core
clock genes, including BMAL1, PER2, and CRY1, which
counterbalances the histone acetyltransferase activity of
CLOCK, and promotes the deacetylation and degradation of PER2. The interaction of SIRT1 with CLOCK:
BMAL1 is not time dependent, whereas the NAD +dependent SIRT1 activity changes in a circadian manner,
and the circadian regulation of SIRT1 activity depends
on CLOCK:BMAL1-mediated regulation of expression
of nicotinamide phosphoribosyltransferase (NAMPT);
the rate-limiting enzyme involved in NAD + synthesis[30-34]. The clock gene machinery controls the expression of hundreds of genes (clock-controlled genes) that
drive the expression of proline-and acidic amino acidrich domain basic leucine zipper (PAR bZIP), including
DBP (albumin D-site binding protein), TEF (thyrotroph
embryonic factor), HLF (hepatic leukemia factor),
and the nuclear factor, interleukin-3-regulated protein
(NFIL3, also known as E4BP4), whose promoter contains a RORE and is transcriptionally regulated by REVERBs[35]. Many physiological processes in the gastrointestinal tract, such as motility of gut sections, activity of
mucosal enzymes, function of mucosal transporters, and
proliferation rate of different cell types, exhibit diurnal
rhythms[36,37]. Studies in animal models and observations
in humans have demonstrated that a circadian biological clock operates in the gastrointestinal tract, and the
core clock genes drive the circadian expression of clockcontrolled genes and tissue-specific output genes[38,39],
coding for proteins involved in gut functions, such as
NHE3, encoding an electroneutral Na+/H+ exchanger,
and Atp1a1, ENaCg, Dra, AE1 and NHERF1, involved in colonic NaCl absorption[40]. In addition, the
clock gene machinery drives the circadian rhythmicity of
gut physiology and motility[41,42], suggesting possible links
between disruptions of circadian biology and diseases
of the gastrointestinal tract, such as motility disorders,
inflammation, and cancer[43,44].
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tosis induced by etoposide; reduced the distribution in
the G2/M phases of cells treated by docetaxel; and decreased DNA damage induced by cisplatin, accelerating
cell proliferation in vitro and promoting tumor growth
in mice[63]. A role in the early stages of colorectal carcinogenesis is played also by CK1ε, as demonstrated by
in vitro and in vivo studies, and knock down of CSNK1E
or use of a kinase inhibitor specific to CK1ε induced
tumor-cell-selective cytotoxicity, because tumor cells depend more on the kinase activity of CK1ε than normal
cells do[64,65].
The function of the circadian clock during neoplastic transformation was evaluated in a mouse model of
chemically induced primary CRC, and the daily profiles
of the core clock genes Per1, Per2, Rev-Erbα and Bmal1,
the clock-controlled gene Dbp and the clock-controlled
cell cycle genes Wee1, c-Myc and p21 were assessed in the
tumor, matched nontumorous tissue, and the liver[66].
The circadian rhythmicity of Per1, Per2, Rev-Erbα and
Dbp was significantly decreased in CRC compared with
nontumorous tissue, and the expression of Bmal1 was
not rhythmic. Besides, the circadian expression of Per1,
Per2, Rev-Erbα and Dbp was present in the nontumorous
matched colonic tissue, but the expression of Bmal1 did
not show a circadian rhythm[66]. The expression patterns
of Wee1, c-Myc and p21 did not show circadian rhythmicity in tumors or the colon of healthy animals. A phase
shift was evidenced for the rhythmic expression of the
clock genes in the liver of tumor-bearing mice[66].

levels with patient age, histological grade, TNM stage
and expression of nuclear proliferation-related antigen
Ki67[70]. Besides, downregulation of PER3 was seen in
tumor tissues of CRC patients, associated with various
clinicopathological factors, comprising tumor location,
differentiation, and stage, and to poorer survival, suggesting an important role in CRC progression[71]. Among
the clock-controlled genes that drive intestinal physiology, an important role is played by PPARG, which codes
for the transcription factor peroxisome proliferatoractivated receptor (PPAR)γ, which is involved in several
physiological processes, and an important interplay has
been demonstrated between PPARγ and β-catenin[72].
β-Catenin is crucial in the WNT signaling pathway, and
plays an essential role in the regulation of gene expression interacting with several molecular partners, such as
APC and the TCF/LEF1 family transcription factors,
and in cell adhesion, bridging between cadherins and the
actin cytoskeleton at the cell-cell adherens junctions. Cytoplasmic but not membrane-bound β-catenin forms a
complex with APC, the associated protein axin/conductin, CK2 and GSK-3β, which phosphorylate β-catenin
and other elements of the molecular proteolytic complex. Activation of WNT signaling involves the inhibition of GSK-3β through mechanisms that may involve
axin binding to the proteins Dishevelled or low-density
lipoprotein receptor-related protein (LRP)-5, determining nuclear β-catenin accumulation, binding to TCF/
LEF1 transcription factors, and expression of target
genes including c-MYC and CCND1[73]. The protein kinase CK1ε is involved in cell proliferation by stabilizing
β-catenin, and CK1ε overexpression mimics the effect
of WNT signalling, resulting in cytoplasmic accumulation of β-catenin and its subsequent nuclear localization,
to control transcription and support tumorigenesis[74-76].
The role of CK1ε in cell proliferation and in circadian
clock function in the context of colorectal carcinogenesis might be not crucial. In the absence of WNT signaling, β-catenin is destabilized by GSK-3β, which plays a
role in mammalian circadian clock function, counteracts
the ability of CK1ε to promote β-catenin stability, and is
involved in circadian control of cell-cycle progression[77].
PPARγ is a ligand-activated transcription factor belonging to the large superfamily of nuclear receptors,
regulates cellular proliferation/differentiation, and plays a
role in colorectal carcinogenesis[78]. In the normal mucosa
of the colon and rectum there is high PPARγ expression,
and in mouse small intestine and colon, decreased intestinal PPARγ levels are associated with enhanced tumorigenicity[79]. In CRC patients, PPARγ expression levels are
not uniformly changed, suggesting that PPARG deregulation plays different and context-dependent roles in CRC
onset and progression, and that this nuclear receptor
inhibits tumor growth only in the presence of functional
APC[80].
The functioning of the clock gene machinery is
severely altered in patients affected by CRC, with downregulation of BMAL1, PER1, PER2, PER3 and CRY2,

clock genes in human colorectal cancer
There has been much interest in the alteration of expression of clock genes and clock-controlled genes in
humans affected by CRC[67,68]. CLOCK is reported to
be mutated in cancer, and may be involved in carcinogenesis through changed response to DNA damage.
Microarray gene expression data combined with public
gene sequence information have identified CLOCK as
a potential target of somatic mutations in microsatellite unstable CRCs, and CLOCK mutations occurred in
53% of MSI CRCs[69]. Restoring CLOCK expression in
a human colon adenocarcinoma cell line derived from
a primary colon cancer lacking wild-type CLOCK, and
testing the effects of UV-induced apoptosis and radiation by DNA content analysis using flow cytometry,
demonstrated protection against UV-induced apoptosis
and decreased G2/M arrest in response to ionizing radiation. Novel CLOCK-binding elements were identified near DNA damage genes p21, NBR1, BRCA1 and
RAD50 by means of chromatin immunoprecipitation
with parallel DNA sequencing[69]. Furthermore, changes
in the expression of PER2 were demonstrated by immunohistochemical staining and real-time polymerase
chain reaction in tumor tissue of CRC patients, with
heterogeneous, and negative or weak staining patterns
in cancerous cells, with higher PER2 expression in welldifferentiated cancer cells when compared to poorly
differentiated ones, and associations of decreased PER2
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upregulation of BMAL2 and TIMELESS (in particular
in MSI-H and MSI-L tumors), and significant differences in survival related to differential expression of
clock genes[44,81]. The altered expression of clock genes
influences also phenotypic characteristics of colon cancer cells and disease outcome, and a correlation between
high expression of the BMAL1 gene and low expression
of the PER1 gene and liver metastasis, and between high
expression of the PER2 gene and significantly better
outcomes of CRC have been observed[82]. The upregulation of BMAL2 is accompanied by high expression
of SERPINE1 in CRC patients[81]. Invasion by cancer
cells requires proteases to degrade the cellular matrix.
Cathepsins, which are cysteine proteases, play a crucial
role in this process through the destruction of the cellsurrounding extracellular matrix[83]. Plasmin is formed
from its zymogen, plasminogen; a reaction catalyzed by
the serine protease urokinase-type plasminogen activator (uPA) and partially regulated by plasminogen activator inhibitors, such as plasminogen activator inhibitor
(PAI)-1[84]. A high concentration of PAI1 in tumor biopsy
specimens, the major physiological regulator of the pericellular plasmin-generating cascade, is associated with
poor prognosis, and high preoperative plasma concentrations of PAI-1 are associated with shorter survival in
CRC patients[85]. Both CLOCK:BMAL1 and CLOCK:
BMAL2 heterodimers powerfully activate the promoter
of the gene encoding PAI-1, officially called SERPINE1
and located on the seventh chromosome (7q21.3-q22),
underlying the circadian variation in circulating PAI-1[86,87].
CLOCK:BMAL2, binding two E-box enhancers in the
promoter, is more potent than CLOCK:BMAL1 in its
ability to activate SERPINE1[88-90].
Colorectal tumorigenesis is influenced also by SIRT1
that may behave as a tumor suppressor or as an oncogene in different in vitro and in vivo conditions. The involvement of SIRT1 in onset and progression of CRC
is corroborated by the observation that transgenic mice
overexpressing SIRT1 in the intestine show reduced
development of tumors caused by ApcMin/+ mutation,
and that SIRT1–/– mice show increased tumor incidence
when crossed to a p53–/– background. In CRC patients,
the expression levels are unevenly modified, reflecting
the different settings that characterize the experimental
conditions, and different colon cancer cell lines show
dissimilar levels of SIRT1 expression and variable changes in clock gene expression after ectopic upregulation[91].
In normal colon, significant levels of nuclear SIRT1 are
expressed in proliferating colon epithelial cells at the
base of the crypt, and expression gradually decreases in
cells migrating toward the lumen. In contrast, in samples
of benign adenomas (polyps), SIRT1 is detected in all
cells with an adenomatous morphology of benign adenomas (polyps), but not in the adjacent normal mucosa.
Colonic adenocarcinoma shows a heterogeneous SIRT1
expression profile, suggesting that in normal colon epithelium, SIRT1 levels correlate with active cell proliferation. SIRT1 is expressed at high levels in normal colon
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and benign lesions, and high SIRT1 expression is an
intrinsic response to cell proliferation in untransformed
mucosa and premalignant adenoma. In CRC tissue,
SIRT1 expression is downregulated in a subset of tumors to facilitate tumor growth, and in particular in high
grade tumors, where the growth-inhibitory activity of
SIRT1 becomes a rate-limiting factor for tumor progression, whereas some low- grade tumors may overexpress
SIRT1 to benefit from its antiapoptotic effects[92].
Circadian rhythmicity and CRC treatment
The body systems involved in xenobiotic detoxification
show circadian variations of function and activity driven
by the clock gene machinery, determining time-dependent toxicity of xenobiotics and drugs[93-95]. The product
of the multidrug resistance (mdr1a) gene, P-glycoprotein,
works as a xenobiotic transporter contributing to the
intestinal barrier, and intestinal expression of the mdr1a
gene and its efflux pump function show oscillation with
24-h periodicity driven by the circadian clock through
the opposing action of HLF and E4BP4, connecting the
circadian timekeeping system to xenobiotic detoxification[96]. The time-of-day-dependent variations in cancer
cell proliferation, as well as drug metabolism, toxicity
and effectiveness represent the rationale for the timing
of drug administration over a 24-h period[97-100], and they
form the basis for chronomodulated chemotherapy of
advanced-stage CRC, characterized by an opposite phase
of delivery of oxaliplatin in the afternoon, with respect
to 5-fluorouracil and leucovorin that are delivered late at
night (chronoFLO4)[101]. Chronomodulated delivery of
chemotherapy has shown better tolerability and antitumor activity compared with conventional chemotherapy,
with less myelosuppression and more gastrointestinal
toxicity for the chronoschedule, but with a favorable difference between treatments in median survival time only
in male patients. Indeed, sex dependency in the effects of
this schedule has been demonstrated with shorter survival and greater toxicity reported in female CRC patients in
the European Organisation for Research and Treatment
of Cancer (EORTC) Chronotherapy Group trial [102].
From these studies, sex emerges as the single predictor
of survival, conditioning outcome of chronoFLO4 and
determining genetic variation of metabolic responses that
influence time-related variables and hinder administration of maximal effective dosing. A different genotypic
profile between men and women could characterize CRC
patients, and the higher burden of toxicity reported in
women treated with 5-fluorouracil-based chemotherapy
may be also due to the lower expression of dihydropyrimidine dehydrogenase in the tumors in female patients
and/or to sex dependency of circadian pharmacology[68].
Xenobiotic detoxification and metabolic pathways differ
between male and female mammals including humans. In
double mutant Cry1–/–Cry2–/– male mice, sex dimorphism
in hepatic drug metabolism is altered. Upon inactivation
of the Cryptochrome genes, the levels of sex-specific liver products, including several cytochrome P450 enzymes,
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Figure 1 biological clock and the cell processes involved in colorectal carcinogenesis. The scheme renders the transcriptional/translational feedback loop through
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ly associated with MSI status in CRC patients, and higher
expression is found in patients with MSI-H and MSI-L[44].
Approximately 15% of CRC is characterized by defects
in the DNA mismatch repair system, leading to MSI that
generates a large number of substitution, as well as insertion and deletion mutations. These mutations typically
target microsatellite sequences and lead to shifts in the
reading frame, resulting in truncation or other alterations
of the protein product. The presence of premature stop
codons decreases the expression of mRNAs with such
frameshift mutations and results in degradation of some
of the mutant mRNA through the nonsense-mediated decay pathway. Response to adjuvant chemotherapy may be
influenced by MSI status in CRC patients, because MSI-H
tumors show better outcome with irinotecan-containing
than 5-fluorouracil-containing regimens[106]. The increased
expression of TIMELESS in MSI-H and MSI-L CRC
may be related to the process of tumorigenesis and might
cause reduced response to possible adiuvant chemotherapy. The circadian CLOCK-BMAL1 transactivation
complex may be directly involved in the response to
stress at the individual cell level, because Clock mutant and
Bmal1 knockout mice are highly sensitive to cyclophosphamide treatment in a time-of-day-independent manner,
suggesting that CLOCK and BMAL1 directly regulate

expressed by male mice are similar to those expressed
by female mice[103]. In humans, the decreased expression
level of Cryptochrome genes observed in female patients
affected by CRC[44] might explain the different median
survival and increased toxicity observed after chronomodulated chemotherapy administration in the EORTC
Chronotherapy Group trial[104]. High Cryptochrome gene
expression and protein levels in tumor tissue are correlated with tumor progression and poorer overall and
disease-free survival in CRC patients[104].
Many cytotoxic anticancer drugs damage DNA and
may activate DNA checkpoints permitting attempted
DNA repair. This process is essential for cell survival, but
may reduce the cytotoxicity of anticancer drugs. TIMELESS is required for ATM-dependent Chk2-mediated
signaling of doxorubicin-induced DNA double-strand
breaks, and downregulation of TIMELESS by siRNA significantly attenuates doxorubicin-induced G2/M cell cycle
arrest and sensitizes cancer cells to doxorubicin-induced
cytotoxicity. Therefore, upregulation of TIMELESS in
CRC may predict altered drug sensitivity, and TIMELESS
inhibition is a potential novel anticancer drug target to
enhance the cytotoxic effectiveness of chemotherapeutic
drugs known to activate DNA response pathways within
cancer cells[105]. TIMELESS expression is also significant-
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the expression of cell-cycle- and apoptosis-related genes,
and that time-related and allelic-dependent variations in
response to chemotherapy correlate with the functional
status of the CLOCK-BMAL1 heterodimer[93-95,107]. The
frequencies of the 311T>C CLOCK gene CC genotype
and C allele were significantly higher among CRC patients
compared to controls, increasing the risk of CRC by 2.78and 1.78-fold, respectively[108]. Furthermore, higher levels
of CLOCK gene and protein expression were observed in
human CRC tissues, particularly in poorly differentiated,
advanced Dukes’ stage tumors and in cases with lymph
node involvement, and a strong positive linear correlation was found with ARNT, hypoxia-inducible factor1α and vascular endothelial growth factor expression in
tumor tissue[109,110]. BMAL1 protein suppresses the protooncogene c-MYC, and stimulates the tumor suppressor
WEE1, confirming the important role played by the altered expression of this core clock gene in the process of
carcinogenesis[50]. In addition, a tight interplay has been
demonstrated between aryl hydrocarbon receptor (AHR)/
ARNT system and circadian pathways, and this interconnection might be critical to influence onset, promotion,
and progression of colorectal malignant neoplasms[46].
An important role is played in carcinogenesis by the
transcription factors of the AHR/ARNT system, which
bind to a xenobiotic response element and control the
expression of genes encoding enzymes involved in the
metabolism and detoxification of exogenous and endogenous compounds, but they are antagonized by the AHR
repressor[111] (Figure 1). Upon ligand-mediated activation,
the AHR/ARNT system modulates metabolic pathways
and cell processes, such as survival, cell cycle, proliferation, apoptosis, differentiation, epithelial to mesenchymal
transition, angiogenesis, inflammation, cell contact inhibition, cell-matrix interaction, and extracellular matrix remodeling, which are crucial in the initiation and evolution
of neoplastic disease[112-114].
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CONCLUSION

14

The biological clock plays an important role in bowel
physiology, and alteration of the molecular clockwork
is involved in colorectal carcinogenesis. The circadian
genes and proteins are variably altered in colorectal malignant neoplasm and influence phenotypic characteristics of colon cancer cells, disease progression, patient
survival, and response to chemotherapy. A better understanding of the mechanisms controlled by the clock
gene machinery in normal conditions and in time- and
biological-clock-related derangements in colorectal carcinogenesis will allow further advances in the comprehension of the pathophysiological mechanism operating in
intestinal cancer, and will provide more effective therapeutic strategies for patients suffering from colorectal
malignant tumors.
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other hand, recent advances in the management of
colorectal liver metastases have improved survival in
these patients. Adding cetuximab to standard chemotherapy increases the response rate in patients with
wild-type KRAS and can thus increase the resectability
rate of liver metastases in this group of patients. In this
paper we review the different studies assessing the efficacy of cetuximab in the first-line treatment of mCRC.
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Core tip: This article contains updated data regarding
biomarkers of response to epidermal growth factor
receptor-targeted therapy and reviews the major studies that have evaluated the efficacy of cetuximab in
the first-line treatment of metastatic colorectal cancer
(mCRC). We have also compiled the most important
data supporting the use of cetuximab in the neoadjuvant treatment of colorectal liver metastases. Finally,
we review the current evidence regarding the efficacy
and safety of cetuximab in the treatment of elderly patients with mCRC.

Abstract
The treatment of metastatic colorectal cancer (mCRC)
has evolved considerably in the last decade, currently
allowing most mCRC patients to live more than two
years. Monoclonal antibodies targeting the epidermal
growth factor receptor (EGFR) and vascular endothelial growth factor play an important role in the current
treatment of these patients. However, only antibodies
directed against EGFR have a predictive marker of response, which is the mutation status of v-Ki-ras2 Kirsten rat sarcoma viral oncogene homolog (KRAS). Cetuximab has been shown to be effective in patients with
KRAS wild-type mCRC. The CRYSTAL study showed that
adding cetuximab to FOLFIRI (regimen of irinotecan,
infusional fluorouracil and leucovorin) significantly improved results in the first-line treatment of KRAS wildtype mCRC. However, results that evaluate the efficacy
of cetuximab in combination with oxaliplatin-based
chemotherapy in this setting are contradictory. On the
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INTRODUCTION
Colorectal cancer is the third most common malignancy
in men and the second most common in women worldwide. It is the fourth leading cause of cancer death, ac-
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counting for 8% of global cancer deaths[1].
Approximately 35% of patients have metastatic disease at diagnosis and 20%-50% of patients with stages
Ⅱ-Ⅲ develop metastases in the course of the disease, the
liver being the most common site of metastatic spread[2].
There is a small subset of patients with metastatic
disease isolated in the liver or lungs that can be offered
potentially curative surgical treatment. Hepatic resection
has become the treatment of choice for patients who
have liver metastases metastases only and neoadjuvant
chemotherapy currently plays a major role in this setting,
increasing the resection rate. However, the vast majority
of patients with metastatic colorectal cancer (mCRC) are
incurable and can only be offered systemic treatment with
palliative intent[3].
In the last decade there have been significant advances
in the treatment of mCRC that have changed the natural
history of the disease in these patients. Median survival in
the era of 5-fluorouracil (5FU) was 6-12 mo[4]. The introduction of oxaliplatin, irinotecan and subsequently biological agents (bevacizumab, cetuximab, panitumumab, aflibercept and regorafenib) made it possible to prolong the
survival of patients with mCRC, reaching median survival
times in excess of 20 mo[5], so that a significant percentage
of these patients now live longer than two years.
One of the great challenges of modern oncology is
to identify biomarkers to select subsets of patients who
will benefit from a particular drug, and thus to develop
personalised medicine. In mCRC, the mutation status of
v-Ki-ras2 Kirsten rat sarcoma viral oncogene homolog
(KRAS) predicts response to drugs targeting epidermal
growth factor receptor (EGFR)[6-13].
EGFR is a receptor tyrosine kinase that belongs to the
ErbB receptor family, which plays an important role in
colorectal cancer progression. The binding of ligands will
activate the EGFR, resulting in homodimerization and
heterodimerization with other members of the ErbB family, which in turn trigger the activation of downstream signalling pathways, finally resulting in cell growth and proliferation. KRAS is a protein that is an essential component
of the EGFR signalling cascade[5,8]. There are reports that
activating mutations in the KRAS gene, which encode this
effector protein involved in EGFR-driven signalling, are
present in 35%-40% of colorectal cancers[14,15].
Cetuximab is a chimeric monoclonal antibody that
competitively binds to the extracellular domain of EGFR
with a higher affinity than its endogenous ligands, blocking EGFR-driven signalling, resulting in inhibition of cell
growth and induction of apoptosis[16-18]. There are also
reports that cetuximab can mediate antibody-dependent
cellular cytotoxicity against tumour cells[16,19]. This monoclonal antibody has been proven effective in patients
with KRAS wild-type mCRC[6,7,20,21]. In addition, there is
evidence that not only do patients with KRAS mutations
not benefit from treatment with cetuximab, but that it
could actually have a detrimental effect on them[7,21].
In this paper we review the most relevant clinical trials that have assessed the role of cetuximab in the firstline treatment of mCRC.
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KRAS AND OTHER BIOMARKERS IN
COLORECTAL CANCER
KRAS mutation status is a predictor of response to cetuximab that has been validated in several clinical trials.
However, the KRAS wild-type status does not guarantee
response to cetuximab in all patients[6-8,10,20,21]. This has led
to intensive investigation of mechanisms of primary resistance to anti-EGFR drugs, which has identified potential molecular markers in the complex signalling pathway
driven by the EGFR.
While the prognostic value of V-raf murine sarcoma viral oncogene homolog B1 (BRAF) mutations in
colorectal cancer has been clearly demonstrated[20,22-26], its
role as a predictor of response to EGFR-targeted agents
is still controversial[12,20,22,24]. On the other hand, there is
evidence that neuroblastoma RAS viral (v-ras) oncogene
homolog (NRAS) mutations are associated with a lack of
response to anti-EGFR agents[23,27,28]. In a recent analysis
of the PRIME trial, it was found that KRAS and NRAS
wild-type mCRC patients showed a significant improvement in progression-free survival (PFS) and overall survival (OS) when treated with FOLFOX-panitumumab
compared with FOLFOX alone [hazard ratio (HR) for
PFS 0.72, 95%CI: 0.58-0.90, P < 0.01; HR for OS 0.78,
95%CI: 0.62-0.99, P = 0.04], whereas this benefit was not
observed in patients with KRAS or NRAS mutations (HR
for PFS 1.28, 95%CI: 0.79-2.07, P = 0.32; HR for OS 1.29,
95%CI: 0.79-2.10, P = 0.31). In this analysis, the BRAF
mutation status was not found to be a predictive marker
of response[28]. Similarly, recent data from the FIRE-3
study showed that in patients with both wild-type KRAS
and NRAS, cetuximab-regimen of irinotecan, infusional
fluorouracil and leucovorin (FOLFIRI) significantly improved OS compared with bevacizumab-FOLFIRI (33.1
mo vs 25.9 mo, HR = 0.69; 95%CI: 0.52-0.92, P = 0.01)[29].
In view of these results, the mutational status of NRAS
seems to position itself as a new biomarker that could
help us to select responders to anti-EGFR therapies.
Currently, there are data suggesting that in addition
to analysis of KRAS mutation status, the evaluation
of EGFR gene copy number, levels of EGFR ligands,
BRAF, NRAS, PIK3CA mutations and PTEN loss could
also help us achieve a more accurate selection of patients
who may benefit from anti-EGFR targeted drugs[22,27,30-32],
although this needs to be validated in large prospective
studies.

CETUXIMAB-BASED THERAPY FOR
FIRST-LINE TREATMENT OF MCRC
Cetuximab in combination with irinotecan-based
chemotherapy
Data from previous studies that showed an apparent
ability of cetuximab to reverse resistance to irinotecan
and obtain responses in patients who had previously
progressed on irinotecan suggested a potential increased
efficiency by combining both drugs[33-36]. This possible
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Table 1 Clinical trials of cetuximab in combination with irinotecan-based chemotherapy
Clinical trial

Type of
study

KRAS
analysis

Phase Ⅰ/Ⅱ

No

Raoul et al[38]
Phase Ⅰ/Ⅱ
CRYSTAL,
Phase Ⅲ
Van Cutsem et al[6,20]
FIRE-3,
Phase Ⅲ
Heinemann et al[41]

No
Yes

Folprecht et al[37]

Yes

Treatment

Response rate

R0 resection rate

PFS (mo)

OS (mo)

Cetuximab-Irinotecan/
67%
19%
9.9
33
5FU/FA1
Cetuximab-FOLFIRI
48%
19.20%
8.6
22.4
Cetuximab-FOLFIRI vs 57.3% vs 39.7% (OR = 5.1% vs 2% (OR = 9.9 vs 8.4 (HR = 0.696, 23.5 vs 20 (HR =
FOLFIRI
2.069, P < 0.001)2
2.65, P = 0.0265)2
P = 0.0012)2
0.796, P = 0.0093)2
Cetuximab-FOLFIRI vs 62 vs 57 (OR = 1.18,
10 vs 10.3 (HR = 1.06, 28.7 vs 25 (HR = 0.77,
Bevacizumab-FOLFIRI
P = 0.183)
P = 0.547)
P = 0.017)

AIO group regimen of irinotecan, folinic acid and infusional 5FU; 2Results in wild-type KRAS population. PFS: Progression-free survival; OS: Overall survival; FA: Folinic acid; 5FU: 5-fluorouracil; FOLFIRI: Regimen of irinotecan, infusional fluorouracil and leucovorin; AIO: Arbeitgemeinschaft internistische
onkologie; CRYSTAL: CRYSTAL trial (cetuximab combined with irinotecan in first-line therapy for metastatic colorectal cancer); FIRE-3: AIO KRK-0306
trial; KRAS: v-Ki-ras2 Kirsten rat sarcoma viral oncogene homolog.
1

95%CI: 1.083-6.490, P = 0.0265)[6,20].
In an analysis of data from the CRYSTAL study,
Piessevaux et al[39] observed that in wild-type KRAS patients
treated with cetuximab-FOLFIRI early tumour response
> 20% was significantly associated with better OS (28.3
mo vs 19.6 mo, HR = 0.643; 95%CI: 0.480-0.862, P =
0.003) than in patients with early tumour response <
20%; however, this was not observed in patients treated
with FOLFIRI alone (21.2 mo vs 20.2 mo, HR = 0.814;
95%CI: 0.626-1.059, P = 0.125)[39]. These findings were
confirmed in an analysis of data from the CRYSTAL
and OPUS studies, which showed a strong association
between early tumour response and long-term outcomes
in patients with KRAS wild-type mCRC treated with
chemotherapy and cetuximab, compared with patients
treated with chemotherapy alone[40]. These results suggest
that early tumour response could be useful as a predictor
of outcome, although this needs to be confirmed in prospective studies.
Despite the proven benefit of cetuximab in combination with FOLFIRI in the first-line treatment of KRAS
wild-type mCRC, the optimal sequence of treatment
in these patients has not been established. Whether we
should start with an anti-EGFR and upon progression
continue with an anti- vascular endothelial growth factor
or vice versa is a question that has yet to be answered in
randomised clinical trials. In this sense, preliminary results of the randomised FIRE-3 trial have recently been
reported. This study conducted by the AIO group in
Germany randomised patients in first-line therapy to cetuximab vs bevacizumab in combination with FOLFIRI.
Of 592 patients with wild-type KRAS, 297 were treated
with cetuximab-FOLFIRI and 295 with bevacizumabFOLFIRI. In the ITT population, the RR was comparable in both arms of the study: 62% with cetuximabFOLFIRI vs 57% with bevacizumab-FOLFIRI (OR
= 1.18; 95%CI: 0.85-1.64, P = 0.183); however, in the
population evaluable for response, there was a significant
benefit in favour of the cetuximab arm (72.2% vs 63.1%,
OR = 1.52; 95%CI: 1.05-2.19, P = 0.017). There were no
statistically significant differences in PFS (10 mo vs 10.3
mo, HR = 1.06; 95%CI: 0.88-1.26, P = 0.547); however,
cetuximab-FOLFIRI significantly prolonged overall sur-

synergistic activity led to combinations of cetuximab
and irinotecan-based regimens being assessed in first-line
treatment of mCRC (Table 1).
In a small phase Ⅰ/Ⅱ German study that included
21 patients with EGFR-expressing mCRC who were
treated with cetuximab and a combination of irinotecan,
infusional 5FU and folinic acid [Arbeitgemeinschaft
internistische onkologie (AIO) group regimen], the response rate (RR) was 67% (two patients achieved complete response), median time to progression (TTP) was
9.9 mo and median OS was 33 mo. It is noteworthy that
in this study five of the 21 patients (24%) initially had
unresectable liver metastases, which became resectable.
Four patients underwent surgery with curative intent,
achieving R0 resection, and the fifth patient refused surgery[37]. Another phase Ⅰ/Ⅱ study recruited a total of 52
patients with EGFR-expressing mCRC who were treated
with cetuximab in combination with FOLFIRI, showing a RR of 48%, a median PFS of 8.6 mo and a median
OS of 22.4 mo. In this study 14 of the 52 patients (27%)
with initially unresectable metastatic disease (21% with
liver metastases, 2% with lung involvement and 4% with
metastasis to other sites) were able to undergo curative
surgery, achieving R0 resections in 10 cases[38].
Based on these results, the CRYSTAL study (Cetuximab Combined with Irinotecan in First-Line Therapy
for Metastatic Colorectal Cancer) was conducted, a randomised phase Ⅲ trial evaluating the efficacy of combining cetuximab-FOLFIRI as compared to FOLFIRI alone
in the first-line treatment of mCRC. A total of 1198
patients with EGFR-expressing mCRC were randomised
to both arms of the study (599 subjects in each arm).
This study conducted a retrospective analysis of KRAS
mutation status. Knowing the KRAS mutation status in
89% of the patients, it was observed that the addition of
cetuximab to FOLFIRI significantly increased RR (57.3%
vs 39.7%, OR = 2.069; 95%CI: 1.515-2.826, P < 0.001)
PFS (9.9 mo vs 8.4 mo, HR = 0.696; 95%CI: 0.558-0.867,
P = 0.0012) and OS (23.5 mo vs 20 mo, HR = 0.796;
95%CI: 0.670-0.946, P = 0.0093) in the group of patients
with wild-type KRAS. It was also noted that in this group
there was a significant increase in the R0 resection rate
for cetuximab-FOLFIRI (5.1% vs 2.0%, OR = 2.650;
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Table 2 Clinical trials of cetuximab in combination with oxaliplatin-based chemotherapy
Clinical trial

Type of
study

KRAS
analysis

Treatment

Response rate (%)

R0 resection
rate (%)

PFS (mo)

OS (mo)

Arnold et al[48]

No

Cetuximab-FUFOX1

57%

4%

8.1

28.2

Tabernero et al[49]
OPUS, Bokemeyer et al[7,21]

Phase Ⅰ
b/Ⅱ
Phase Ⅱ
Phase Ⅱ

No
Yes

COIN, Maughan et al[23]

Phase Ⅲ

Yes

72%
57% vs 34% (OR =
2.551, P = 0.0027)2
64% vs 57% (OR =
1.35, P = 0.049)2

21%
12.3
30
12% vs 3% (P =
8.3 vs 7.2 (HR =
22.8 vs 18.5 (HR =
0.0242)2
0.567, P = 0.0064)2
0.855, P = 0.39)2
15% vs 13 % (P 8.6 vs 8.6 (HR = 0.96, 17 vs 17.9 (HR = 1.04,
= 0.74)2
P = 0.60)2
P = 0.67)2

NORDIC Ⅶ, Tveit et al[50]

Phase Ⅲ

Yes

Cetuximab-FOLFOX4
Cetuximab-FOLFOX4
vs FOLFOX4
CetuximabmFOLFOX6/XELOX
vs mFOLFOX6/
XELOX
Cetuximab-Nordic
FLOX vs Nordic
FLOX3

46% vs 47% (OR =
0.96, P = 0.89)2

13.4% vs 14.4%2 7.9 vs 8.7 (HR = 1.07, 20.1 vs 22 (HR = 1.14,
P = 0.66)2
P = 0.48)2

1

FUFOX: AIO group weekly regimen of oxaliplatin, folinic acid and infusional 5FU; 2Results in wild-type KRAS population; 3Nordic FLOX: Biweekly regimen of oxaliplatin, bolus 5FU and folinic acid. KRAS: v-Ki-ras2 Kirsten rat sarcoma viral oncogene homolog; PFS: Progression-free survival; OS: Overall
survival; 5FU: 5-fluorouracil; XELOX: Capecitabine plus oxaliplatin.

vival as compared to bevacizumab-FOLFIRI (28.7 mo
vs 25 mo, HR = 0.77; 95%CI: 0.62 to 0.96, P = 0.017)[41].
This difference may be explained by various hypotheses.
The deepness of response is the percentage of tumour shrinkage observed at the nadir compared with
baseline. It was noted that the deepness of response
could be a predictor for OS. A recent analysis of data
from the CRYSTAL and OPUS trials observed that the
median deepness of response was significantly greater
in patients treated with chemotherapy and cetuximab as
compared to chemotherapy alone (50.9% with FOLFIRIcetuximab vs 33.3% with FOLFIRI alone, P < 0.0001,
and 57.9% with FOLFOX4-cetuximab vs 30.7% with
FOLFOX4 alone, P = 0.0008); in addition, a statistically
significant association was identified between deepness
of response and OS in the CRYSTAL study (P < 0.0001)
and the OPUS study (P < 0.005)[42,43]. It would be interesting to know about this particular point in the FIRE-3
study as well.
The data available to date show that the presence of
BRAF mutations confers a poor prognosis in patients
with mCRC[20,22-26]. A difference in the percentage of
patients with mutated BRAF between the two groups in
this study may also have contributed to this difference in
OS, although this seems unlikely, since the incidence of
BRAF mutations is generally low (less than 10%) and not
sufficient to explain a difference of four mo in median
overall survival.
In addition, an imbalance in second-line treatments
between the two arms could explain the OS results observed in this study. However, recent data presented by
Modest et al[44] at the ESMO 15th World Congress on
Gastrointestinal Cancer reject this possible explanation.
The percentages of patients receiving oxaliplatin, bevacizumab and anti-EGFR were 63.7%, 46.6% and 15.2% in
the cetuximab arm and 62.8%, 17.3% and 41.4% in the
bevacizumab arm.
Despite the results of the FIRE-3 trial, there are still
doubts about when is the right time to use cetuximab or
bevacizumab in the treatment of patients with KRAS
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wild-type mCRC. We must wait for the results of the
phase Ⅲ CALGB 80405 trial, which compares chemotherapy (FOLFOX or FOLFIRI) with cetuximab or
bevacizumab as first-line treatment in this patient group
(clinicaltrials.gov/NCT00265850). It is expected to provide us with definitive data on the efficacy of cetuximab
and its role in this setting.
Cetuximab in combination with oxaliplatin-based
chemotherapy
Although studies comparing oxaliplatin-based regimens
to irinotecan-based regimens in first-line treatment of
mCRC have shown that both appear to be equivalent in
terms of efficacy[45-47], there are data suggesting that oxaliplatin-based regimens could produce a greater reduction
in the size of metastatic lesions and thereby increase the
chances of curative surgery[47]. These data coupled with
the proven benefit of cetuximab alone or in combination
with irinotecan[33-36] make it possible to assess the efficacy
of cetuximab in combination with oxaliplatin-based regimens (Table 2).
An Ⅰb/Ⅱ phase German study assessed the feasibility
of treatment with cetuximab in combination with FUFOX
regimen (weekly schedule of oxaliplatin, infusional 5FU and
folinic acid) in 49 patients with previously untreated EGFRexpressing mCRC, observing an RR of 57%, a median PFS
of 8.1 mo and a median OS of 28.2 mo. In this study, four
patients (8%) with initially unresectable liver metastases
were able to undergo curative surgery, achieving an R0 resection in 2 cases (4%)[48].
Tabernero et al[49] reported encouraging results from
a phase Ⅱ study which included 43 patients with EGFRexpressing mCRC who were treated with cetuximab in
combination with FOLFOX4 as first-line treatment. An
RR of 72%, a median PFS of 12.3 mo and a median OS
of 30 mo were observed. The most important data from
this study include the fact that 10 patients (23%) were
able to undergo resection with curative intent of previously unresectable metastatic lesions, achieving an R0
resection in 9 of them (21%).
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The randomised phase Ⅱ OPUS trial (Oxaliplatin
and Cetuximab in First-Line Treatment of Metastatic
Colorectal Cancer) assessed the efficacy of cetuximab in
combination with FOLFOX4 as first-line treatment of
mCRC[7,21]. This study included a total of 337 patients
who were treated with FOLFOX4 with or without cetuximab. The KRAS mutation status was analysed in 315 patients (93%), of which 179 (57%) were wild-type KRAS.
Patients with wild-type KRAS treated with FOLFOX4cetuximab had a significant increase in RR (57% vs 34%,
OR = 2.551, 95%CI: 1.380-4.717, P = 0.0027), PFS (8.3
mo vs 7.2 mo, HR = 0.567, 95%CI: 0.375-0.856, P =
0.0064) and R0 resection rate (12% vs 3%, P = 0.0242) as
compared to patients with wild-type KRAS treated with
FOLFOX4 alone. The OS was higher in the cetuximabFOLFOX4 arm, although this difference was not statistically significant (22.8 mo vs 18.5 mo, HR = 0.855,
95%CI: 0.599-1.219, P = 0.39)[21]. One of the possible
causes for this lack of statistical significance is the limited
sample size. There was a difference of four mo in median
OS in favour of the experimental arm, which is clinically
relevant, and it is likely that this difference would have
reached statistical significance with a larger sample size.
Also, it is noteworthy that the OS for first-line treatment
can be affected by therapy received after the study (in this
study 23% of patients in the control arm received antiEGFR treatment after the study).
While both the CRYSTAL and the OPUS studies
demonstrate the clinical efficacy of adding cetuximab to
standard chemotherapy in first-line treatment of KRAS
wild-type mCRC, two phase Ⅲ randomised trials of
cetuximab and oxaliplatin-based chemotherapy did not
confirm these results and raise questions about the efficacy of cetuximab in this setting.
In the COIN trial (Continuous Chemotherapy plus
Cetuximab or Intermittent Chemotherapy), 2445 patients
with mCRC were randomised to the 3 treatment arms
(continuous chemotherapy, continuous chemotherapy
with cetuximab and intermittent chemotherapy), of which
815 patients were assigned to receive continuous chemotherapy and 815 patients to continuous chemotherapy in
combination with cetuximab. Of these 1630 patients, the
KRAS mutation status was analysed in tumour samples
of 1316 (81%) patients, and 565 (43%) showed KRAS
mutations. The cetuximab arm included 357 patients with
wild-type KRAS, of whom 117 received mFOLFOX6
and 240 received capecitabine plus oxaliplatin (XELOX).
In the KRAS wild-type population, although there was a
significant increase in RR in the cetuximab group (64%
vs 57%, OR = 1.35, 95%CI: 1.00-1.82, P = 0.049), no
significant differences were found in either resection rate
(13% in the control group vs 15% in the cetuximab group,
P = 0.74) or PFS (8.6 mo in the control group vs 8.6 mo
in the cetuximab group, HR = 0.96; 95%CI: 0.82-1.12, P
= 0.60) or OS (17.9 mo in the control arm vs 17.0 mo in
the cetuximab arm, HR = 1.04; 95%CI: 0.87-1.23, P =
0.67). However, an exploratory analysis in the KRAS wildtype population showed an improvement in PFS with
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cetuximab in patients receiving mFOLFOX6 (HR = 0.72,
95%CI: 0.53-0.98, P = 0.037), but not in patients receiving
XELOX (HR = 1.02, 95%CI: 0.82-1.26, P = 0.88)[23].
The NORDIC Ⅶ trial evaluated the efficacy of cetuximab in combination with a bolus 5FU, folinic acid
and oxaliplatin regimen (Nordic FLOX regimen). A total
of 566 patients were recruited, who were randomised to
3 treatment arms: Nordic FLOX (arm A), Nordic FLOX
with cetuximab (arm B) and Nordic FLOX intermittently
with continuous cetuximab (arm C). The KRAS mutation
status was evaluated in 498 (88%) patients, of whom 303
were wild-type KRAS (97, 97 and 109 patients in arms
A, B and C, respectively). The main comparison to evaluate the efficacy of cetuximab was conducted between
arms A and B, showing that adding cetuximab to Nordic
FLOX did not provide any benefit in the KRAS wildtype population, the RR being 46% vs 47% (OR = 0.96;
95%CI: 0.55-1.69, P = 0.89), median PFS 7.9 mo vs 8.7
mo (HR = 1.07; 95%CI: 0.79-1.45, P = 0.66) and median
OS 20.1 mo vs 22 mo (HR = 1.14; 95%CI: 0.80-1.61, P =
0.48), with Nordic biweekly regimen of oxaliplatin, bolus 5FU and folinic acid (FLOX)-cetuximab and Nordic
FLOX, respectively[50].
It has been suggested that a possible explanation for
these discrepant results could be that the chemotherapeutic agents combined with fluoropyrimidines may affect the response to cetuximab in different ways and that
irinotecan-based regimens may be more effective than
oxaliplatin-based regimens in combination with cetuximab. However, the OPUS study results and preclinical
data support the synergistic activity of cetuximab and
oxaliplatin[51-54]. In addition, a phase Ⅱ study performed
by the Central European Cooperative Oncology Group
(CECOG) found no significant differences in RR (43%
vs 45%, OR = 0.93; 95%CI: 0.49-1.77), PFS (8.6 mo vs
8.3 mo, HR = 1.06; 95%CI: 0.74-1.52, P = 0.7375) or
OS (17.4 mo vs 18.9 mo, HR = 0.98; 95%CI: 0.67-1.44, P
= 0.9230) when comparing combinations of cetuximab
with FOLFOX6 or FOLFIRI[55].
Another important observation that can be drawn
from these studies is that cetuximab may be more effective with infusional 5FU-based regimens than with bolus
5FU- or capecitabine-based regimens[54]. In the cetuximab
arm of the COIN study, the number of patients receiving XELOX exceeded the number of patients receiving
mFOLFOX6, while in the NORDIC Ⅶ study all patients
were treated with 5FU bolus-based chemotherapy, which
may also have contributed to the negative results of both
studies.
Furthermore, the COIN study showed increased
toxicity when cetuximab was added to XELOX, and the
capecitabine dose therefore had to be reduced in that
arm of the study. The combination of cetuximab and
capecitabine appears to increase the gastrointestinal and
dermatological toxicity observed with each of these drugs
separately. The reduced intensity of the chemotherapy
dose may have contributed to the lack of benefit seen in
this study[23].
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Finally, an analysis of combined data from the CRYSTAL and OPUS studies confirms the benefit in all efficacy parameters of adding cetuximab to first-line chemotherapy in patients with KRAS wild-type mCRC. In this
combined analysis of 845 patients with KRAS wild-type
tumours, it was observed that adding cetuximab to standard chemotherapy in this setting significantly improves
the RR (OR = 2.16; P < 0.0001), PFS (HR = 0.66; P <
0.001) and OS (HR = 0.81; P = 0.0062)[24].

between cetuximab-FOLFOX6 and cetuximab-FOLFIRI
in terms of PFS (12.1 mo vs 11.5 mo, HR = 1.09; 95%CI:
0.66-1.79) or OS (35.8 mo vs 41.6 mo, HR = 1.01; 95%CI:
0.55-1.86)[68]. It should be noted that patients who underwent R0 liver resection showed a significant improvement
in OS as compared to patients without R0 resection (53.9
mo vs 27.3 mo, P = 0.002)[69].
In a recent publication by Ye et al[70], 138 patients with
KRAS wild-type mCRC and unresectable synchronous
liver metastases after resection of the primary tumour
were randomised to receive cetuximab plus chemotherapy
(mFOLFOX6 or FOLFIRI) or chemotherapy alone. The
addition of cetuximab to chemotherapy was associated
with a significant increase in RR (57.1% vs 29.4%, P <
0.01) and R0 resection rate (25.7% vs 7.4%, OR = 4.37;
P < 0.01). Treatment with cetuximab plus chemotherapy
significantly prolonged PFS (10.2 mo vs 5.8 mo, HR = 0.60;
P = 0.004) and OS (30.9 mo vs 21.0 mo, HR = 0.54; P =
0.013) as compared to chemotherapy alone. Furthermore,
in the group of patients treated with cetuximab plus chemotherapy, no significant differences were observed between mFOLFOX6 and FOLFIRI in terms of RR (52.8%
vs 59.1%, P = 0.31), PFS (10.1 mo vs 9.1 mo, P = 0.28) or
OS (34.8 mo vs 23.1 mo, P = 0.24). The study also found
that patients who underwent a liver resection had a significant improvement in OS vs patients who did not undergo
surgery, both in the cetuximab plus chemotherapy group
(46.4 mo vs 25.7 mo, P = 0007) and in the chemotherapy
alone group (36.0 mo vs 19.6 mo, P = 0.016).
A higher response rate has been shown to be associated with a higher probability of resection with curative intent[71], and it has been seen that triple- vs doubleagent chemotherapy significantly increases the RR and
R0 resection rate[72]. Based on these assumptions, the
association of cetuximab with a triple combination of
chemotherapeutic agents (5FU, irinotecan and oxaliplatin)
was also assessed in order to increase the resectability of
colorectal liver metastases.
Garufi et al[73] conducted the POCHER phase Ⅱ trial,
which assessed the combination of cetuximab with chronomodulated infusion of irinotecan, 5FU, leucovorin and
oxaliplatin (chrono-IFLO regimen) as neoadjuvant treatment in 43 patients with unresectable colorectal liver metastases. KRAS mutation analysis was performed in 37 patients, showing a high incidence of wild-type KRAS (80%).
In the overall population, the RR was 79.1%, reaching
a rate of 60% for R0 resections. With a median followup of 22 mo, the estimated median OS was 37 mo, with
a 2-year survival rate of 68.2% in the overall population,
80.6% in patients who underwent R0 resection and 47.1%
in patients who did not undergo resection of metastases (P
= 0.01).
In a phase Ⅱ study, 42 patients with mCRC received
cetuximab in combination with 5FU, leucovorin, irinotecan and oxaliplatin (FOLFIRINOX regimen) as first-line
treatment. Of 40 patients evaluated for KRAS mutation
status, 60% were KRAS wild-type. The RR was 80.9%
in the overall population, 83.3% in patients with wild-

CETUXIMAB-BASED THERAPY FOR
SPECIAL SITUATIONS
Cetuximab plus chemotherapy as neoadjuvant treatment
of liver-only metastases
In patients with metastatic disease limited to the liver,
surgical resection of these metastases is the only potentially curative option, with 5-year survival rates of 45%
-55% reported in recent publications[56-58]. In this setting,
there is evidence suggesting that treatment with standard
chemotherapy regimens based on oxaliplatin or irinotecan in patients with unresectable liver metastases increases the number of candidates for surgical rescue[59-66].
As we described previously, resection rates of 8%-23%
for initially unresectable liver metastases were reported
in phase Ⅱ studies of patients with an unknown KRAS
mutation status, treated with cetuximab and irinotecanor oxaliplatin-based chemotherapy[37,38,48,49]. Moreover,
adding cetuximab to standard chemotherapy has proven
to increase the likelihood of response in patients with
wild-type KRAS, significantly increasing R0 resection
rates[20,21]. Despite this, no definitive conclusions can be
drawn from these studies, since they were not formally
designed to assess resection rate. However, these encouraging results have led to studies assessing the role of neoadjuvant cetuximab in the treatment of liver metastases,
showing high rates of R0 resections (Table 3).
In the CELIM phase Ⅱ study, 111 patients with unresectable colorectal liver metastases were randomised to
cetuximab in combination with FOLFIRI or FOLFOX6.
It was observed that for cetuximab-FOLFOX6 the RR
was 68%, while for cetuximab-FOLFIRI the RR was
57%; however, this difference was not statistically significant (OR = 1.62; 95%CI: 0.74-3.59, P = 0.23). The R0
resection rate was 34% in the overall population, 38% in
the cetuximab-FOLFOX6 group and 30% in the cetuximab-FOLFIRI group. In a retrospective analysis based
on KRAS mutation status, a greater RR was observed
in patients with wild-type KRAS (70%) as compared to
patients with mutated KRAS (41%); this difference was
statistically significant (OR = 3.42; 95%CI: 1.35-8.66, P
= 0.0080), with an R0 resection rate of 33% reported
in the KRAS wild-type population. In this study, a team
of expert surgeons conducted a retrospective review
of resectability, observing that the resectability rate increased significantly, from 32% at baseline to 60% after
chemotherapy (P < 0.0001) [67,68]. In the KRAS wildtype population, there were no significant differences
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Table 3 Clinical trials of neoadjuvant cetuximab in the treatment of liver metastases
Clinical trial

Type of KRAS
study analysis

CELIM,
Folprecht et al[67,68]

Phase Ⅱ

Yes

Ye et al[70]

Phase Ⅳ

Yes

POCHER, Garufi et al[73] Phase Ⅱ
Saridaki et al[75]
Phase Ⅱ

Yes
Yes

Treatment

Response rate

R0 resection
rate

PFS (mo)

OS (mo)

Cetuximab-FOLFOX6 vs
68% vs 57% (OR =
38% vs 30%
11.2 vs 10.5 (HR = 35.7 vs 29.0 (HR = 1.09,
cetuximab-FOLFIRI
1.62, P = 0.23)
1.15, NS)
NS)
Wild-type KRAS vs
70% vs 41% (OR =
33% vs 30%
11.9 vs 9.9 (HR =
36.1 vs 27.4 (HR = 1.48,
mutated KRAS
3.42, P = 0.008)
1.31, NS)
NS)
Cetuximab-mFOLFOX6/ 57.1% vs 29.4% (P < 25.7% vs 7.4% 10.2 vs 5.8 (HR = 0.6, 30.9 vs 21 (HR = 0.54, P
FOLFIRI vs mFOLFOX6/
0.01)
(P < 0.01)
P = 0.004)
= 0.013)
FOLFIRI
Cetuximab-mFOLFOX6 vs 52.8% vs 59.1% (P =
10.1 vs 9.1 (P = 0.28) 34.8 vs 23.1 (P = 0.24)
Cetuximab-FOLFIRI
0.31)
Cetuximab-Chrono-IFLO1
79.1
60
14
37
Cetuximab-FOLFIRINOX
70
372
10.2
30.3
623

1

Chronomodulated infusion of irinotecan, 5FU, leucovorin and oxaliplatin; 2R0 resection rate in overall population; 3R0 resection rate in the subgroup of patients with metastatic disease limited to the liver. KRAS: v-Ki-ras2 Kirsten rat sarcoma viral oncogene homolog; PFS: Progression-free survival; OS: Overall
survival; NS: Not significant; 5FU: 5-fluorouracil; FOLFIRI: Regimen of irinotecan, infusional fluorouracil and leucovorin.

type KRAS and 81.3% in patients with mutated KRAS,
with no statistical differences between groups. In the
overall population, median PFS was 9.5 mo and median
OS was 24.7 mo. In the KRAS population, median PFS
was slightly higher in the wild-type KRAS group as compared to mutated KRAS group (9.9 mo vs 7.8 mo); the
median OS in the mutated KRAS group was 23.1 mo,
while it was not reached in the wild-type KRAS group[74].
These promising results have led to the commencement
of the PRODIGE 14 randomised phase Ⅱ trial, which
is currently ongoing. It will assess resectability in patients
with unresectable colorectal liver metastases who will
be treated with targeted therapy in combination with a
triple-agent (FOLFIRINOX) or double-agent (FOLFOX
or FOLFIRI) chemotherapy. The targeted therapy will be
chosen according to KRAS mutation status: cetuximab in
patients with wild-type KRAS and bevacizumab in mutated KRAS patients (clinicaltrials.gov/NCT01442935).
Another small phase Ⅱ study also assessed the firstline effectiveness of cetuximab in combination with
FOLFIRINOX in 30 unselected patients with KRAS
wild-type mCRC, showing an RR of 70% (with 13.3%
complete responses), median TTP of 10.2 mo and a
median OS of 30.3 mo. Of all the patients, 11 (37%)
underwent R0 secondary resection (10 patients with liver
lesions and one patient with metastatic lung disease). In
this study, 16 patients had metastatic disease limited to
the liver, with a rate of R0 secondary resection in this
subgroup of 62% (10/16)[75].
While triple-agent chemotherapy in combination with
cetuximab could generate a high response rate and consequently increase the resectability rate, it also appears to be
associated with a high incidence of grade 3-4 toxicity[73-75],
so we must wait for results of randomised studies with
a larger sample size, such as the PRODIGE 14 study, to
confirm the efficacy of this combination and obtain further details about its toxicity profile and tolerability.

resectable mCRC are the same as in younger patients,
namely to control symptoms and prolong survival. However, elderly patients often have comorbidities and may
have impaired organ function associated with age, so we
must carefully evaluate the risks and benefits expected
from chemotherapy[76,77].
In several clinical trials the number of elderly patients
included was small and few have been conducted specifically in this population, so the best available evidence
on the efficacy and toxicity of treatment in this patient
group mainly derives from subgroup analysis of large
phase Ⅲ trials and extrapolating data from the non-elderly population.
Studies carried out in the elderly and analysis of combined data and subgroups of phase Ⅲ studies suggest
that the benefits of elderly patients with mCRC being
treated with combination therapy are similar to those observed in younger patients[78-83]. Data also show that the
efficacy of cetuximab-based therapy in elderly patients
with previously treated mCRC appears to be similar to
that of younger patients, with acceptable tolerability[84,85].
The role of cetuximab in first-line treatment of mCRC in
this population has been evaluated in two phase Ⅱ clinical trials conducted by the Spanish Cooperative Group
for the Treatment of Digestive Tumours.
The first phase Ⅱ study evaluated the efficacy and
safety of cetuximab monotherapy as first-line treatment
for elderly patients with mCRC. There were a total of 41
patients ≥ 70 years, with the KRAS mutation analysis
only being possible in 23 of them, showing five KRAS
mutated patients and 18 wild-type KRAS. In the overall
population, there was a low RR of 14.6%, with a median TTP of 2.5 mo and a median OS of 11.1 mo. In
the KRAS population, five KRAS wild-type patients had
an objective response, whereas KRAS mutated patients
showed no objective response; in addition, seven patients
with wild-type KRAS were progression-free at week
12, whereas only one patient with mutated KRAS was
progression-free at the same time point; however, these
differences were not statistically significant, probably be-

Treatment with cetuximab in elderly patients
The goals of chemotherapy in elderly patients with un-
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cause of the small sample size[86].
In another phase Ⅱ study, Sastre et al[87] evaluated
the combination of cetuximab with capecitabine in the
same setting with the aim of increasing RR. A total of
66 patients ≥ 70 years were included, performing KRAS
mutation analysis in 58 (88%) of them, which showed
an incidence of 50% for both wild-type and mutated
KRAS. After 27 patients were included the protocol had
to be amended for safety reasons, reducing the dose of
capecitabine from 1250 to 1000 mg/m2 per 12 h. In the
overall population, the RR was 31.8%, median PFS was
7.1 mo and median OS was 16.1 mo. The RR and median
PFS were significantly higher in the KRAS wild-type as
compared to the KRAS mutated group (48.3% vs 20.7%,
P = 0.027, and 8.4 mo vs 6.0 mo, P = 0.024), while only a
non-significant trend toward a longer OS was observed
for KRAS wild-type patients (18.8 mo vs 13.5 mo, P =
0.107). It is important to mention that before dose reduction, the incidence of grade 3-4 toxicity was high, mainly
paronychia (29.6%), acneiform rash (29.6%), hand-foot
syndrome (22.2%) and diarrhoea (18.5%); however, after
dose reduction, the incidence of paronychia and diarrhoea decreased (7.7% and 12.8%, respectively), although
the incidence of acneiform rash and hand-foot syndrome
was similar (28.2% and 20.5%, respectively). As described
previously, the combination of cetuximab and capecitabine appears to increase the toxicity associated with each of
these drugs; thus, the high incidence of grade 3-4 toxicity
observed in this study may be explained by the additive
toxic effect of the combination, rather than the age of
patients.
Although no definitive conclusions can be drawn
from these studies, in elderly patients with KRAS wildtype mCRC, the results appear to be comparable to those
observed in younger patients. Therefore, it seems advisable to use cetuximab in combination with chemotherapy,
choosing the regimen based on the toxicity profile and
assessing each patient individually.

response rates and high rates of R0 resection observed
in selected population studies, cetuximab in combination
with standard chemotherapy doublets should be a therapeutic option to consider in patients with unresectable
liver-only metastases from KRAS wild-type colorectal
cancer. In this setting, the use of triple-agent chemotherapy in combination with cetuximab has shown encouraging results; however, we expect results from studies with
a larger sample size to provide more data on efficacy and
toxicity.
There is evidence that treatment with cetuximab in
combination with chemotherapy in elderly patients appears to have similar efficacy to that observed in younger
patients, with acceptable tolerability, so that its use should
be considered in elderly patients with KRAS wild-type
mCRC, who are in good general health without relevant
comorbidities.
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Core tip: Systemic chemotherapy has enabled prolongation of survival in patients with stage Ⅳ colorectal
cancer. This has subsequently increased the relative
significance of local therapy. Resection is the standard
therapy in most settings. Recently, stereotactic body
radiotherapy (SBRT) provides high local control with
minimal morbidity, both in the curative and palliative
setting. The indications of SBRT include liver, lung,
isolated lymph nodes, spinal and adrenal metastasis,
and post-surgical pelvic recurrence. However, few reports with a high level of evidence have indicated the
efficacy of SBRT. Hereafter, the optimal indication of
SBRT needs to be prospectively investigated to obtain
convincing evidence.

Abstract
Systemic chemotherapy has enabled prolongation of
survival in patients with stage Ⅳ colorectal cancer. This
has subsequently increased the relative significance
of local therapy for patients with oligometastases because they can be cured by removal of oligometastatic
lesions. One of the most frequently reported tumor
histologies for oligometastases is colorectal cancer.
Resection is the standard therapy in most settings of
oligometastases. Recently, studies have shown that
stereotactic body radiotherapy (SBRT) may become a
treatment option that provides high local control with
minimal morbidity. Two-year local control rates following SBRT for hepatic and pulmonary oligometastases
are almost over 80% and are even higher for patients
treated with high-dose regimens. The indications of
SBRT for other metastatic sites or conditions include
isolated lymph nodes, spinal and adrenal metastasis,
and post-surgical pelvic recurrence. Many retrospective
studies have indicated that SBRT for various lesions results in good outcomes with low morbidity, both in the
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INTRODUCTION
Colorectal cancer (CRC) is currently the second- or thirdleading cause of death from cancer in both genders, and
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its frequency continues to increase[1,2]. Although there exist somewhat different characteristics between colon cancer and rectal cancer[3,4], most articles investigated them
together. Among patients with CRC, 20% have metastases at initial presentation, and an additional 25%-50%
develop metastases after treatment of early-stage disease.
Among patients with an initial finding of metastasis, 50%
will have disease limited to the liver, and at the time of
death, 20% have liver metastasis only[5]. Rates of metastases are 60%-71% in the liver, 25%-40% in the lung,
5%-10% in bones, 3%-5% in the ovary, 1% in the adrenal
gland, and 1% in the central nervous system[6].
Since the late 1990s, development of new agents
such as irinotecan, oxaliplatin, and biologic agents targeting either epidermal growth factor receptor or vascular
endothelial growth factor has greatly prolonged progression-free survival and overall survival in stage Ⅳ CRC
patients[7,8]. Such prolongation of survival attributed to
chemotherapy has increased the relative significance of
local therapy for patients with limited metastases. An increasing amount of data suggests that curative resection
of isolated metastases yields a survival benefit regardless
of whether the metastatic site is the liver[9,10], lung[11,12],
peritoneum [13,14], ovary [15,16], or extra-regional lymph
nodes[17,18]. Although complete surgical resection of these
metastases does not result in long-term survival in all
patients, select patients can survive for a relatively long
period without recurrence.
Stereotactic body radiotherapy (SBRT) is a high-precision conformal external-beam radiation technique that
ablates the target at extracranial sites with hypofractionated high-dose radiation while sparing the surrounding
normal tissue. SBRT results in minimal morbidity and
provides high local control rates for medically inoperable
stage Ⅰ non-small-cell lung cancer (NSCLC) [19]. Currently, SBRT is considered to be a treatment option for
patients with medically inoperable, early-stage NSCLC[20].
However, few adequate studies have evaluated SBRT for
pulmonary oligometastases from CRC[21]. In this article,
we review the clinical outcomes of SBRT for oligometastases from CRC and discuss the role of SBRT in oligometastasis treatment in general.

5-year survival rates of 25%-50%[24-26], and a large series
of more than 1000 patients reported a 10-year overall
survival rate of 22%[27]. Among resection survivors who
lived for 10 years, Tomlinson et al[28] demonstrated high
disease-speciﬁc survival, with only 1 cancer death among
102 patients, reinforcing the concept that this group was
truly cured of cancer.
For patients with oligometastases from CRC, noninvasive local therapy is appropriate because they are
already receiving systematic chemotherapy, are often frail,
and may survive only a short time. In addition to resection, local ablation therapies such as cryoablation and
radiofrequency ablation (RFA) have been reported to be
feasible treatment options. SBRT may become a more
suitable treatment option for these patients, because less
morbidity occurs following SBRT than that following
RFA[29] and resection.

CONVENTIONAL RADIOTHERAPY AND
SBRT
Conventional radiotherapy (i.e., 1.8-2.0 Gy per fraction)
results in a tumoricidal effect by means of mitotic death
of cancer cells, allowing simultaneous recovery of late
sublethal damage of normal tissues. In contrast, SBRT
may provide a novel mechanism of radiation-induced
damage: data with higher doses per fraction (i.e., 10-20
Gy per fraction) suggest that, in addition to direct cytotoxicity, a different mechanism involving microvascular
damage begins to have a substantial effect on the tumor
cell kill[30,31]. Endothelial apoptosis results in microvascular disruption and death of the tissue supplied by that
vasculature[30].
Over 1 decade ago, conventional radiotherapy was offered to medically inoperable patients with stage I NSCLC.
The prescribed doses of 60-75 Gy per 1.8-2 Gy fractions
were administered to these patients. However, those doses
were determined based on critical doses of serious radiation pneumonitis rather than sufficient doses to achieve
high local control of primary lesions. Therefore, the 5-year
local control and overall survival rates were insufficient
(40% and 21%, respectively)[32]. In contrast, SBRT enables
delivery of sufficiently high doses to a target volume and
omission of unnecessary doses to surrounding normal
lung tissue. Therefore, 5-year local control and overall
survival rates associated with SBRT are relatively high
(> 90% and 42%, respectively)[33]. Currently, SBRT is an
established treatment option for medically inoperable
patients with stage Ⅰ NSCLC. Furthermore, a propensity
score-matched analysis revealed superior local control and
comparable overall survival of SBRT compared to videoassisted thoracoscopic surgery[34]. In addition, SBRT appears to be less costly than surgery[35]. Quality of life also
appears to favor SBRT, because no statistically or clinically
significant worsening of any quality of life functioning
or symptom scores has been observed in patients with
stage Ⅰ NSCLC treated with SBRT[36]. In contrast, quality
of life has been shown to be significantly impaired after

CONCEPT OF OLIGOMETASTASIS
Hellman et al[22] ﬁrst proposed the idea of an oligometastatic state in 1995. These authors suggested that initially,
a few metastases from various cancers exist, before the
malignant cells acquire widespread metastatic potential.
The term oligometastases indicates an intermediate
state of cancer that lies between localized disease and
widespread metastases. Metastases from solid tumors
are regarded as being representative of disseminated
cancer and are not considered to be curable. In contrast,
evidence has emerged that patients with oligometastases
can be cured by resection of these lesions. The most frequently reported tumor histologies in one surgical series
of oligometastases were CRC and sarcoma[23]. Resection of liver metastases from CRC patients resulted in
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surgery. Randomized, controlled trials to compare SBRT
to resection are therefore needed.
The liver is thought to be a relatively radiosensitive
organ. It was difficult to irradiate with a sufficient dose to
eradicate tumors without causing lethal radiation-induced
liver disease. Therefore, conventional radiotherapy has
played a very limited role in the treatment of hepatocellular carcinoma[37]. In contrast, reports of SBRT for hepatocellular carcinoma have been steadily increasing since
2006. Although the SBRT literature primarily consists of
retrospective, small, single-institution series, SBRT has
been associated with high local control rates, most in the
range of 70%-90% at 1-2 years[38-40]. In a retrospective
analysis of previously untreated hepatocellular carcinoma,
SBRT yielded a 3-year overall survival rate of 73%, which
is comparable to that of a series treated with surgery or
RFA[41].
As for NSCLC and hepatocellular carcinoma, SBRT
is expected to play a role in the treatment of oligometastases from CRC. However, negative factors also exist:
for example, CRC metastases contain larger proportions
of hypoxic cells compared to other tumor types[42], and
hypoxia leads to a decrease in radiosensitivity; another is
that microscopic extension of oligometastases from CRC
may compromise local control[43]. In fact, the local control rates of SBRT in CRC oligometastases are significantly worse than those of oligometastases from other
cancers, including NSCLC. Thus, dose escalation should
be considered to achieve better local control[44].

raphy (CT), magnetic resonance imaging, and positronemission tomography-CT techniques enable accurate
diagnosis and staging. Furthermore, surgical dissection
techniques and potent systemic chemotherapy protocols
have been optimized. As a result, even patients with > 3
metastases or with metastases > 5 cm in diameter can be
cured with appropriate surgical treatment[28].
Resectability is often limited by an unfavorable anatomical metastatic site, poor function of the remaining
hepatic parenchyma, and/or poor general patient condition. Postoperative hepatic function can be predicted
more precisely with the aid of CT volumetry. This technique enables prediction of the remaining volume of
hepatic tissue after surgery to within 10% of the actual
value. Metastases are considered resectable[49] when the
following criteria are met: (1) exclusion of a non-resectable extrahepatic tumor manifestation; (2) parenchymal
involvement < 75%; (3) < 3 hepatic veins and < 7 hepatic segments involved; (4) no hepatic insufficiency, i.e., no
Child B or C cirrhosis; and (5) no severe accompanying
diseases.
Retrospective studies of SBRT in patients with medically or technically unresectable liver metastases have
been performed. Table 1 shows the outcomes of SBRT
for liver metastasis from CRC and other origins[50-58]. Various prescribed doses of SBRT were used in these studies.
The 2-year local control rates were almost over 80% and
were higher for patients treated with high-dose regimens
in two studies[51,57]. The 2-year overall survival rates varied
from 32%-83%. It is important to note that these outcomes may depend on biased patient selection. And yet,
little toxicity was observed.
As a local treatment, the use of RFA is controversial. Most centers only ablate tumors in those patients
who are deemed unresectable. Patients with large, poorly
placed tumors have the highest likelihood of recurrence, regardless of therapy. Retrospective analyses of
RFA for liver metastases from CRC have shown broad
variability in 2-year local control rates, ranging from
32%-76%[46,59-61], and in 5-year overall survival rates, ranging from 14%-55%[46,61]. A meta-analysis revealed that
RFA yielded a higher rate of local intrahepatic recurrence
compared to resection (OR = 4.89), although a selection
bias was noted[62].

SBRT FOR OLIGOMETASTASES BY SITE
Several studies have investigated SBRT for oligometastases. However, these have been retrospective and included
small sample sizes. Furthermore, patients in these studies
were affected by a variety of primary cancers in addition
to CRC. Therefore, it is difficult to refer to the outcome
of SBRT for oligometastases from CRC exclusively.

LIVER METASTASIS
Combination chemotherapy and resection of liver metastases has been used to manage patients with confined
liver metastasis from CRC. According to the Clinical
Practice Guidelines in Oncology by the National Comprehensive Cancer Network (NCCN), resection is the
mainstay of treatment for CRC patients with liver metastases only[45]. This combined therapy has resulted in 5-year
survival rates of 25%-50%[24-26]. The cumulative 3-year
local recurrence-free survival rate following resection of
solitary liver metastases was reported to be 88%-95%[46,47].
However, hepatic metastases are resectable in only about
20% of patients[48]. For the remaining 80% of patients,
resection is contraindicated due to the presence of diffuse hepatic metastases, non-resectable extrahepatic disease, or impaired liver function.
Several technical improvements have been made in diagnostic assessment and treatment strategies for CRC hepatic metastases. For example, modern computed tomog-
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PULMONARY METASTASIS
As chemotherapeutic and biological agents have considerably improved outcomes in patients with stage Ⅳ CRC,
resection of pulmonary oligometastases is increasingly
performed with curative intent. In the NCCN Clinical Practice Guidelines, pulmonary resection is recommended as well as hepatic oligometastatic resection[45].
However, no prospective randomized studies have been
performed to validate the efficacy of resection in this
setting. Therefore, it is currently not possible to identify
which CRC patients may beneﬁt most from this surgical
strategy[63].
A meta-analysis revealed that factors correlated with
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Table 1 Summary of stereotactic body radiotherapy for liver metastasis
Ref.

Study

Herfarth et al[50]

PⅠ
PⅡ
Retro

Wulf et al[51]

Patients (n )
Meta
(primary sites) (n )

Institution

CRC (n = 18)
others (n = 14)

Heidelberg
Univ

15

Wuerzburg
Univ

15

Rochester
Univ

15

60-

CRC
(n = 23)
others
(n = 28)
Retro CRC (n = 20)
174
others (n = 49)

Katz et al[52]

39

MFU Dose (Gy)/fr
(mo)

Rusthoven et al[53] P Ⅰ/Ⅱ CRC (n = 20)
others (n = 49)

63

Multiinstitution

16

Lee et al[54]

CRC (n = 40)
others (n = 28)

-

Princess
Margaret
Hospital

11

CRC (n = 20)

31

Erasmus Univ

26

CRC (n = 12)
others (n = 15)

36

Texas
Southwestern
Univ

20

PⅠ

van der Pool et al[55] Retro
Rule et al[56]

PⅠ

VautraversDewas et al[57]

Scorsetti et al[58]

Retro

PⅡ

CRC (n = 30)
others (n = 15)
CRC (n = 30)
others (n = 15)
CRC (n = 29)
others (n = 32)

62

76

Centre Oscar
Lambret

Humanitas
Cancer
Center

14

52.5-75/3

1

Prescription
specification

Isocenter, PTV
surrounded by
26/1
1
80% isodose
28-30/3-4
2-3
PTV
36-37.5/3 or interval
periphery:
26/1
65% isodose of
maximum
50/5f
14
Maximum,
preferred
PTV
surrounded
by the 80%
isodose
36-60/3
< 14 Isocenter, PTV
surrounded
by 80%-90%
isodose
27.7-60/6
> 14
PTV
(median: 41.8)
periphery:
71% isodose of
maximum
37.5-45/3f
5-6
D95 of PTV
preferred
3/30
< 14
PTV
≤ 17
50/5
periphery,
70%-85%
≤ 17
60/5
isodose of
maximum
40/3
4-17
PTV
45/3
(mean: periphery, 80%
9)
isodose of the
maximum

12

14-26/1

Time
(d)

3

LC (mo)

OS (mo)

Toxicity P value

0% (24)

32% (24)

N MT P < 0.01

81% (24) 83% (24)
58% (24)
81%
82% (24) (24 for all)

N MT P = 0.08

57% (20)

37% (20)

N MT

92% (24)

30% (24)

71% (12)

47% (18)

N MT

74% (24)

83% (24)

N MT

59% (24)
89% (24)

56% (24)
67% (24)

N MT

100% (24)

50% (24)

86% (12)
48%
100% (12) (24 for all)

86% (12)
100% (12)
Mean dose to 90.6% (24)
PTV

Grade 3: 2%

N MT P = 0.07

P = 0.07
37% (24)

N MT

MFU: Median follow up duration; LC: Local control rate; OS: Overall survival rate; P X: Phase X; retro: Retrospective; CRC: Colorectal cancer; fr: Fractions;
PTV: Planning target volume; Dx: The dose delivered to x%; N MT: No major toxicity.

better survival included a prolonged disease-free interval
between primary tumor and metastatic spread, normal
pre-thoracotomy carcinoembryonic antigen levels, absence of thoracic node involvement, and a single pulmonary lesion[64]. Of 44 patients with ≥ 3 lesions and a <
1-year disease-free interval, 0 were cured by surgery. In
contrast, recurrence-free survival was 49% at 3 years for
patients with 1 lesion and a disease-free interval > 1 year.
Therefore, medical management alone should be considered standard for patients who have ≥ 3 pulmonary
metastases and a < 1-year disease-free interval[65].
Crude local recurrence rates following resection of
oligometastasis from CRC have been reported to be
19.5%-28%[66-68]. Local recurrence may occur even in cases with pathologically negative margins[69]. A wide surgical
margin around oligometastasis from CRC is required to
prevent local recurrence, because satellite tumor cells are
often present[68].
For medically inoperable patients with limited pulmonary metastases from CRC, SBRT may be administered.
Table 2 shows the outcomes of SBRT for pulmonary
metastases from CRC and other origins[44,70-80]. SBRT was
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given at various prescribed doses. The local control rates
were almost over 80%, and the 2-year overall survival
rates ranged from 33%-86%. These outcomes may have
depended on patient selection. With respect to toxicities,
grade ≥ 3 radiation pneumonitis was observed in only
0%-8% of patients. No other toxicities were observed.
Widder et al[78] compared outcomes after SBRT with
those after pulmonary metastasectomy in patients with
pulmonary oligometastasis. In their institution, patients
were offered pulmonary metastasectomy as the ﬁrst
choice and SBRT in cases that they considered to be less
suitable surgical candidates. Patients treated with SBRT
had more unfavorable prognostic factors: they were significantly older, had a shorter metastasis-free interval,
and a different distribution of primary tumor origins;
thus, they were regarded as having a worse prognosis
overall. Despite this selection bias, survival after SBRT
was no worse than that after pulmonary metastasectomy.
Prospective comparative studies are therefore required to
deﬁne the role of both SBRT and pulmonary metastasectomy in oligometastatic disease.
Among minimal ablation techniques, RFA is the most
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Table 2 Summary of stereotactic body radiotherapy for pulmonary metastasis
Ref.

Study

Patients (n )
Meta (n )
(primary sites)

Institution MFU
(mo)

Wulf et al[70]

Retro

CRC (n = 4)
others (n = 37)

Wuerzburg
Univ

10

Okunieff et al[71]

Retro

Rochester
Univ.
Kyoto Univ.

19

Oct-50

27

48-60/4

18

Korea
Cancer
Center

28

39-51/3

63

multiinstitution

15

48-60/3

Ofuna Chuo
Hospital

29

May-50

Norihisa et al[72]
Kim et al[73]

CRC (n = 14)
others (n = 35)
Retro CRC (n = 14)
others (n = 35)
Retro CRC (n = 13)

Rusthoven et al[74] P I/II

CRC (n = 9)
others (n = 29)

Takeda et al[44]

CRC (n = 15)
others (n = 19)

Oh et al[75]

Retro

Retro

51

125
43

CRC
(n = 21)
others
(n = 23)

57

Ricardi et al[76]

Retro

61

Inoue et al[77]

Retro

22

Widder et al[78]

Retro

Inoue et al[79]

Retro

67

CRC, HCC
(n = 16)
others
(n = 51)
77

Dose
(Gy)/

30-37.5/3
2-3
or 26/1 interval

15

Samsung
Medical
Center

21

Time (d)

50-60/4-5

Giovanni
Battista Univ

20

26/1 or
36-45/3

31

Hokkaido
Univ.

25

Apr-48

CRC (n = 31)
others (n = 11)

≥ 65

Groningen
Univ

43

3/8/1960

CRC (n = 37)
others (n = 50)

≥ 150

Miyakojima
IGRT Clinic

15

48/4,
52-60/4
or 50/5

Prescription
specification

LC (mo) OS (mo) Toxicity

PTV
80% (24)
periphery:
65% isodose
of maximum
1-5 times
Isocenter
91% (24)
per week
4-18
Isocenter
90% (24)
(med: 12)
3
PTV
53% (24)
periphery:
75%-80%
isodose of
maximum
< 14
Isocenter, PTV 96% (24)
surrounded
by 80%-90%
isodose
5
PTV
72% (24)
periphery:
94% (24)
75%-80%
isodose of
maximum
PTV
92% (24)
periphery:
75%-80%
81% (24)
isodose of
maximum
100%
(24)
3
PTV
89% (24)
periphery:
80% isodose 100% (24)
4-7
of maximum
isocenter
PTV
94% (24)
periphery:
adapted
risk of toxicity
4-5
80% (24)

33% (24)

38% (24)
84.3%
(24)
76% (24)

39% (24)

-

P value

N MT

Grade 3 pleural
effusion: 2%
Grade 3 RP: 3%
N MT

Grade 3 RP: 8%

N MT

P < 0.05

-

57% (24)

Grade 5 RP: 2%

P = 0.01

66.5% (24)

Grade 3 RP: 2%

80% (24)

N MT

86% (24)

-

47% (24)

Grade 3 RP: 6%
Grade4 RP: 1%

MFU: Median follow up duration; LC: Local control rate; OS: Overall survival rate; P X: Phase X; retro: Retrospective; CRC: Colorectal cancer; fr: Fractions;
PTV: Planning target volume; Dx: The dose delivered to x%; N MT: No major toxicity; RP: Radiation pneumonitis.

all CRC patients following curative surgery[13,18]. Favorable
results have been reported for curative surgical resection
for isolated retroperitoneal lymph node recurrence of
CRC[13,18]. However the indication for resection is limited.
Surgery for metastatic retroperitoneal lymph nodes is not
feasible when (1) a recurrent retroperitoneal tumor is encased in or involves major vascular structures such as the
superior mesenteric artery, celiac axis, and aorta; (2) the
tumor invades adjacent organs such as the pancreas, bile
duct, and duodenum; or (3) the patient has a poor performance status or comorbid disease[13,18]. Even when lesions
are localized, surgical resection is not widely accepted
due to their relative rarity, high associated postoperative
morbidity, and poor prognosis. In addition, the operative
morbidity rate is high at 30%, which includes abscess,
phlebitis, pneumonia, intestinal obstruction, and bladder

frequently used method for pulmonary oligometastasis.
In a prospective multicenter trial[81], RFA yielded a confirmed complete response rate of 88% (in both primary
and metastatic lesions) and promising overall and cancerspecific survival outcomes. Retrospective analyses of
RFA for pulmonary metastases from CRC have shown
that the 2-year local control rates in all tumors, tumors <
3 cm, and tumors > 3 cm were 56%-80%, 69%-87%, and
19%-32%[82,83], respectively, and that the 2-year overall
survival rate was 34%-68%[82-84].

ISOLATED LYMPH NODE METASTASIS
Retroperitoneal recurrence occurs in 15% of colon cancer cases and 5% of rectal cancer cases[85], and isolated
retroperitoneal recurrence occurs in approximately 1% of
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leakage[13,18].
The role of curative radiotherapy for isolated lymph
node metastasis is also controversial. In a study that evaluated SBRT for isolated lymph node metastasis from CRC,
preliminary results from 7 patients who received doses
of 36-51 Gy in 3 fractions indicated local recurrence and
Grade 4 intestinal obstruction in 1 patient each[86]. Furthermore, the 3-year overall survival rate was 71%. The
indication of SBRT in this setting is also limited because
the lesions are often adjacent to the gastrointestinal tract.
Considering the risk of gastrointestinal toxicities, conventional fractionated radiotherapy may be a better choice.
Chemoradiotherapy with prescribed doses of 55.8bed Gy
in 2020 escribed doses of 55.8bed doses of 55.8 was 71%
results, with a 3-year overall survival rate of 65% and no
gastrointestinal toxicity ≥ Grade 3[87].

can be detected incidentally during follow-up or at the
time of initial presentation. Open surgery represents the
standard approach. Radiotherapy has been limited to palliation of painful adrenal metastases from lung cancer[96].
Radiotherapy contributes to prolonged survival in these
patients[97]. Results of SBRT for adrenal metastasis from
various origins have been reported: the 2-year local control rate was 32% with a median total dose of 32 Gy in 4
fractions[98] and 90% with a median total dose of 36 Gy
in 3 fractions[99], without any ≥ Grade 3 toxicities.

FUTURE PERSPECTIVE
Many studies of SBRT for oligometastasis were retrospective and consisted of small sample sizes. In addition,
patients in these studies were often affected by various
types of primary cancer. We do not think the reasons for
the small sample sizes and heterogeneous characteristics
are uncommon indications or negative outcomes of
SBRT for oligometastasis. In fact, these studies showed
an improvement of survival and quality of life with low
morbidity. In the future, we should evaluate whether
SBRT is a valid treatment modality with a higher evidence level. For curative intent, dose escalation should be
attempted for patients with pulmonary and hepatic oligometastasis to achieve better local control and subsequently to improve survival. SBRT outcomes may conceivably
be comparable to those of surgery, with less morbidity
in some patients. For palliative intent, optimal indications
need to be defined. SBRT may have nearly equivalent efficacy compared to resection, with a shorter treatment
duration and hospital stay, as well as a better quality of
life. These questions should be addressed in future studies.

METASTASIS OF OTHER REGIONS
SBRT has played a limited palliative role in the treatment
of the sites described above, and may not contribute to
improved survival. The indications of SBRT remain to
be determined and should be considered based on the
condition of each individual patient.
Among patients treated with radical surgery for rectal
cancer, 20%-50% develop loco-regional recurrence[88,89].
Most patients are not candidates for curative resection of
recurrent pelvic disease, and even when radical surgery
is possible, the 5-year survival rate after reoperation is <
35%. When no treatment is given, patients with locally
recurrent rectal cancer have a median survival of ≤ 8
mo and suffer from severe symptoms, particularly pain,
resulting in an extremely poor quality of life[89-91]. In most
patients, radiotherapy and chemotherapy provide only
temporary symptom relief. Kim et al[92] reported that 23
patients with recurrent rectal cancer were treated with
SBRT at a median total dose of 39 (range, 30-51) Gy in
3 fractions. The 4-year overall survival and local control
rates were 25% and 74%, respectively. Grade 4 rectal
perforation was reported in 1 patient. Abusaris et al[93]
reported that symptom relief was observed in 96% in 27
patients who were re-irradiated with SBRT after conventional radiotherapy.
In patients with spinal metastasis, conventional radiotherapy is standard palliative therapy. In contrast, SBRT
enables irradiation using a higher biologically effective
dose compared to conventional radiotherapy. The goal of
SBRT is, therefore, aimed at maximizing both local tumor
and pain control. Local control appears to be excellent,
with crude rates of 81%-94%[94], although the prescribed
doses vary significantly among series. A multi-institutional study revealed that caution must be used when treating
with ≥ 20 Gy/fraction, particularly for patients with lytic
tumors, spinal misalignment, and baseline vertebral compression fracture[95].
The incidence of adrenal metastases from CRC is approximately 1%[6]. With continuing progress in imaging
techniques, an increasing number of adrenal metastases
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CONCLUSION
Many retrospective studies indicate that SBRT for various
lesions achieves good outcomes with low morbidity, both
in curative and palliative settings. However, few reports
with a high evidence level have compared the efficacy of
SBRT to that of standard therapy. Moving forward, we
should prospectively investigate the indications for SBRT
in robust studies.
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Molecular and prognostic heterogeneity of
microsatellite-unstable colorectal cancer
Jung Ho Kim, Gyeong Hoon Kang
island methylator phenotype-high (CIMP-H) status, and
a low level of genomic hypomethylation. The molecular
heterogeneity of MSI-H CRCs also depends on ethnic
differences; for example, in Eastern Asian countries,
relatively low frequencies of CIMP-H and BRAF mutations have been observed in MSI-H CRCs compared to
Western countries. Although the prognostic features
of MSI-H CRCs include a favorable survival of patients
and low benefit of adjuvant chemotherapy, there may
be prognostic differences based on the molecular heterogeneity of MSI-H CRCs. Here, we have reviewed
and discussed the molecular and prognostic features of
MSI-H CRCs, as well as several putative prognostic or
predictive molecular markers, including HSP110 expression, beta2-microglobulin mutations, myosin 1a expression, CDX2/CK20 expression, SMAD4 expression, CIMP
status and LINE-1 methylation levels.
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Core tip: A high level of microsatellite instability (MSI-H)
is a known molecular indicator of a favorable prognosis
and low benefit of 5-fluorouracil-based adjuvant chemotherapy in patients with colorectal cancer (CRC).
However, MSI-H CRCs are molecularly heterogeneous
tumors, which are characterized by DNA mismatch
repair deficiency and various genetic and epigenetic alterations. Therefore, we hypothesized that MSI-H CRCs
can be divided into prognostic subgroups based on the
molecular heterogeneity. This article provides an up-todate review concerning the underlying molecular features of MSI-H CRCs and potential prognostic or predictive molecular markers for MSI-H CRCs.

Abstract
Colorectal cancers (CRCs) with a high level of microsatellite instability (MSI-H) are clinicopathologically distinct
tumors characterized by predominance in females, proximal colonic localization, poor differentiation, mucinous
histology, tumor-infiltrating lymphocytes, a Crohn’s-like
lymphoid reaction and a favorable prognosis. In terms of
their molecular features, MSI-H CRCs are heterogeneous
tumors associated with various genetic and epigenetic
alterations, including DNA mismatch repair deficiency,
target microsatellite mutations, BRAF mutations, a CpG
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reported, and MSI is currently regarded as a molecular
marker indicating favorable prognosis for CRCs[20]. However, because MSI-H CRCs are characterized by various
underlying molecular changes, including a defective MMR
(dMMR) system and genetic and epigenetic alterations,
it is likely that molecular factors for the stratification of
patient prognosis and prediction of chemotherapy response in MSI-H CRCs could be identified. On the basis
of this hypothesis, we reviewed the literature and provide
information about several putative prognostic molecular
factors for MSI-H CRCs.

J Gastroenterol 2014; 20(15): 4230-4243 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v20/i15/4230.htm DOI:
http://dx.doi.org/10.3748/wjg.v20.i15.4230

INTRODUCTION
Microsatellite instability (MSI) is a unique molecular alteration induced by deficiencies in the DNA mismatch
repair (MMR) system and is characterized by unstable
(length-changeable) microsatellites, a type of simple
DNA sequence repeat. The MSI phenotype has been
regarded as one of the main molecular subtypes of
colorectal cancers (CRCs) and accounts for 12%-20%
and 6%-13% of CRCs in Western and Eastern countries,
respectively[1-6]. Hereditary CRCs with a high level of MSI
(MSI-H) constitute approximately 3%-5% of all CRCs
and arise exclusively in patients with Lynch syndrome.
Lynch syndrome was formerly called hereditary nonpolyposis colorectal cancer and is caused by a germline
mutation in at least one of the MMR genes (MLH1,
MSH2, PMS2, and MSH6), frequently resulting in the
development of early-onset malignancies, including CRC
and endometrial cancer[7,8]. Sporadic MSI-H CRCs account for approximately 3%-15% of all CRCs and develop mainly as a result of inactivation of the MLH1 gene
via promoter CpG island hypermethylation[9].
MSI status in CRCs can be determined by DNA testing using microsatellite markers, and five microsatellite
markers recommended by the National Cancer Institute
(NCI) workshop have been officially used for MSI analysis: BAT25, BAT26, D2S123, D5S346 and D17S250[10].
In DNA analysis using these NCI markers, instability observed in two or more of the five markers corresponds
to MSI-H. MSI-H can be interpreted as the presence of
MSI. In contrast, a low level of MSI (MSI-L), which is assigned when only one unstable marker is detected, is not
regarded as a true MSI-positive status. Microsatellite-stable (MSS) status can be assigned when all of the markers
show stability. Immunohistochemistry (IHC) for MMR
proteins can be applied as a screening test or a supportive
test for MSI analysis.
MSI-H CRC is known to have distinct clinicopathological and molecular features, including preferential
localization in the proximal colon, a less advanced cancer stage, extracellular mucin production, medullary
carcinoma and poorly differentiated carcinoma, tumorinfiltrating lymphocytes, a Crohn’s-like lymphoid reaction, and a BRAF V600E mutation[4,11-14]. In addition, and
more importantly, it has been consistently reported that
MSI-H CRC is associated with favorable survival and
chemotherapy resistance. In a considerable number of
previous studies, patients with MSI-H CRC demonstrated
a significantly better survival than MSS/MSI-L CRC patients[15,16], whereas the beneficial effect of 5-fluorouracil
(5-FU)-based adjuvant chemotherapy in patients with
MSI-H CRC has been controversial[15-19]. These prognostic features of MSI-H CRCs have been increasingly
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MOLECULAR HETEROGENEITY OF MSI-H
CRC
DNA MMR deficiency
Germline mutation or sporadic methylation of MMR
genes: As described above, MSI is caused by the inactivation of at least one of the MMR genes. The inactivation
of MMR genes can be induced by a germline mutation
or by promoter CpG island hypermethylation. Germline mutation of MMR genes, including MLH1, MSH2,
PMS2, or MSH6, represents a major cause of hereditary
MSI-H CRCs in Lynch syndrome. Among these MMR
genes, germline mutations in the MLH1 or MSH2 genes
account for the majority of Lynch syndrome CRCs[21].
Promoter methylation of MMR genes is a major cause
of sporadic MSI-H CRCs and exclusively involves the
MLH1 gene. MLH1 promoter methylation is closely
associated with the CpG island methylator phenotype
(CIMP) in sporadic CRCs and has been used as one of
the major molecular markers for CIMP determination
in CRCs[4,22-24]. It is also generally expected that all of
the MLH1-methylated MSI-H CRCs are CIMP-high
(CIMP-H) tumors, although discordance between MLH1
methylation and CIMP status can be observed in a small
subset of MSI-H CRCs[25]. A detailed review and discussion concerning the molecular basis and prognostic implication of CIMP in MSI-H CRCs will be presented in
the following sections.
Constitutional (germline) epimutation of MMR
genes: Promoter methylation of MSH2 owing to germline deletion of 3’ exons in the EPCAM gene (also known
as the TACSTD1 gene), which is located in the region
immediately upstream of MSH2, was recently identified as a cause of MSI-H CRC in Lynch syndrome[26,27].
This molecular alteration is associated with a small subset
of patients with Lynch syndrome and is also called the
MSH2 “epimutation” because of its unique feature of
heritable constitutional epigenetic change[28,29]. In addition,
constitutional epimutation of the MLH1 gene has also
been found in a few patients with Lynch syndrome[30-34].
Although it has been reported that an association between
MLH1 epimutation and a family history of CRC is not
evident[30], the clinical and pathological significance of
epimutations in MMR genes in hereditary MSI-H CRCs
remains unclear. According to our data, MLH1 methyla-
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tion-positive/CIMP-negative tumors account for 7.3% of
MSI-H CRCs[25], and these cases were associated with an
early age of onset and favorable survival. It cannot be excluded that MLH1 epimutation-associated MSI-H CRCs
may be included in these MLH1 methylation-positive/
CIMP-negative MSI-H CRCs, and the predominance of
young patients can imply the presence of MLH1 epimutation carriers. Thus, additional studies should be performed
to investigate the detailed epidemiology and clinical implications of MMR gene epimutations in MSI-H CRC.

rosatellite sequences, as described above. In CRCs with
MSI, many types of genetic mutations can occur, but the
majority of mutations that develop under MSI-H status
are frameshift mutations because the instability of microsatellite sequences in coding regions can alter entire
reading frames adjacent to the insertion or deletion point.
Previous investigations have reported frameshift mutations of various genes caused by the instability of microsatellites in MSI-H CRCs. The target genes for microsatellite mutations in MSI-H CRCs include TGFBR2, BAX,
ACVR2, IGF2R, BLM, MSH3, MSH6, E2F4, PTEN,
AIM2, CASPASE5, MBD4, TCF4, STK11, RAD50,
CHK1, AXIN2, WISP3, B2M, MYO1A and CDX2[38-54].
These genes are known to be associated with important
biological functions such as signal transduction, apoptosis regulation, cell cycle regulation, cell proliferation,
cell differentiation, and DNA MMR; therefore, loss-offunction mutations in these genes can critically contribute
to tumorigenesis. However, although the biological and
clinical implications of mutations in these genes in CRCs
have been explored, their potential use as prognostic
markers or therapeutic targets has not been established.
For instance, although mutations in TGFBR2 and BAX,
which are representative target tumor suppressor genes
for microsatellite mutations in MSI-H CRCs, have been
previously analyzed to determine their prognostic implications, conflicting results have been reported. A few
groups have reported that TGFBR2 and BAX mutations
were associated with a favorable prognosis in MSI-H
CRCs[55,56], whereas other investigators did not find a
prognostic significance of these mutations in MSI-H
CRCs[57,58]. Interestingly, microsatellite alterations in intronic regions could induce mutations in genes such as
HSP110 and MRE11 in MSI-H CRCs[59,60]. In the recent
study by Dorard et al[59], deletions of the T17 mononucleotide repeat located in intron 8 of the HSP110 gene were
shown to lead to exon 9 skipping and the production
of truncated mutant proteins of HSP110. The HSP110
mutation as a potential prognostic and predictive marker
in MSI CRC-H will be discussed briefly in the “Putative
prognostic or predictive molecular markers for MSI-H
CRC” section.

Expression profile of MMR proteins: Normal DNA
MMR function is executed by MMR protein complexes
composed of heterodimers of MutL homologues (the
MLH or PMS series) or MutS homologues (the MSH
series). The major role of the human DNA MMR system
is performed by the MutSα and MutLα complexes. The
MutSα complex comprises a MSH2-MSH6 heterodimer, whereas the dimer of MLH1 and PMS2 forms
the MutLα complex[21,35]. These complexes are essential
components of the human DNA MMR machinery, and
defects in any one of these four MMR proteins lead to a
dysfunctional MMR system and ultimately result in MSI.
Therefore, loss of expression of MMR proteins can
serve as a molecular hallmark of a dMMR system and
the MSI-H status in tumors. IHC for MMR proteins is
a simple and valuable tool for the detection of dMMR
CRC and can be helpful for investigating the underlying molecular alteration and hereditary/sporadic status
of MSI-H CRCs. The immunohistochemical profile of
four MMR proteins in MSI-H CRCs can be summarized
as four expression phenotypes: MLH1-negative/PMS2negative, PMS2-negative only, MSH2-negative/MSH6negative, and MSH6-negative only[8,36]. These four phenotypes most likely represent inactivation of MLH1,
PMS2, MSH2, and MSH6, respectively. The majority of
MSI-H CRCs are induced by inactivation of MLH1 or
MSH2, whereas inactivation of PMS2 or MSH6 causes
only a minor portion of MSI-H CRCs. Interestingly, an
inactivating mutation or methylation of MLH1 is accompanied by PMS2 loss, and inactivation of MSH2 is
combined with the loss of MSH6 expression due to their
heterodimer structures. However, inactivation (mainly
through germline mutations) of PMS2 or MSH6 does
not accompany a loss of MLH1 or MSH2 expression,
respectively[8,36]. Although IHC for MLH1 and MSH2 has
generally been used for the screening of MMR status in
CRCs, the inclusion of screening for PMS2 and MSH6
would compensate for the equivocal results of MLH1 or
MSH2 IHC and aid in the detection of rare MSI-H CRCs
with germline mutations of PMS2 or MSH6.

BRAF /KRAS mutations: BRAF is a member of the

RAF kinase family of genes and is a downstream effector of the KRAS gene, whereas KRAS is a member of
the RAS family of genes and is a downstream effector
of the EGFR gene in the Ras-Raf-MEK-ERK signaling pathway. The Ras-Raf-MEK-ERK signaling pathway
is commonly involved in cell cycle progression and cell
proliferation, and thus, activating mutations of key component genes in this pathway, including mutations in
the BRAF or KRAS gene, can bring about uncontrolled
cell growth and increased cell survival and may play an
important role in tumorigenesis. BRAF and KRAS mutations are mutually exclusive in cancers, and the majority
of mutations of BRAF and KRAS in human tumors are
hot spot mutations in codon 600 (V600E) and codons
12 or 13, respectively[61,62]. According to previous stud-

Genetic alterations
Microsatellite mutations: A recent study elucidating the
molecular landscape of CRC by The Cancer Genome
Atlas Project reported that the hypermutated phenotype
mainly overlaps with MSI-H status in CRCs [37]. This
finding is not surprising because MSI-H status tumors
are highly vulnerable to insertions or deletions in mic-
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tumor suppressor genes as a result of promoter methylation[80]. The CIMP status of CRCs can be classified
into three subtypes: CIMP-H, CIMP-low (CIMP-L),
and CIMP-zero (CIMP-0) [24,81,82]. Among these subtypes, CIMP-H is generally regarded as the true CIMPpositive status. Previous investigations have revealed that
CIMP-H is highly associated with sporadic MSI-H owing
to the high frequency of MLH1 promoter methylation
in CIMP-H CRCs[4,13,83]. According to data from Western countries, CIMP-H CRCs account for 7%-29% of all
CRCs, and 56%-82% of MSI-H CRCs have the CIMP-H
subtype (Table 1)[4,13,22,24,63,84-86]. In our previous study
investigating differential clinicopathological features of
MSI-H CRCs depending on CIMP status, we found that
the CIMP-H subtype was significantly associated with
older age, frequent BRAF V600E mutations, poor differentiation, medullary carcinoma components, and signet
ring cell carcinoma components in MSI-H CRCs[87]. The
effect of CIMP status on MSI-H CRC prognosis will be
discussed in the “Putative prognostic or predictive molecular markers for MSI CRC” section.

Table 1 Frequency of CpG island methylator phenotype-high
in colorectal cancers: A review of the literature
Ref.

Country

CIMP-H CRCs/tested CRCs n (%)
In all CRCs

Western countries
Samowitz et al[22], 2005
Weisenberger et al[13],
2006
Samowitz et al[84],
2006
Barault et al[85], 2008
Ogino et al[4], 2009
Dahlin et al[86], 2010
Zlobec et al[24], 2011
Lochhead et al[63],
2013
Eastern countries
Koinuma et al[101],
2004
Nagasaka et al[102],
2008
Kim et al[98], 2009
Min et al[99], 2011
Bae et al[97], 2013
Kim et al[25], 2013

In MSI-H CRCs

United States
United States

250/859 (29.1)
33/187 (17.6)

64/78 (82.1)
NA

United States

313/1271 (24.6) 105/170 (61.8)

France
United States
Sweden
Switzerland
United States

95/578 (16.4)
58/80 (72.5)
123/631 (19.5)
86/118 (72.9)
46/411 (11.2)
34/61 (55.7)
22/314 (7)
NA
205/1173 (17.5) 140/184 (76.1)

Japan

NA

161/28 (57.1)

Japan and
Germany
South Korea
South Korea
South Korea
South Korea

NA

152/36 (41.7)

29/271 (10.7)
34/245 (13.9)
47/734 (6.4)
NA

8/33 (24.2)
NA
18/65 (27.7)
64/220 (29.1)

ies, BRAF mutations were found in 5%-15% of overall
CRCs[61,63-66], whereas 32%-40% of CRCs have KRAS mutations[63,64,67-72]. However, it has been revealed that BRAF
V600E mutations are highly associated with MSI-H
CRCs, although the incidence of KRAS mutations is
inversely correlated with MSI-H status in CRCs[36]. The
frequencies of BRAF and KRAS mutations in MSI-H
CRCs have been reported to be 16%-52% and 12%-20%,
respectively, in Western countries[63,73-76]. Notably, because
BRAF V600E mutations have been found exclusively in
sporadic tumors among MSI-H CRCs, it has been suggested that detection of BRAF mutations in CRCs may
be a useful supportive tool for distinguishing sporadic
CRCs from Lynch syndrome CRCs[14,73,77]. In fact, it is
thought that this observed correlation between BRAF
mutations and sporadic MSI-H CRCs is mostly based on
the more significant association between BRAF mutations and CIMP-H status in CRCs[13,23]. Regarding the
implications for prognosis, several previous studies have
reported that BRAF mutations indicate poor survival in
patients with CRC[4,78]. However, it has been suggested
that the contribution of BRAF mutations to an adverse
prognosis is significant for MSI-L/MSS CRCs but not
MSI-H CRCs[65,79]. Therefore, the clinical and prognostic
significance of BRAF mutations in MSI-H CRCs should
be carefully explored in larger samples.

Genome-wide DNA methylation: The genomic methylation levels of specific tissues can be estimated by
measuring the methylation levels of repetitive DNA elements, such as long interspersed nucleotide element-1
(LINE-1) and Alu, because these repetitive elements are
globally distributed and occupy considerable portions of
the human genome[88,89]. Of these repetitive elements, the
methylation level of LINE-1 has been generally used as
a reliable surrogate marker for the global DNA methylation level. In particular, LINE-1 hypomethylation has
been regarded as one of the molecular characteristics
that distinguishes CRC tumors from normal tissue[90]. Interestingly, several previous investigations have reported
that LINE-1 hypomethylation is inversely correlated with
MSI-H status in CRCs[91-93]. In a study by Ogino et al[93], a
relatively high level of LINE-1 methylation was significantly associated with both MSI-H and CIMP-H statuses
in CRCs. Notably, in this study, a correlation between the
LINE-1 methylation level and MSI status was significant
regardless of CIMP status; furthermore, a low LINE-1
methylation level was associated with 18q loss of heterozygosity (LOH) in CRCs. These findings suggest that
genomic hypomethylation may be a characteristic phenomenon of the chromosomal instability (CIN) pathway,
rather than the MSI pathway, in colorectal carcinogenesis.
However, the mechanistic correlation between MSI status and resistance to genomic hypomethylation in CRCs
should be further evaluated. The prognostic value of
the LINE-1 methylation level in MSI-H CRCs will be
described below, in the “Putative prognostic or predictive
molecular markers for MSI-H CRC” section.

Epigenetic alterations
CIMP: CIMP represents a distinct subset of CRCs that
show extensive promoter CpG island methylation and
are characterized by transcriptional repression of many

Molecular heterogeneity among ethnic groups
As mentioned above, MSI-H CRCs constitute approximately 15% of all CRCs in Western countries [8,9,35].
However, according to previous studies reported by our

1

MLH1-methylated colorectal cancers (CRCs) instead of CpG island methylator phenotype-high (CIMP-H) CRCs; 2Sporadic microsatellite instability-high (MSI-H) CRCs instead of CIMP-H CRCs. NA: Not applicable.
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2, respectively. CIMP-H CRCs account for 7%-29.1% of
all CRCs and 55.7%-82.1% of MSI-H CRCs in Western
countries (Table 1)[4,13,22,24,63,84-86], whereas CIMP-H CRCs
constitute 6.4%-13.9% of all CRCs and 24.2%-57.1% of
MSI-H CRCs in Eastern Asian countries (Table 1)[25,97-99,101,102].
In Western countries, the BRAF V600E mutations were
present in 3.7%-20.6% of all CRCs and in 18.4%-70.8%
of MSI-H CRCs (Table 2)[4,13,22,24,63,79,84-86,103-112]. These
proportions were lower, at 0.7%-11.4% of all CRCs and
6.2%-45.7% of MSI-H CRCs, in Eastern Asian countries
(Table 2)[25,97-102,113-121]. These findings suggest that the
Eastern Asian ethnicity is associated with a relatively low
prevalence of CIMP-H and BRAF mutations in CRCs;
consequently, these epidemiologic features may also
result in a low frequency of MSI-H status in CRCs because it is thought that the majority of sporadic MSI-H
CRCs are derived from CIMP-H CRCs. Thus, the low
incidence of CIMP-H and BRAF mutations in Eastern
Asian patients with CRC may be due to genetic or environmental differences between Eastern and Western
ethnic groups. However, the detailed epidemiology and
causal factors of the molecular heterogeneity of CRCs
between ethnic groups should be elucidated in further
investigations.

Table 2 Frequency of BRAF V600E mutations in colorectal
cancers: A review of the literature
Ref.

Country

BRAF -mutant CRCs/tested
CRCs n (%)

In all CRCs In MSI-H CRCs
Western countries
Samowitz et al[22],
United States
86/859 (10)
43/78 (55.1)
2005
Weisenberger et al[13], United States
26/187 (13.9)
NA
2006
Samowitz et al[84],
United States
123/1271 (9.7) 67/170 (39.4)
2006
Goel et al[103], 2007
United States
26/126 (20.6) 17/24 (70.8)
Maestro et al[104], 2007
Spain
12/324 (3.7)
9/49 (18.4)
Barault et al[85], 2008
France
76/578 (13.1) 51/80 (63.8)
French et al[105], 2008
United States
77/490 (15.7) 35/58 (60.3)
Ogino et al[4], 2009
United States
105/631 (16.6) 53/118 (44.9)
Richman et al[106], 2009 United Kingdom 56/710 (7.9)
NA
Kumar et al[107], 2009
United States
7/98 (7.1)
7/30 (23.3)
(African)
Vilkin et al[108], 2009
Israel
24/128 (18.8)
6/13 (46.2)
Roth et al[79], 2010
Europe
103/1307 (7.9) 45/188 (23.9)
Dahlin et al[86], 2010
Sweden
55/411 (13.4) 34/61 (55.7)
Zlobec et al[24], 2011
Switzerland
42/314 (13.4)
NA
Tie et al[109], 2011
Australia
52/525 (9.9)
24/75 (32)
Yamauchi et al[110], 2012 United States
183/1276 (14.3)
NA
Kalady et al[111], 2012
United States
56/475 (11.8) 29/76 (38.2)
Tian et al[112], 2013
The Netherland
42/381 (11)
NA
and Spain
Lochhead et al[63], 2013 United States
182/1253 (14.5) 101/193 (52.3)
Eastern countries
Koinuma et al[101], 2004
Japan
16/140 (11.4) 12/28 (42.9)
Nagasaka et al[113], 2004
Japan and
21/234 (9)
16/35 (45.7)
Australia
Chang et al[114], 2006
Taiwan
9/213 (4.2)
7/19 (36.8)
Nagasaka et al[102], 2008
Japan and
20/243 (8.2) 10/36 (27.8)
Germany
Kim et al[98], 2009
South Korea
13/271 (4.8)
3/33 (9.1)
Yagi et al[115], 2010
Japan
13/149 (8.7)
NA
Shen et al[116], 2011
China
2/118 (1.7)
NA
Liou et al[117], 2011
Taiwan
12/314 (3.8)
NA
Yokota et al[118], 2011
Japan
15/229 (6.6)
NA
Aoyagi et al[119], 2011
Japan
1/134 (0.7)
NA
Kwon et al[100], 2011
South Korea
4/92 (4.3)
NA
Min et al[99], 2011
South Korea
11/245 (4.5)
6/49 (12.2)
Hsieh et al[120], 2012
Taiwan
2/182 (1.1)
NA
Nakanishi et al[121], 2012
Japan
17/254 (6.7) 11/31 (35.5)
Bae et al[97], 2013
South Korea
39/728 (5.4)
4/65 (6.2)
Kim et al[25], 2013
South Korea
NA
26/219 (11.9)

PROGNOSTIC HETEROGENEITY OF MSI-H
CRC
Prognostic features and chemotherapy responses of
MSI-H CRC
Although several previous investigations have failed
to identify prognostic significance of MSI status in
CRCs[18,122], it has been consistently reported that patients
with MSI-H CRC show a better survival than MSI-L/
MSS CRC patients[15,16]. However, there has been controversy regarding the predictive value of MSI status for
the response to adjuvant chemotherapy in patients with
CRC[122-124]. Regardless of the controversy, it is generally
agreed that there are fewer or no beneficial effects of adjuvant chemotherapy, especially 5-FU-based chemotherapy, for patients with MSI-H CRC compared to patients
with MSI-L/MSS CRC[17,19,125-127]. According to previous
in vitro experiments, the preservation of MMR function
in cancer cells is likely important for inducing the apoptotic effect of 5-FU[128-131], and this finding could explain
the molecular basis of resistance to 5-FU-based chemotherapy in MSI-H CRCs. In contrast to the tendencies
towards a poor response to 5-FU, and although the findings remain controversial[132], several studies supporting
MSI-H as a predictive factor for improved response to
irinotecan or irinotecan-based chemotherapy in CRC patients have been reported[133,134]. In previous experiments,
it has also been suggested that mutations of MRE11
and/or RAD50 found in MSI-H CRC cells could account for increased sensitivity to irinotecan[135,136]. Concerning the response to the leucovorin/5-FU/oxaliplatin
(FOLFOX) regimen in CRC patients, a few investigations
have suggested that MSI is associated with improved

CRC: Colorectal cancer; MSI: Microsatellite instability; NA: Not applicable.

group and others, a relatively low frequency of MSI-H
(5.5%-9.4%) has been consistently observed in Korean
patients with CRC, regardless of the institutions at which
the study samples were collected [6,25,87,94-97]. Furthermore, the frequencies of CIMP-H and BRAF V600E
mutations in CRCs are lower in Koreans (6.4%-13.9%
and 4.3%-5.4%, respectively) than in Western populations[97-100]. We hypothesized that the low frequency of
MSI-H CRCs in Korea is mainly based on the low prevalence of CIMP-H CRCs and that there are ethnic differences in the major molecular alterations associated with
CRCs. Therefore, we performed a literature review to
assess the frequencies of CIMP-H and BRAF mutations
in CRCs, and the results are summarized in Tables 1 and
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tant HSP110 (HSP110ΔE9). MSI-H CRC patients with
a high mRNA expression level of HSP110ΔE9 survived
longer, and this improved survival was maintained in
both stage Ⅲ and adjuvant chemotherapy-treated subgroups[59]. In our recent study, we evaluated the expression status of wild-type HSP110 (HSP110wt) by IHC
in MSI-H CRCs[96] and found that reduced expression
of HSP110wt was correlated with a large deletion in the
HSP110 T17 repeat and favorable prognosis in MSI-H
CRCs, which is reasonable because the HSP110wt expression level is expected to be inversely correlated with
the HSP110ΔE9 expression level. Mutation of HSP110
and variation in HSP110 expression are representative of
the molecular heterogeneity associated with the prognostic heterogeneity of MSI-H CRCs, and it is expected that
these molecular alterations could be used as predictive
markers and therapeutic targets in MSI-H CRCs[142].

Table 3 Potential prognostic molecular factors for microsatellite
instability-high colorectal cancer: A review of the literature
Molecular
factors

Prognostic implication in MSI-H
CRC (molecular alteration)

Ref.

Favorable (high expression
Dorard et al[59], 2011
Kim et al[96], 2014
of mutant HSP110/low
expression of wild-type
HSP110)
Beta2Favorable (mutation of beta2Kloor et al[54], 2007
Tikidzhieva et al[143], 2012
microglobulin
microglobulin)
Myosin 1a
Unfavorable (low expression
Mazzolini et al[53], 2012
of myosin 1a)
CDX2/CK20
Unfavorable (loss of CDX2/
Kim et al[149], 2013
CK20 expression)
SMAD4
Favorable (high expression of Isaksson-Mettavainio et
SMAD4)
al[150], 2012
CIMP
Unfavorable (CIMP-H)
Bae et al[87], 2011
LINE-1
Unfavorable (low LINE-1
Rhee et al[162], 2012
methylation level)
HSP110

Beta2-microglobulin: According to recent investigations, coding microsatellite mutations in the beta2microglobulin (B2M) gene occur in approximately 30%
of MSI-H CRCs and are significantly associated with a
low risk of disease relapse and a low frequency of distant
metastasis in MSI-H CRCs[54,143]. Although the molecular mechanism underlying how B2M mutations affect
prognosis in MSI-H CRCs is not fully understood, the
biological functions of B2M may be associated with the
metastatic potential of cancer cells, based on results demonstrating that B2M can induce epithelial-mesenchymal
transition in cancer cells and may mediate bone metastasis of cancers[144]. As a putative prognostic marker and
potential therapeutic target, the functional and prognostic
significance of B2M mutations in MSI-H CRCs should
be further evaluated.

CIMP: CpG island methylator phenotype; CIMP-H: CIMP-high; CRC:
Colorectal cancer; LINE-1: Long interspersed nucleotide element-1; MSI-H:
Microsatellite instability-high; HSP110: Heat shock protein 110 kDa;
CDX2: Caudal-type homeobox 2; CK20: Cytokeratin 20; SMAD4: SMAD
family member 4.

survival in CRC patients who are treated with adjuvant
FOLFOX[137], whereas other studies have reported that
MSI status was not significantly associated with a survival
benefit of CRC patients after adjuvant FOLFOX treatment[138-141]. Collectively, in patients with CRC, although
MSI-H can indicate a better prognosis than MSI-L/MSS
status, whether there is an association between MSI status
and response to adjuvant chemotherapy remains controversial. Thus, further investigation is needed to confirm
the predictive value of MSI status regarding responses to
various chemotherapy regimens for CRCs.

Myosin 1a: A recent study by Mazzolini et al[53] reported
that the brush border protein myosin 1a (MYO1A) could
act as a tumor suppressor in the intestine, and frameshift
mutations in the MYO1A gene were detected in 32% of
MSI-H CRCs. Interestingly, according to this study, a low
expression level of MYO1A was associated with worse
survival in patients with MSI-H CRCs, and MYO1A
expression was identified as an independent prognostic
factor in MSI-H CRCs. However, there is a lack of data
elucidating the biological and clinicopathological significance of reduced MYO1A expression in CRCs; additional experimental and clinical studies are therefore needed.

Putative prognostic or predictive molecular markers for
MSI-H CRC
Although MSI is known to be a molecular factor indicating a favorable prognosis in CRCs, we hypothesized that
prognostic heterogeneity based on molecular heterogeneity might be present in MSI-H CRCs. Therefore, we expected that molecular markers stratifying patient prognosis or predicting chemotherapy response among MSI-H
CRCs could be identified (Figure 1). By performing a
review of the literature, potential prognostic or predictive
molecular markers in MSI-H CRC were identified and
are summarized in Table 3. These markers are introduced
and discussed in following sections.

CDX2/CK20: CDX2 (caudal-type homeobox 2) and
CK20 (cytokeratin 20) are proteins associated with intestinal differentiation and are also important markers of the
normal intestinal epithelium and CRCs. Several previous
studies identified that a loss of CDX2 and/or CK20 expression in CRCs was associated with MSI-H or CIMP-H
status[24,145-148]. In a recent investigation, we found that a
loss of CDX2/CK20 expression was significantly associated with poor differentiation, CIMP-H status, and an
unfavorable prognosis in MSI-H CRCs[149]. According to
our study, CRC patients with simultaneous loss of CDX2

HSP110: Dorard et al[59] recently reported that the expression level of mutant HSP110 (heat shock protein
110 kDa) is significantly associated with prognosis and
chemotherapy response in MSI-H CRCs. According to
this study, the T17 mononucleotide repeat located within
intron 8 of HSP110 is vulnerable to deletions under the
dMMR condition in CRCs, and these deletions can lead
to exon 9 skipping and the generation of a truncated mu-
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Prognostic or predictive molecular markers
Good prognosis

Chemo-sensitive
MSI-H CRC patients

DNA MMR deficiency
Genetic alterations

Epigenetic alterations

Stratification of
patients prognosis

Prediction of
chemotherapy response

Ethnic/environmental
differences

Poor prognosis

Chemo-resistant

Figure 1 Graphical summary of this review, consisting of a conceptual model for prognostic heterogeneity based on the molecular heterogeneity of
microsatellite-unstable colorectal cancers. CRC: Colorectal cancer; MSI-H: Microsatellite instability-high; MMR: Mismatch repair.

MSI status and BRAF mutations. In addition, although
there is a lack of data elucidating the prognostic significance of CIMP-L in CRCs, a study by Dahlin et al[86] found
that the CIMP-L subtype was associated with an unfavorable prognosis for CRCs, regardless of MSI status. The
dependence of a chemotherapeutic response on CIMP
status in CRCs is also controversial. Some investigators
have suggested that CIMP-H is associated with a survival
benefit in CRC patients receiving 5-FU-based chemotherapy[99,156], whereas the opposite results have also been
reported[157,158]. Focusing on the prognostic implication
of CIMP for MSI-H CRCs, we previously reported that
for MSI-H CRC patients, those with CIMP-H tumors
had worse survival than those with CIMP-L/0 tumors[87].
In fact, it is suspected that the differences in survival
according to CIMP status in patients with MSI-H CRC
may reflect differences in age distribution; in particular,
patients with sporadic MSI-H CRC, who are expected
to have CIMP-H status, are older and may have various
comorbidities. In contrast, those with Lynch syndrome
CRC, who have a CIMP-L/0 status, are younger and may
be relatively healthy. This age distribution may critically
affect patient prognosis, and thus, the prognostic significance of CIMP status in MSI-H CRC may be partly
influenced by this age effect. Currently, it is debated
whether CIMP status can serve as a true prognostic factor for MSI-H CRCs; therefore, more attention must be
paid to analyzing the prognostic and predictive effect of
CIMP status in CRCs.

and CK20 expression in tumor tissue constituted a highly
aggressive subgroup of MSI-H CRC patients, with early
death or recurrence occurring in this subgroup. Although
CDX2/CK20 loss is not a specific molecular alteration
associated with MSI-H CRC, these molecular factors can
likely be used as markers to classify patients with MSI-H
CRCs into prognostic subgroups.
SMAD4: In a recent investigation by Isaksson-Mettävainio
et al[150], high SMAD4 (SMAD family member 4) expression was significantly correlated with a favorable prognosis in MSI-H CRCs. Previous studies have also revealed
that a loss of SMAD4 expression is associated with
advanced stage, metastatic potential and an adverse prognosis in CRCs[151-154]. In fact, loss of SMAD4 has been
shown to be associated with 18q LOH[154,155] and may
not be correlated with MSI status in CRCs because 18q
LOH is a characteristic molecular alteration in the CIN
pathway. Although it is thought that the prognostic implication of SMAD4 expression can be applied to all CRCs,
a variation in SMAD4 expression and its significance for
the prognosis of MSI-H CRCs remains an interesting
field of study. Therefore, the underlying mechanism and
prognostic value of variations in SMAD4 expression in
MSI-H CRCs should be further explored.
CIMP: The prognostic value of CIMP status in CRCs
remains unclear. A few previous studies reported that
the CIMP-H subtype was associated with poor prognosis in patients with CRC; however, this adverse effect of
CIMP-H on CRC prognosis was significant only in the
MSS patient subgroup and not in the MSI-H patient subgroup[86,98]. However, Ogino et al[4] provided contrasting
data showing that CIMP-H was associated with a low cancer-specific mortality in CRC patients, regardless of both
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LINE-1 methylation: Several recent investigations have
revealed that a low LINE-1 methylation level is independently associated with an adverse prognosis for
CRCs[159-161]. According to one of our studies[162], this
prognostic significance of LINE-1 methylation was also
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maintained in MSI-H CRCs. A low LINE-1 methylation
level was an independent factor indicating poor prognosis
in MSI-H CRC. These findings indicate that the LINE-1
methylation level can be a useful molecular factor for
selecting the poor prognostic subgroup among patients
with MSI-H CRC, which is known to be associated with
a favorable prognosis, despite the level of LINE-1 hypomethylation being mild in MSI-H CRCs, as described
above[92,93].

8
9
10

CONCLUSION
11

MSI-H CRCs have been characterized as demonstrating a favorable prognosis and low benefit of adjuvant
chemotherapy. However, MSI-H CRCs are molecularly
heterogeneous tumors; thus, it is strongly suspected
that prognostic and predictive molecular factors may
be present. To date, several molecular factors, including
HSP110, B2M, MYO1A, CDX2/CK20, SMAD4, CIMP,
and LINE-1, have been explored as potential prognostic
markers for MSI-H CRCs. However, additional investigations are necessary to identify the molecular determinants
of patient prognosis and therapeutic response in MSI-H
CRCs.
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Multimodal imaging evaluation in staging of rectal cancer
Suk Hee Heo, Jin Woong Kim, Sang Soo Shin, Yong Yeon Jeong, Heoung-Keun Kang
therapy (CRT) remains a challenge with all modalities
because it is difficult to reliably differentiate between
the tumor mass and other radiation-induced changes in
the images. EUS does not appear to have a useful role
in post-therapeutic response assessments. Although CT
is most commonly used to evaluate treatment responses, its utility for identifying and following-up metastatic
lesions is limited. Preoperative high-resolution MRI in
combination with diffusion-weighted imaging, and/or
PET-CT could provide valuable prognostic information
for rectal cancer patients with locally advanced disease
receiving preoperative CRT. Based on these results,
we conclude that a combination of multimodal imaging
methods should be used to precisely assess the restaging of rectal cancer following CRT.
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Core tip: In rectal cancer, accurate staging and circumferential resection margin assessment are essential for
stratifying the risks of recurrence and determining the
optimal therapeutic strategy for individual patients. In
the preoperative setting, a combination of multimodal
imaging methods, including endorectal ultrasonography, computed tomography (CT) and magnetic resonance imaging (MRI), can be used to precisely assess
the preoperative staging of rectal cancer. However, restaging after neoadjuvant therapy remains a challenge
with all of these modalities. Recently, high-resolution
MRI with diffusion-weighted imaging and/or positron
emission tomography-CT imaging methods have been
developed to precisely assess the restaging of rectal
cancer following neoadjuvant chemoradiation therapy.

Abstract
Rectal cancer is a common cancer and a major cause of
mortality in Western countries. Accurate staging is essential for determining the optimal treatment strategies
and planning appropriate surgical procedures to control
rectal cancer. Endorectal ultrasonography (EUS) is suitable for assessing the extent of tumor invasion, particularly in early-stage or superficial rectal cancer cases.
In advanced cases with distant metastases, computed
tomography (CT) is the primary approach used to evaluate the disease. Magnetic resonance imaging (MRI)
is often used to assess preoperative staging and the
circumferential resection margin involvement, which
assists in evaluating a patient’s risk of recurrence and
their optimal therapeutic strategy. Positron emission
tomography (PET)-CT may be useful in detecting occult
synchronous tumors or metastases at the time of initial
presentation. Restaging after neoadjuvant chemoradio-
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Table 1 Tumor nodes metastasis staging of rectal cancer
th
based on the American Joint Committee on Cancer 7 edition
Primary tumor (T)
Tx Primary tumor cannot be assessed
T0 No evidence of primary tumor
Tis Carcinoma in situ
T1 Tumor invades submucosa
T2 Tumor invades muscularis propria
T3 Tumor invades through the muscularis propria and into
perirectal tissues
T4a Tumor penetrates to the surface of the visceral peritoneum
T4b Tumor directly invades or is adherent to other organs or
structures
Regional lymph nodes (N)
Nx Regional lymph nodes cannot be assessed
N0 No regional lymph node metastasis
N1 Metastases in 1-3 regional lymph nodes
N1a Metastasis in 1 regional lymph node
N1b Metastases in 2-3 regional lymph nodes
N1c Tumor deposit(s) in the subserosa, mesentery, pericolic, or
perirectal tissues without regional nodal metastasis
N2 Metastases in 4 or more regional lymph nodes
N2a Metastases in 4-6 regional lymph nodes
N2b Metastases in 7 or more regional lymph nodes
Distant metastasis (M)
M0 No distant metastasis
M1 Distant metastasis
M1a Metastasis confined to 1 organ or site (e.g., liver, lung, ovary,
non-regional node, external iliac lymph node)
M1b Metastases in > 1 organ/site or the peritoneum

INTRODUCTION
Rectal cancer is a tumor that arises from the rectum
within 15 cm of the anal verge[1]. In 2013, there were an
estimated 40340 new cases of rectal cancer in the United
States, and rectal cancer is a major cause of cancer-related
deaths in the developed world[2]. The prognosis of rectal
cancer patients depends on the disease stage at the time
of diagnosis[3-5]; thus, accurate disease evaluation is necessary to properly treat rectal cancer.
Rectal cancer prognosis is largely determined by
tumor-node-metastasis staging, which evaluates the depth
of tumor invasion into the rectal wall as well as the presence of lymph node (LN) and other distant metastases
(Table 1)[3,4]. Again, accurate staging is crucial to determine
the optimal treatment strategy, including selecting the appropriate surgical procedure. For example, early-stage (T1
and some T2) tumors may be suitable for local excision
or trans-anal endoscopic microsurgery, whereas more advanced lesions (T3-4 and/or N1-2) may merit neoadjuvant
chemoradiation therapy (CRT) followed by total mesorectal excision [TME; the surgical removal of the rectum and
mesorectum enveloped by the mesorectal fascia (MRF)][5,6].
In cases requiring TME, the status of the circumferential
resection margin (CRM; defined by the spreading of the
tumor to the MRF) is an important prognostic factor for
predicting survival and local recurrence[1,5,7-9].
Because neoadjuvant CRT is the standard treatment
for locally advanced rectal cancer, assessing tumor response using conventional imaging methods has been
challenging[10-15]. The goal of neoadjuvant CRT is to
preserve sphincter function while improving tumor resectability and reducing tumor mass prior to surgery[5].
Therefore, a more reliable imaging method would facilitate the design of more effective pre- and post-operative
treatment strategies. Moreover, an effective assessment
method would allow stratification of patients according
to the risk of recurrence using preoperative and postCRT assessments of the depth of tumor invasion and
nodal status as well as of CRM involvement[16,17].
Currently, several imaging modalities, including endorectal ultrasound (EUS), computed tomography (CT),
magnetic resonance imaging (MRI), and positron emission tomography (PET) or PET-CT, are used to assess
preoperative staging and therapeutic response. This review will address the advantages and limitations for each
of these imaging modalities in the context of staging and
assessing therapeutic response in rectal cancer patients.

Note-Adapted from the American Joint Committee on Cancer staging system[3].

In particular, tumor staging facilitates the formulation of
a structured multidisciplinary approach to manage the
disease and assess a patient’s prognosis over the course
of treatment. Preoperative staging of rectal cancer can be
divided into either local or distant staging. Local staging
primarily involves assessment of mural wall invasion and
nodal status for metastasis as well as CRM involvement,
while distant staging assesses the extent of metastatic
disease. Currently, several modalities are used for the preoperative staging of rectal cancer (Table 2).
EUS
EUS is performed by introducing a water-filled balloon
containing a high-frequency transducer and trans-anal
probe into the rectum. This approach can delineate the
five layers of the rectal wall as alternating hyper-echoic
and hypo-echoic bands[18,19]. EUS is particularly effective for assessing the depth of tumor invasion into the
rectal wall, with 69%-94% accuracy (Figure 1)[20-23]. EUS
can accurately distinguish between early- and advancedstage rectal lesions with sensitivity, specificity and accuracy rates of 96%, 85% and 94% respectively[6]. EUS
is more specific in evaluating local tumor invasion when
compared to MRI imaging (86% vs 69% specificity rates
respectively), although both methods have similar high
sensitivities for evaluating the depth of tumor penetration into the muscularis propria (94%)[24].
A recent meta-analysis of 5039 patients from 42
studies carried out between 1980 and 2008 supports

IMAGING MODALITIES FOR
PREOPERATIVE STAGING
The preoperative staging of a rectal cancer tumor has
been correlated with the patient’s long-term prognosis[3-5].
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Table 2 Advantages and disadvantages of imaging modalities
in preoperative staging
Imaging
modalities

Advantages

Preoperative staging
EUS
Depth of tumor
invasion in early rectal
cancer
CT
Wide availability
Fast scanning time
MRI

PET/CT

High soft tissue
resolution
Local staging and CRM
involvement
Distant metastasis

Post-therapeutic restaging
EUS
None
CT
MRI

PET/CT

Relatively high
accuracy of CRM status
High specificity of
therapeutic response
assessment
High accuracy of CRM
involvement
Distant metastasis

Disadvantages

Limited field of view
Perirectal invasion and LN
metastasis
Local staging and CRM
involvement in lower rectal
cancer
Distant metastasis

Figure 1 Endorectal ultrasound image of T3 rectal cancer. Endorectal ultrasonography image shows a hypo-echoic mass (arrows) that extends into the
echogenic mesorectal fat (arrowheads).

Poor spatial resolution
Perirectal invasion and CRM
involvement

Recent developments in 3-dimensional EUS technology, with enhanced resolution and a multi-planar display,
have resulted in improved T- and LN-staging accuracy
rates compared to 2-dimensional EUS[30]. Nevertheless,
an assessment of the MRF remains impossible and the
accuracy of the procedure is largely dependent on the
experience of the operator[19,21,30]. Thus, the major role of
EUS in rectal cancer staging is for assessment of tumor
invasion depth, particularly in early-stage rectal tumors,
for which EUS can be used to evaluate whether tumors
are suitable for treatment by trans-anal or local excision[6,17,25].

Low accuracy of T staging and
LN staging
Relatively low accuracy of T
staging and LN staging
Relatively poor sensitivity

No standard parameter and
follow-up protocol

MRI: Magnetic resonance image; EUS: Endorectal ultrasonography; CT:
Computed tomography; PET: Positron emission tomography; CRM: Circumferential resection margin; LN: Lymph node.

CT
CT is commonly used as the initial staging modality for
rectal cancer because of its wide availability and fast scanning times. In a single examination, CT can also assess
the entire abdomen, pelvis and chest, allowing for both
local staging and distant metastases evaluations[17,31]. Initial
studies using conventional CT to assess locally advanced
rectal cancers (i.e., ≥ T3) reported T staging accuracy
rates of 79%-94%[32-34]. The technical advances in multidetector CT (MDCT) have provided enhanced spatial
resolution though thin-collimation scanning and multiplanar reformation, and have improved the accuracy rates
to greater than 90%[35]. Nevertheless, MDCT has shown
limited value for early-stage lesions confined to the rectal
wall (e.g., differentiation between T1 and T2 tumors), for
which EUS may be more effective. Furthermore, the lower resolution of MDCT is unable to reliably distinguish
the layers of the rectal wall and to differentiate between
desmoplastic or peritumoral inflammatory reactions and
tumor infiltration into the perirectal fat[24,36]. These limitations lead to a tendency to over-stage T1 or T2 tumors as
T3 tumors when using MDCT.
LN staging is predominantly based on the size criterion and, to a lesser extent, on morphology[17]. One study
suggests that a LN with axis above 4.5 mm in diameter is
usually considered malignant, but such size criteria are not
generally considered to be accurate[37]. The lack of a clear
cut-off diameter to determine whether a LN is metastatic

the accuracy of EUS for determining T stages, with
pooled sensitivity and specificity rates of approximately
81%-96% and 91%-98%, respectively[25]. However, the
accuracy of EUS in assessing the depth of invasion
into the rectal wall appears to vary with the tumor stage,
with lower accuracy in T2 lesions, compared with that
in early-(T1) and advanced-(T3-T4) stage lesions [25].
Furthermore, EUS cannot reliably distinguish between
peritumoral inflammation or transmural tumor infiltration, which may lead to over-staging of T2 tumors as T3
tumors and subsequent overtreatment[21,26,27]. The staging
of bulky, distal and/or stenotic lesions with EUS can
also be challenging due to the limited field of view and
the inability of probes (especially rigid probes) to traverse the lesion[19,23].
Lymph node (LN) staging with EUS remains difficult
and is less accurate than T staging, with reported accuracy rates of 64%-83%[20,21,23,28]. Although EUS-detected
morphological characteristics, including a round shape,
peritumoral location, size, and hypo-echogenecity) could
be associated with malignant LNs, these features are
neither sensitive nor specific[10,19,29]. Moreover, EUS can
evaluate only perirectal or mesorectal LNs, thereby limiting the screening capacity of this method. In contrast,
other imaging modalities such as CT, MRI and PET/CT
can visualize the iliac and mesenteric or retroperitoneal
nodes, allowing for more comprehensive LN staging.
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reported slightly improved T staging rates (71%-91%)[43,44].
Although the endorectal coil permits a more detailed differentiation of the rectal wall, its routine use in clinical
practice is controversial due to some limitations of the
technology. Specifically, it is difficult to clearly differentiate between the mucosa and submucosa, to access high
and/or stenotic rectal lesions, and to completely evaluate
the mesorectum and surrounding structures due to the
limited field of view[10,17,45]. However, in a comparative
study on endorectal and phased-array coils, both techniques yielded similar diagnostic accuracy rates (80%) for
the depth of tumor invasion[46].
In addition, recent studies have shown that the use of
3.0-T MRI improves the overall T staging accuracy for
rectal cancer with accuracy rates of 86%-95%[47-49]. This
represents a significant improvement over 1.5-T MRI,
which has T staging accuracy rates of 67%-86%[50-52].
Moreover, improvements in scanner gradients and dedicated external coils have allowed rectal MRI to be successfully performed with phased-array surface coils; allowing high-resolution imaging with thin-sections and an
enhanced field of view, and providing a more comfortable patient experience[43].
The use of rectal MRI techniques for clinical decisions regarding bowel preparation, the use of antispasmodic agents, and the use of rectal gel can vary according to the preference of the radiologists[53]. Although the
use of gadolinium contrast enhancement rarely improves
rectal cancer staging via MRI, many centers still acquire
images both before and after gadolinium administration[54,55].
To identify and stage rectal cancers with MRI, highresolution T2-weighted image with thin-sections is the
primary approach used to differentiate between the
tumor, mucosal and submucosal layers, muscular layer,
perirectal fat, and MRF[56]. However, because the submucosal layer is not always efficiently visualized on MRI[16],
the ability to differentiate between T1 and T2 lesions may
be limited. Using MRI, a T3 lesion is defined as a tumor
that extends through the hypo-intense muscle layer into
the hyper-intense perirectal fat with a bulging or nodular
appearance, whereas a T2 tumor is confined to the hypointense muscle layer (Figure 2)[56]. In prospective comparative studies with histopathology, MRI-based staging
strongly correlated with the depth of tumor invasion
(82%)[56] and agreed with the extramural depth of invasion (95%)[57]. However, staging failures commonly occur
when differentiating T2 from borderline T3 tumors, as
it is difficult to distinguish direct tumor infiltration (T3)
from speculated structures in the perirectal fat due to
fibrosis or peritumoral inflammation (T2)[58]. In contrast,
MRI is particularly accurate when identifying T3 and T4
tumors, with a sensitivity of 80%-86% and specificity of
71%-76% for T3 tumors[59].
Regarding LN assessments with MRI, a size cut-off
of 5 mm in diameter is the most commonly used criterion. However, 15%-42% of patients with rectal cancer
have metastatic perirectal LNs that are smaller than 5

A

B

Figure 2 Stage T2 and T3 rectal cancer detected by magnetic resonance
imaging. A: T2-weighted magnetic resonance image shows an intraluminal
polypoid mass (arrows) confined to the intact, hypo-intense muscularis propria
(arrowheads), suggestive of a T2 cancer; B: T3 lesion is seen as a tumor (arrows) that extends through the hypo-intense muscle layer into the perirectal fat
(arrowheads).

has led to wide variability in LN-staging sensitivity and
accuracy using CT, with respective rates of 25%-86% and
35%-84%[17,37]. Moreover, even with the enhanced resolution of MDCT, accurate assessment of the nodal status
remains challenging because microscopic metastases in
normal-sized LNs cannot be depicted on CT.
Regarding assessments of CRM involvement, in a
multicenter study of 250 patients[38], MDCT showed
overall sensitivity and specificity rates of 76% and 96%,
respectively for mid to upper rectal cancer patients. This
result suggests that CT may be an alternative to MRI to
predict CRM involvement in such patients. In lower rectal cancer, however, CT is less accurate and inconsistently
predicts CRM involvement[39,40]. Thus, in a preoperative
setting, CT is best suited for evaluations of distant metastases, as this modality is limited with regard to local staging and CRM status determinations.
MRI
Since 1986, MRI has been used to delineate rectal tumors
and locally stage rectal cancers. Initial MRI studies using
a body coil have reported overall accuracy rates ranging from 59% to 88%, similar to the accuracy range for
CT[41-43]. Recently, rectal MRI has been performed with
either an endorectal coil or a phased-array surface coil.
Several studies with phased-array MRI showed accuracy
rates of 65%-86%, and studies with an endorectal coil
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PET-CT
PET enables the measurement and visualization of
metabolic changes within cancer cells. Fluorodeoxyglucose (FDG) is the most common PET tracer used, as its
uptake is increased in tumors due to increased metabolic
activity in the tumor cells, which facilitates efficient radiolabelling. Studies have shown that PET-CT can reliably
detect colorectal cancer but not its depth of tumor invasion[65,66]. The poor spatial resolution and lack of detailed
anatomy provided by FDG-PET make the determination
of the degree of local tumor spread, LN involvement,
CRM status, or relationship to the sphincter complex difficult.
The utility of PET-CT scanning for initial staging of
rectal cancer remains unclear[14]. While PET-CT is capable
of detecting occult synchronous tumors or metastases
at the time of initial presentation, the detection rate is
too low to justify the costs and radiation exposure for its
routine use. In addition, PET is limited to the identification of non-mucinous tumors because FDG uptake is
hampered by the presence of mucin[67]. Currently, PETCT is reserved for the staging of patients prior to surgical
removal of recurrent lesions or distant metastases and to
identify recurrent lesions in patients with an unexplained
rise in serum carcinoembryonic antigen. PET-CT may
be particularly useful for the staging of distant metastatic
spread, particularly if radical surgery is being considered
but no local staging information is available using other
imaging methods[14].
One recent study demonstrated that preoperative PET
altered the treatment strategy in 17% of patients, including 13% for whom surgery was cancelled and 4% for
whom the radiotherapy field was changed[68]. One explanation for this finding is that PET-CT frequently yields
additional staging information in patients with low rectal
cancer. Thus, PET-CT could be used to improve the accuracy of pretreatment imaging, thereby allowing for
more appropriate stage-specific therapy[69].

Figure 3 Mesorectal fascia invasion detected by magnetic resonance imaging. T2-weighted magnetic resonance image shows a T3 tumor (arrows) with
involvement of the mesorectal fascia (arrowheads).

mm[60,61], indicating that this criterion is not accurate
enough for reliable assessment. Using a combination
of other criteria, including an irregular border and/or a
mixed signal intensity, MRI for nodal staging shows an
accuracy of 85%, with a moderate sensitivity of 75%
and high specificity of 98%[61]. However, a recent metaanalysis of 1249 patients from 23 data sets showed that
the ability to assess LN involvement was consistently
poor with a pooled sensitivity of 77% and specificity of
71%[62]. Similarly, in another meta-analysis study, MRI
showed poor accuracy when compared with EUS and
CT[24]. With improvements to MRI scanners and techniques, the nodal staging accuracy has increased to 91%,
with a high sensitivity of 89%[47]. High-resolution MRI
with thin-sections has enabled evaluations of the detailed
characteristics of LNs. Nevertheless, it remains challenging to detect micro-metastases in small or normal-sized
LNs using MRI.
MRI is a reliable imaging modality for CRM status
assessments, making the technique an important element
of surgical planning and prognosis. Most commonly,
MRI is used to measure the distance of a tumor from the
MRF, as the MRF is observed as a thin hypo-intense line
that envelops the perirectal fat and rectum. In a prospective study by the Magnetic Resonance Imaging and Rectal
Cancer European Equivalence (MERCURY) study group,
which defines CRM involvement as a tumor within 1 mm
of the MRF, MRI showed 92% specificity for preoperative predictions of a clear CRM (Figure 3)[63]. This 1 mm
threshold is the most commonly used criterion to assess
CRM involvement, although Beets-Tan et al[58] reported
that a 5 mm cut-off on MRI could also predict CRM involvement with a high degree of certainty. Published data
have shown that MRI has a high accuracy rate of 86%
for predicting CRM involvement, with good intra- and
inter-observer agreement[17,58,64]. Thus, MRI is a powerful
method for preoperatively assessing both local staging
and CRM involvement with high accuracy and reproducibility, effectively identifying patients who require preoperative CRT in order to minimize incomplete tumor
resections and local recurrences[63].
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IMAGING MODALITIES FOR EVALUATION
OF POST-TREATMENT RESPONSES
Preoperative CRT has been widely adopted for the management of patients with locally advanced rectal cancers
because it can facilitate tumor downsizing and downstaging, leading to increased rates of sphincter-sparing
surgeries and pathologic complete response[5]. If tumor
responses to neoadjuvant CRT could be assesses before
surgery, patients could receive appropriately tailored treatments. For example, patients who respond well the CRT
could be offered less radical treatments, whereas those
who fail to respond could be identified as candidates for
more radical surgeries or second-line therapies[14]. Traditionally, tumor response assessments are achieved by
measuring the percentage of the tumor size reduction
according to the Response Evaluation Criteria in Solid
Tumors criteria, as the change in tumor size is generally
thought to correlate with treatment efficacy[70]. However,
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represents an improvement over a previous study (reporting T restaging of 37% and N restaging of 62%)[13].
However, the tumor over-staging and under-staging rates
after CRT were 23% and 12% respectively, because rectal
wall thickening caused by CRT-induced fibrosis can be
misidentified as residual tumors on CT[73]. In CRM status
assessments after CRT, CT accurately predicted a negative CRM in 71% of cases[13]. Nevertheless, it remains
unclear whether CT would have a clinical impact on the
therapeutic outcome of local staging in patients with locally advanced, CRT-treated rectal cancer because of its
poor resolution, further studies are necessary to evaluate
the efficacy of this approach[14].
With the recent advances aimed at reducing radiation
exposure, perfusion CT is an emerging and noninvasive
technique that permits measurements of tumor vascularity and perfusion changes, allowing measurements of
CRT response. In rectal cancers, perfusion CT has been
shown to differentiate rectal cancer from the normal
rectal wall[74,75]. In addition, perfusion CT could be useful
for predicting tumor responses and clinical outcomes of
CRT, as it can differentiate between tumors with normal
vs low blood flow, as low blood flow before CRT is associated with a poor response[74,75].

Figure 4 Over-staging due to post-chemoradiotherapy changes. T2weighted image obtained after chemoradiotherapy shows hypo-intense infiltration (arrows) to the perirectal fat and a spiculated lymph node (arrowheads),
which was misinterpreted as a remnant T3 lesion and metastatic node. However, there was neither a residual tumor nor metastatic lymph node on the
pathological examinations after surgery.

this assessment approach is insensitive to early treatment
changes, and it can be difficult to distinguish between
viable tumors and CRT-associated non-tumoral masses
(e.g., inflammation, necrosis, or fibrosis)[11]. Given these
limitations, the response of locally advanced rectal cancers should be addressed not only by tumor size, but also
by additional prognostic factors, including the extramural
depth of invasion, nodal status, and CRM involvement,
as well as the relationship with pelvic structures (Table 2).
Thus, it is important to determine which imaging modalities can provide accurate and reliable information regarding these criteria to accurately assess tumor responses.

Efficacy of MRI for assessing post-CRT rectal cancer
response
As in preoperative evaluation, T2-weighted MRI plays
a major role in rectal cancer restaging after CRT. The
concordance between the post-CRT MRI and the histological T stage was only fair to moderate (κ = 0.40),
suggesting rather low accuracy[76]. However, when a morphological response assessment (e.g., responder vs nonresponder) was used, the overall accuracy rate improved
to 79% [77]. High-resolution MRI with thin-sections
yielded an improved T staging accuracy rate after CRT,
with good concordance (κ = 0.64)[78]. Despite these improvements, a recent meta-analysis showed that MRImediated rectal cancer restaging after preoperative CRT
remains challenging, with poor sensitivity (50.4%) due to
the difficulty of differentiating tumor changes from the
residual tumor (Figure 4) using MRI[79]. In cases of mucinous tumors, which are hyper-intense on T2-weighted
images, stage prediction errors can also arise, making
it difficult to distinguish between a remnant tumor and
a mucin pool[76,80]. However, the pooled specificity rate
was as high as 91.2%, which suggests that positive MRI
results can accurately identify CRT-responsive patients;
however, negative MRI results may not similarly identify
non-responsive patients[79].
To determine the LN status after CRT, the same
pre-CRT morphological criteria (i.e., size, irregular borders, and signal homogeneity) are applied. This assessment method has a reported overall accuracy rate of
64%-68%[76,81,82]. Moreover, recent studies of MRI assessment of post-CRT LN status reported high accuracy
rates of 87%-88%[77,78]. However, changes in morphological appearances after CRT, including high-signal interfer-

Efficacy of EUS for assessing post-CRT rectal cancer
response
EUS does not appear to play a role in post-therapeutic
response assessments because it cannot reliably differentiate between post-radiation edema, inflammation,
fibrosis, and viable tumors[19]. Due to this limitation, the
accuracy of EUS for rectal cancer restaging after radiation therapy is markedly low (47%)[71]. In locally advanced
rectal cancers, the T staging accuracy rates for EUS, when
performed at 4-6 wk after the completion of CRT, were
29% in responsive patients and 82% in nonresponsive patients, with a high misinterpretation rate (71%) in responsive patients[72]. In the same study, the overall accuracy of
EUS for LN involvement after CRT was 57%[72]. Thus,
EUS is not recommended for restaging after radiotherapy
or CRT.
Efficacy of CT for assessing post-CRT rectal cancer
response
CT is most commonly used to evaluate treatment responses in solid tumors. However, in CRT-treated rectal
cancer, the utility of CT is limited for identifying and
following-up metastatic lesions. In a recent study to correlate tumor responses measured by CT in accordance
with the histopathology, the overall accuracy rates of T
and N restaging were 65% and 67%[73] respectively, which
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Figure 5 Combination of high-resolution magnetic resonance imaging with diffusion-weighted imaging and positron emission tomography/computed
tomography for assessing tumor response after neoadjuvant chemoradiotherapy. A-C: T2-weighted magnetic resonance image (MRI) (A), diffusion-weighted
imaging (DWI) (B), and positron emission tomography (PET)/computed tomography (CT) (C) obtained before chemoradiotherapy (CRT) shows a T3 tumor (arrows)
with the restricted diffusion and intense hyper-metabolism; D-F: After CRT, T2-weighted MRI (D) shows a marked decrease in the tumor size. DWI (E) shows the focal
diffusion restriction confined to the rectal wall, corresponding to histological proven T2 lesion. PET/CT (F) also demonstrates the good tumor response to CRT.

ence from mucin pools or spiculated LN margins, can
make MRI assessments prone to over-staging (Figure
4)[12,77,78].
According to a prospective study by the MERCURY
group, the accuracy rate and negative predictive value for
identifying CRM involvement in 97 CRT-treated patients
were 77% and 98% respectively, whereas the same values
were 91% and 93% in 311 patients who underwent primary surgery[63]. A recent meta-analysis study reported a
similar result, with a mean sensitivity of 76.3% and mean
specificity of 85.9%[79]. However, it should be noted that
CRM involvement errors frequently occur in MRI assessments because of diffuse hypo-intense infiltration into
the perirectal fat or MRF after CRT[63,83]. Nevertheless,
MRI assessment is considered effective for restaging
tumors after CRT, particularly with respect to potential
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CRM involvement.
Use of diffusion-weighted imaging in MRI for assessing
post-CRT rectal cancer response
Diffusion-weighted imaging (DWI) is a newly emerging,
functional MRI technique that can supplement conventional MRI assessment and enable the noninvasive characterization of biological tissues based on the properties
of water diffusion. Thus, DWI can provide microstructural information, including changes in cellularity and
integrity of cellular membranes, which often precede
conventional morphological alterations. DWI has been
used to detect and characterize tumors and distinguish
between necrotic and viable solid portions within tumors
by quantifying apparent diffusion coefficient (ADC) values[84,85]. The ADC value decreases with increasing cell
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density due the restricted diffusion of water molecules,
which tends to increase in necrotic regions[84,86].
The ADC values of tumors with good or complete
responses were significantly higher than those of tumors with poor responses, and the presence of higher
pre-CRT ADC values reflected necrotic CRT-resistant
tumors[86,87], suggesting that this approach is useful for
predicting CRT response ahead of treatment. In contrast,
the post-CRT ADC values of rectal cancers were lower
than those of the pre-CRT tumors; a difference that was
attributed to fibrosis or scar tissue formation and was not
correlated with tumor response. These results indicate
that the addition of DWI to standard MRI may facilitate the detection of viable tumors and identify CRTresponsive patients (Figure 5)[88-90]. Moreover, in a recent
meta-analysis, restaging with DWI showed good pooled
sensitivity (83.6%) and specificity rates (84.8%)[79]. Thus,
DWI can provide a useful biomarker to assess and monitor treatment responses to CRT[86,91].

tigations, which will be complementary to the management of rectal cancer. DWI has been applied as a useful
biomarker, which could be used to assess and monitor
treatment responses to CRT, although protocol standardization and experienced radiologists are required to maximize the efficacy of this approach. Although the role of
PET-CT needs to be formally compared with existing
methods, PET-CT could provide additional valuable information for the assessment of post-CRT response. Restaging using a combination of imaging methods including high-resolution MRI, DWI and PET-CT will provide
valuable prognostic information before definitive surgery.
Despite these improvements, determination of the LN
metastasis remains challenging in rectal cancer staging.
LN research is further needed.

CONCLUSION
In preoperative settings, EUS is suitable for assessing
the depth of tumor invasion, particularly in superficial
and early-stage rectal tumors. CT imaging is a common
method for evaluation of distant metastases. MRI is a
useful and reliable modality for assessing preoperative
staging and CRM involvement, allowing physicians to
stratify the risks of recurrence and determine the optimal
therapeutic planning for individual patients. PET or PETCT assessment is recommended when there is clinical,
biochemical or radiological suspicion of systemic disease.
Restaging after neoadjuvant therapy, particularly CRT,
is challenging with all modalities because it is difficult to
reliably differentiate between radiation-induced changes
and the tumor itself. However, recent data suggest that
a combination of high-resolution MRI with DWI, and
PET-CT could provide valuable prognostic information
before surgery for patients who were treated with preoperative CRT for locally advanced rectal cancer.

Efficacy of PET-CT for assessing post-CRT rectal cancer
response
PET-CT is a promising modality for identifying recurrent
rectal cancer and distant metastasis. A significant reduction of standardized uptake values on post-CRT PET
of responders compared with non-responders has been
noted by a number of studies (Figure 5), suggesting that
this approach can effectively assess CRT response[15,92,93].
However, the efficacy of PET-CT for the prediction of
tumor response remains controversial, especially for assessing pathological complete response to CRT in rectal
cancer due to several limitations of the technology. One
limitation is the variation in definitions and parameters
used for defining a good vs a poor response. Another
limitation is the uncertainty regarding the timing of PET
imaging after the completion of radiotherapy. The optimal time to carry out PET assessment after the completion of CRT remains unclear, with initial studies suggesting an interval of only 6 wk being too soon to confirm
metabolic response[93]. Therefore, at present, the role of
PET-CT in post-CRT restaging is not well established. It
is possible that PET-CT may provide additional information in assessing response; however, PET-CT needs to
be formally compared with existing methods to properly
evaluate its efficacy.
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Core tip: The traditional 6-wk interval between chemoradiation and surgery in the treatment of rectal cancer
was based primarily on a single publication. There has
been a trend in recent years to prolong this interval
based on studies showing that it may be advantageous
in terms of tumor downstaging and pathologic complete response, without increasing surgical difficulty or
complications. The data so far are derived largely from
retrospective studies using a wide variation of treatments. Further investigations with a higher level of evidence are required to definitively resolve this issue.

Abstract
The current standard treatment of low-lying locally
advanced rectal cancer consists of chemoradiation followed by radical surgery. The interval between chemoradiation and surgery varied for many years until the
1999 Lyon R90-01 trial which compared the effects of a
short (2-wk) and long (6-wk) interval. Results showed
a better clinical tumor response (71.7% vs 53.1%) and
higher rate of positive and pathologic tumor regression
(26% vs 10.3%) after the longer interval. Accordingly,
a 6-wk interval between chemoradiation and surgery
was set to balance the oncological results with the surgical complexity. However, several recent retrospective
studies reported that prolonging the interval beyond 8
or even 12 wk may lead to significantly higher rates of
tumor downstaging and pathologic complete response.
This in turn, according to some reports, may improve
overall and disease-free survival, without increasing the
surgical difficulty or complications. This work reviews
the data on the effect of different intervals, derived
mostly from retrospective analyses using a wide variation of treatment protocols. Prospective randomized trials are currently ongoing.

Original sources: Wasserberg N. Interval to surgery after neoadjuvant treatment for colorectal cancer. World J Gastroenterol
2014; 20(15): 4256-4262 Available from: URL: http://www.wjgnet.com/1007-9327/full/v20/i15/4256.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i15.4256

INTRODUCTION
Colorectal cancer is the fourth most common malignancy
in the United States and the second most frequent cause
of cancer-related death[1]. Approximately 50% of rectal
cancers are diagnosed at the locally advanced stage, with
metastatic spread to the lymph nodes in two-thirds of
these cases[2]. The standard treatment of rectal cancer is
curative surgical resection, combined with preoperative
chemoradiation therapy (CRT) for T3 and/or node-positive tumors of the mid/low rectum (located 12 cm from
the anal verge), and additional adjuvant therapy if indicated[3-7]. Local recurrence rates following CRT and surgery
are less than 10%, especially when modern surgical techniques such as total mesorectal excision are used[8]. Stud-
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ies have shown that the addition of CRT has a beneficial
effect on tumor downstaging and pathologic complete
response (pCR)[9,10], with improved tumor resectability,
possibly increased sphincter preservation rates[11,12], and
maybe even increased overall survival rates[13]. Recent
evidence suggests that CRT-induced tumor regression
may allow for a “watch and wait” approach that avoids
surgery altogether in selected patients[14].
Several strategies have been suggested to improve the
response to CRT, including better patient selection[15],
case-personalized approach with specific genetic fingerprinting[16,17], variations in the radiation and chemotherapy
regimens[18-20], and additional chemotherapy during a “rest
interval” after CRT[21]. In recent years, researchers have
directed attention to optimizing the CRT-surgery interval[22], which remains controversial[22]. Ideally, the most
favorable interval should facilitate maximal tumor regression, defined by maximal tumor downstaging and downsizing, with minimal risk of deterioration in the surgical
results, defined by low short- term morbidity in mainly
relation to perineal and anastomotic complications and
better long-term oncological and functional outcomes.
Early trials conducted from the 1970s to the late
1990s used a broad range of CRT-surgery intervals
with widely varying results[23-27]. The 1999 Lyon R90-91
trial[28] was the first to specifically address this issue. A
cohort of 201 patients with rectal cancer were prospectively randomized to undergo surgery at 2 or 6 wk after
completion of radiotherapy. The longer-interval group
was found to have a better tumor response and improved
pathological downstaging, with similar rates of complications and survival to the shorter-interval group. The
authors concluded that 2 wk may be too short a time to
achieve maximum benefits of radiation-induced tumor
regression. As a consequence of this study, surgery at 6
wk after completion of radiotherapy became the standard
of care. However, later data suggested that the response
to CRT in patients with rectal cancer is time-dependent,
and complete tumor regression may take months [29].
Thus, the interval between CRT and surgery should be
sufficient to attain greater tumor regression and to permit
the acute radiation effects of tissue swelling and local inflammation to dissipate before surgery. At the same time,
a too-long interval poses a risk of tumor progression
during the wait for surgery, with a higher rate of distant
metastasis. Furthermore, the accelerated repopulation of
tumor cells that are not completely eradicated could lead
to multidrug resistance. These drawbacks may explain the
reported lack of change in survival in patients with rectal
cancer despite the improvements in local control[30]. Others have raised concerns that delaying surgery beyond 6
to 8 wk from CRT could also increase the technical operative risk due to radiation-induced pelvic fibrosis, thereby
increasing the rate of surgical complications[31] and locoregional recurrence[32,33].
The purpose of the present review was to summarize
the current data on the optimal timing of surgical resec-
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tion after CRT for rectal cancer.

EFFECT OF PROLONGED CRT-SURGERY
INTERVAL ON ONCOLOGICAL OUTCOME
Tumor regression and rate of pCR
The time elapsed from after preoperative CRT is one of
the factors affecting the process of T or N stage reduction. Foster et al[22] systematically reviewed 15 studies,
each based on different neoadjuvant treatment indications and regimens and different CRT-surgery intervals.
Four of the 9 studies that evaluated the effect of a prolonged interval on tumor regression reported a significant
improvement. Most of the studies did not apply a histologically based tumor regression grade to estimate the
degree of postoperative tumor regression and fibrosis[34],
although proven to be of prognostic significance[35]. The
only randomized study among these publications was the
Lyon R90-01 trial[28] in which the longer-interval group
had significantly higher rates of a positive clinical tumor
response (71.7% vs 53.1%) and pathologic tumor regression (26% vs 10.3%) than the shorter-interval group (P <
0.05 for both factors). They also had a nonsignificantly
higher rate of pCR (13.8% vs 7.1%).
The Dutch surgical colorectal audit is the most recent
published study to address the CRT-surgery interval in
terms of tumor regression[36]. A total of 1593 patients
with rectal cancer were evaluated. The results showed that
delaying surgery by 10-11 wk from the end of CRT was
associated with the highest chance of a pCR. Accordingly, in a study of predictive factors of pCR, Kalady et al[37]
concluded that an extended interval between completion
of neoadjuvant therapy and surgery was the single most
important determinant. This finding was in line with the
study of Garcia-Aguilar et al[38] which analyzed the impact
of both prolonging the CRT-surgery interval and adding
resting-period chemotherapy. Rates of tumor downstaging and pCR significantly increased after longer intervals
to surgery (18% vs 25%).
Using another approach, Perez and co-workers[39] investigated changes in labeled fluoro-2-deoxy-d-glucose
uptake on positron emission tomography/computed tomography (PET/CT) imaging, at baseline and 6 and 12 wk
after CRT. The maximal standard uptake value (SUVmax)
was measured at 1 and 3 h at each time point. The authors
found that patients with an increase in early SUVmax were
less likely to have significant tumor downstaging, suggesting that the variation in PET/CT SUVmax at 6 wk might
serve as a criterion for selecting patients who may be expected to benefit from a longer CRT-surgery interval.
A few studies of the impact of the CRT-surgery interval included an analysis of nodal regression[40-44]. No
significant impact of a longer interval was found. The
Lyon R90-01 trial, however, yielded a significant effect
of a longer interval on nodal regression in patients with
N2 disease[28]. Similar results were noted in the Dutch

1617

February 8, 2015|First Edition|

Wasserberg N. CRT-surgery interval in rectal cancer

colorectal surgery[36] audit in which surgery was performed 15-16 wk from the start of CRT. Others found
that nodal retrieval is time-dependent, with a negative
correlation after longer post-CRT time[45]. Thus, it is possible that lymph nodes have a more rapid response to
CRT which may override the effect of prolonging the
CRT-surgery interval[46].

These results were supported by a Korean study in which
397 patients were randomized to undergo surgery 28-41
or 42-59 d after long-course CRT[41]. Rates of local and
distal recurrence and of overall survival were similar in the
two groups. By contrast, a retrospective multivariate analysis of 102 patients with low rectal cancer demonstrated
that delaying surgery beyond 16 wk from rectal cancer
diagnosis had a negative impact on overall and metastasisfree survival (OR = 2.59; 95%CI: 1.33-5.79, P = 0.005)[57].
A long interval between radiation therapy and surgery (6-8
wk) was not recommended for patients who may not benefit from tumor downstaging by sphincter preservation.
Table 1 reviews the literature on the effect of a
prolonged CRT-surgery interval on oncological outcome[28,36,38,40-44,49-52,54-62].

Surgical margins
The status of the resection margins, including the distal
mucosal and mesorectal margins, and specifically, the
circumferential margins, is one of the most important
factors determining disease recurrence after surgery[47,48].
Neoadjuvant CRT has been associated with reduced rates
of local recurrence and tapering of the recommended
margins[49]. Among the studies that examined the effect
of a prolonged CRT-surgery interval on resection margin clearance[41,44], one found microscopically involved
margins (R1) in 2% of patients who underwent surgery
before 44 d from CRT and in 1% of patients who underwent surgery later[44]. Another reported a similar rate
of positive circumferential resection margins (2.8%) with
short (< 41 d) or longer intervals[41]. In neither was the
effect of a prolonged interval on resection margins significant. This was true of other studies as well[22].

EFFECT OF A PROLONGED
CRT-SURGERY INTERVAL ON SURGICAL
OUTCOME
Sphincter preservation
The benefit of preoperative CRT in increasing the
sphincter preservation rate in patients with low-lying
rectal cancer is controversial. The German CAO/ARO/
AIO 94 Preoperative vs Postoperative Rectal Trial[11]
reported that the preoperative administration of CRT
led to a higher rate of sphincter preservation in clinical
candidates for abdominoperineal resection. By contrast,
a systematic review and meta-analysis of trials comparing
preoperative radiation with preoperative chemoradiation
showed that although preoperative CRT significantly increased the rate of pCR (P < 0.001), this did not translate
into a higher rate of sphincter preservation (P = 0.29)[63].
The original Lyon R90-01 trial[28] suggested that extending the interval from CRT to surgery from 2 to 6 wk led
to a trend of reduced rates of abdominoperineal resection in the longer-interval group. Yet in neither this study
nor others that investigated sphincter preservation rates
by CRT-surgery interval were the findings statistically significant[22,28,36].

Prognosis
Both tumor downstaging and pCR are correlated with
a better oncological outcome after CRT for rectal cancer[50,51]. Some studies reported an improved prognosis
after a longer CRT-surgery interval[42,52]. Tulchinsky et al[52]
compared patients operated on at an interval of more or
less than 7 wk after CRT. The longer-interval group had
a significantly higher overall survival rate (93% vs 81%)
and significantly lower distant metastasis rate (6% vs 19%)
than the shorter-interval group. However, there was no
between-group difference in local recurrence rate. Similarly, Coucke et al[42] demonstrated that delaying surgery
for more than 5 d after hyperfractionated accelerated
radiotherapy (41.6 Gy/26 Fx bid) led to a significantly
higher rate of overall survival (69% vs 47% for < 5 d, P
= 0.002), disease-free survival (62% vs 41%, P = 0.0003),
and cancer-specific survival (82% vs 57%, P = 0.0007) at a
median follow-up of 39 mo. In this study, too, there was
no difference in local control rate between the groups. de
Campos-Lobato et al[53] found a significant 3-year local recurrence benefit for delaying surgery for more than 8 wk
after CRT (10.5% vs 1.2%), and Wolthuis et al[54] reported
significantly improved 5-year cancer-specific survival
(91% vs 83%) and recurrence-free survival (73% vs 83%)
when CRT-surgery intervals were prolonged. Pach et al[55]
randomized 154 patients to receive preoperative shortcourse radiation and surgery after 7 d vs surgery after 4-6
wk. Long CRT-surgery interval was associated with more
tumor downstaging and tumor regression. Nevertheless,
survival was similar in the two groups. On analysis of the
oncological results of the Lyon R90-01 trial after a median
follow-up of 6.3 years (range 6.1-7.2 years), Glehen et al[56]
failed to find any significant between-group differences.
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Surgical difficulty and complications
Neoadjuvant radiotherapy for rectal cancer increases
postoperative complications, predominantly because of
an increased risk of anastomotic leaks and delayed perineal wound healing after abdominoperineal resection[31,64].
Delaying surgery after CRT is based on the rationale
that it will allow more time for resolution of the acute
inflammatory response to radiotherapy. At the same
time, however, it could make dissection in the narrow
pelvis more complex owing to the establishment of postradiation fibrosis[58]. Garcia-Aguilar et al[38] examined the
surgical difficulty and complication rate in 144 patients
who underwent total mesorectal excision at 6 or 11 wk
after CRT. The longer-interval group also received 2
cycles of modified FOLFOX-6 during the late resting
period. There were no significant between-group differences in operative time, blood loss, or rates of diverting
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Table 1 Effect of chemoradiotherapy-surgery intervals on oncological outcome
Ref.

Year

CRT-surgery interval

Pts (n )

pCR

LR

OS

Francois et al[28] + Glehen et al[56]
Stein et al[43]
Moore et al[44]
Coucke et al[42]
Supiot et al[57]
Tran et al[40]
Dolinsky et al[60]
Veenhof et al[62]
Habr-Gama et al[61]
Lim et al[41]
Tulchinsky et al[52]
Kerr et al[59]
de Campos-Lobato et al[53]
Garcia-Aguilar et al[38]
Evans et al[58]
Wolthuis et al[54]
Pach et al[55]
Sloothaak et al[36]

1999
2003
2004
2006
2006
2006
2007
2007
2008
2008
2008
2008
2011
2011
2011
2012
2012
2013

2/6-8 wk
4-8/10-14
≤ 44 d <
≤5d<
≤ 6 wk <
≤ 8 wk <
≤ 6-8 wk <
2/6-8 wk1
≤ 12 wk <
28-41/42-56 d
≤ 7 wk <
Median 76 d (6-215 d)
≤ 8 wk <
6/11 wk
≤ 6-8 wk <
≤ 7 wk <
7-10 d/4-5 wk1
≤ 8 wk/8-9/10-11/11 <

201
33
155
250
102
48
107
108
250
397
132
189
177
136
95
356
154
1593

7%/14% NS
21%/14%
12%/19%
NA
NA
6%/9%
Same (P = 0.8)
0%/12%
10%/6%4
13.8%/15%
17%/35%2
15.90%
16%/31%2
18%/25%2
5%/12%/17%2
16%/28%2
0%/10.4%2
10%/13%/18%2/11%

13%/10%
NA
NA
10%/7%
16%
0%/9%
11%
7%/2%
NA3
8.2%3
6%/4%
21%
10.5%/1.2%
NA
NA
6%/3%
1.5%/7%
NA

69%/66%
NA
NA
47%/69%2
NA
NA
NA
64%/77%
NA
NA
81%/93%
NA
NA
NA
NA
NA
63%/73%
NA

Short-course chemoradiotherapy (CRT); 2Statistically significant difference; 3Local and systemic recurrence; 4Pts with complete clinical response who were
not operated were excluded. pCR: Pathological complete response; LR: Local recurrence; OS: Overall survival; NA: Not available.
1

stoma, sphincter preservation, and R0 resection. Additionally, the proportion of patients who acquired any
postoperative complications was similar in both groups
(40%), with no significant difference in rate of anastomotic leaks. Surgeons participating in that study reported
more widespread fibrosis in the longer-interval group.
However, they were not blinded to the treatment protocol and ultimately rated surgical difficulty similarly (on a
scale of 1-10) for both groups. Other authors, however,
reported a longer operative time when the CRT-surgery
interval was longer, which may reflect increased surgical
difficulty[40,52]. Nonetheless, extending the CRT-surgery
interval did not increase the complication rate[22]; indeed,
one study noted significantly higher rates of anastomotic
leak and perineal wound complications in patients in the
shorter-interval (< 44 d) arm[59].

Several centers are currently conducting prospective
randomized control studies to determine the optimal interval between CRT and surgery. The multicenter Swedish Stockholm Ⅲ trial[65] that is testing different regimens
of radiotherapy will be completed in 2018. Participants
are divided into 3 groups: short-course CRT followed by
surgery one week later; short-course CRT followed by
surgery 4-8 wk later; and long-course CRT followed by
surgery 4-8 wk later. The study will include an estimated
840 patients. An interim analysis of 303 patients showed
that short-course CRT and surgery at 7-11 d was associated with a trend for more complications[66]. In another
study begun in 2009 in the United Kingdom, patients are
randomized to undergo CRT and surgery after 6 or 12
wk. The final cohort will include 218 patients at the end
of recruitment[67]. Also from the United Kingdom, the
STARRCAT Trial: Surgical Timing after Radiotherapy for
Rectal Cancer[68], is a one-year pilot study assessing the
same variables in addition to quality of life outcome. The
findings will have important implications for the treatment of patients with rectal cancer.

CONCLUSION
The traditional 6-wk CRT-surgery interval used for years
in the treatment of rectal cancer was based primarily on
a single study showing its oncological benefit compared
to a 2-wk interval, which was apparently too short to
yield significant post-radiation changes. Recent studies that sought to further improve outcome in patients
with locally advanced, low-lying rectal tumors found that
prolonging the interval beyond 6 wk was advantageous,
mainly in terms of tumor downstaging and pCR rates,
without increasing surgical difficulty or complications.
These findings appear to have prompted a recent trend
towards increasing the time from neoadjuvant CRT to
surgery. However, the data available so far derive largely
from retrospective studies that applied different CRT
protocols and different CRT-surgery intervals, with no
consideration of the effect of variability in preoperative
staging. Further investigations with a higher level of evidence are required to definitively resolve this issue.
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Anti-EGFR and anti-VEGF agents: Important targeted
therapies of colorectal liver metastases
Qing-Yang Feng, Ye Wei, Jing-Wen Chen, Wen-Ju Chang, Le-Chi Ye, De-Xiang Zhu, Jian-Min Xu
EGFR therapy. At the same time, “new” RAS mutations,
including mutations in neuroblastoma RAS viral (vras) oncogene homolog (NRAS) and exons 3 and 4 of
KRAS, have been suggested to be predictors of a poor
treatment response. This finding was first reported by
the update of the PRIME trial. The update showed that
for patients with non-mutated KRAS exon 2 but other
RAS mutations, panitumumab-fluorouracil, leucovorin,
and oxaliplatin (FOLFOX)4 treatment led to inferior PFS
(HR = 1.28, 95%CI: 0.79-2.07) and OS (HR = 1.29,
95%CI: 0.79-2.10), which was consistent with the findings in patients with KRAS mutations in exon 2. Then,
the update of the PEAK trial and the FIRE-Ⅲ trial also
supported this finding, which would reduce candidates
for anti-EGFR therapy but enhance the efficacy. In firstline targeted combination therapy, the regimens of cetuximab plus FOLFOX was called into question because
of the inferior prognosis in the COIN trial and the NORDIC-Ⅶ trial. Also, bevacizumab plus oxaliplatin-based
chemotherapy was questioned because of the NO16966
trial. By the update and further analysis of the COIN
trial and the NORDIC-Ⅶ trial, cetuximab plus FOLFOX
was reported to be reliable again. But bevacizumab plus
oxaliplatin-based chemotherapy was still controversial.
In addition, some trials have reported that bevacizumab
is not suitable for conversion therapy. The results of the
FIRE-Ⅲ trial showed that cetuximab led to a significant
advantage over bevacizumab in response rate (72%
vs 63%, P = 0.017) for evaluable population. With the
balanced allocation of second-line treatment, the FIREⅢ trial was expected to provide evidence for selecting
following regimens after first-line progression. There is
still no strong evidence for the efficacy of targeted therapy as a preoperative treatment for resectable CLM or
postoperative treatment for resected CLM, although the
combined regimen is often administered based on experience. Combination therapy with more than one targeted agent has been proven to provide no benefit, and
even was reported to be harmful as first-line treatment
by four large clinical trials. However, recent studies reported positive results of erlotinib plus bevacizumab for
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Abstract
Colorectal liver metastasis (CLM) is common worldwide.
Targeted therapies with monoclonal antibodies have
been proven effective in numerous clinical trials, and
are now becoming standards for patients with CLM. The
development and application of anti-epidermal growth
factor receptor (anti-EGFR) and anti-vascular endothelial growth factor (anti-VEGF) antibodies represents
significant advances in the treatment of this disease.
However, new findings continue to emerge casting
doubt on the efficacy of this approach. The Kirsten rat
sarcoma viral oncogene (KRAS) has been proven to be
a crucial predictor of the success of anti-EGFR treatment in CLM. Whereas a recent study summarized
several randomized controlled trials, and showed that
patients with the KRAS G13D mutation significantly
benefited from the addition of cetuximab in terms of
progress-free survival (PFS, 4.0 mo vs 1.9 mo, HR =
0.51, P = 0.004) and overall survival (OS, 7.6 mo vs
5.7 mo, HR = 0.50, P = 0.005). Some other studies
also reported that the KRAS G13D mutation might not
be absolutely predictive of non-responsiveness to anti-
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maintenance treatment. The mechanism of antagonism
between different targeted agents deserves further
study, and may also provide greater understanding of
the development of resistance to targeted agents.

chemotherapeutic agents (oxaliplatin, irinotecan, etc.), and
the application of novel targeted agents (cetuximab, panitumumab, bevacizumab, etc.).

© 2015 Baishideng Publishing Group Inc. All rights reserved.

TARGETED THERAPY AND MOLECULAR
PREDICTORS

Key words: Oncology; Colorectal cancer; Liver metastases; Chemotherapy; Targeted therapy

Targeted biological therapy is becoming a standard personalized medical treatment for patients with CLM. Two
options are currently available in routine clinical practice
for patients with CLM: anti-epidermal growth factor receptor (anti-EGFR) antibodies and anti-vascular endothelial growth factor (anti-VEGF) antibodies. The anti-EGFR antibodies include cetuximab, a chimeric monoclonal
antibody, and panitumumab, a fully human monoclonal
antibody. These antibodies are directed against EGFR
and inhibit downstream signaling pathways, leading to
the inhibition of both cell proliferation and angiogenesis.
The humanized monoclonal anti-VEGF antibody bevacizumab exerts its anti-tumor effects by binding VEGF
and inhibiting VEGF from binding to its functional receptor, leading to the inhibition of tumor vessel growth
and neovascularization and to a decreased permeability in
the surviving vasculature.
Currently, no effective predictor of treatment success
with angiogenesis inhibitors has been established, although the presence of the Kirsten rat sarcoma viral oncogene (KRAS) gene mutation is known to play a crucial
role in predicting the success of treatment with anti-EGFR antibodies[11,12]. Three genes in the RAS gene family
are associated with human tumorigenesis, v-Ha-ras Harvey rat sarcoma viral oncogene homolog (HRAS), KRAS
and neuroblastoma RAS viral (v-ras) oncogene homolog
(NRAS). Every RAS gene has four exons. Past research
suggested that RAS mutations were mainly concentrated
in KRAS exon 2, codon 12 and 13. Approximately 40%
of colorectal cancers are characterized by KRAS gene
mutations in these two coding regions[13,14].
Many studies have confirmed that KRAS exon 2 mutations are predictive of no benefit from anti-EGFR treatment. The CRYSTAL trial[15] proved that for patients with
KRAS mutations, the addition of cetuximab to FOLFIRI
(irinotecan, fluorouracil and leucovorin) as a first-line
therapy did not lead to a significant improvement in median progress-free survival (PFS; median PFS, 7.4 mo vs
7.7 mo, hazard ratio, HR = 1.171, P = 0.260) and median
overall survival (OS; median OS, 16.2 mo vs 16.7 mo, HR
= 1.035, P = 0.75). Another clinical trial[16] of panitumumab also proved that for patients with KRAS mutations, no
PFS benefit was associated with panitumumab (median
PFS, 7.3 wk vs 7.4 wk, HR = 0.99, 95%CI: 0.73-1.36).
The subsequent quantitative interaction test compared
the magnitude of the relative treatment effect on PFS
between wild type and mutant KRAS groups, and showed
a statistically significant difference (P < 0.0001). A recent
meta-analysis[17] also demonstrated the predictive role of
the KRAS gene in anti-EGFR therapy.

Core tip: Targeted therapy is becoming standard for
patients with colorectal liver metastases, but new findings continue to improve our understanding of these
therapies. “New” RAS mutations, rather than the Kirsten
rat sarcoma viral oncogene G13D mutation, may be predictive of non-responsiveness to anti-epidermal growth
factor receptor therapy. The regimen of cetuximab plus
FOLFOX is likely effective, but bevacizumab plus oxaliplatin-based chemotherapy remains controversial. Bevacizumab was suggested to be unsuitable for conversion
therapy. Further confirmation is required to demonstrate
the effectiveness of targeted therapy as a pre- or postoperative treatment. Combination therapy with more
than one targeted agent is not recommended.
Original sources: Feng QY, Wei Y, Chen JW, Chang WJ, Ye
LC, Zhu DX, Xu JM. Anti-EGFR and anti-VEGF agents: Important targeted therapies of colorectal liver metastases. World J
Gastroenterol 2014; 20(15): 4263-4275 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v20/i15/4263.htm DOI:
http://dx.doi.org/10.3748/wjg.v20.i15.4263

INTRODUCTION
Colorectal cancer is one of the most common malignant
tumors throughout the world[1,2]. It has the third highest
incidence and death rate among all cancers in the United
States[3], with 143460 new cases and 51690 deaths in
2012. In China, colorectal cancer was the third most common cancer and had the fifth highest death rate in 2009[4].
Liver metastases are particularly common in patients with
colorectal cancer. Almost 50% of patients will eventually
develop liver metastases during the natural course of the
disease[5,6], and 25% of patients present with liver metastases at diagnosis[7-9]. Autopsies have shown that more
than half of patients who died of colorectal cancer had
liver metastases, with metastatic liver disease as the cause
of death in most patients. However, over the last two decades, the long-term survival of patients with colorectal
liver metastases (CLM) has significantly improved. From
1990 to 1997, the median overall survival (OS) was 14.2
mo (95%CI: 13.3-15.2), significantly increased to 29.2 mo
(95%CI: 24.3-34.2) from 2004 to 2006 (P < 0.05). The
5-year survival rate also rose to 32% (95%CI: 27-38)[10].
These achievements should be attributed to the popularity of early diagnostic techniques, the expansion of
indications for liver resection, the introduction of new
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However, some recent studies raised the possibility that
KRAS exon 2, codon 13 mutations, mainly G13D, might
not be absolutely predictive of non-responsiveness to antiEGFR therapy. A retrospective study by De Roock et al[18]
pooled the clinical trials CO.17, BOND, MABEL,
EMR202600, EVEREST, BABEL and SALVAGE. The
results indicated that in comparison with other KRAS
mutation, patients with the KRAS G13D mutation significantly benefited from the addition of cetuximab in
OS (median OS, 7.6 mo vs 5.7 mo, HR = 0.50, 95%CI:
0.31-0.81, P = 0.005) and PFS (median PFS, 4.0 mo vs
1.9 mo, HR = 0.51, 95%CI: 0.32-0.81, P = 0.004). There
was also a significant interaction between KRAS mutation status (G13D vs other KRAS mutations) and overall
survival benefit with cetuximab treatment (adjusted HR
= 0.30, 95%CI: 0.14-0.67, P = 0.003). No difference was
observed between patients with the KRAS G13D mutation and wild type KRAS in OS (median OS, P = 0.79;
median PFS, P = 0.66). However, for patients with the
KRAS G13D mutation, the difference in OS or PFS between cetuximab plus chemotherapy and chemotherapy
alone became non-significant in the multivariate analysis
(adjusted OS, HR = 0.40, 95%CI: 0.13-1.28, P = 0.12;
PFS, HR = 0.53, 95%CI: 0.16-1.73, P = 0.29). Soon afterwards, Tejpar et al[19] pooled the clinical trials CRYSTAL
and OPUS, finding that in patients with G13D mutant tumors, the addition of cetuximab to chemotherapy significantly improved tumor response (40.5% vs 22.0%, odds
ratio, OR = 3.38, P = 0.042) and PFS (median PFS, 7.4
mo vs 6.0 mo, HR = 0.47, P = 0.039), but not OS (median
OS, 15.4 mo vs 14.7 mo, HR = 0.89, P = 0.68) after adjusting for differences in baseline variables. Otherwise, in
comparison with patients with the KRAS wild type allele,
patients with the KRAS G13D mutation still had poorer
tumor response (OR = 0.50, 95%CI: 0.26-0.97, P = 0.040)
and OS (HR = 1.61, 95%CI: 1.13-2.29, P = 0.0085) with
cetuximab. Another meta-analysis by Mao et al[20] included
10 studies and 1487 patients, concluding that cetuximab
led to significantly higher response rates (relative risk, RR
= 1.642, 95%CI: 1.13-2.38) in patients with the KRAS
G13D mutation than in those with the KRAS G12 mutation. These studies showed benefits from cetuximab in
patients with the KRAS G13D mutation, and not worse
than KRAS wild type patients. The authors suggested
that the KRAS G13D mutation should be distinguished
from other KRAS mutations.
At the same time, other studies supported opposing views. Peeters et al[21] conducted a retrospective study
assessing the prognostic and predictive impact of individual KRAS codon 12 and 13 mutations on panitumumab combined with chemotherapy. They pooled three
randomized phase Ⅲ studies including a total of 1053
patients and came to a negative conclusion. The results
showed that out of all types of KRAS mutations (including G12D, G12V, G12C, G12A, G12S, G12D), only
G12A was associated with a negative predictive effect
on OS. No other significant differences were observed
between panitumumab plus chemotherapy and chemotherapy alone in OS or PFS. Considering the common
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mechanism of cetuximab and panitumumab, the efficacy
of anti-EGFR therapy for patients with KRAS G13D
mutations remained in doubt. In addition, the above studies are all retrospective and only include a limited number
of cases. Thus, the function of the KRAS G13D test
should be interpreted and applied conservatively. Further
randomized controlled clinical trials should be conducted
for confirmation.
In addition to exon 2 mutations, other activating RAS
mutations may also be negative predictive biomarkers
for anti-EGFR therapy, including those in NRAS and
exons 3 and 4 of KRAS, which together are called “new”
RAS. Douillard et al[22] tested the “new” RAS status of
the KRAS wild type patients from the PRIME trial. The
results showed that in 512 patients without any RAS
mutations, panitumumab plus FOLFOX4 led to a 2.2 mo
improvement in PFS (median PFS, 10.1 mo vs 7.9 mo,
HR = 0.72, P = 0.004) and a 5.8 mo improvement in OS
(median OS, 26.0 mo vs 20.2 mo, HR = 0.78, P = 0.04),
a greater improvement than that observed in patients
with only wild type KRAS exon 2. A total of 108 patients
(17%) with non-mutated KRAS exon 2 had other RAS
mutations. These mutations were associated with inferior PFS (HR = 1.28, 95%CI: 0.79-2.07) and OS (HR =
1.29, 95%CI: 0.79-2.10) with panitumumab-FOLFOX4
treatment, which was consistent with the findings in
patients with KRAS mutations in exon 2. At the same
time, the head-to-head phase Ⅱ trial PEAK evaluated
panitumumab plus mFOLFOX6 and bevacizumab plus
mFOLFOX6 in patients with previously untreated KRAS
exon 2 wild type CLM. The findings from this trial were
reported at the 2013 ASCO Annual Meeting[23], with no
significant differences observed between panitumumab
and bevacizumab in PFS (median PFS, 10.9 mo vs 10.1
mo, HR = 0.97, 95%CI: 0.65-1.17) or OS (median OS,
not reached vs 25.4 mo, HR = 0.72, 95%CI: 0.47-1.11).
However, in subgroup analysis of “new” RAS wild type
variants, panitumumab led to a significant improvement
in PFS (median PFS, 13.1 mo vs 9.5 mo, HR = 0.63, P =
0.02) and OS (median OS, not reached vs 29.0 mo, HR
= 0.55, P = 0.06). These results indicated that the “new”
RAS biomarkers should also be tested when receiving
anti-EGFR treatment. This increasing number of predictors is leading to the decreasing number of patients
suitable for anti-EGFR therapy, but is also resulting in an
enhanced efficacy of the treatment.
As a gene downstream of KRAS, v-raf murine sarcoma viral oncogene homolog B1 (BRAF) is also a hotspot. Approximately 5% to 9% of colorectal cancers are
characterized by a specific mutation in the BRAF gene,
mainly V600E[14,15]. For all practical purposes, BRAF mutations are limited to tumors that do not have KRAS mutations. Several studies have confirmed BRAF as a strong
prognostic marker[13,15,24,25], but the utility of BRAF status
as a predictive marker remains unclear. The subgroup
analysis of the CRYSTAL trial[15] showed that in patients
with wild type KRAS and mutated BRAF, improvements
in PFS (median PFS, 8.0 mo vs 5.6 mo, HR = 0.934, P
= 0.87) and OS (median OS, 14.1 mo vs 10.3 mo, HR =
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0.908, P = 0.74) associated with the addition of cetuximab to FOLFIRI were not statistically signiﬁcant. Although no evidence was reported of an independent interaction between the treatment approach and the tumor
BRAF mutation status, BRAF, like KRAS, is expected to
become a new predictive factor for treatment efficacy.

comprehensive cancer network (NCCN) guidelines have
removed the regimen of cetuximab plus FOLFOX from
first-line treatment since the 2012 version. However, the
2012 European Society for Medical Oncology (ESMO)
guidelines retained this regimen and assigned its highest level of recommendation (Recommendation +++)
because of defects in the COIN trial and the NORDIC[24]
Ⅶ trial. In the COIN trial , cetuximab plus capecitabine
and oxaliplatin (XELOX) induced more severe diarrhea,
and the dose of capecitabine had to be reduced by 15%.
Additionally, in recent subgroup analysis, a significant
improvement in PFS with cetuximab was observed in allwild-type (KRAS, NRAS, BRAF) patients treated with
ﬂuorouracil-based therapy (HR = 0.72, 95%CI: 0.53-0.98,
P = 0.037) but not in those treated with capecitabinebased therapy (HR = 1.02, 95%CI: 0.82-1.26, P = 0.88).
Patients with no more than one metastatic site also
exhibited improved PFS with cetuximab (HR = 0.73,
95%CI: 0.55-0.97, P = 0.03). In the NORDIC-Ⅶ trial[29],
fluorouracil was given as a bolus infusion instead of a
continued infusion, which was not exactly the same as
the FOLFOX regimen. In conclusion, the regimen of cetuximab combined with FOLFOX has been proven to be
reliable as a first-line treatment for CLM.
Panitumumab combined with chemotherapy is also
an important first-line treatment for CLM (details in Table 1). The PRIME trial showed that panitumumab plus
FOLFOX4 significantly improved PFS in KRAS exon 2
wild type patients[30] (median PFS, 9.6 mo vs 8.0 mo, HR
= 0.80, P = 0.02) and all RAS wild type patients (mentioned above). However, the regimen of panitumumab
plus FOLFIRI was not analyzed in a reliable randomized
controlled clinical trial as a first-line treatment, and its
efficacy was mainly inferred from the results of clinical
trials where it was used as a second-line treatment. Therefore, panitumumab plus FOLFIRI was only listed as an
alternative in the NCCN guidelines (V. 2013) and was
not recommended in ESMO guidelines (V. 2012). Taking
into account the differences between populations receiving first-line and second-line treatment, the combination
of chemotherapy with panitumumab should be carefully
chosen when used in first-line treatment.

TARGETED THERAPY FOR
UNRESECTABLE METASTATIC
COLORECTAL CANCER
First-line treatment
Anti-EGFR antibody as first-line treatment: Currently, cetuximab plays a major role in the clinical application
of anti-EGFR therapeutics. Many clinical trials of cetuximab combined with chemotherapy have demonstrated
the significant utility of this agent in treating metastatic
colorectal cancer (details in Table 1). The CRYSTAL
trial[15,26] involved 1198 patients with unresectable CLM,
comparing the addition of cetuximab to irinotecan, fluorouracil, and leucovorin (FOLFIRI) with FOLFIRI alone
as the first-line treatment. The results showed that for the
intent-to-treat (ITT) population, the cetuximab combined
group exhibited a significant increase in the primary end
point, PFS (median PFS, 8.9 mo vs 8.0 mo, HR = 0.85, P
= 0.048), but not significant in the secondary end point,
OS (median OS, 19.9 mo vs 18.6 mo, HR = 0.93, P =
0.31). For patients with wild type KRAS, the cetuximab
combined group exhibited a greater benefit in terms of
PFS (median PFS, 9.9 mo vs 8.7 mo, HR = 0.68, 95%CI:
0.50-0.94) and OS (median OS, 23.5 mo vs 20.0 mo, HR
= 0.796, P = 0.0093). The CRYSTAL study thus became
a pivotal study in obtaining European Medicines Agency
approval of the use of cetuximab as a first-line treatment
for metastatic colorectal cancer. Another sizable clinical trial, OPUS[27,28], also proved that for patients with
wild type KRAS, cetuximab plus FOLFOX (fluorouracil,
leucovorin, and oxaliplatin) significantly improved PFS
(median PFS, 8.3 mo vs 7.2 mo, HR = 0.567, P = 0.0064)
but not OS (median OS, 22.8 mo vs 18.5 mo, HR = 0.855,
P = 0.39). Therefore, cetuximab combined with chemotherapy is considered an important part of first-line treatment for unresectable CLM.
However, the efficacy of cetuximab combined with
FOLFOX was called into question by recent studies. In
the COIN trial[24], the addition of cetuximab to oxaliplatin-based chemotherapy did not result in a significant
improvement in the primary end point OS (median OS,
17.0 mo vs 17.9 mo, P = 0.68), or the secondary end point
PFS (median PFS, 8.6 mo in both arms, P = 0.60). Only
the response rate was significantly increased by the addition of cetuximab (64% vs 57%, P = 0.049). Then in the
NORDIC-Ⅶ trial[29], patients with wild type KRAS derived no benefit from cetuximab plus FLOX (fluorouracil,
leucovorin, and oxaliplatin) in the primary end point PFS
(median PFS, 8.7 mo vs 7.9 mo, P = 0.66), or in the secondary end point OS (median OS, 22.0 mo vs 20.1 mo, P
= 0.48). Considering these two clinical trials, the national
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Anti-VEGF antibody as a first-line treatment: The
anti-VEGF antibody bevacizumab has been widely used
as a first-line treatment for CLM, and achieves good effects (details in Table 1). Kabbinavar et al[31] pooled data
from patients receiving bevacizumab plus fluorouracil/
leucovorin from three clinical trials, and reported significant improvements in response rate (34.1% vs 24.5%,
P = 0.019), PFS (median PFS, 8.8 mo vs 5.6 mo, HR =
0.63, P < 0.0001) and OS (median OS, 17.9 mo vs 14.6
mo, HR = 0.74, P = 0.008). The pivotal AVF2107g trial[32]
proved that the addition of bevacizumab to IFL (irinotecan, fluorouracil, and leucovorin) resulted in a statistically
significant and clinically meaningful improvement in the
primary end point, OS (median OS, 20.3 mo vs 15.6 mo,
HR = 0.66, P < 0.001), and the secondary end point, PFS
(median PFS, 10.6 mo vs 6.2 mo, HR = 0.54, P < 0.001).
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Table 1 Phase Ⅱ/Ⅲ clinical trials of targeted agents in combination with chemotherapy as first-line treatments for metastatic
colorectal cancer
Clinical trial
(reporters)

Year

CRYSTAL[26]

2009

Primary Population
end point
PFS

ITT

COIN[24]

599
599
316
350
214
183
169
168
82
97
77
59
362

8.9
8.0
9.9
8.4
7.4
7.7
7.2
7.2
8.3
7.2
5.5
8.6
8.6

367
117
127
245
240
297

8.6
9.0
9.2
8.4
8.0
-

268
194

8.3

Intermittent FLOX
+ Cet
Nordic FLOX
KRAS WT
FLOX + Cet
subgroup
Intermittent FLOX
+ Cet
Nordic FLOX
KRAS MT
FLOX + Cet
subgroup
Intermittent FLOX
+ Cet
Nordic FLOX
KRAS WT FOLFOX4 + Pan
FOLFOX4
KRAS MT FOLFOX4 + Pan
FOLFOX4
ITT
IFL + Bev
IFL
ITT
FOLFOX4/
XELOX + Bev
FOLFOX4/
XELOX
Subgroup FOLFOX4 + Bev
FOLFOX4

187

7.3

185
97

7.9
7.9

109

7.5

97
72

8.7
9.2

65

7.2

58
325
331
221
219
402
411
699

7.8
9.6
8.0
7.3
8.8
10.6
6.2
9.4

701

8.0

349
351

9.4
8.6

Subgroup

XELOX + Bev
XELOX

350
350

9.3
7.4

ITT

XELOX + Bev +
Cet
XELOX + Bev
XELOX + Bev +
Cet
XELOX + Bev
XELOX + Bev +
Cet
XELOX + Bev

368

9.4

368
158

10.7
10.5

156
98

10.6
8.1

108

12.5

KRAS WT
KRAS WT
KRAS MT

NORDIC-Ⅶ 2012

PFS

Patient Median
number PFS
(mo)

FOLFIRI + Cet
FOLFIRI
FOLFIRI + Cet
FOLFIRI
FOLFIRI + Cet
FOLFIRI
FOLFOX4 + Cet
FOLFOX4
FOLFOX4 + Cet
FOLFOX4
FOLFOX4 + Cet
FOLFOX4
FOLFOX/XELOX
+ Cet
FOLFOX/XELOX
FOLFOX + Cet
FOLFOX
XELOX + Cet
XELOX
FOLFOX/XELOX
+ Cet
FOLFOX/XELOX
FLOX + Cet

KRAS WT
subgroup
KRAS MT
subgroup
2009 Response
ITT
rates
KRAS WT
subgroup
KRAS MT
subgroup
2011
OS
KRAS WT

OPUS[27]

Regimen

ITT

[29]

PRIME[30]

2010

PFS

AVF2107g[32]

2004

OS

NO16966[33]

2008

PFS

CAIRO-2[67]

2009

PFS

KRAS WT
subgroup
KRAS MT
subgroup
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HR

P value

(95%CI)
HR = 0.85
a
P = 0.048
HR = 0.696
a
P = 0.0012
HR = 1.171
P = 0.26
HR = 0.931
P = 0.62
HR = 0.567
a
P = 0.0064
HR = 1.72
a
P = 0.0153
HR = 0.96
P = 0.60
HR = 0.77
P = 0.056
HR = 1.06
P = 0.56
-

HR = 0.89
P = 0.31
Not reported

Median
OS
(mo)
19.9
18.6
23.5
20
16.2
16.7
18.3
18.0
22.8
18.5
13.4
17.5
17.0

HR

P value

(95%CI)
HR = 0.93
P = 0.31
HR = 0.796
a
P = 0.0093
HR = 1.035
P = 0.75
HR = 1.015
P = 0.91
HR = 0.855
P = 0.39
HR = 1.290
P = 0.20
HR = 1.04
P = 0.68

(95%CI)
OR = 1.403
a
P = 0.0038
OR = 2.069
a
P < 0.001
OR = 0.822
P = 0.35
OR = 1.516
P = 0.064
OR = 2.551
a
P = 0.0027
OR = 0.459
a
P = 0.029
OR = 1.35
a
P = 0.049

-

57%
-

-

-

-

-

-

13.6

HR = 0.98
P = 0.80

-

-

HR = 1.06
P = 0.67
HR = 1.03
P = 0.79
Control
HR = 1.14
P = 0.48
HR = 1.08
P = 0.66
Control
HR = 1.03
P = 0.89
HR = 1.04
P = 0.84
Control
HR = 0.83
P = 0.072
HR = 1.24
P = 0.068
HR = 0.66
a
P < 0001
HR = 0.89
P = 0.0769

49%

14.8
19.7
20.3
20.4
20.1

Control
HR = 0.71
P = 0.07
Not reported

22.0
21.1

Control
HR = 0.80
a
P = 0.02
HR = 1.29
a
P = 0.02
HR = 0.54
a
P < 0.001
HR = 0.83
a
P = 0.0023

20.4
23.9
19.7
15.5
19.3
20.3
15.6
21.3

21.4

20.5

19.9
21.2
20.3
21.4
19.2
19.4

P = 0.30

20.3
21.8

P = 0.003

22.4
17.2

a

46.90%
38.70%
57.30%
39.70%
31.30%
36.10%
46%
36%
57%
34%
34%
53%
64%

OR

P value

17.9
-

Control
HR = 1.07
P = 0.66
Not reported

HR = 0.89
97.5%CI:
0.73-1.08
HR = 0.77
97.5%CI:
0.63-0.94
HR = 1.22
a
P = 0.01

Response
rates

24.9

47%
41%
46%
51%
47%
49%
42%
40%
55%
48%
40%
40%
44.80%
34.80%
38%

OR = 1.35
P = 0.15
Not report
Control
OR = 0.96
P = 0.89
OR = 0.96
P = 0.89
Control
OR = 1.44
P = 0.31
Not report
Control
OR = 1.35
P = 0.068
a

P = 0.004

OR = 1.00
P = 0.99

38%
HR = 0.94
97.5%CI:
0.75-1.16
HR = 0.84
97.5%CI:
0.68-1.04
HR = 1.15
P = 0.16
P = 0.64

a

P = 0.03

-

-

-

-

52.70%

P = 0.49

50%
61.40%

P = 0.06

50.00%
45.90%

a

P = 0.03

59.20%
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PACCE[68]

2009

PFS

ITT

Ox-CT + Bev +
Pan
Ox-CT + Bev
Ox-CT + Bev +
Pan
Ox-CT + Bev

413

10.0

410
201

11.4
9.8

203

11.5

Ox-CT + Bev +
Pan
Ox-CT + Bev
Iri-CT + Bev + Pan
Iri-CT + Bev

135

10.4

125
115
115

11.0
10.1
11.7

HR = 1.19
95%CI: 0.79-1.79

19.3
20.7
20.5

KRAS WT Iri-CT + Bev + Pan
Iri-CT + Bev
subgroup

57
58

10.0
12.5

HR = 1.50
95%CI: 0.82-2.76

NE
19.8

KRAS MT Iri-CT + Bev + Pan
subgroup
Iri-CT + Bev

47
39

8.3
11.9

HR = 1.19
95%CI: 0.65-2.21

17.8
20.5

KRAS WT
subgroup

KRAS MT
subgroup
ITT

HR = 1.27
95%CI: 1.06-1.52
HR = 1.36
95%CI: 1.04-1.77

19.4
24.5
20.7
24.5

HR = 1.25
95%CI: 0.91-1.71

19.3

HR = 1.43
95%CI:
1.11-1.83
HR = 1.89
95%CI:
1.30-2.75
a
P = 0.045
HR = 1.02
95%CI:
0.67-1.54
HR = 1.42
95%CI:
0.77-2.62
HR = 1.28
95%CI:
0.50-3.25
P = 0.445
HR = 2.14
95%CI:
0.82-5.59

46%
48%
50%

OR = 0.92
95%CI:
0.70-1.22
-

56%
47%
44%
43%
40%
54%
48%

30%
38%

-

OR = 1.11
95%CI:
0.65- 1.90
-

-

a

P < 0.05. PFS: Progress-free survival; OS: Overall survival; ITT: Intent to treat; WT: Wild type; MT: Mutant type; NE: Not estimatable; KRAS: KRAS exon
2, codons 12 and 13; FOLFOX: Fluorouracil, leucovorin, and oxaliplatin; XELOX: Capecitabine and oxaliplatin; FLOX: Fluorouracil, leucovorin, and oxaliplatin; Ox-CT: Oxaliplatin-based chemotherapy; FOLFIRI: Irinotecan, fluorouracil, and leucovorin; IFL: Irinotecan, fluorouracil, and leucovorin; Iri-CT:
Irinotecan-based chemotherapy; Cet: Cetuximab; Pan: Panitumumab; Bev: Bevacizumab.

However, the regimen of bevacizumab combined
with oxaliplatin-based chemotherapy remains controversial. The large, double-blind, placebo- controlled clinical
trial NO16966[33] involved 1401 patients with unresectable
CLM, and compared bevacizumab-plus-oxaliplatin-based
chemotherapy (FOLFOX, XELOX) with chemotherapy
alone. The addition of bevacizumab was associated with
a more modest increase in the primary end point, PFS,
of 1.4 mo (median PFS, 9.4 mo vs 8.0 mo, HR = 0.83, P
= 0.0023). But no benefit was observed in the secondary
end point OS (median OS, 21.3 mo vs 19.9 mo, HR = 0.89,
P = 0.077). More attention should be paid on the results
of the subgroup analysis, which indicated that bevacizumab was only associated with significant improvements
in PFS when added to XELOX (HR = 0.77, P = 0.0026)
but not FOLFOX (HR = 0.89, P = 0.1871). Another
recent meta-analysis[34] came to a similar conclusion. This
meta-analysis included six randomized clinical trials with
a total of 3060 patients, and found that bevacizumab
resulted in significant improvements in PFS (HR = 0.72,
95%CI: 0.66-0.78, P < 0.00001) and OS (HR = 0.84,
95%CI: 0.77-0.91, P < 0.00001). However, the advantage
in OS was limited to irinotecan-based regimens (HR =
0.78, 95%CI: 0.68-0.89, P = 0.0002). Neither fluorouracil
nor oxaliplatin-based treatments presented statistically
significant data. Thus, bevacizumab combined with
oxaliplatin-based chemotherapy is not currently the best
choice as a first-line treatment.

be achieving maximum tumor shrinkage to create an opportunity for radical surgery[36]. Therefore, short-term
indicators should be set as the end points of conversion
therapy, such as resection rate, response rate, and rate of
early tumor shrinkage (ETS).
ETS is a novel short-term indicator suitable for conversion therapy. The shrinkage of tumor size is directly associated with the ability to operate, and has also been proven
to be associated with long-term survival. Giessen et al[37]
defined ETS as a ≥ 20% decrease in maximum tumor
diameter between baseline and seven weeks of treatment,
and found that patients with ETS had a more favorable
outcome in terms of PFS (9.9 mo vs 6.1 mo, P = 0.029)
and OS (27.5 mo vs 17.8 mo, P = 0.002). Modest et al[38]
observed ETS ≥ 20% in 59% of patients with KRAS
wild type tumors and indicated that patients with ETS
≥ 20% exhibited increases in their overall response rate
(82% vs 19%, P < 0.001), PFS (8.9 mo vs 4.7 mo, P <
0.001) and OS (31.6 mo vs 15.8 mo, P = 0.005). These
studies suggested that ETS was an effective predictor of
the success of conversion therapy.
In conversion therapy, the clinical application of antiEGFR treatment is also common and effective. In the
CRYSTAL trial[15,26], patients in ITT population had a
higher response rate (46.9% vs 38.7%, P = 0.004) and a
higher R0 resection rate (4.8% vs 1.7%) with the addition
of cetuximab. For patients with hepatic-only metastases,
cetuximab plus FOLFIRI was associated with a 77% response rate. The OPUS trial[27,28] also showed that for patients with wild type KRAS, cetuximab plus FOLFOX4
was associated with significantly higher best overall response (57% vs 34%, OR = 2.551, P = 0.0027). A recent
study by Ye et al[39] compared cetuximab plus chemotherapy with chemotherapy alone as a first-line treatment for
patients with initially unresectable CLM. In this trial, the
primary end point was set as the rate of patient conver-

Conversion therapy
Approximately 80%-90% of patients with CLM have
unresectable metastatic liver disease at presentation[35].
However, some of these patients might become resectable after response to conversion chemotherapy. Such
patients are referred to as Group 1 patients in the ESMO
guidelines. For these patients, the treatment aim should
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sion to resection for liver metastases. The results showed
that for ITT population, cetuximab plus chemotherapy
significantly improved the rate of patient conversion to
resection (28.6% vs 13.2%, P = 0.027), R0 resection rate
(25.7% vs 7.4%, P = 0.004) and response rate (57.1% vs
29.4%, P = 0.001). Long-term outcomes were also improved, such as PFS (median PFS, 10.2 mo vs 5.8 mo, P
= 0.004) and OS (median OS, 30.9 mo vs 21.0 mo, P =
0.013).
For anti-VEGF treatment, the AVF2107g trial[32] showed
a significant improvement in response rate (44.8% vs 34.8%,
P = 0.004) with bevacizumab plus IFL. But the NO16966
trial[33] came to a negative conclusion that bevacizumab
plus oxaliplatin-based chemotherapy did not improve
the response rate (47% vs 49%, OR = 0.90, 97.5%CI:
0.71 to 1.14, P = 0.31). The meta-analysis[34] mentioned
previously also suggested no improvement in response
rate (OR = 1.12, 95%CI: 0.94-1.33, P = 0.21) with the
addition of bevacizumab as a first-line treatment. Based
on these results, some researchers held that bevacizumab
was not suitable for conversion therapy. To investigate
this suspicion, a phase Ⅲ clinical trial FIRE-Ⅲ comparing FOLFIRI plus cetuximab with FOLFIRI plus bevacizumab as first-line treatment was reported at the 2013
ASCO Annual Meeting[40]. For ITT population, there
was no significant difference between the cetuximab
group and the bevacizumab group in primary endpoint
response rate (62% vs 58%, P = 0.183). But for the evaluable population, cetuximab led to a significant advantage
over bevacizumab (72% vs 63%, P = 0.017). At the secondary end point no difference was observed in PFS, but
a 3.7 mo improvement in OS was observed in the cetuximab group (28.7 mo vs 25 mo, P < 0.017). In this clinical
trial, cetuximab exhibited an advantage over bevacizumab
in conversion therapy. However, the evaluable population
decreased by 66 patients (11.1%) compared with the ITT
population. The final results on exit bias should be emphasized. And in an update presented at the 2013 ESMO
Annual Meeting [41], the “new” RAS mutations were
tested. The results showed that all RAS wild-type patients
had a longer median OS with FOLFIRI plus cetuximab,
leading to a more significant improvement of 7.5 mo (33.1
mo vs 25.6 mo, HR = 0.70, P = 0.011), compared with 3.7
mo in patients with only KRAS exon 2 wild type. This
study again confirmed the predictive role of “new” RAS.
All previous clinical trials came to a conclusion that bevacizumab was not preferred for conversion therapy. However, bevacizumab is still considered acceptable because it
cannot be known in advance whether resectability will be
achieved, and bevacizumab provided a benefit in terms
of long-term survival.

Some studies have suggested that the continuation
of bevacizumab following progression on first-line bevacizumab could provide benefits. In the TML trial[47], patients with CLM who progressed on regimens containing
bevacizumab received second-line therapy consisting of
a different chemotherapy with or without bevacizumab.
The results showed that continuing on bevacizumab led
to a modest improvement in OS (median OS, 11.2 mo vs
9.8 mo, HR = 0.81, P = 0.0062). PFS was also improved
by 1.6 mo (median PFS, 5.7 mo vs 4.1 mo, HR = 0.68, P
< 0.0001). Another study[48] retrospectively analyzed 573
patients from the US Oncology iKnowMed electronic
medical record system and showed that continuous bevacizumab after progression was associated with longer OS
(HR = 0.76, 95%CI: 0.61-0.95) and longer post-progression OS (HR = 0.74, 95%CI: 0.60-0.93) in multivariate
analysis. Some single-arm studies[49,50] also showed a median post-progression PFS of 5 to 5.6 mo and a median
OS of 13.9 to 15.4 mo with continuous bevacizumab.
For anti-EGFR antibodies, NCCN guidelines (V.
2013) concluded that if cetuximab or panitumumab were
used as the initial therapy, then neither cetuximab nor
panitumumab should be used in second or subsequent
lines of therapy. This conclusion might be hasty because
of the lack of evidence from related clinical trials. The
ongoing clinical trial CAPRI was the first study to investigate a treatment strategy of continuing cetuximab after
first-line progress. KRAS wild type patients with CLM
were given first-line cetuximab plus FOLFIRI and were
randomized at progression (1:1) to receive FOLFOX
alone or in combination with cetuximab. The results of
this trial were expected to resolve this controversy.
The FIRE-Ⅲ trial also provided evidence for selecting second-line treatments. After first-line progression,
48.2% patients in cetuximab group received bevacizumab
instead, and 14.4% patients continued on cetuximab. In
bevacizumab group, 42.9% patients changed into cetuximab, and 17.6% patients continued on bevacizumab.
The allocation of second-line treatment was balanced
(P = 0.347). As previously mentioned, cetuximab plus
FOLFIRI had advantages in terms of OS (28.7 mo vs 25
mo, P < 0.017), but not PFS. This anomaly might be explained that cetuximab and bevacizumab were similar as
first-line treatment in PFS and OS. The benefits in terms
of OS in cetuximab group mainly came from the secondline bevacizumab treatment, which didn’t prolong PFS.
This explanation suggested that first-line cetuximab followed by second-line bevacizumab was better than firstline bevacizumab followed by second-line cetuximab.
Considering that the FIRE-Ⅲ trial was not over, the final
results were expected.
For patients failed with targeted therapy as first-line
treatment, the major difficulty lies in identifying the resistance arises from whether cytotoxic chemotherapy or targeted monoclonal antibodies. Although it is reasonable to
replace only part of the regimen, delays in treatment and
unnecessary economic waste must be taken into account.
The selection of second-line or subsequent treatment is a
severe test of the experience and judgment of physicians.

Targeted therapy after progression
Numerous clinical trials have proven the benefits of second-line targeted therapy for patients who had first-line
progression and did not receive targeted agents as firstline treatment[42-46]. However, for patients who received
first-line targeted therapy, it is unclear whether and how
to use targeted agents continuously.
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PREOPERATIVE CHEMOTHERAPY
COMBINED WITH TARGETED AGENTS
FOR RESECTABLE METASTATIC
COLORECTAL CANCER

CHEMOTHERAPY COMBINED WITH
TARGETED AGENTS AS POSTOPERATIVE
ADJUVANT TREATMENT
For patients with resected stage Ⅱ/Ⅲ colorectal cancer,
postoperative adjuvant treatment with targeted agents
has been proven to be useless or even harmful. In the
N0147 trial[63], cetuximab plus FOLFOX significantly
increased grade 3/4 adverse events (72.5% vs 52.3%,
odds ratio, OR = 2.4, P < 0.001), providing no benefit in
primary end point 3-year PFS rate (65.0% vs 67.1%, HR
= 1.12, P = 0.38). In the interim analysis of the ongoing PETACC-8 trial reported at the 2012 ESMO Annual
Meeting, cetuximab plus FOLFOX provided no benefit
for KRAS wild-type patients in disease-free survival
(DFS, HR = 1.047, P = 0.6562) or OS (HR = 1.092, P
= 0.5583). Worse DFS was observed with cetuximab in
patients aged > 70 years (n = 149, HR = 1.97, P = 0.051),
in females (n = 666, HR = 1.45, P = 0.031) and in patients with right-sided colon cancer (n = 570, HR = 1.40,
P = 0.043). The NSABP C-08 trial[64] reported negative
results with the addition of bevacizumab to FOLFOX in
3-year DFS (77.4% vs 75.5%, HR = 0.89, P = 0.15). The
results of the AVANT trial[65] also failed to show benefits
from bevacizumab plus oxaliplatin-based chemotherapy
in DFS, with an even worse outcome for the FOLFOXcombined regimen in terms of OS (HR = 1.27, 95%CI:
1.03-1.57, P = 0.02). The four large randomized clinical
trials above came to a conclusion that targeted agents had
no role in the adjuvant treatment of resected stage Ⅱ/Ⅲ
colorectal cancer.
For resected CLM, the role of postoperative adjuvant
chemotherapy remains unclear[36]. However, postoperative
chemotherapy with FOLFOX plus bevacizumab is often
administered despite the lack of data supporting this regimen. In the interim analysis of the Dutch HEPATICA
trial[66] reported at the 2011 ASCO Annual Meeting, bevacizumab plus capecitabine and oxaliplatin (CAPOX)
as postoperative adjuvant chemotherapy provided no
significant benefit compared with CAPOX alone in 2-year
DFS rate (70% vs 52%, P = 0.074), and exhibited no significant differences in toxicity. For patients who received
targeted therapy and responded before surgery, it is reasonable to continue targeted therapy as a postoperative
adjuvant treatment. However, for upfront resected CLM
without preoperative targeted therapy, postoperative targeted therapy is not recommended, based on the negative
results of trials N0147, PETACC-8, NSABP C-08 and
AVANT.

Preoperative chemotherapy is believed to be advantageous because of the earlier treatment of micro metastatic disease, the determination of responsiveness to chemotherapy, and the avoidance of local therapy for those
patients with early disease progression. However, only
a few large randomized clinical trial provided evidence
on neoadjuvant chemotherapy for patients with upfront
resectable CLM, aside from additional reports from
some small-sample and/or single-arm studies[51-53]. The
large randomized clinical trial EORTC 40983[54] involved
364 potentially resectable patients with up to four liver
metastases and compared FOLFOX4 as perioperative
chemotherapy with surgery alone. The results showed
a significantly higher 3-year PFS rate (35.4% vs 28.1%,
HR = 0.79, P = 0.058) in patients receiving perioperative
chemotherapy. However, a recent update of this trial[55]
reported that the difference of OS after a median follow
up of 8.5 years was not significant, with a 5-year OS of
approximately 50% in both groups. In addition to the
lack of benefit for long-term survival, this trial was not
designed to compare preoperative chemotherapy alone,
which made it difficult to prove the effect of preoperative
chemotherapy. Adam et al[56] also reported the negative
result that preoperative chemotherapy for metachronous
CLM provided no benefit in long-term OS and PFS.
In terms of preoperative chemotherapy combined
with targeted agents, the NCCN and ESMO guidelines
gave no strong evidence. Only a few small-sample, singlearm studies were available. Gruenberger et al[57] reported a
non-randomized clinical trial evaluating bevacizumab plus
XELOX as a preoperative therapy for patients with potential resectable CLM. After preoperative therapy with
bevacizumab, they observed a complete response rate of
8.9%, a partial response rate of 64.3%, and a progressive
disease rate of only 5.4%. No interference in liver regeneration was found after resection. There are also a number of studies concentrating on locally advanced rectal
cancer[58-62], but these results were not suitable for patients
with common colon cancer, because of the differences
between colon and rectal cancer in route of metastasis,
surgical strategy, application of radiotherapy and so on.
The risks of preoperative targeted therapy should be
taken into account. These risks mainly lie in missing the
window of opportunity for resection; the achievement of
a complete response, making it difficult to identify areas
for resection; and potential liver toxicity, making resection
impossible. It is also difficult to determine the best cycles
of preoperative therapy. The results of EORTC 40983
and a number of other trials suggested that preoperative
chemotherapy plus targeted agents might be useful. More
detailed evidences are needed to enable physicians to
weigh the advantages and disadvantages of this approach.
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bination of more than one targeted agent led to stronger
inhibition of the downstream signaling pathways compared with single treatment. However, most clinical trials
showed no advantages and in some cases even showed
disadvantages of the combination of anti-EGFR and
anti-VEGF antibodies as first-line treatment. The CAIRO-2 trial[67] compared cetuximab plus bevacizumab with
bevacizumab alone based on the XELOX regimen. For
the ITT population, the combination of cetuximab with
bevacizumab led to shorter PFS (median PFS, 9.4 mo
vs 10.7 mo, P = 0.01). There was no differences in OS
(median OS, 19.4 mo vs 20.3 mo, P = 0.16) or response
rates (52.7% vs 50.0%, P = 0.49). Subgroup analysis also
showed no difference for KRAS wild type patients in response rate (61.4% vs 50%, P = 0.06), PFS (median PFS,
10.5 mo vs 10.6 mo, P = 0.30) or OS (median OS, 21.8
mo vs 22.4 mo, P = 0.64). Similar results were observed
in the PACCE trial[68] with the addition of panitumumab
to regimens containing bevacizumab and oxaliplatin/irinotecan. In patients receiving panitumumab plus bevacizumab and oxaliplatin-based chemotherapy, the addition
of panitumumab significantly decreased the PFS (median
PFS, 10.0 mo vs 11.4 mo, HR = 1.27, 95%CI: 1.06-1.52)
and OS (median OS, 19.4 mo vs 24.5 mo, HR = 1.43,
95%CI: 1.11-1.83). In patients receiving irinotecan-based
chemotherapy, no differences were observed between the
two groups in their PFS or OS.
The combination of more than one targeted agent
as a maintenance treatment is also controversial. The
GERCOR-DREAM trial[69], reported at the 2012 ASCO
Annual Meeting, provided positive results that the addition of erlotinib to bevacizumab as a maintenance treatment significantly improved the duration of maintenance
PFS (median MT-PFS, 5.8 mo vs 4.6 mo, HR = 0.73, P =
0.005) after first-line treatment in CLM. Although the OS
data were not mature, they were promising and warranted
continuation of the trial. However, the similar Nordic
ACT trial[70] reported opposite results that the addition of
erlotinib to bevacizumab as a maintenance treatment did
not significantly improve PFS (median PFS, 5.73 mo vs
4.23 mo, HR = 0.79, P = 0.19) or OS (median OS, 21.5
mo vs 22.8 mo, HR = 0.88, P = 0.51). Despite their conflicting results, these two trials provided novel research
ideas.
The clinical trials described above raise the questions
that whether cytotoxic agents interfere with targeted
agents, in which phase combinations of targeted agents
should be used, and what are the differences between
experiments in vivo and in vitro. Although it is not presently recommended to combine more than one targeted
agent, more mechanistic research is meaningful and
valuable. This could also lead to a breakthrough in understanding the development of resistance to targeted
agents.

for the treatment of resectable CLM. However, a wellcoordinated multidisciplinary approach is more important
to achieving optimal outcomes for patients with CLM.
Targeted therapy with monoclonal antibodies is becoming increasingly important for patients with CLM, with
new findings and doubts continuing to emerge regarding
these relatively new agents. For patients with the KRAS
G13D mutation, anti-EGFR therapy might have positive
effects. The “new” RAS mutations were considered to be
predictors of poor responsiveness to anti-EGFR therapy.
The efficacy of cetuximab plus FOLFOX is likely to
be reliable, but bevacizumab plus oxaliplatin-based chemotherapy remains controversial. Studies suggest that
bevacizumab is not suitable for conversion therapy. More
evidence is needed to confirm the utility of targeted
therapy for neoadjuvant and adjuvant treatment. Combination therapy with more than one targeted agent is not
currently recommended.
In the era of personalized cancer medicine, current
research goals should be focused on further deﬁning the
roles of targeted agents at different stages of disease
and treatment, as well as optimizing their sequencing
with other treatments. More clinical trials are necessary
to answer the remaining questions. Treatment regimens
should be more accurate and personalized based on novel
molecular markers. The growing number of molecular
predictors has led to the conjecture that tumor classification will soon be based on molecular markers rather than
localization or histology. In the future, every patient will
be genotyped for several markers and treated with appropriate targeted agents. This may be the best way to
approach the tumor heterogeneity among patients. However, some studies[71] remind us that heterogeneity also
exists within a single tumor, which makes it difficult to
describe the molecular characteristics of the whole tumor
based on the part of the tissue analyzed by biopsy. A map
of all tumor heterogeneity may be useful and necessary.
In this increasingly complex era, surgeons and physicians
will play central roles in making decisions by collecting,
evaluating and using evidence, rather than based on their
personal experience.

CONCLUSION
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Advances in epigenetic biomarker research in colorectal
cancer
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croRNA expression and histone modification, in cancer
tissue, stool, plasma, serum, cell lines and xenografts.
These studies have improved the chances that epigenetic biomarkers will find a place in the clinical practices
of screening, early diagnosis, prognosis, therapy choice
and recurrence surveillance for CRC patients. However,
these studies have typically been small in size, and
evaluation at a larger scale of well-controlled randomized clinical trials is the next step that is necessary to
increase the quality of epigenetic biomarkers and ensure their widespread clinical use.
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Core tip: Epigenetic biomarkers, including DNA methylation, microRNA expression and histone modification,
may have the potential for the screening, diagnosis,
prognosis and recurrence surveillance in colorectal cancer patients.

Abstract
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Colorectal cancer (CRC) causes approximately 600000
deaths annually and is the third leading cause of cancer
mortality worldwide. Despite significant advancements
in treatment options, CRC patient survival is still poor
owing to a lack of effective tools for early diagnosis and
a limited capacity for optimal therapeutic decision making. Since there exists a need to find new biomarkers
to improve diagnosis of CRC, the research on epigenetic biomarkers for molecular diagnostics encourages
the translation of this field from the bench to clinical
practice. Epigenetic alterations are thought to hold
great promise as tumor biomarkers. In this review, we
will primarily focus on recent advances in the study of
epigenetic biomarkers for colorectal cancer and discuss
epigenetic biomarkers, including DNA methylation, mi-
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INTRODUCTION
Colorectal cancer (CRC) is one of the most widespread
cancers in the world, accounting for over 1 million new
diagnoses each year and over half of a million deaths[1,2].
Among all CRC cases, approximately 95% are adenocarcinoma. Less common types include lymphoma and
squamous cell carcinoma. CRC patients are character-
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ized by a lack of clinical manifestations until the late
stages of cancer, leading to poor prognosis and a high
mortality rate. Adenomas are the primary precursor lesion of colon cancer and often develop into colorectal
carcinomas, but the process is slow, localized and asymptomatic, which is the primary factor contributing to late
diagnosis. At the time of primary diagnosis, 80% of the
patients are offered resection and potentially are cured
by that. However, 40%-45% of these patients experience
a later recurrence and was therefore not cured by resection[3]. Therefore, the identification of useful screening
tools for CRC is a high priority. Currently, the detection
of trace blood in stool using the fecal occult blood test
(FOBT) and subsequent internal imaging of the colon
by flexible sigmoidoscopy or colonoscopy represent the
gold standard for CRC detection. Although widespread,
these techniques suffer from several shortcomings. For
example, the FOBT lacks specificity, often needs to
be repeated, and is easily interfered by the contents of
the bowel. Colonoscopy, on the other hand, is invasive,
expensive, and has a high risk of complications, which
often leads to poor patient compliance. As a result, the
identification of biomarkers that are simple, noninvasive,
cost-efficient and reasonably sensitive/specific is urgently
needed. Over the past decade, the rapidly expanding field
of epigenetics has shown great promise for the detection
of CRC at earlier stages and the identification of resectable CRC lesions prior to metastasis, thereby providing
patients with the highest chance of survival.
Epigenetic alterations are widely known to play an
important role in tumorigenesis and are prevalent in
CRC. Epigenetic changes in colorectal tumor tissues and
CRC cell lines have been widely reported, and a substantial amount of information has been accumulated[4,5].
These alterations include aberrant DNA methylation of
promoter CpG islands, changes in microRNA (miRNA)
expression profiles and various histone modifications.
The exploration of epigenetic biomarkers in cancer for
clinical use is a relatively new but rapidly developing field.
Applications include screening, diagnosis, classification,
surveillance and targeted therapies. If epigenetic factors
are to be effective biomarkers in clinical practice, they
must be detectable by noninvasive means and outperform the current gold standard. It should be emphasized
that sample collection methods are a crucial factor. For
example, miRNAs extracted from tissues should be
evaluated separately from miRNAs isolated from serum
and stool because their clinical potential is quite different.
Serum and stool biomarkers are ideal for patient screening, but biomarkers from postoperative tissue may be
more effective for prognosis, including the prediction of
mean survival, resectability of the primary tumor and the
administration of targeted therapies.

the discovery of new epigenetic biomarkers. Researchers
often compare profiles of CRC cell lines with normal
colorectal cells and then compile a list of candidate biomarkers for further study. Similarly, identifying valuable
prediction biomarkers in CRC patients often begins with
preclinical studies using xenograft tumors, which allow
one to observe tumor growth and how it responds to different therapies. Nevertheless, a significant shortcoming
of this approach is that the tumor and vasculature are of
mouse origin rather than human. Studying tumors in a
different growth environment makes it difficult to explain
the results accurately and translate them into clinical application. However, in vitro and preclinical studies are still
the foundations on which most clinical studies are built.
In the human genome, DNA methylation typically
occurs on the cytosine of the sequence 5’-CpG-3’, which
is found in promoter regions of approximately 70% of
genes[6]. In this biochemical process, a methyl group (-CH3)
is added to cytosine nucleotides by a DNA methyltransferase (DNMT). A large body of evidence has demonstrated
that promoter hypermethylation is associated with gene
silencing, while hypomethylation results in gene-product
upregulation. In this section, in vitro studies will be discussed first, followed by clinical studies that utilize blood
or stool to identify DNA methylation in CRC patients.
Khamas et al[7] conducted a genome-wide screen of
15 CRC cell lines and 23 paired tumor and normal samples from CRC patients to identify a set of methylationsilenced genes in CRC. Gene expression studies were
then used to confirm whether the methylated genes were
really regulated by their methylation status. The results of
this study revealed that 139 genes showed greater than
1.5-fold up-regulation in at least one 5-aza-2’-deoxycytidine-treated cell line and no less than a 1.2-fold change
in other treated CRC cell lines. Among them, eight genes,
DCAF4L1, DDX43, ICAM1, MSX1, PGF, PTPRO,
ZFP42 and the cancer-germline antigen families, had
previously been reported to be up-regulated by demethylation in CRC and were thus excluded from the analysis.
Twenty genes with poor annotation, 20 genes located on
the X chromosome, 16 genes with duplicated probes,
two genes with no CpG islands, 8 genes with unknown
function, 23 without a relevant function in tumorigenesis
and 22 genes with potential oncogenic activity were also
excluded, leaving 20 candidates (CAMK2B, CHAC1,
THSD1, CSTA, COL1A1, GADD45B, DMRTB1,
COL6A1, GAS5, GPRC5A, GPSM1, KLHL35, LTBP2,
NAA11, RBP4, SEMA7A, SYCP3, TBRG1, TNFSF9
and TXNIP) that had not been previously reported to be
affected by epigenetic mechanisms in CRC. Therefore,
from the 54613 genes analyzed, a much smaller set of
genes was isolated as potential biomarkers for CRC.
In this study, two genes, THSD1 and GADD45B,
were selected for further analysis. THSD1 methylation
appeared to have the potential for diagnostic, prognostic
or therapeutic use. Thrombospondin type-1 domaincontaining protein 1 (THSD1) is located in a region that
is strongly associated with the progression of colorectal

DNA METHYLATION
In vitro and preclinical studies
Generally speaking, in vitro studies are the first step in
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early detection and CRC therapy. Recently, Yi et al[10] also
reported that hypermethylation of promoter DNA in the
FBN2 and TCERG1L genes might provide excellent biomarkers for early detection of CRC. Both genes showed
a high frequency of methylation in colon cancer cell lines,
adenomas and carcinomas.
In addition, methylation of the hMLH1, p16INK4A,
APC, MGMT, sFRP1, GATA-5, sFRP4, sFRP5,
GATA-4, B4GALT1 TFPI2, SOX17 and TMEM25
genes has been described in several studies[11-17]. These
genes are hypermethylated and downregulated in CRC
and thus may serve as excellent candidate biomarkers.
In addition, insulin-like growth factor-binding protein 3
and Enah/Vasp-like have been validated as prognostic
biomarkers for CRC and found to be useful in stratifying
high-risk CRC patients who would benefit from adjuvant
chemotherapy[18]. PPP2R2B was also found to be hypermethylated in CRC and was connected to therapeutic
resistance[19]. These genes could serve as candidate biomarkers for prognosis. However, clinical studies are required to confirm these results, and it remains to be seen
if these alterations can be detected in blood or stool.

Table 1 Biomarkers of DNA methylation in blood of colorectal
cancer patients, n (%)
Markers
APC
hMLH1
HLTF
HLTF
ALX4
TMEFF2
NGFR
9-Sep
9-Sep
9-Sep
9-Sep
9-Sep
NEUROG1
SFRP2
CDKN2A/P16
RUNX3
TPEF/HPP1

Sensitivity

Specificity

Ref.

3 (6)
21 (43)
17 (34)
22 (21)
25 (83)
87 (65)
68 (51)
92 (69)
90 (72)
24 (72)
18 (60)
45 (90)
14 (52)-stage Ⅰ
45 (64)-stage Ⅱ
113 (67)
12 (71)
11 (65)
13 (13)

0 (100)
1 (98)
1 (98)
0 (100)
9 (70)
56 (69)
29 (84)
25 (86)
19 (90)
3 (90)
5 (89)
11 (89)
4 (91)

[20]
[20]
[20]
[21]
[22]
[23]
[23]
[23]
[24]
[25]
[26]
[27]
[28]

4 (94)
0 (100)
0 (100)
0 (100)

[29]
[30]
[30]
[21]

APC: Adenomatosis polyposis coli; hMLH1: Homo mutL homolog 1; HLTF:
Helicase-like transcription factor; ALX4: ALX homeobox 4; TMEFF2: Transmembrane protein with EGF-like and two follistatin-like domains 2; NGFR:
Nerve growth factor receptor; NEUROG1: Neurogenin 1; SFRP2: Secreted
frizzled-related protein 2; CDKN2A: Cyclin-dependent kinase inhibitor 2A;
RUNX3: Runt-related transcription factor 3; HPP1: Hyperpigmentation,
progressive, 1; TPEF: Transmembrane protein endothalial factor.

Biomarkers of DNA methylation in blood
Biomarkers detected in patient blood samples would provide the most practical screening tool for CRC because
of the ease with which these samples can be acquired. It
has been well documented that genetic material can shed
from tumor cells, and aberrant DNA methylation can be
specifically quantified in blood despite the large amounts
of normal DNA in circulation. Bisulfite treatment and
methylation specific polymerase chain reaction (PCR) are
the two most commonly used techniques. A blood biomarker with a high sensitivity and specificity for CRC can
not only be used to segregate high-risk patients for further clinical tests but also be an excellent tool for monitoring CRC recurrence in patients who have undergone
tumor resection (Table 1)[20-30].
The SEPT9 gene, encoding a guanosine triphosphate
enzyme involved in cytokinesis and cell cycle control,
has been reported to be associated with several cancers.
The v2 region of the Septin 9 (SEPT9) promoter has
been shown to be methylated in CRC tissue compared
with normal colonic mucosa. Using highly sensitive realtime PCR assays, methylated SEPT9 was first detected in
the plasma of CRC patients with an overall sensitivity of
72% and a specificity of 90%[24]. Significant validation has
been performed for this methylation biomarker, and Warren et al[27] have confirmed a sensitivity of up to 90% and
a specificity of up to 88% for SEPT9. Based on these
results, SEPT9 methylation appears to have the highest
probability of correctly distinguishing between the blood
of cancerous and non-cancerous persons for CRC detection. Currently, two CRC detection kits using plasma
SEPT9 methylation analysis are marketed for clinical
application. Combining SEPT9 with other methylation
biomarkers would improve the detection rate[31]. Further
studies are needed to compare these panels and kits and
discover their advantages and limitations. Ultimately, the

adenoma to carcinoma and encodes a transmembrane
molecule containing a thrombospondin type 1 repeat
that might be involved in cell adhesion and angiogenesis.
High THSD1 expression positively correlated with better distant metastasis survival in breast cancer. Therefore,
its loss may be associated with metastatic tumor spread.
Additionally, as one of the consensus radiation-response
genes in primary human fibroblasts, THSD1 may play a
role in radiation response in cancer stem cell. Moreover,
a recent study has shown that THSD1 was expressed in
CRC classified as D in Duke’s classification scheme for
CRC and thus may be relevant to tumor progression[8].
GADD45B functions as a tumor suppressor in many
cancers, can inhibit cell proliferation at different stages
and induce cell apoptosis, but its function in CRC is unknown.
In addition, Schuebel et al[9] described another genomewide, expression array-based approach for the identification of genes silenced by promoter hypermethylation in
human CRC, and approximately 500 hypermethylated
genes were identified. They analyzed the top-tier hypermethylome of each cell line (HCT116 and SW480) and
then made a comparison of hypermethylation frequencies in cell lines, normal human tissues and human tumor samples. They found that BOLL, DKK3, CABYR,
EFEMP1, GNB4, GSTM3, FOXL2, HOXD1, JPH3,
NEF3, NEURL, PPP1R14A, RAB32, TLR2, SALL4,
TP53AP1 and ZFP42 were hypermethylated and underexpressed in both CRC cell lines and in colon cancers,
but not in normal tissues. These genes possess great
promise as useful biomarkers for molecular diagnostics,
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most effective ones should be chosen for clinical use.
Other genes, such as APC, hMLH1, ALX4, TMEFF2,
NGFR, NEUROG1, SFRP2, CDKN2A/P16, TPEF/
HPP1 and RUNX3, have also emerged as serum methylation markers for CRC, with sensitivities ranging from 6%
to 83% and specificities ranging from 69% to 100% (Table
1). Among them, ALX4, TMEFF2 and NEUROG1
showed better performance relative to the others, and the
use of these markers in combination can improve detection accuracy[25,31].
In addition to the successful identification of DNA
methylation-based blood biomarkers, it is important to
find genes that have prognostic value in the blood of
patients with CRC. Methylation of helicase-like transcription factor (HLTF) has shown a strong correlation with
tumor size, metastatic disease and tumor stage and is also
associated with an increased risk of disease recurrence
in CRC patients. Therefore, the methylation of this gene
can serve as an independent biomarker for the identification of CRC with an increased risk of death. These results indicate that detection of HLTF methylation in the
blood of CRC patients has the potential as a pretherapeutic predictor of patient outcome[32]. Deafness, autosomal
dominant 5 (DFNA5) is another candidate biomarker
for the noninvasive screening and monitoring of CRC.
DFNA5 methylation has been observed in DNA from
the peripheral blood (PB) of CRC patients at a high frequency (48% or 12/25) relative to healthy controls (only
12% or 3/25). Moreover, the methylation of DFNA5
in PB samples from CRC patients was significantly correlated with lymph node metastasis and distant metastasis
(P = 0.027)[5], which suggests that DFNA5 could potentially be an independent prognostic serum biomarker for
CRC patients. It is clear, however, that further validation
in large-scale prospective trials is necessary before these
biomarkers are ready for use in the clinic[26].

tion of CRC and a small number of advanced adenomas
reached a sensitivity and specificity of 96%[58]. A followup study found that SFRP2 methylation was detectable in
the stool of almost half of all patients with hyperplastic
polyps or colorectal adenomas[53], further supporting its
use in the detection of premalignant lesions. Fecal SFRP2
methylation also drops dramatically after surgery [postoperative: 8.7% (6/69) vs preoperative: 87% (60/69)][52], suggesting its possible utility as a biomarker for recurrence.
The vimentin gene, which encodes an intermediate
filament protein involved in cell attachment, migration,
and signaling, was identified in the stool of 83% of
CRC patients with a specificity of 90%[62]. Since then,
many studies have been devoted to vimentin methylation. Follow-up studies have obtained similar results and
thus have reinforced the utility of vimentin as a standalone biomarker[47,54,55,59,61]. This has led to the commercialization of a single-gene stool kit for CRC detection
based on vimentin methylation. More recently, vimentin
methylation has been used in combination with other
methylation markers to further increase detection rates,
and vimentin has also been found in urine, suggesting
an alternative method of detection[34,48,67]. Vimentin has
a low detection rate in serum, however, and is thus most
likely not suitable for use as a serum biomarker for CRC.
Recently, Ahlquist et al[26] reported that a panel of methylation markers from stool that includes vimentin has
shown a significantly higher sensitivity for CRC, primarily
because of higher detection rates in stage Ⅰ-Ⅲ CRC (91%
vs 50%).
In addition to SFRP2 and vimentin, several other
methylation biomarkers have been identified; these include GATA4, HIC1, ITG4, NDRG4, OSMR, TFPI2,
ESR1, SLIT2, PHACTR3, SPG20, 3OST2 and MGMT.
These genes have sensitivities for CRC ranging from
38% to 89% and specificities ranging from 79% to 100%.
The combination of different methylation biomarkers
(combinations of 2 to 7 genes including APC, ATM,
CDKN2A, GSTP1, HLTF, hMLH1, HPP1, MGMT,
RASSF1, SFRP2, MAL, P16, or vimentin) increased sensitivity from 55% to 100% and increased specificity from
87% to 100% (Table 2). However, more clinical studies
are required to confirm these results.

DNA methylation biomarkers in stool
As a more attractive alternative to tissue sampling, biomarkers from feces could be of great clinical value because sampling is noninvasive and has much higher specificity. These properties offer a distinct advantage over
endoscope- and FOBT-based screening strategies for
the detection of both CRC and critical precursor lesions.
Over the past decade, numerous studies have engaged in
the development of methylation-based detection assays
for stool biomarkers of CRC (Table 2)[33-66], though the
fecal biomarker detection can only be performed in only
less than 50% of patients due to very limited compliance.
The best-studied and top-performing methylation biomarkers are secreted frizzled-related protein 2 (SFRP2)
and vimentin.
SFRP2 was the first reported DNA methylation marker
in stool, has shown a sensitivity of 77%-90% and specificity of 77%[66] and has since been studied extensively.
SFRP2 methylation has been shown to be the most sensitive biomarker for CRC, with detection rates ranging
from 77% to 94% (Table 2). When SFRP2 methylation
was used in a multigene, fecal methylation panel, detec-
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MIRNA BIOMARKERS
miRNA and cancer
In recent years, miRNA has been a relatively new but
rapidly expanding field, as is evidenced by the increasing number of assays in development. miRNAs are
small non-coding RNA molecules that function in transcriptional and post-transcriptional regulation of gene
expression and control various cellular functions. Currently, more than 1000 miRNAs have been discovered
in the human genome, and their activities and regulatory
mechanisms are being intensively investigated. miRNAs
typically function via base pairing with complementary
sequences in mRNA molecules, resulting in gene silencing via translational repression or target degradation. It
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SFRP2

13 A
6 HP
6 controls
Vimentin
103 A
75 controls
Vimentin/DIA
42 CRC
241 controls
CDKN2A/p16/
25 CRC
20 controls
MSI/long DNA
SFRP2
52 CRC
10 advanced
A
11:00 AM
8 HP
6 UC
24 controls
SFRP2/HPP1/
52 CRC
10 advanced
MGMT
A
11 nonadvanced A
8 HP
6 UC
24 controls
Vimentin/DIA
40 CRC
122 controls
ATM/APC/
20 CRC
30 A
MGMT/hMLH1/
HLTF/SFRP2/GSTP1 30 controls
241 controls
Vimentin
74 CRC
62 A
70 controls
Vimentin
94 CRC
198 controls
HIC1
26 CRC
13 A
9 HP
41 controls
CDKN2A/MGMT/
29 A
10 HP
hMLH1
25 controls
ATM/APC/
20 CRC
20 controls
MGMT/hMLH1/
HLTF
SFRP2
23 CRC
26 controls
10 HP
25 controls

Table 2 Biomarkers of DNA methylation in the stool of
colorectal cancer patients
Markers
AGTR1/WNT2/
SLIT2/VIM/SEPT9
Vimentin/EYA4/
BMP3/NDRG4
ESR1

Sample

Sensitivity

Specificity

Ref.

214 CRC
25 IBD
39 controls
CRC

20%-78%

86%-100%

[33]

67%-100%

89%

[34]

19 CRC
65%
81%
38 controls
SLIT2
60 CRC
100%
32 IBD
associated
CRC
20 HR-IBD
25%
65 LR-IBD
28 controls
PHACTR3
64 CRC
66%
100%
71 A
32%
34 controls
TFPI2
60 CRC
68.3%
100%
20 A
30 controls
CNRIP1/FBN/INA/
78 CRC
65%-94%
95%-100%
61 A
35%-91%
MAL/SNCA/SPG20
48 controls
SPG20
9 CRC
67%
Unknown
MAL/CDKN2A/
69 CRC
55.1%-78.3% 96.2%-100%
24 A
37.5%-58.3%
MGMT
19 HP
10.5%-26.3%
24 controls
3OST2
21 CRC
72.7%
90%
ITGA4/SFRP2/p16
30 CRC
70%
96.8%
25 A
72%
21 controls
RARB2/p16/
26 CRC
62%
100%
20 A
40%
INK4a/MGMT/APC
16 IBD
13%
20 controls
RASSF1/SFRP2
84 CRC
75%
89%
27 advanced
44%
A
29 non28%
advanced A
12 HP
25%
4 IC
25%
2 UC
100%
113 controls
OSMR
69 CRC
38%
95%
81 controls
Vimentin
22 CRC
41%
95%
20 advanced A
45%
38 controls
MGMT/hMLH1/
60 CRC
75%
87%
22 advanced A
46%
Vimentin
30 non70%
advanced A
37 controls
ITGA4
13 A
69%
79%
NDRG4
75 CRC
53%-61%
93%-100%
75 controls
GATA4
75 CRC
51%-71%
84%-93%
75 controls
TFPI2
26 CRC
76%-89%
79%-93%
45 controls
SFRP2
69 CRC
87.0%
93%
34 A
61.8%
26 HP
42.3%
30 controls
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[35]
[36]

[37]

[38]

[39]

[40]
[41]

[42]
[43]

[44]

[45]

[46]

46%
33%

100%

[53]

46%

84%

[54]

86%

73%

[55]

64%

95%

[56]

94%
70%

93%

[57]

96%

[58]

88%

82%

[59]

75%
68%

90%

[60]

72%
84%

89%

[61]

46%

90%

[62]

42%
31%
0%

98%

[63]

55%
40%

72%

[64]

70%

100%

[65]

77%-90%

77%

[66]

36%
38%
17%
96%
80%
64%
38%
17%

40%

A: Adenoma; HP: Hyperplastic polyp; HR: High risk; LR: Low risk; IBD:
Inflammatory bowel disease; IC: Ischemic colitis; UC: Ulcerative colitis;
CRC: Colorectal cancer; AGTR1: Angiotensin Ⅱ receptor, type 1; WNT2:
Wingless-type MMTV integration site family member 2; SLIT2: Slit homolog 2; VIM: Vimentin; EYA4: Eyes absent homolog 4; BMP3: Bone morphogenetic protein 3; NDRG4: NDRG family member 4; ESR1: Estrogen
receptor 1; PHACTR3: Phosphatase and actin regulator 3; TFPI2: Tissue
factor pathway inhibitor 2; CNRIP1: Cannabinoid receptor interacting
protein 1; FBN: Fibrillin; INA: Internexin neuronal intermediate filament
protein, alpha; MAL: Mal, T-cell differentiation protein; SNCA: Synuclein,
alpha; SPG20: Spastic paraplegia 20; MGMT: O-6-methylguanine-DNA
methyltransferase; 3OST2: Heparan sulfate (glucosamine) 3-O-sulfotransferase 2; ITGA4: Integrin, alpha 4; RARB2: Retinoic acid receptor, beta
2; RASSF1: Ras association (RalGDS/AF-6) domain family member 1;
OSMR: Oncostatin M receptor; GATA4: GATA binding protein 4; TFPI2:
Tissue factor pathway inhibitor 2; CDKN2A: Cyclin-dependent kinase
inhibitor 2; ADIA: DNA integrity assay; MSI: Microsatellite instability;
GSTP1: Glutathione S-transferase pi 1; HIC1: Hypermethylated in cancer 1;
ATM: Ataxia telangiectasia mutated; APC: Adenomatosis polyposis coli;
hMLH1: Homo mutL homolog 1; HLTF: Helicase-like transcription factor;
SFRP2: Secreted frizzled-related protein 2.

[47]

[48]

[49]
[50]
[51]
[17]
[52]
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Table 3 MicroRNAs found in colorectal cancer but not in
normal tissue

Table 4 MicroRNA biomarkers in the blood and stool of
colorectal cancer patients

Up-regulated

Markers

miR-7, miR-17, miR-18a, miR-19a, miR-20a, miR-20,
miR-21, miR-25, miR-29a, miR-29b, miR-32, miR-33a,
miR-34a, miR-34b, miR-92a, miR-93, miR-95, miR-96,
miR-101, miR-106a, miR-106b, miR-130, miR-135a, miR135b, miR-181b, miR-182, miR-183, miR-191, miR-200c,
miR-203, miR-222, miR-223, miR-224, miR-378, miR-155
Down-regulated miR-30a, miR-30c, miR-34a, miR-125a, miR-126, miR133a, miR-133b, miR-143, miR-145, miR-191, miR-192,
miR-195, miR-215, miR-342, miR-497, miR-375, miR-378,
miR-1, miR-9, miR-129, miR-137, miR-139

Blood
miR-21

miR-601/
miR-760
miR-21
miR-29a

The underlined genes miR-34a, miR-191 and miR-378 were reported to be
up-regulated in some studies[71-73] and down-regulated in others[74-76].

miR-141
miR-92a

has been well documented that many miRNAs are regulated by the methylation of their promoter region, and
some miRNAs target epigenetic activity. For example,
miR-29b has been reported to induce DNA hypomethylation and the re-expression of tumor suppressor genes
in acute myeloid leukemia by targeting DNMT[68]. These
results suggest that there is a strong relationship between
miRNA expression and epigenetic mechanisms. Notably,
many miRNAs have been found in CRC, and researchers have quantified specific miRNAs for the purpose of
CRC diagnosis and prognosis in patient blood, stool and
tissue samples. In vitro studies have also been conducted
to identify any correlation between epigenetic aberrations
and therapy response.

miR-29a

miR-221
miR-17-3P
miR-92a
Stool
miR-21

miR-92a

miR-144*
miR 17-92
cluster
miR-135

In vitro studies
Currently, 54 miRNAs have been identified that are
regulated either up or down in CRC cells relative to nontumor cells (Table 3)[69,70]. Of these, miR-17, miR-20,
miR-21, miR-31, miR-92a, miR-93, miR-183 and miR-203
were upregulated in CRC cells, while miR-30a, miR-30c,
miR-133a, miR-143, miR-145 were downregulated. These
observations have been validated in subsequent studies.
The upregulated miRNAs were associated with chromosomal regions that are often amplified in CRC, and the
downregulated miRNAs often associated with chromosomal regions that were typically deleted. These changes
may be closely related to genetic alterations as well as
epigenetic modification.
However, there are some discrepancies between studies. For example, miR-34a, miR-191 and miR-378 were
reported to be upregulated in some studies[71-73] and yet
were down regulated in others[74-76]. This may have been
caused by heterogeneity between the different studies with regards to tumor stage, tumor location, genetic
background and technical issues. We believe that the accumulation of further studies will allow us to determine
which miRNAs will be the most effective biomarkers and
also better understand their role in colorectal cancer.

miR-21
miR-92a
miR-21

Sensitivity

Specificity

Ref.

186 CRC
43 A
53 controls
90 CRC
48 AA
58 controls
30 CRC
30 controls
258 plasma
sample
102 CRC
120 CRC
37 AA
59 controls
120 CRC
37 AA
59 controls
103 CRC
37 controls
90 CRC
50 controls
90 CRC
50 controls

76.8%-82.8%
91.9%

81.1%-90.6%
81.1%

[77]

83.3%
72.1%

69.1%
62.1%

[78]

90.0%

90.0%

[79]

75.0%

75.0%

[80]

77.1%-90.9%
84.0%
64.9%

77.1%-89.7%
71.2%
81.4%

[81]
[82]

69.0%
62.2%

89.1%
84.70%

[82]

86.0%

41.0%

[83]

64.0%

70.0%

[84]

89.0%

70.0%

[84]

88 CRC
57 polyps
101 controls
88 CRC
57 polyps
101 controls
75 CRC
197 CRC
119 controls
197CRC
119 controls
197 CRC
119controls
59 CRC
74 controls
59 CRC
74 controls

55.7%
43.9%

73.3%

[85]

71.6%
56.1%

73.3%

[85]

74.0%
69.5%

87.0%
81.5%

[86]
[87]

46.2%

95.0%

[87]

14.7%

91.6%

[87]

50.0%

80.0%

[88]

50.0%

83.0%

[88]

A: Adenoma; CRC: Colorectal cancer.

cells via exosomes and survive in a stable form in the circulation. Many studies have been performed to quantify
miRNAs in the blood for use as a biomarker (Table 4)[77-88].
miR-92a, located on chromosome 13q13, is a member
of the miR-17-92 gene cluster. This cluster promotes cell
proliferation, suppresses apoptosis, induces angiogenesis
and accelerates tumor progression. miR-92a was first
identified by Ng et al[84] as a potential noninvasive biomarker for CRC detection with a sensitivity of 89% and
specificity of 70%. miR-17-3p, another member of the
miR-17-92 gene cluster, was also evaluated in this study as
a detection biomarker. This miRNA produced a sensitivity of 64% and a specificity of 70%.
To follow this study, Huang et al[82] performed a receiver-operating characteristic (ROC) analysis on 120 CRC
patients, 37 patients with advanced adenomas and 59

miRNA biomarkers in blood
It is widely believed that miRNAs can shed from tumor
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and 101 healthy controls. These results showed that patients with CRC had significantly higher levels of miR-21
(P < 0.01) and miR-92a (P < 0.0001) in their stool compared with normal controls. miR-92a levels provided a
higher sensitivity for distal rather than proximal CRC (P
< 0.05). In addition, stool miR-21 and miR-92a levels
decreased significantly (P < 0.01) after surgical resection
of tumor, which suggests that miR-92a and miR-21 from
stool samples could serve as screening biomarkers for
colorectal cancer.
In addition, miR-144* and miR-106a were found to
be significantly overexpressed in adenomas and in the
stool of CRC patients compared with healthy individuals[86,89]. These studies have confirmed that miRNAs from
stool samples require validation as diagnostic biomarkers
for CRC.

Table 5 Relationship between microRNAs and screening,
diagnosis and prognosis in colorectal cancer
Screening

Diagnosis
Prognosis

Treatment

miR-17-92, miR-20a, miR-21, miR-92, miR-96, miR-106a,
miR-135, miR-144, miR-203, miR-326, miR-181b, miR-601,
miR-760
miR-133b, miR-143, miR-145, miR-17-92, miR-18a, miR20a, miR-21, miR-31, miR-92, miR-96, miR-135b, miR-183
miR-18a, miR-21, miR-20a, miR-31, miR-143, miR-145,
miR-155, miR-181b, miR-200c, miR-203, miR-106a,
miR-17-92, miR-135a, miR-335, miR-206, miR-10b, miR146a/b, let7a/b
miR-21, miR-17, miR-215, miR-125b, miR-137, miR-143,
miR-145, miR-192, miR-622, miR-630

healthy controls. In this analysis, the researchers found
that they could not only discriminate CRC from controls (miR-29a yielded an area under the curve (AUC) of
0.844, and miR-92a yielded an AUC of 0.838), but also
discriminate advanced adenomas from controls (the AUC
was 0.769 for miR-29a and 0.749 for miR-92a). Furthermore, combined ROC analyses using these two miRNAs
revealed an increased AUC with an 83.0% sensitivity and
84.7% specificity in discriminating CRC, and an AUC
demonstrating 73.0% sensitivity and 79.7% specificity in
discriminating advanced adenomas. These results suggested that plasma miR-29a and miR-92a have potential
as novel noninvasive biomarkers for CRC detection and
that a combination of different miRNAs may provide a
higher sensitivity and specificity than a single miRNA.
More recently, miR-21, miR-601, miR-760 and miR-221
from plasma were also reported to be potential CRC biomarkers. In these studies, miR-221 and miR-21 were upregulated in the plasma of CRC patients compared to
healthy controls[79,83], while miR-601 and miR-760 were
down-regulated[78]. Moreover, a study conducted in two
independent CRC cohorts suggested that high levels of
plasma miR-141 could predict poor survival, and thus
miR-141 may serve as an independent prognostic factor
for advanced CRC patients[81].

Brief summary
miRNAs have been closely linked to colorectal cancer
development. They can serve as screening and diagnosis
markers for CRC and also as potential prognostic and
predictive markers. As a rough outline for the reader, we
provide here a table to display the relationship between
currently identified miRNAs and screening, diagnosis,
prognosis and treatment in colorectal cancer (Table 5).
As research continues, more miRNAs correlated with
CRC will be discovered, and the mechanism of miRNA
regulation will be deciphered. Therefore, it is highly likely
that more effective miRNA biomarkers for CRC patients
will be found in the future.

HISTONE MODIFICATION
Although DNA methylation has been the most extensively studied epigenetic alteration in CRC, increasing
numbers of studies have also explored how histone
modifications in tumor cells compared to normal
colorectal cells. Only tissue samples can be used for histone profiling, so these biomarkers are most useful for
the postoperative prognosis of CRC patients. Thus far,
the best studies on histone modification have addressed
post-translational methylation and acetylation by multiple
enzymes. Tamagawa et al[90] created duplicate 2-mm-core
tissue microarrays from 54 paraffin-embedded samples
of primary colorectal adenocarcinomas and corresponding liver metastases to evaluate the methylation patterns
of histone H3 lysine 27 (H3K27), H3 lysine 36 (H3K36)
and the expression of H3K27 methylase EZH2. These
microarrays were then probed in immunohistochemical
assays to search for biomarkers that could identify these
patients. These results revealed that H3K27me2 levels
were lower in liver metastases than in the corresponding
primary tumors, and these levels correlated with tumor
size and poorer survival rates. H3K36me2 levels were
higher in liver metastases than in the corresponding primary tumors and correlated with histological type and
lymph node metastasis. In addition, this study conducted
a multivariate survival analysis and suggested that the
methylation level of H3K27me2 detected by immuno-

miRNA biomarkers in stool
Stool-based miRNA detection has been widely studied
as a noninvasive screening method for CRC (Table 4).
Koga et al[87] conducted an miRNA expression analysis
of exfoliated colonocytes isolated from the feces of 197
CRC patients and 119 healthy controls. They analyzed
the miRNA expression of the miR-17-92 cluster (including miR-17, miR-18a, miR-19a, miR-19b, miR-20a and
miR-92a), miR-21, and miR-135 by quantitative real-time
PCR and found that expression of the miR-17-92 cluster and miR-135 was much higher in CRC patients than
in healthy controls (P < 0.0001). miR-21, on the other
hand, could not discriminate between the two groups.
The miR-17-92 cluster detected distal tumors better than
proximal tumors, as the sensitivity of miRNA expression
for these tumors was 81.5% and 52.9%, respectively.
In another study, Wu et al[85] evaluated the feasibility
of miR-21 and miR-92a detection in stool samples from
88 patients with CRC, 57 patients with colorectal polyps
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histochemistry may be an independent prognostic factor
for metachronous liver metastasis in colorectal cancer
patients. In fact, prior to this study, this group used the
same method to validate other histone patterns, including histone H3 lysine 4 (H3K4) dimethylation, histone
H3 lysine 9 (H3K9) dimethylation and histone H3 lysine
9 (H3K9) acetylation. They found that dimethylation of
H3K4 and acetylation of H3K9 correlated with tumor
histological type, and lower levels of H3K4 dimethylation
correlated with a poor survival rate. Multivariate survival
analysis showed that H3K4 dimethylation status is an
independent prognostic factor for colorectal cancer patients[91].
Using chromatin immunoprecipitation (ChIP) coupled
with quantitative PCR and high-throughput sequencing,
Gezer et al[92] observed reduced plasma levels for two histone methylation biomarkers, H3K9me3 and H4K20me3,
in patients with CRC and characterized these modifications in the circulation. They found that lower H3K9me3
levels had potential as biomarkers for CRC. These studies
have provided a good start for the examination of histone modification for the prognosis of CRC. Research is
ongoing to find histone biomarkers useful for colorectal
cancer patients.

assays in small sample volumes with relatively simple and
cheap assays.
Regarding the comparison between stool and blood
biomarkers, we know that both of these sample types
have been under investigation and improvements continue to be made. In a biomarker search, sample collection, storage and handling have a significant impact on
the performance of a specific test. Indeed, using stool
samples to detect new biomarkers is not standardized;
for example, the buffers used to collect and store stool
samples were different in each study, and the methods of
DNA or RNA isolation also varied. Therefore, it is difficult to compare the performance of different biomarkers based on the current research. By contrast, blood
detection is more standardized and readily accepted by
the general population. Moreover, biomarkers in blood
are more stable than in stool because of the absence of
microflora. DNA, miRNA and proteins have all been
shown to be stable in unprocessed EDTA tubes or noncentrifuged clotted blood for 24 h or longer at room
temperature. This is particularly true for miRNA, which,
as a result of its short length, is more stable in blood than
other types of nucleic acids. So, at a practical level, degradation problems for biomarkers during storage and transport should be taken into account, and it is important to
standardize detection procedures. For example, the bias
will be enormous and the results will not be interpretable
if comparing the data from newly collected samples of
CRC patients with those from archived samples of adenoma patients or healthy persons. Thus, various samples
should be collected in the very same manner at the very
same time according to the REMARK guidelines to improve the comparability between various results. Studies
specifically addressing these questions are highly desirable

DISCUSSION
As we have discussed above, a variety of DNA methylation, miRNA and histone biomarkers from stool, blood
and tissue have been reported for CRC detection. Some
of the markers identified are derived from tumor cells
and others are derived from non-tumor cells in the tumor
microenvironment or blood. DNA and miRNA biomarkers mostly shed from tumor cells, and so, theoretically,
these molecules should be more specific than protein
biomarkers such as carcinoembryonic antigen (CEA), carbohydrate antigen (CA) 19-9, CA242 and CA724, which
are currently applied widely in the clinic. This is because
nucleic acid-based markers can be amplified and thus
produce a stronger signal, thereby permitting a greater
sensitivity. In addition to the superior assay performance
of DNA and miRNA, these samples are easier to store
because effective preservation buffers that can prevent
DNA and miRNA degradation in stool samples are available. In contrast, no preservation buffer for proteins in
stool samples has been reported so far. In comparison
with DNA and miRNA, protein biomarkers show lower
specificity because tumors often induce inflammatory reactions, and some of the biomarkers that initially showed
promise for cancer detection now appear to also detect
a wide range of bowel diseases, such as ulcerative colitis
and Crohn’s disease. Moreover, protein biomarkers have
often been altered in more than one type of cancer. For
example, CEA has been reported as a biomarker for various malignancies, including colorectal, pancreatic, lung,
renal and breast cancers[93-96]. In spite of these issues, protein biomarkers may still be useful for large-scale screening for CRC because proteins can be observed through
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CONCLUSION
Epigenetic biomarkers and the use of blood and stool
samples each have their own advantages and disadvantages for clinical screening, diagnosis and prognosis. Although many studies on these biomarkers are preliminary,
some markers have demonstrated better performance
than the current FOBT test. No biomarker-based assay is
ready for large-scale population screening, however.
The standardization of sample preparation and testing
protocols is very important for the widespread deployment of techniques and the comparison of results from
different studies. Moreover, large well-controlled studies
are urgently needed to identify the accuracy of epigenetic
biomarkers for CRC detection in asymptomatic populations. Much work remains before such observations can
be translated into routine clinical practice.
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Core tip: MicroRNAs represent one of the important epigenetic modifications for gene expression and play important roles in all aspects of cellular activities. Altered
expression of microRNAs has been found in various
human diseases including cancer. Aberrant microRNAs
can be detected not only intracellularly within the cancer cells, but also extracellularly in plasma of patients,
postulating the potential of aberrant microRNAs as
promising diagnostic/prognostic markers and attracting therapeutic targets. This review focuses on recent
advances in identification, validation and functional
analyses for such microRNAs in colorectal cancer, and
potential applications of these altered microRNAs.

Abstract
MicroRNAs are evolutionarily conserved small noncoding RNA molecules encoded by eukaryotic genomic
DNA, and function in post-transcriptional regulation of
gene expression via base-pairing with complementary
sequences in target mRNAs, resulting in translational
repression or degradation of target mRNAs. They represent one of the major types of epigenetic modification
and play important roles in all aspects of cellular activities. Altered expression of microRNAs has been found
in various human diseases including cancer. Many efforts have been made to discover the characteristic
microRNA expression profiles, to understand the roles
of aberrantly expressed microRNAs and underlying
mechanisms in different cancers. With the application
of DNA microarray, real-time quantitative polymerase
chain reaction and other molecular biology techniques,
increasing evidence has been accumulated which reveal that aberrant microRNAs can be detected not only
intracellularly within the cancer cells, but also extracellularly in plasma of patients, postulating the potential of
aberrant microRNAs as promising diagnostic/prognostic
markers and attracting therapeutic targets. This review
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INTRODUCTION
Colorectal cancer is one of the most common malignancies worldwide, with 1233700 new cases and 608700
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deaths estimated in 2008[1]. Prevention, early diagnosis
and treatment can greatly reduce the incidence and mortality. All these depend on the achievements in a comprehensive understanding of every aspect of colorectal
cancer at molecular and cellular levels. More and more
evidence shows that epigenetic modifications, such as
hyper- or hypo-methylation at specific sites in DNAs or
proteins, acetylation or de-acetylation of nucleosome histones and conditionally specifically expressed non-coding
RNAs like microRNAs, are involved in the carcinogenesis
of many types of cancer including colorectal cancer[2-4],
and some of the epigenetic modifications can serve as
markers for diagnosis, treatment efficacy monitoring and
prognosis, or be developed into targets for therapeutic
interventions.
MicroRNAs are evolutionarily conserved small noncoding RNA molecules that are encoded by eukaryotic
genomic DNA. Located in the spacer regions between
protein-coding genes or in the introns of protein-encoding genes, microRNA coding sequences have their own
promoters or utilizes the same promoters as proteincoding genes, and are transcribed as primary microRNAs
(pri-microRNAs) in the same manner as the messenger
RNAs of the protein-coding genes do. Pri-microRNAs
are processed into microRNA precursors (pre-microRNAs) in the nucleus and transported to the cytoplasm
and further processed into mature microRNAs, and function in post-transcriptional regulation of gene expression via base-pairing with complementary sequences in
target mRNAs, resulting in translational suppression of
imperfectly matched mRNAs or degradation of perfectly
matched mRNAs[5]. Both strands of a pre-microRNA
may be processed into two mature microRNAs, with
similar efficiencies which are discriminated by -5p and
-3p, or with one dominantly processed and the recessive
one star-labeled (*), which function differently against
different target genes. This post-transcriptional regulation of expression of multiple genes represents one of
the major types of epigenetic modification and exhibits
important impacts in all aspects of cellular activities,
under both physiological and pathological conditions.
Many of the known microRNAs appear in clusters on a
single polycistronic transcript[6], which may modulate the
expression of genes whose products work together to
fulfill the same task.
It is now well documented that microRNAs play important roles in the pathogenesis of many human diseases including cancer. Aberrant expression of microRNAs
has been observed in cancers of various tissues such as
lung, breast, liver, colon and rectum, and prostate. Upregulation of certain specific microRNAs may suppress
genes responsible for growth/proliferation inhibition,
down-regulation of other specific microRNAs may augment genes responsible for growth/proliferation promotion, and either may result in the development and progression of cancer. The specifically altered microRNA
expression patterns may serve as diagnostic/prognostic
markers, and correction of these aberrant microRNAs
may reverse the malignant phenotypes of cancer cells and
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therefore provide means for cancer treatment[7-9].
Numerous investigations on screening for altered expression of microRNAs in various types of cancer have
been conducted during the past decade, with more and
more functional validations in recent years. The aberrantly
expressed microRNAs exert their functions by modulating oncogenic or tumor-suppressive genes and play
important roles in the development and progression of
cancers, therefore exhibit their potentials as “oncogenic”
or “tumor-suppressive” microRNAs. Some of the alterations are common among different cancers, while others
are type-specific. MicroRNAs function in a multi-target
manner that one microRNA may modulate the expression
of multiple genes, and one target gene may also be modulated by multiple microRNAs. While the microRNAmodulated gene expression is one kind of epigenetic
modification, the expression of microRNA itself is modulated by other epigenetic modifications such as hyper- or
hypo-methylation. This review focuses on the most recent
advances in studies on some extensively investigated microRNAs in colorectal cancer, especially with regards to
the potentials as bio-markers or therapeutic targets.

ONCOGENIC MICRORNAS AS
POTENTIAL MARKERS AND TARGETS IN
COLORECTAL CANCER
MiR-21
MiR-21 is one of the most extensively investigated oncogenic microRNAs whose expression is frequently upregulated in colorectal cancer. The identified target genes
regulated by miR-21 include programmed cell death 4,
RhoB and transforming growth factor beta receptor 2
(TGFBR2). MiR-21 regulates cell proliferation, invasion and apoptosis, and induces stemness. Through its
pro-metastatic effect, ectopic stromal miR-21 expression associates with increased epithelial invasiveness.
The expression level of miR-21 correlates with clinical
stage, and increases with advanced disease, decreased
recurrence-free cancer-specific survival and shorter overall survival (OS). There is higher stool level of miR-21 in
patients with colorectal cancer but not polyps. Plasma/
serum miR-21 can be served as a potential diagnostic and
prognostic marker. The post-therapeutic miR-21 level in
colorectal cancer is lower and can predict the pathological
tumor response to chemotherapy. Down-regulation of
miR-21 reduces cell proliferation, migration and invasion,
induces apoptosis and inhibits cell cycle progression, upregulates Spry2 and phosphatase and tensin homologue
deleted on chromosome 10 and enhances the cytotoxic
effects of 5-fluorouracil and metformin, and also leads
to differentiation of chemoresistant cells, therefore inhibition of miR-21 may serve as a novel therapeutic approach[10-30].
MiR-155
Up-regulation of oncogenic miR-155 in colorectal cancer
cells promotes cell proliferation, migration and inva-
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sion, increases chemoresistance and correlates with poor
prognosis. Claudin-1, a member of integral membrane
proteins that constitute tight junctions, is the identified
target gene modulated by miR-155[30-33]. Low expression
of claudin-1 is associated with lymphatic involvement,
histological differentiation, extent of poorly differentiated component, reduced disease-free and overall survival
of colorectal cancer patients[34].

logic factors, suggesting the possibility that miRNAs in
cancer stroma are crucially involved in cancer progression,
a similar phenomenon observed for stromal miR-21[10].
MiR-135a and miR-135b
Oncogenic miR-135a[24,48] promotes the growth and invasion of colorectal cancer cells in vitro by repressing its
target gene metastasis suppressor 1. The level of miR135b[17,20,49] is also elevated in colorectal cancer, which
correlates with clinical stage, liver metastasis, and both
disease-free survival (DFS) and cancer-specific survival
of patients, and inhibition of miR-135b leads to decreased viability of colorectal cancer cells in vitro.

MiR-31
With rat sarcoma viral oncogene homolog (RAS) p21
Guanosine-5’-triphosphatase (GTPase) activating protein
1 (RASA1) gene as the target gene, miR-31 overexpression activates oncogene RAS by repressing RASA1, and
elevated expression of miR-31[35-38] is associated with aggressive mucinous phenotype. For metastatic colorectal
cancer patients with wild-type kirsten rat sarcoma viral
oncogene homolog/v-raf murine sarcoma viral oncogene
homolog B (KRAS/BRAF) who received anti-epidermal
growth factor receptor (EGFR) monoclonal antibody
(mAb) treatment, significant miR-31* up-regulation appeared in progressive disease vs disease control, and can
be used to predict the benefits of anti-EGFR mAb treatment.

TUMOR SUPPRESSIVE MICRORNAS AS
POTENTIAL MARKERS AND TARGETS IN
COLORECTAL CANCER

MiR-17
Elevated in colon cancer, miR-17[18,42-45] expression is
associated with poor survival and is an independent
prognostic marker. By targeting tumor suppressor gene
Rho family GTPase 3 (RND3), miR-17 promotes proliferation, growth and cell cycle progression. Moreover,
elevated oncofoetal miR-17-5p expression resulted in
shorter overall survival rates by repressing its target gene
retinoblastoma-like protein 2 (P130), but caused a better
response to adjuvant chemotherapy.

Let-7
The let-7 family is one of the most ancient and conserved microRNAs, which functions as a well-recognized
tumor suppressor targeting oncogenic KRAS and whose
expression is deregulated in many types of cancer including colorectal cancer[50,51].
Recent studies on let-7 family members showed that:
let-7a expression is elevated in metastatic colorectal cancer with KRAS mutation compared to normal mucosa or
non-metastatic disease[24], and the high level of let-7a in
KRAS-mutated colorectal cancer may rescue anti-EGFR
therapy effects[52]; decreased expression of let-7b at tumor invasion front is an adverse prognostic marker for
recurrence and OS of colorectal cancer patients[53]; let-7c
is a metastasis suppressor in colorectal cancer by targeting matrix metalloproteinase 11 and pre-B-cell leukemia
homeobox 3[54]; and let-7e is overexpressed in responders
to neoadjuvant chemoradiotherapy[55].
Another current research focus is the correlation between a functional polymorphism in let-7 complementary
site within the 3’ untranslated region (3’-UTR) of KRAS
(rs61764370) and the risk for development of colorectal
cancer, pathological and clinical parameters, clinical outcome, progression-free survival (PFS) or OS in metastatic
colorectal cancer patients[52,56-58].
All these novel findings for the Let-7 family member
microRNAs provide us further predictive/prognostic
markers in the management of colorectal cancer patients.

MiR-106a and miR-106b
MiR-106a[46,47] is highly expressed in metastatic colorectal
cancer cells and regulates migration and invasion. Tumor
suppressor Rb1 is one of the target genes of miR-106a,
and the regulatory role for Rb1 may happen in sporadic
colorectal cancer. Similar to miR-21, miR-106a also inhibits the expression of TGFBR2, leading to increased
colorectal cancercell migration and invasion.
Interestingly, miR-106b[42] is upregulated in cancer stromal tissues compared with normal stroma, and the stromal
miR-106b expression level is associated with clinicopatho-

MiR-143
MiR-143[28,37,53,59-65] targets hexokinase 2 (HK2) gene and
metastasis-associated in colon cancer-1 gene, and inhibit
invasion/migration of colorectal cancer cells. Loss of
miR-143-mediated repression of HK2 can promote
glucose metabolism in cancer cells. The complementary
strand miR-143* is down-regulated in colon cancer cells
and forced expression significantly abrogated invasive
potential.
MiR-143 is often down-regulated in colorectal cancer, especially at liver invasion front, and the reduced ex-

MiR-92a
The overexpression of miR-92a[14,26,39-43] correlates with
tumor metastasis and poor prognosis. Higher miR-92a
level in stool in patients with colorectal cancer and polyps can be detected. BCL-2-interacting mediator of Cell
Death (BIM) is the target gene of miR-92a. As the downregulation of BIM gene by over-expressed miR-92a in
colon cancer cells may lead to the evasion of apoptosis,
anti-miR-92a strategy effectively induces apoptosis of
colorectal cancer cells, which suggests a potential new
therapeutic approach.
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level and lead to inhibition of tumor growth by targeting
p21 protein-activated kinase 4.
MiR-145 is down-regulated in plasma and cancer tissues and liver invasion front of colorectal cancer patients.
Down-regulation of fecal miR-145 is proposed as a
potential marker for colorectal cancer. Decreased expression of miR-145 occurs before the mutation of APC
gene and is involved in the initiation step of colorectal
cancer. Similar to miR-143, the post-therapeutic level of
miR-145 increases, predicting the response to treatment
and prognosis. Overexpression of miR-145 inhibits cell
proliferation, migration and invasion due to its proapoptotic and antiproliferative role, showing its potential in
miRNA-replacement therapy of colorectal cancer.

Table 1 Colorectal cancer-associated microRNAs with identified
targets
MiR (family)

Role/
potential

Identified targets

Ref.

9
16

ON
TS

[36,81,82]
[84-86]

17
21
22
31
33a
34 family
92a
95
139
143
145 family
148 family
155
215
320a
339-5p
342
365
373
499-5p
506
1915
Let-7 family

ON
ON
TS
ON
TS
TS
ON
ON
TS
TS
TS
TS
ON
TS
TS
TS
TS
TS
TS
ON
ON
TS
TS

E-cadherin
COX-2, cyclin D1,
survivin, CDK6
RND3, P130
PDCD4, RhoB, TGFBR2
p21
RASA1
Pim-1
Axin2
BIM
Nexin 1
RAP1B, IGFR-1
HK2, MACC1
PAK4, NRAS, IRS1
Bcl-2, CCK-2 receptor
Claudin-1
DTL
Neuropilin 1, β-catenin
PRL-1
DNMT1
Cyclin D1, Bcl-2
RAB22A
FOXO4, PDCD4
PPARα
Bcl-2
MMP11, PBX3

[18,42-45]
[10-30]
[90-93]
[14,17,35-38]
[67]
[33,70,101-103]
[14,26,39,40-43]
[106]
[37,121,122]
[28,37,53,59-65]
[14,28,53,60,64,66-68]
[69-72]
[30-33]
[20,55,73-75]
[147,148]
[151]
[152]
[155]
[157]
[162]
[164]
[170]
[24,38,52-57]

MiR-148a and 148b
Tumor suppressive miR-148a[69-71] promotes apoptosis via
repressing anti-apoptotic Bcl-2 expression. Hypermethylation leads to down-regulation of miR-148a in advanced
CRC. Low miR-148a expression is associated with significantly shorter DFS, a worse therapeutic response, and
poor OS. The miR-148a level can serve as a disease progression follow-up marker, and has prognostic/predictive
value in chemotherapy as well.
MiR-148b[72] also acts as a tumor suppressor in colorectal cancer by targeting the choecystokinin-2 receptor
which functions depending on the gastrin in colorectal
cancer, and suppresses the growth of cancer cells. The
expression of miR-148b is significantly down-regulated
in human colorectal cancer tissues and correlates with
tumor size, and is important in the cancer transformation
process. Forced expression of miR-148b in colorectal
cancer cells inhibits cell proliferation in vitro and suppresses tumorigenicity in vivo. miR-148b can be further
evaluated as a biomarker and therapeutic tool against
colorectal cancer.

TS: Tumor suppressor; ON: Oncogene; COX-2: Cyclooxygenase-2; CDK6:
Cyclin-dependent kinase 6; RND3: Rho family GTPase 3; PDCD4: Programmed cell death 4; TGFBR2: Transforming growth factor beta receptor
2; RASA1: RAS p21 protein activator 1; BIM: Bcl-2 interacting mediator of
cell death; RAP1B: RAS related protein 1b; IGFR-1: Insulin-like growth factor receptor-1; HK2: Hexokinase 2; MACC1: Metastasis associated in colon
cancer 1; PAK4: p21 protein-activated kinase 4; NRAS: Neuroblastoma RAS
viral oncogene homolog; IRS1: Insulin receptor substrate 1; CCK-2: Cholecystokinin-2; DTL: Denticleless E3 ubiquitin protein ligase homolog; PRL-1:
Phosphatases of regenerating liver-1; DNMT1: DNA methyltransferase 1;
FOXO4: Forkhead box O4; PDCD4: Programmed cell death 4; PPARα: Peroxisome proliferator-activated receptor alpha; Bcl-2: B-cell leukemia/lymphoma 2; MMP11: Matrix metallopeptidase 11; PBX3: Pre-B-cell leukemia
homeobox 3.

MiR-215
As a tumor suppressor candidate, miR-215[20,73-75] level is
decreased in cancer tissues of colorectal cancer patients,
especially those relapsed patients. The expression level of
miR-215 is an independent predictive marker for relapse
and associated with poor OS. However, overexpressed
miR-215 can be observed in non-responders to neoadjuvant chemoradiotherapy, and the high miR-215 level
confers chemoresistance due to cell cycle arrest and reduced proliferation by targeted inhibition of thymidylate
synthase, dihydrofolate reductase and denticleless protein
homolog, genes that play essential roles in DNA synthesis, cell cycle progression, proliferation, and differentiation.

pression correlates with aggressive mucinous phenotype.
MiR-143 also inhibits tumor growth and angiogenesis
and sensitizes chemosensitivity to oxaliplatin. The posttherapeutic level of miR-143 increases and can be used
for predicting response to treatment and prognosis.
Down-regulation of fecal miR-143 is a potentional marker for colorectal cancer, and the miR-143 level in blood
and tissue can be used as a new diagnostic marker and
therapeutic target as well.
MiR-145
MiR-145[14,28,53,60,64,66-68] exerts its tumor suppressive function by modulating several target genes: it can block the
activation of AKT and ERK1/2 pathways and the expression of HIF-1 and vascular endothelial growth factor
via directly targeting neuroblastoma RAS viral oncogene
homolog and insulin receptor substrate 1, down-regulate
phosphorylated-extracellular signal-regulated kinase 1
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OTHER COLORECTAL
CANCER-ASSOCIATED MICRORNAS
In addition to the above microRNAs, there are other
microRNAs that have been identified to be involved in
the development/progression of colorectal cancer. A
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493, 493*
497
502
574-5p
592
601
608
625-3p
627
638
760
1224-5p
1275

Table 2 Colorectal cancer-associated microRNAs without
identified target
MiR (family)
1
7
10b
15a
18a
19 family
23a
27b
29 family
30a-5p
32
93
96
101
103/107
106 family
122
124
125 family
126
127-3p
129
130a/301a/454
133 family
135 family
137
140
141
144
146a
149
150
181a
182
185
186, 216b, 337-3p
190b
192
193a-3p, 338-5p
194
19, 512, 801, 246
196a2
199a-5p
206
211
212
218
221*, 224
222
223
297
328
330
340
345
362-3p
367
372
375, 422a
378
409-3p
424*
429
450 family, 99a*
451
486-3p

Role/potential

Ref.

TS
TS
Marker, +, chemo
TS
ON
Marker, +, chemo
ON
TS
Marker, +
TS
ON
TS
Marker, +
TS
ON
ON
ON
TS
TS
Marker, +
Marker, +
TS
ON
Marker, ON
TS
Marker, +
Circ, Marker, +
Marker, SNP
Marker, Marker, ON
Marker, +
Marker, +
TS
Marker, +, chemo
Marker, Circ, Marker, +
Marker
Marker, +
SNP
TS
Marker, +
ON
TS
TS
TS
TS
TS
TS
TS
TS
TS
TS
TS
SNP
Marker, +
TS
Marker, Cirl, Marker, +
TS
ON
Marker, -, chemo
TS
Marker, +

[76-78]
[79,80]
[83]
[84]
[87,88]
[18,53,89]
[94,95]
[96]
[55,87,97,98]
[99]
[100]
[79,104,105]
[17]
[14,107,108]
[109]
[14,42,46,47]
[110]
[111-113]
[114]
[115]
[40]
[116]
[117]
[78,118]
[17,20,24,48,49]
[112,119,120]
[38,123]
[124]
[125,126]
[127,128]
[129]
[130]
[131]
[36,132]
[118]
[133]
[55]
[74]
[94]
[53,74]
[123]
[134-138]
[139]
[24]
[140]
[141]
[142]
[143]
[144]
[145]
[146]
[149]
[150]
[112]
[153]
[154]
[156]
[21]
[20]
[20,40]
[79]
[65]
[158]
[55]
[159]
[40]
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TS
TS
TS
ON
Marker, +
Marker, +
SNP
Marker, +, chemo
TS
Marker, Marker, +
Marker, Marker, -

[160]
[161]
[163]
[165]
[38]
[166]
[167]
[168]
[169]
[53]
[133, 66]
[38]
[53]

TS: Tumor suppressor; ON: Oncogene; Marker, +: Up-regulated marker;
Marker, -: Down-regulated marker; Chemo: Chemosensitivity-associated;
SNP: Single nucleotide polymorphism-associated.

collection of the most recently investigated/concluded
colorectal cancer-associated microRNAs are listed in
Tables 1 and 2 for reference.

CONCLUSION
As discussed above, a number of alterations of microRNAs play important roles in the development and progression of colorectal cancer, and even alterations of the
microRNA processing machinery components are of
prognostic values[171,172]. The expression of microRNAs
is regulated not only by other epigenetic modifications
such as hyper- or hypomethylation, but also by other interacting molecules, i.e., LIN28 and let-7[173], and in a clustered manner. Moreover, the polymorphisms of either
microRNAs or targeted genes have a significant impact
on colorectal cancer risk[174,175], even in population-based
studies[176-178], and the responses to chemotherapy and
prognosis[179,180] as well.
We can expect that the altered expression of microRNAs detection will serve as effective biomarkers for
screening, diagnosis, monitoring therapy and prognosis
of colorectal cancer in the future, as they can be detected from various kinds of samples including cell-free
plasma/serum[181-184], circulating tumor cells[185], mucosal
wash fluid[186], feces[187,188] and formalin-fixed paraffinembedded tissues[189].
Based on the achievements in this field, we can also
expect that novel therapeutics be developed to re-normalize the altered microRNAs in colorectal cancer[190], not
only by directly restoring down-regulated microRNAs or
knocking down the up-regulated microRNAs, but also by
epigenetic therapy[191].
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Role of pomegranate and citrus fruit juices in colon cancer
prevention
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over, there is a scarcity of studies involving human trials to estimate the preventive nature of these juices
against colon cancer. This review will support the need
for more preclinical tests with these crude juices and
their constituents in different colorectal cancer cell lines
and also some epidemiological studies in order to have
a better understanding and promote pomegranate and
citrus juices as crusaders against colon cancer.
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Core tip: Recent studies prove that though chemotherapeutic agents are being used for the treatment
of colon cancer, they become non-effective when the
cancer progresses to an invasive stage. This problem
can be minimized by the regular intake of fruit juices.
The unique biochemical composition of fruit juices is
responsible for their chemo-preventive properties. In
this review, the chemo-preventive effects of fruit juices
such as pomegranate and citrus juices against colon
cancer are discussed.

Abstract
Original sources: Jaganathan SK, Vellayappan MV, Narasimhan G, Supriyanto E. Role of pomegranate and citrus fruit
juices in colon cancer prevention. World J Gastroenterol 2014;
20(16): 4618-4625 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i16/4618.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i16.4618

Colorectal cancer is the second leading cause of cancer-related deaths in the United States. Recent studies
prove that though chemotherapeutic agents are being
used for the treatment of colon cancer, they become
non-effective when the cancer progresses to an invasive stage. Since consumption of certain dietary agents
has been linked with various cancers, fruit juices have
been investigated for their consistently protective effect
against colon cancer. The unique biochemical composition of fruit juices is responsible for their anticancer
properties. In this review, the chemo-preventive effect
of fruit juices such as pomegranate and citrus juices
against colon cancer are discussed. For this purpose,
the bioavailability, in vitro and in vivo effects of these
fruit juices on colorectal cancer are highlighted. More-
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INTRODUCTION
Colorectal cancer is the third leading cause of cancerrelated deaths in the United States when men and women
are considered separately, and the second leading cause
when both sexes are combined. It is expected to cause
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about 51690 deaths during 2012[1]. The American Cancer Society’s most recent estimates for the number of
colorectal cancer cases in the United States for 2012 are:
103170 new cases of colon cancer and 40290 new cases
of rectal cancer. Duke’s classification helps to identify the
severity of the disease in different stages of colon cancer.
Such a classification enables us to understand the degree
of disease progression and the best treatment that is possible. Even after spending decades of years in studies related to treatment and cure for colon cancer, conventional cancer treatments offer little promise to patients. The
main drawback lies in the fact that even after various cancer treatments, the disease is found to recur and this time
will exacerbate the previous symptoms. A conventional
treatment does not aspire to treat the root cause but only
its symptoms. The use of chemotherapeutic agents and
radiation exhausts the anti-oxidants available and induces
oxidative stress, which increases with disease progression.
Hence, it is high time to look at alternative yet completely
curative measures for treating colon cancers.
In this scenario, various epidemiological studies have
shown that a diet which is rich in fiber can minimize the
risk of developing colon cancer[2-4]. Similar studies also
proved that a phytochemical-rich diet which is absorbed
by the body from fruit and vegetable sources can decrease the risk of developing colon cancer[5,6]. Further reports have shown the inhibition of colon carcinogenesis
by dietary supplements[7]. Moreover, other reports have
also shown that colon cancer is one of the most preventable forms of cancer and have depicted the importance
of dietary modification for preventing colon carcinogenesis[8]. Fruits, nuts, vegetables and grains contain major
non-nutrient components called polyphenols which have
chemo-preventive properties against colon cancer[9]. The
major mechanisms through which they exert this activity
are through the combination of properties such as antiproliferative, pro-apoptotic and antioxidant properties of
the polyphenolics[10].
Consumption of fruit juices by various ethnic groups
is prevalent and there is a good market-share between
real fruits and the fruit juices. Intake of fruits as juices
has gained wider acceptance among the young population because it is easier to consume, and also the intake
amount of juices can be increased significantly compared
to fruits itself. Further, the availability of 100% fruit
juices in the retail market and also the functional claims
of such juices further motivate people to consume fruit
juices. Since fruit juices contain polyphenolics which help
in reducing the growth of colon cancer, they can be consumed as dietary intake regularly to reduce the incidence
of colon cancer. Furthermore, there are no side-effects
as seen in the conventional treatments as the treatment is
aimed at the molecular level. Moreover, since fruit juices
alkalize the body and provide an abundance of enzymes,
vitamins, minerals, phytochemicals and other nutrients,
they prove to be a better alternative for preventing the
colon cancer. A review article summarizing the effect
of pomegranate on various cancers was recently pub-
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lished[11]. However, till now the effect of pomegranate
juice against colon cancer has not been reviewed extensively. Hence, we are discussing the effects of fruit juices
such as pomegranate and citrus against colon cancer in
this article. For this purpose, we summarize the effect of
these fruit juices on colon cancer cell lines and animal
models along with their bioavailability studies.

POMEGRANATE JUICE
The botanical name of pomegranate is Punica granatum.
The native source of this fruit is Iran and now it has
been cultivated in Asian areas such as the Caucasus and
the Himalayas in Northern India. The number of seeds
present in a pomegranate can vary from 200 to 1400, but
some believe that all pomegranates have an equal number
of seeds. The pomegranate juice is obtained by crushing
the seeds of the pomegranate. This pomegranate juice
contains different types of polyphenols such as gallo, ellagitannin and flavonoid classes.
Bioavailability and metabolism of pomegranate juice in
relation to colon cancer
As mentioned above, pomegranate juice is rich in polyphenol compounds such as gallo, ellagitannin and flavonoid classes. The commercially available pomegranate
juice which is obtained by hydrostatic pressing of whole
fruit contains cyanidin 3,5-diglucoside, pelargonidin-3,5diglucoside, flavonols such as kaempferol and quercetin,
flavones such as luteolin, anthocyanins such as cyanidin3-glucoside, delphinidin-3-glucoside, ellagitannins such as
the punicalagins and punicalins, which exist as β-anomers
and R- and acyclic hydroxylaldehyde[12]. A significant portion of the pomegranate juice contains the pomegranate
polyphenols called ellagitannins and they often coexist
with ellagic acid, the main product obtained through
hydrolysis of the class tannins. Besides ellagitannins,
pomegranate juice also contains variable amounts of the
polyphenol called egallic acid. This ellagic acid is obtained
by the metabolization of the ellagtanins by the intestinal
bacteria. Ellagic acid is found to be analogous to urolithins. The urolithins are reported to be systematically
bioavailable where they accumulate in organs such as colon, prostate and intestine.
The modulation of chemical carcinogenesis induced
by dietary carcinogens can be achieved using drugmetabolizing enzymes, through cytochrome P450 (CYP)
enzyme inhibition and/or by induction of phase-2 conjugating enzymes. It was found that ellagic acid prevents
cancer initiation and inhibits the CYP1 activation of
procarcinogens[13]. Moreover, the ellagic acid also induces
phase-2 enzymes like glutathione S-transferase. However,
the urolithins and ellagitannins were not tested regarding whether they have anti-carcinogenic activity through
inhibition of induction of phase II conjugating enzymes
and/or inhibition of CYP1. Thus, the above-mentioned
mechanisms are some of the potential mechanisms by
which pomegranate juice consumption might inhibit co-
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lon cancer formation.
The pomegranate (Punica granatum L.) is consumed in
various forms such as pomegranate juice, wine and jam.
Pomegranate juice exhibits some artheroscelerotic as
well as antioxidant properties due to its high content of
polyphenols such as ellagic acid, ellagitannins, and other
flavonoids (luteolin glycosides, quercetin, and kaempferol)[14]. Among these polyphenols, punicalagin is present
in a great amount and is responsible for greater than 50%
of the juice’s potential antioxidant activity.

pomegranate juice inhibits NFκB activation, AKT activity and expression of COX-2 in HT-29 cells[19].
Even though some studies have concluded that the
COX-2 expression in HT-29 cells depends on NFκB
activity, studies done by Jobin et al[20] in 1998 have demonstrated that NFκB inhibition by wortmannin decreased
the COX-2 expression only partially. Thus, this leads to
a conclusion that other signaling pathways may influence
the modulation of COX-2 expression in HT-29 cells in
collaboration with the NFκB activity. MAPK pathways
(SAPK, p38 and ERK1/2) are potential candidates for
this role. This is because MAPK was found to be mediating COX-2 expression in a large number of studies[21].
Besides, in vitro studies have shown that p28 and ERK
modulate the NFκB activity[22]. Moreover, other studies
also have shown that both MAPK and NFκB may mediate COX-2 expression, but the inter-relationship between
these protein signaling pathways is yet to be determined.
The application of pomegranate extracts 30 minutes before TPA treatment of mice resulted in JNK1/2 activity,
p38, ERK1/2 and COX-2 expression inhibition.
The availability of the flavonoids in various food
materials is a relatively unexplored field. On the other
hand, various studies show that they are poorly absorbed
in the upper gastrointestinal tract. The rate of absorption of this component in the small intestine ranges
from 0% to 60% of the ingested dose, which relies on
the food source[23]. Hence, the flavonoids reach the colon
in an unabsorbed form or they are secreted as absorbed
conjugates where ultimately they are secreted in the bile.
However, the inhibition of NFκB, AKT and COX-2
provides us with greater knowledge about the anticancer
mechanism actions of the pomegranate juice in colon
cancer. These works have also presented us with direction for future studies on the role of pomegranate juice
in prevention and treatment of colon cancer.
It was found that COX-2 expression, indicative of an
inflammatory signaling process leading to the initiation
and progression of colon cancer in HT-29 colon cancer
cells, was inhibited by the pomegranate juice. Moreover,
the whole juice was found to be more powerful in the
inhibition process (79% suppression) than its individual
components[24]. Larrosa et al[25] have shown the induction
of apoptosis of colon cancer cells by punicalagin and ellagic acid from pomegranate juice. The intrinsic pathway
of apoptosis occurred when mitochondrial cytochrome
c leakage in the cytosol was caused by punicalagin and
ellagic acid. A downregulation of the anti-apoptotic Bc1XL protein was achieved with 30 μmol/L ellagic acid and
100 μmol/L punicalagin. It was found that procapase 3
and caspase 9, which are members of the caspase family of proteases, were induced by punicalalgin and ellagic
acid. However, caspase 8, which is related to extrinsic
pathways (e.g., induced by cytokines) of apoptosis, was
not activated by ellagic acid and punicalalgin. Likewise,
the incubation of ellagic acid or punicalagin with anti-Fas
ZB4 antibody resulted in no inhibitory effect on apoptosis. Hence, this antibody was utilized for inhibition of

In vitro effect of pomegranate juice on colon cancer
Kasimsetty et al[15] investigated the action of ellagitannins
and urolithins against HT-29 human colon cancer cells. It
was found that urolithins A and C inhibited 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD, dioxin)-induced CYP1mediated ethoxyresorufin-O-deethylase activity in vitro
with IC50 values ranging from 56.7 to 74.8 μmol/L. Both
of these compounds inhibited the HT-29 cell proliferation in a time- and dose-dependent manner by inducing
apoptosis. Hence, they concluded that drinking pomegranate juice in considerable amounts may hinder the
colon cancer progression.
Studies done by Seeram et al[16] on the effect of pomegranate juice and purified ellagitannins on colon cancer
have shown that they inhibit the induction and proliferation of colon cancer cell lines. It was also found that their
results are in accordance with the reported anti-proliferative activity of pomegranate polyphenols in breast and
prostate cancers[17]. Moreover, this recent study depicts
proliferation inhibition by treatment of HT-29 cancer
cells with a cyclooxygenase-2 (COX-2) specific inhibitor
and NS398. Other studies also show the correlation between increased cell proliferation and enhanced COX-2
expression. Hence, it is hypothesized that COX-2 expression modulation by pomegranate juice might be an important mechanism for the colon cancer anti-proliferative
activity of the pomegranate juice. The COX-2 expression
in HT-29 cells is found to be decreased by pre-treatment
with the pomegranate juice and punicalagin in a dose-dependent manner. Besides, it was proven that pomegranate
juice has better potential in decreasing the COX-2 expression. This is mainly because of the important interactions
with other bioactive polyphenols in pomegranate juice
such as flavonols and anthocyanins. Thus, this result has
led to a conclusion that when the individual polyphenols
are separated from the pomegranate juice it can decrease
the overall activity due to the requirement of other components. Signaling pathways such as mitogen-activated
protein kinase (MAPK) and phosphatidylinositol 3-kinase
(PI3K)/protein kinase B (AKT)/nuclear factor-kappa B
(NFκB) mediate COX-2 expression. The modulation of
NFκB activity is mediated by P13K via AKT. In the case
of mesangial cells, P13K activation resulted in increased
cell proliferation as well as COX-2 expression[18]. Hence,
this has illustrated the specific relationship between
COX-2 and P13K. In accordance with the above observations, other works have depicted that pretreatment with
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other experimental models[30].
The intake of pomegranate seed oil in the diet was
found to cease the multiplicity of colonic adenocarcinomas, but dose-dependent variation was not observed. The
tumor incidence was found to be coupled with enhanced
expression of peroxisome proliferator-activated receptor gamma protein in the normal non-tumor mucosa[7].
Hence, all these results depict the useful effects of pomegranate, which acts against the growth of colonic tumors
in mice.

CITRUS JUICES

Figure 1 Pomegranate and Citrus juices are depicted in this figure.

The botanical name of orange is Satsuma mandarin. It is
generally seedless with thin skin (Figure 1). The fruit is
grown in cool subtropical regions of Japan, Spain, and
central China, Korea, Russia, Turkey, southern South
Africa, South America, central California and northern
Florida. The pulp and juice of the citrus fruit contain flavonoids such as apigenin, naringenin, hesperidin, nobiletin and limonoids, and cryptoxanthin, a carotenoid. Also,
the peel of citrus fruits contains a phytochemical called
tangeritin. All these components act as chemo-preventive
agents. Bio-availability and metabolism of citrus juice and
its effect on colon cancer cells and animal models are discussed below.

interaction of ellagic acid or punnicalagin with the Fas
receptor. Thus, all this data supports the intrinsic mechanism of a pomegranate juice-induced apoptotic effect in
colon carcinogenesis.
A positive effect on COX-2 expression has been observed due to action of the PI3K/AKT/NFκB pathway.
Initially, the P13K activates the AKT. Later, this AKT will
phosphorylate and activate IĸB kinase, ultimately leading
to the activation of NFκB. It was found that P13K is associated with colon cancer. Here, phosphatase and tensin
homologue gene (PTEN) mutations occur where PTEN
inhibits P13K[26]. Moreover, an increased level of P13K
activity is observed in adenocarcinoma cell lines and
colon cancer cell lines[27]. Inhibition of P13K activity in
ovarian cancer cell lines as well as colon cancer lines leads
to inhibition of cell proliferation[28].

Bio-availability and metabolism of citrus juice in colon
cancer
Satsuma mandarin (Citrus unshiu Mar.) juice contains
β-cryptoxanthin, a carotenoid, and hesperidin, a flavonoid, which are potential chemo-protective compounds. A pulp (CHRP) containing high amounts of
β-cryptoxanthin and hesperidin made from Satsuma mandarin inhibited chemically induced colon carcinogenesis
in rats[31]. CHRP and citrus juices suppress the expression of pro-inflammatory cytokines and inflammatory
enzymes in colon. β-Cryptoxanthin with non-substituted
β-ionone cycles and pro-vitamin A possesses several
biological activities including scavenging of free radicals,
enhancement of gap junctions, immune-modulation, and
regulation of enzyme activity involved in carcinogenesis
and inhibition of tumorigenesis[32]. Hesperidin is found
in various vegetables and fruits, and it is shown to exhibit
antioxidant activity, anti-inflammatory effect and an inhibiting effect on prostaglandin biosynthesis. This flavonoid inhibits chemically induced carcinogenesis in several
organs[33].
In response to CHRP treatment in rats, GST and
quinone reductase (QR) levels are elevated by limonin in
the colon. CHRP and citrus juices also exhibit suppressing effects on hyper-cell proliferation activity induced by
carcinogens in the colon, thereby inhibiting carcinogenesis[34]. They also suppress mRNA expression of several
cytokines [tumour necrosis factor-alpha, interleukin (IL)1β, IL-6] and inflammatory enzymes [COX-2 and inducible nitric oxide synthase (iNOS)] and enhance mRNA
expression of Nrf2 in colon that received a carcinogen.

In vivo effect of pomegranate juice on colon cancer
For the purpose of analyzing the changes associated
with colon cancer, Boateng et al[29] conducted a study on
the effect of pomegranate juice on aberrant cryptic foci
(ACF). This study revealed that the pomegranate fruit
juice reduced the number of ACF of the colon by 91%
in male F-344 rats. The animals utilized in this study
were given 20% pomegranate juice before and after treatment of the rats with a specific colon carcinogen called
azoxymethane. Later, histopathology of the rat colon was
studied after the 17th week of treatment. It was found
that there was a significant decrease in the number of
large crypts in pomegranate juice-fed rats. Moreover, the
observed number of crypts/ACF was also few in these
animals. Compared to fruit juices such as cranberry and
water melon, the pomegranate juice showed better inhibition of ACF in rat colon. The pomegranate juice-fed
rats’ food intake and weight gain increase indicates the
possibility of the protective effect of the pomegranate
juice against cancer cachexia. This is because the activity
of hepatic glutathione S transferase (GST) was found to
be three times higher in the case of rats being fed with
pomegranate juice. GST is well known for the scavenging of free radicals that are produced from oxidative
stress. When this enzyme activity is induced, it supports
the mechanism of pomegranate anti-oxidative actions in
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in 1,2-dimethylhydarzine-treated Wistar rats were also
reduced by diets containing hesperitin (the aglycone of
hesperidin)[40]. A mixture of apigenin and epigallocatechin gallate suppressed colon neoplasia recurrence in
human subjects with resected colon cancers[41]. Isolated
limonin and naringin suppressed the high multiplicity
aberrant crypt foci (HMACF) because of lower levels of
proliferation and enhanced apoptosis. Lower levels of
iNOS and COX-2 in response to limonin in the diet, and
a lower level of iNOS in response to naringin in the diet,
suggest that changes in nitric oxide and/or prostaglandin
synthesis may be mediating the benefits derived from
these dietary interventions[42]. Kohno et al[43] found that
nobileten decreased prostaglandin E2 (PGE2) production in rats. This strengthens the hypothesis that citrus
flavonoids (hesperidin, nobiletin, apigenin, naringenin)
and limonoids (a limonin glucoside/obacunone glucoside
mixture) could act as chemo-preventive agents at the promotion stage of colon carcinogenesis.
Rats treated with naringenin showed a reduced proportion of proliferating colon cells and smaller expansion
of the proliferative zone. Hanske et al[44] recently demonstrated that apigenin-7-glucoside is metabolized to not
only the aglycone form of apigenin, but also to low levels
of naringenin (and other compounds) in in vivo studies.
Therefore, apigenin, which is involved in reducing proliferation in vitro, possibly may not show the same in vivo
effect due to its metabolism within the intestinal tract.
Surface cell apoptosis of colon cells was enhanced in rats
provided with naringenin and apigenin. Since naringenin
and apigenin up-regulated apoptosis, they could inhibit
HMACF[45].
The pro-inflammatory enzymes, COX-2 and iNOS,
are expressed in high levels in human colorectal adenomas and adenocarcinomas. A positive correlation was
shown between COX-2 level and proliferative zone in
rats provided with naringenin; this was expected based on
the literature linking PGE2 and cell proliferation[46]. Naringenin and apigenin thus prove to be naturally occurring
chemo-preventive agents against colon carcinogenesis.

Nrf2 is a transcription factor and a key regulator of the
inducible expression of enzymes such as GST and QR.
GST and QR are involved in catalyzing the detoxification of reactive electrophiles and oxidants that contribute
to the formation of mutations leading to cancers. Nrf2
also regulates the cytoprotective transcriptional response
leading to prevention of damage to DNA, proteins and
lipids, as well as recognition, repair, and removal of macromolecular damage and tissue renewal following toxicity.
With cancer development in tissues there is an association
of chronic inflammation regulated and mediated by cytokines. Any imbalance in their levels of production results
in tumor invasion and metastasis. In addition, inflammatory bowel disease is an important risk factor for the
development of colorectal cancer (CRC). Inflammation
is also likely to be involved with other forms of sporadic
as well as heritable CRC. Thus, Nrf2 is one of the targets
for cancer chemoprevention in the colon, and the positive
effects of CHRP and citrus juices are attractive for reducing tumor formation when considering the relationship
between inflammation and cancer development[35].
In vitro studies based on the effect of citrus juice in
colon cancer cell lines
The anti-proliferative effects of naringenin have also
been demonstrated in HT-29 colon cancer cells[36]. Cell
culture experiments have reported anti-proliferative effects for hesperetin, the aglycone form of hesperidin,
nobiletin, apigenin, and a limonoid glucoside mixture[37].
Citrus flavonoids mainly interact with cyclooxygenase
and protein tyrosine kinases. Tangeritin, containing five
methoxy groups, is a more potent phytochemical than
flavonoids with free hydroxyl groups. Tangeritin is shown
to inhibit cancer cell growth by increasing the gap junctional intracellular communication. A study by Pan et al[38]
on human colon cancer cell lines was performed to determine the effects of flavonoids like tangeritin, nobiletin, quercetin, apigenin, luteolin and rutin on the growth
of colon cancer cells. Levels of cyclin, p53 protein levels,
the activities of some kinases and phosphorylation state
of Rb were measured. It was found that growth of colon
cancer cells was inhibited mainly by tangeritin, but luteolin and nobiletin also contributed to the inhibition. The
mechanism underlying the inhibition of growth of colon
cancer by tangeritin is the blockade of the cell cycle in
the G0/G1 phase, reduced levels of cyclins (A, D1 and
E) and the decreased phosphorylation of Rb. Production
of p53, p27 and p21 was increased further by tangeritin.
Thus, these results indicate that tangeritin inhibits growth
of colon cancer by increasing levels of cyclin-dependent
kinase inhibitors (p21, p27 and p53) and decreasing the
activity of some cdks.

CONCLUSION
The main purpose of our work is to consolidate the various chemo-preventive effects of two different types of
juices - pomegranate juice and citrus juice - on colon cancer. This review article mainly discusses the in vitro and in
vivo effect of these juice varieties on colon cancer, as well
as bioavailability and metabolism of these juices which is
relevant to colon cancer. Tables 1 and 2 summarize the in
vitro and in vivo effects of the above juices against colon
cancer.
The motive of our work is to address the need for
more preclinical tests to be carried out on different colon
cancer cell lines other than the commonly used type of
cell lines such as HT-29 and Caco-2. In addition to that,
in most of the work done on animal studies, normal rats
and mice were utilized as a subject instead of transgenic

In vivo studies related to effect of citrus juice on colon
cancer
Ornithine decarboxylase activity and ACF numbers were
reduced by apigenin, and it reduced tumor formation
in azoxymethane-induced CF-1 mice[39]. ACF numbers
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Table 1 In vitro summary of action against colon cancer by fruit juices and their components
Juice and its components

Cell line tested

Observation/result

Ref.

Whole/crude
pomegranate juice

HT-29 human colon cancer cells

[18,19]
[24]

Ellagitannins of
pomegranate juice
Punicalagin of
pomegranate juice

Caco-2 cells

Inhibition of NFκB activation, AKT activity and COX-2 expression
Inhibition of COX-2 expression leading to the prevention of initiation and
progression of colon cancer
Apoptosis of Caco-2 cells through the mitochondrial pathway

Urolithins A and C of
pomegranate juice

Naringenin of citrus juice
Limonoids of citrus juice
Flavonoids of citrus juice
Tangeritin

Luteolin
Nobiletin

HT-29 colon cancer cells

Down regulation of the anti-apoptotic Bc1-XL protein was achieved with
30 μmol/L ellagic acid and 100 μmol/L punicalagin
Induction of intrinsic pathway of apoptosis in colon cancer cells
HT-29 human colon cancer cells
Inhibition of 2,3,7,8-tetrachlorodibenzo-p-dioxin-induced CYP1-mediated
ethoxyresorufin-O-deethylase activity
IC50 values range: 56.7-74.8 μmol/L
Induction of apoptosis in a time- and dose-dependent manner
HT-29 colon cancer cells
Inhibition of cell proliferation at doses greater than 0.71 mmol/L
demonstrated using colorimetric assay
Human colon cancer cell lines
Induction of apoptosis and cytotoxic effects in MCF-7 and SKOV-3 cells at
high concentrations
Cell cycle blockade in G0/G1 phase
Human colorectal carcinoma-COLO Reduced levels of cyclins (A, D1 and E)
205 cells
Decreased phosphorylation of Rb
Increased production of cyclin-dependent kinase inhibitors, p53, p21, p27
Inhibition of growth of colon cancer cells
Inhibition of growth of colon cancer cells

[16]
[25]

[15]

[36]
[37]

[38]

[39]

NFκB: Nuclear factor-kappa B; AKT: Protein kinase B; COX-2: Cyclooxygenase 2; CYP: Cytochrome P450; MCF: Human breast cancer cell line; SKOV-3:
Human colorectal cancer cell line.

Table 2 In vivo summary of action against colon cancer by fruit juices and their components
Juice and its components
Whole/crude pomegranate
juice

Apigenin of citrus juice
Mixture of apigenin and
epigallocathechin-gallate
Hesperitin of citrus juice
Nobiletin of citrus juice
Naringenin of citrus juice

Animal model used

Observation/result

Ref.

Male F-344 rats

Histopathological studies of azoxymethane-induced rat colon
Significant decrease in number of large cryptic foci
Increase in feed intake and weight gain
Protective effects against cancer cachexia
Three times higher activity of GST
Anti oxidative actions by scavenging free radicals
Mice
Inhibition of JNK1/2 activity, p38, ERK1/2 and COX-2 expression
Azoxymethane-induced CF-1 mice Reduced ODC activity and ACF numbers
Reduced tumor formation
Patients with colorectal neoplasia Suppressed colon neoplasia recurrence rates

[29]

DMH-treated male Wistar rats
Azoxymethane-treated male F344
rats
Azoxymethane-injected Sprague
Dawley rats

[40]
[43]

Reduced number of ACF at a dose of 20 mg/kg
Decreased PGE2 production in rats
Chemo-preventive agents at the promotion stage of colon carcinogenesis
Reduced levels of COX-2 and iNOS
Decrease in proliferation of colon cancer cells

[30]
[39]
[41]

[45,46]

GST: Glutathione S transferase; JNK: c-Jun N-terminal kinase; COX-2: Cyclooxygenase2; ODC: Ornithine decarboxylase; ACF: Aberrant crypt foci; PGE2:
Prostaglandin E2; iNOS: Inducible nitric oxide synthase; DMH: 1,2-dimethylhydrazine.

animals. Hence, the transgenic animals have to be utilized
for animal studies involving the efficacy determination
of citrus and pomegranate juices against colon cancer to
improve the reliability of the results. It would be appropriate for testing the efficacy of the above juices to use
the ApcMin/+ mouse (colon cancer model with a dominant
germ-line mutation at codon 850 of the homolog of
the human adenomatous polyposis coli gene) in order to
confirm their colon cancer prevention potential.
Besides that, our work is also aimed at throwing light
on the importance of carrying out more clinical trials in
human beings with the pomegranate and citrus juices.

WCGO|www.wjgnet.com

To assess whether these juices have preventive effects
against colon cancer, a study could be initiated with 25
healthy participants or 25 participants with increased risk
for colon cancer to assess its predictive efficiency. However, phase Ⅱ and phase Ⅲ clinical trials involving larger
groups of participants who are at high risk for colon
cancer may validate the effect of these fruit juices and
provide information whether these agents have protective
effects against the colon cancer biomarkers. However,
these research proposals demand large research grants
which makes the study a costly and impracticable thing.
Moreover, cancer prevention using dietary agents is still
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a promising field of oncology where scientists in both
basic and clinical sciences face great challenges.
In the current scenario, there are no human clinical
trials that have been done to study the effect of pomegranate and citrus juices on colon cancer. However,
some recent human clinical trials evaluated the effect
of pomegranate juice against prostate cancer. In one of
these trials, it was found that regular pomegranate juice
consumption by prostate cancer patients decreased the
disease progression by increasing prostate specific antigen doubling time from 15 to 54 mo. The researchers
demonstrated that post-treatment serum analysis showed
a decrease in cell proliferation and increase in cancer
cell death[47]. Hence, there is supporting evidence for the
chemo-preventive potential of fruit juices which may be
extended positively against colon cancer.
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Core tip: Despite its endorsement for colon cancer resection, laparoscopy for rectal cancer resection is still
considered investigational. This is mainly due to initial
concerns regarding the feasibility of laparoscopy to
achieve an adequate total mesorectal excision specimen. These concerns have been raised following early
studies demonstrating higher rates of circumferential
margins positivity following laparoscopic resection, as
compared to open surgery. In this review, we explore
the current relevant literature regarding laparoscopic
resection for rectal cancer, with respect to oncologic efficacy and short and long term benefits.
Original sources: Mizrahi I, Mazeh H. Role of laparoscopy in rectal cancer: A review. World J Gastroenterol 2014;
20(17): 4900-4907 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i17/4900.htm DOI: http://dx.doi.
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Abstract
Despite established evidence on the advantages of
laparoscopy in colon cancer resection, the use of laparoscopy for rectal cancer resection is still controversial.
The initial concern was mainly regarding the feasibility
of laparoscopy to achieve an adequate total mesorectal
excision specimen. These concerns have been raised
following early studies demonstrating higher rates of
circumferential margins positivity following laparoscopic
resection, as compared to open surgery. Similar to colon resection, patients undergoing laparoscopic rectal
cancer resection are expected to benefit from a shorter
length of hospital stay, less analgesic requirements,
and a faster recovery of bowel function. In the past
decade there have been an increasing number of large
scale clinical trials investigating the oncological and
perioperative outcomes of laparoscopic rectal cancer
resection. In this review we summarize the current literature available on laparoscopic rectal cancer surgery.

INTRODUCTION
Colorectal cancer (CRC) is the third most common cancer in males and the second most common in females,
with 1.2 million annual new cases worldwide. Over
143000 new cases of CRC are diagnosed annually in the
United States, and approximately 52000 Americans die of
the disease every year. These deaths account for approximately 9% of all cancer mortality[1].
Since its original implementation as a diagnostic tool,
laparoscopy has become widely accepted as the favored
approach for many procedures (e.g., appendectomy,
cholecystectomy, adrenalectomy, bariatric surgery). Not
surprisingly, laparoscopy was also utilized for colon and
rectal surgery. Laparoscopic colon resection was first
reported in 1991[2,3]. Initial reports raised the concern for
port site recurrence in up to 21% of the patients, as well
as concerns regarding the adequacy of disease clearance

© 2015 Baishideng Publishing Group Inc. All rights reserved.
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Table 1 Phase Ⅲ randomized controlled trials showing oncological outcomes
Study and design

Liang et al[17]
Single center
Kang et al[18]
"COREAN"
Multicenter
Jayne et al[19]
"CLASSIC"
update
Multicenter
Lujan et al[20]
Single center
Ng et al[21]
Single center

Ng et al[22]
Single center
Pechlivanides et al[23]
Multicenter
Braga et al[24]
Single center

Recurrence
lap vs open

Survival
lap vs open

Open

Lap

N/A

174

169

Lap-5.6
Open-5.3

170

170

53.2% vs 52.1% 60.3% vs 52.9%
P = 0.95, (5 yr) P = 0.13, (5 yr)

N/A

128

84.8% vs 81% 72.1% vs 75.3%
P = 0.9, (5 yr) P = 0.98, (5 yr)
82.9% vs 80.4% 83.5% vs 78%
P = 0.69, (10 yr) P = 0.59, (10 yr)

Lap-5.5
Open-6.2
12-15

78.1% vs 73.6% 75.2% vs 76.5%
P = 0.55, (5 yr) P = 0.2, (5 yr)

DR

LR

DFS

OS

N/A

N/A

N/A

N/A

N/A

N/A

76% vs 82.8%
P = 0.46, (44 mo)
N/A

21.9% vs
9.4% vs 7.6%
21.9%
P = 0.74, (5 yr)
P = 0.86, (5
yr)
N/A
4.8% vs 5.3%
P = 0.78, (5 yr)
12.3% vs
7.1% vs 4.9%
18.1%
P = 0.68, (10
P = 0.37, (10
yr)
yr)
15% vs 25%
5% vs 11%
P = 0.6, (5
= 0.6, (5 yr)
yr)
N/A
N/A
N/A

4% vs 5.3%
P = 0.97 (5 yr)

Patient
enrollment (n )

Tumor
location
(cm from AV)

N/A

N/A

N/A

No difference (5
yr)

LN harvested
(n )
lap vs open

CRM positivity
lap vs open

7.1 vs 7.4
P = 0.47
17 vs 18
P = 0.08

5% vs 7%
P = 0.77

253

N/A

N/A

103

101

77

76

13.6 vs 11.6
P = 0.02
11.5 vs 12
P = 0.7

4% vs 3%
P = 0.4
2.6% vs 1.3%
P = 0.62

≤5

48

51

12.4 vs 13
P = 0.72

5.8% vs 4.1%
P = NS

Lap-6
Open-8
Lap-9.1
Open-8.6

39

34

N/A

85

83

19.2 vs 19.2
P = 0.2
12.7 vs 13.6
P = NA

N/A

1.3% vs 2.4%
P = NA

AV: Anal verge; N/A: Not applicable; OS: Overall survival; DFS: Disease free survival; LR: Local recurrence; DR: Distant recurrence; LN: Lymph nodes;
CRM: Circumferential margins; NS: Non-significant; NA: Not available.

by the laparoscopic approach[4-6]. These reports prompted
the initiation of several major comparative studies, and
randomized controlled trials (RCT) comparing laparoscopic and open colon resection[7-15]. Results from these
studies clearly showed no difference in resection margin,
number of lymph nodes harvested, tumor recurrence
rates, and long term overall survival between the two surgical approaches. Additionally, laparoscopy benefited the
patients with earlier recovery of bowel function, reduced
blood loss, decreased post-operative pain and analgesic
use, and a shortened length of stay[7-11].
Despite its endorsement for colon resection, laparoscopy for rectal cancer resection is still considered investigational. As for laparoscopic colon resection, patients
undergoing laparoscopic rectal resection are expected
to benefit from a faster recovery. Nevertheless, it is of
paramount concern whether laparoscopy can achieve
an adequate oncological outcome, with total mesorectal
excision (TME) being the gold standard, ever since presented by Heald et al[16] in 1982. This concern is further
strengthened when considering the technical difficulties
in rectal surgery, derived from the narrow confines of the
bony pelvis, angling limitations of the stapling devices,
high body mass index, and the need for autonomic nerve
preservation.
The United Kingdom Medical Research Council
Conventional versus Laparoscopic Assisted surgery in
Colorectal Cancer (MRC CLASSIC) trial, was the first
RCT to include rectal cancer patients. In this RCT, the
rate of positive circumferential margins (CRM), was nonsignificantly higher in patients undergoing laparoscopic
anterior resection when compared to open resection (12
WCGO|www.wjgnet.com

% vs 6%, respectively, P = 0.19)[8]. This observation raised
concern about the standards of laparoscopic TME when
it is practiced by less experienced surgeons. Interestingly
the higher CRM positivity rate did not translate to an
increase in the 3 year follow-up local recurrence rate[12].
Many other clinical trials investigating the feasibility and
efficacy of laparoscopy for rectal cancer resection have
been published since.
In this review, we explore the current relevant literature regarding laparoscopic resection for rectal cancer,
with respect to oncologic efficacy and short and long
term benefits.

ONCOLOGICAL OUTCOMES
Randomized controlled trials
Following the concern raised by the MRC-CLASSIC trial
regarding the relatively higher rate of CRM positivity
following laparoscopic rectal surgery, several randomized controlled trials have been conducted in recent years
investigating the oncological efficacy of the laparoscopic
approach. Naturally, special attention was given to the
TME specimen, focusing on proximal, distal, and circumferential margin positivity, as well as, the number of
lymph nodes harvested.
Oncological outcomes of major phase Ⅲ randomized
controlled trials comparing laparoscopic and open rectal
resection are shown in Table 1[17-24]. Parameters investigated were overall (OS) and disease free survival (DFS),
ocal recurrence (LR) and distant recurrence (DR) rates,
number of lymph nodes (LN) harvested and circumferential margin (CRM) positivity.
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Table 2 Meta-analyses showing oncological outcomes
Ref.

Trials
(n )

Patients
(n )

Huang et al[25]

6

1033

Ohtani et al[26]

12

2095

Anderson et al[27]

24

3158

Aziz et al[28]

20

2071

OS
lap vs open

DFS
lap vs open

LR
lap vs open

HR = 0.76, P = HR = 1.13, P = 0.64, 3 RR = 0.55, P = 0.21,
0.11, 4 trials (3 yr)
trials (3 yr)
4 trials (3 yr)
N/A
OR = 1.17, P = 0.35 (5 OR = 0.93, P = 0.61
yr)
(5 yr)
72% vs 65%, P =
N/A
7% vs 8%, P = NS,
NS, 13 trials (3 yr)
16 trials (3 yr)
N/A
N/A
N/A

LN harvested
lap vs open (n )

CRM positivity
lap vs open

P = 0.43, 5 trials

7.94% vs 5.37%, P =
0.63, 5 trials (3 yr)
P = NS

P = NS
10 vs 11, P = 0.001
17 trials
P = NS

5% vs 8%, P = NS, 10
trials (3 yr)
9.5% vs 10.8%, OR =
0.93, P = 0.38

OS: Overall survival; DFS: Disease free survival; LR: Local recurrence; LN: Lymph nodes; CRM: Circumferential margins; HR: Hazard ratio; N/A: Not
applicable; NS: Non-significant; OR: Odds ratio.

Six trials presented data comparing OS after laparoscopic and open rectal resection. One trial identified
comparable 4 years OS (76% vs 82.8%, P = 0.46)[17],
four trials presented 5 years OS [range: 60.3%-76.0% vs
52.5%-82.8%, P = non-significant (NS)][19,20,22,24], and one
trial demonstrated comparable 10 years OS (83.5% vs
78%, P = 0.59)[21] for the laparoscopic and open groups,
respectively. Data regarding 5 years DFS was presented
in three trials (range: 53.2%-84.8% vs 52.1%-81%, P =
NS)[19,20,22], and one trial demonstrated no difference in 10
years DFS (82.9% vs 80.4%, P = 0.69), for laparoscopic
versus open resection[21].
Local recurrence rates after 5 years were presented
in four studies (range: 4.0%-9.4% vs 5.3%-11.0%, P =
NS)[19,20,22,24], and after 10 years in one study (7.1% vs 4.9%,
P = 0.68)[21]. Similar distant recurrence rates after 5 years
were presented in two studies (range: 15.0%-21.9% vs
21.9-25.0%, P = NS)[19,22], and after 10 years in one study
(12.3% vs 18.1%, P = 0.37), for the laparoscopic and
open groups, respectively[21].
Seven trials showed comparable results regarding the
number of lymph nodes harvested after laparoscopic
and open resection (range: 7.1-19.2 vs 7.4-19.2, P =
NS)[17,18,20-24]. Circumferential margin positivity was investigated in 5 trials, and no difference was shown between
the laparoscopic and open groups (range: 1.3%-5.8% vs
1.3%-7.0%, P = NS)[18,20-22,24].
To note, only two RCTs[20,21] described the relativity of
patients by tumor stage. As expected, a larger number of
patients in stage Ⅰ-Ⅲ than in stage Ⅳ, were observed in
these studies. Hypothetically, in the other RCTs presented
above, the number of patients with a lower stage could
have been larger in the laparoscopic group, hence causing
selection bias and skewing of results.
It is of extreme importance to acknowledge that surgical outcomes presented by all the RCTs above, except
for the CLASSIC trial, are a product of an experienced
and dedicated colorectal surgical team with experience in
the field of laparoscopic colorectal surgery. In the CLASSIC trial, surgeons needed to have performed more than
20 laparoscopic colon or rectal surgery. This number is
truly insufficient when considering the complexity of rectal surgery, and might explain the relatively higher rates
of local and distant recurrence, as well as lower rates of

WCGO|www.wjgnet.com

OS and DFS.
Meta-analyses
Four, large scale meta-analyses were published in recent
years comparing oncological outcomes between laparoscopic and open resection for rectal cancer[25-28]. No
difference was found between the groups in regards to
OS[25,27], DFS [25,26], LR rates [25-27], number of LN harvested[25-28], or the CRM positivity rate[25-28]. Data is shown
Table 2.
Perioperative outcomes
Over the past two decades, the true benefits of laparoscopy, such as, lower postoperative morbidity rates,
specifically wound infection rates, shorter time to recovery and discharge, and less pain and analgesic use, have
turned it in to the preferred surgical approach in many
surgical disciplines. This is true for rectal surgery as well,
especially when considering the potential advantage for a
faster recovery of the intestinal tract, the ability to surgically dissect deep down in a narrow pelvis, and the magnifying capabilities of the laparoscope, helping in nerve
preservation. Although less focused on, laparoscopy has
also a clear cosmetic advantage over the open approach.
This may become an important issue, as more patients
are diagnosed at a younger age[29].
Morbidity and mortality
Morbidity rates were presented by seven large scale
clinical trials[8,18,20-22,24,30]. Intraoperative complications
analyzed, included injury to the bowel or adjacent organs, hemorrhage, and anesthesia related complications.
Postoperative complications included anastomotic leak,
wound infection, and various cardiac, renal, pulmonary
or vascular complications. Intraoperative complication
rates ranged from 6.1%-21.2%, and 12.4%-23.5% for the
laparoscopic and open groups, respectively (P = 0.01, P
= 0.60). Postoperative complication rates ranged from
2.4%-45.1% and from 10.6%-52.1%, respectively (P =
0.01, P = 0.96). A recent meta-analysis published in 2013
by Arezzo et al[31] included 23 studies, representing 4539
patients, demonstrated a lower overall complication rate
in the laparoscopic group (31.8%) compared to the open
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Table 3 Operative time for laparoscopic and open rectal
resection data presented as mean ± SD, min
Ref.

Laparoscopy
[17]

Liang et al
Kang et al[18]
Lujan et al[20]
Ng et al[21]
Ng et al[22]
Braga et al[24]
Zhou et al[30]

138 ± 24
245 ± 75
194 ± 45
213 ± 59
214 ± 46
262 ± 72
120

Open
119 ± 22
197 ± 63
173 ± 59
154 ± 70
164 ± 43
209 ± 70
106

Table 4 Estimated intraoperative blood loss and transfusion
rate for laparoscopic and open rectal cancer resection

P value

Ref.

EBL (mL)
Lap

< 0.001
< 0.001
0.02
< 0.001
< 0.001
< 0.001
0.05

Liang et al[17]
Kang et al[18]
Lujan et al[20]
Ng et al[22]
Braga et al[24]
Zhou et al[30]

Open

Blood transfusion rate

P value

N/A N/A
N/A
200
217.5
0.006
127.8 234.2 P < 0.001
321.7 555.6 P = 0.09
150
350
P < 0.001
20
92
P = 0.05

Lap

Open

P value

2.4%
0%
N/A
N/A
7.2%
N/A

4.6%
0.005%
N/A
N/A
26.8%
N/A

0.38
P > 0.99
N/A
N/A
P = 0.002
N/A

SD: Standard deviation.

EBL: Estimated blood loss; N/A: Not applicable.

group (35.4%), RR = 0.83 (95%CI: 0.76-0.91, P < 0.001).
Importantly, this meta-analysis uniquely showed no difference in the leak rates between the two approaches. A
possible explanation may be the advent of new technologies, such as the ultrasonic scalpel, and articulated staplers
as well as improved surgical experience. In 2006, Gao
et al[32] published a meta-analysis demonstrating a lower
morbidity rate for patients assigned to laparoscopy than
for those assigned to open resection (OR = 0.63, 95%CI:
0.41-0.96, P = 0.96).
Short term postoperative mortality was reported
by six trials comparing laparoscopic and open resection[8,17,20-22,24]. No significant difference was detected
between the groups in either study. The “CLASSIC” trial
reported the highest mortality rates (laparoscopy -4% vs
open -5%, P = 0.57)[8]. The meta-analysis by Arezzo et
al[31] presented above, showed a mortality rate of 1% following laparoscopy and of 2.4 % following open resection, (RR = 0.46, 95%CI: 0.21-0.99, P = 0.048).

clinical parameters.
Operative time
Data from seven RCTs[17,18,20-22,24,30] comparing operative
time for laparoscopic and open rectal cancer surgery,
clearly show a significantly longer operative time for the
laparoscopic approach. Data from the RCTs is presented
in Table 3. In a meta-analysis published recently, including 11 non-RCTs and 7 RCTs, the mean operative time
was 219 vs 175 min for laparoscopy and open surgery,
respectively, with an overall mean difference of 42.8 min
(95%CI: 31.4-54.2, P < 0.001). Other trials evaluating
the impact of surgeon experience on surgical outcome,
showed that operative time decreased significantly with
number of operations performed (range: 40-90)[35-37].
Estimated intraoperative blood loss and transfusion rate
Five RCTs compared the estimated intraoperative blood
loss (EBL) in laparoscopic and open rectal cancer surgery[18,20,22,24,30]. All trials showed a significantly lower
EBL in the laparoscopic group (range: 20.0-321.7 vs
92.0-555.6, P = 0.05 to P < 0.001). The blood transfusion rate was non-significantly higher for the open group
in two RCTs[17,18], and significantly higher for the open
group in one study[24]. Data is shown in Table 4.

Conversion rate
Eight randomized controlled trials presented the rate of
conversion from a laparoscopic to an open rectal resection. Conversion rates ranged between < 1% to 34%[17-24].
A recent large scale meta-analysis showed that overall,
13% (260 of 2005) of laparoscopic procedures were converted to open surgery, 12.5% in the RCTs and 13.3% in
the prospective controlled trials[31]. Conversion was not
uniformly defined, but the main reasons for conversion
were obesity[33], narrow pelvic anatomy, uncontrollable
bleeding, ureteral injury, and advanced disease. To note,
that mobilization of the rectum can be performed with a
total laparoscopic approach or with a hybrid procedure.
In this hybrid approach, inferior mesenteric vessels division, mobilization of splenic flexure, and left-side colon
are performed laparoscopically, but TME of the rectum
is performed partially by technique of open dissection
through a Pfannenstiel wound, which is also used for
specimen extraction. In our opinion this approach is not
to be considered as a converted procedure, although a
mini-laparotomy is considered by some as conversion.
Since conversion is associated in several trials with increased morbidity and poorer oncological results [8,34],
patients should be routinely pre-operatively evaluated for
the potential risk of conversion, using radiological and
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Length of hospital stay
Seven RCTs reported data comparing length of hospital
stay (LOS) after laparoscopic and open surgery for rectal cancer[8,18,20-22,24,30]. Three trials showed a significantly
shorter LOS following laparoscopy[22,24,30], and the other
four RCTs presented a similar trend. This was supported
by two meta-analyses showing a shorter LOS by 2.67 d
[95%CI: -3.8-(-1.54), P = 0.06][28], and by 2.7 d [95%CI:
-3.6-(-1.7), P < 0.001] after laparoscopic rectal resection[31]. Data is shown in Table 5.
Bowel function recovery
Bowel function recovery after laparoscopic and open surgery for rectal cancer was assessed by six RCTs[8,17,18,21,22,30],
and two meta-analyses[28,31]. Variable parameters were
assessed such as, time to peristalsis, time to 1st flatus
or stool, and time to initiating of oral feeding. Time to
peristalsis was significantly shorter after laparoscopy in 3
RCTs[17,22,30], and in one meta-analysis[28]. Time to 1st fla-

1671

February 8, 2015|First Edition|

Mizrahi I et al . Laparoscopy for rectal cancer
Table 5 Length of hospital stay
Ref.

Design

Table 6 Bowel function recovery

Measure

LOS
Lap

Guillou et al[8]
"CLASSIC"
Kang et al[18]
"COREAN"
Lujan et al[20]
Ng et al[21]

RCT

Ng et al[22]

RCT

Braga et al[24]
Zhou et al[30]
Aziz et al[28]
Arezzo et al[31]

RCT
RCT
MA
MA

RCT
RCT
RCT

Open

Median
13 (9-18)
11 (9-15)
(range)
Median
8 (7-12)
9 (8-12)
(range)
mean ± SD 8.2 ± 7.3
9.9 ± 6.8
Median
10.8 (5-27)
11.5 (3-38)
(range)
Median
8.4 (2-32)
10 (3-39)
(range)
mean ± SD
10 ± 4.9
13 ± 10
mean ± SD 8.1 ± 3.1
13.3 ± 3.4
MD (d) -2.67 d, 95%CI: -3.8-(-1.54)
MD (d)
-2.7 d, 95%CI: -3.6-(-1.7)

Ref.

P value

Time to peristalsis
Liang et al[17]
Ng et al[21]
Ng et al[22]
Guillou et al[8]
Zhou et al[30]
Aziz et al[28]

N/A
0.06
0.11
0.55
0.013

Time to 1st flatus
Ng et al[22]
Kang et al[18]
Time to 1st stool
Kang et al[18]
Liang et al[17]
Arezzo et al[31]

0.004
0.001
0.06
0.001

RCT: Randomized controlled trial; MA: Meta-analysis; LOS: Length
of stay; SD: Standard deviation; MD: Mean difference; CI: Confidence
intervall; N/A: Not applicable.

Arezzo et al[31]

Lap

Open

P value

RCT
RCT
RCT
RCT
RCT
MA

d
d
d
d
d
d

3.9
4.2
0.001
4.1
4.7
0.06
4.3
6.3
0.001
5
6
N/A
1.5
2.7
0.009
MD -1.52 d [95%CI:
-2.2-(-1.01), P = significant]

RCT
RCT

d
h

3.1
38.5

RCT
RCT
MA

h
d
d

96.5
3

Time to oral feeding initiation
Kang et al[18]
RCT
Guillou et al[8]
RCT
Ng et al[21]
RCT
Ng et al[22]
RCT
Aziz et al[28]
MA

tus was significantly shorter as well in 2 RCTs[18,22]. Arezzo et al[31] showed an approximate one day shorter hospital stay after laparoscopic surgery in their meta-analysis
[lap 3.3 vs open 4.4, median difference -0.96 d, 95%CI:
-1.3-(-0.6), P < 0.001][31]. Similar results were shown by 2
RCTs[17,18]. Time to initiation of oral feeding was shorter
by approximately one day in 2 meta-analyses [28,31]. A
Similar trend was observed in three RCTs[18,21,22]. Data is
shown in Table 6.

MA

h
d
d
d
d
d

4.6
60

0.001
0.001

123
0.001
3.3
0.001
3.3 vs 4.4
MD -0.96 d [95% CI
-1.3-(-0.6), P < 0.001]

85
93
0.001
6
6
N/A
4.3
4.9
0.001
4.3
6.3
0.001
MD -0.92 d [95%CI:
-1.35-(-0.5), P = significant]
3.8 vs 4.8
MD -1 d [95%CI: -1.4-(-0.7),
P < 0.001]

RCT: Randomized controlled trial; MA: Meta-analysis; MD: Mean
difference; N/A: Not applicable; CI: Confidence interval.

Postoperative pain and analgesic use
In a meta-analysis published in 2006 by Aziz et al[28] there
was no difference with regards to the analgesic use after
laparoscopic or open rectal cancer surgery[28]. However,
several RCTs published later showed that patients that
underwent laparoscopic resections, required fewer injections of analgesics (6 vs 11.4, P = 0.007 and 4.9 vs 8.3, P
= 0.001)[21,22], and lower doses of morphine (107.2 mg
vs 156.9 mg, P < 0.001). Through less analgesic use, pulmonary complications maybe reduced and a faster bowel
recovery may further benefit the patient. Future studies
should make use of monitored patient controlled analgesia, and strict drug documentation, led in specialized centers, to accurately measure and compare the true effect
of laparoscopy on postoperative pain.

= 0.063; erectile function: score difference -5.84, 95%CI:
-10.94-(-0.74), P = 0.068]. In women, there was no difference in sexual function. In this trial it was shown that
oncological requirement for TME (OR = 6.38; P = 0.054)
and conversion to open surgery (OR = 2.86; P = 0.041)
were independent predictors of postoperative sexual
dysfunction in men. Kang et al[18] demonstrated a higher
number of urinary problems after laparoscopy than open
surgery (P < 0.001), but no difference between the laparoscopic and open groups in regards to sexual function.
Adhesion formation and incisional hernia
Adhesion formation is an increasing problem after
colorectal surgery[39-41]. Laparoscopic colorectal surgery
may result in fewer adhesions because of reduced tissue
handling, and less environmental exposure of the bowel.
In a recently published study by Burns et al[41], patients
undergoing laparoscopic colorectal resection were found
to have a lower risk of developing clinically signiﬁcant
adhesions. Interestingly, a retrospective study, supplementary to the CLASICC trial[8], showed that more patients
undergoing colonic resection were admitted for adhesive
intestinal obstruction (AIO) in the open arm than in the
laparoscopic arm (4% vs 1.3%); however, this was reversed when considering patients with rectal cancer (2% vs
3.9%). Furthermore, more patients with rectal cancer who
underwent conversion to open surgery were admitted for
AIO than those who had open surgery or completed laparoscopic surgery (8%, 2% and 2% for converted, open

Bladder and sexual function
Jayne et al[38] published data regarding bladder and sexual
function from the MRC-CLASSIS trials’ patient database[8]. Overall questionnaire response rate was above
50%. No difference was observed in bladder function
between the laparoscopic and open groups. Approximately 30% of patients reported moderate to severe
urinary symptoms in each group. With regards to sexual
function, more than 50% of men and women reported
being sexually inactive in the questionnaires. In men,
overall sexual function and erectile function tended to be
worse after laparoscopic than open rectal surgery [overall
function: score difference -11.18, 95%CI: -22.9-0.63, P
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and laparoscopic surgery respectively). Surprisingly, this
trend was seen for incisional hernia as well. Although not
statistically significant (P = 0.78), more patients undergoing colonic resection developed incisional hernia in the
open arm than in the laparoscopic arm (10% vs 6.6%);
however, this was reversed when considering patients
with rectal cancer (9% vs 10.9%). This may partially be
explained by the relatively less experienced surgical team
(surgeons were required to perform only 20 laparoscopic
colorectal procedures for the trial eligibility), or by the
relatively small cohort of the rectal cancer subgroup. In
our opinion, laparoscopy has a clear advantage in these
aspects, however further randomized trials are needed to
clarify the impact of laparoscopy on adhesion formation
and incisional hernia in rectal surgery.

sional hernia rates, is still inconclusive, and needs further
investigation.
Undoubtedly, surgeon experience and competence
in laparoscopic colorectal surgery have a major impact
on oncological and other perioperative outcomes. This
has led both the American Society of Colon and Rectal
Surgeons and the Society of Gastrointestinal and Endoscopic Surgeons to recommend that laparoscopy for
rectal cancer resection should be practiced by expert,
trained surgeons in institutions where the outcomes can
be meaningfully evaluated.
Current large scale randomized controlled trial are
conducted worldwide, further investigating the oncological and clinical efficacy of laparoscopic rectal cancer
resection.

Current trials
At present, three large scale randomized controlled trials are being conducted. The European Colon Cancer
Laparoscopic or Open Resection (COLOR) Ⅱ trial is a
randomized, international, multicenter study comparing
the outcomes of laparoscopic and open resection of rectal carcinoma, with primary endpoint being locoregional
recurrence at 3 years. Secondary endpoints are recurrence-free and overall survival at 3, 5 and 7 years, rate of
distant metastases, port site and wound site recurrences,
microscopic evaluation of the resected specimen, 8-wk
morbidity and mortality, quality of life, and cost[42]. In the
United States, the American College of Surgeons Oncology Group (ACOSOG)-Z6051 trial, opened in 2008, and
is a phase Ⅲ randomized controlled trial with a non-inferiority design and a 1:1 randomization of laparoscopic
and open rectal resection. Primary endpoints include
circumferential and distal resection margins, number of
lymph nodes harvested, and integrity of the TME specimen. Secondary endpoints include disease free survival
and local recurrence at 2 years[43]. Finally, the Japanese
Clinical Oncology Group trial JCOG 0404, is a RCT
comparing laparoscopic and open surgery for colorectal
cancer, with overall survival and relapse free survival as
primary endpoints[44].
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tion associated with visceral obesity, which represents a
favorable niche for tumor development. The adipocyte
itself participates as a central mediator of this inflammatory response in obese individuals by secreting hormones, growth factors and proinflammatory cytokines,
which are of particular relevance for the pathogenesis
of CRC. Among adipocyte-secreted hormones, the most
relevant to colorectal tumorigenesis are adiponectin,
leptin, resistin and ghrelin. All these molecules have
been involved in cell growth and proliferation, as well
as tumor angiogenesis and it has been demonstrated
that their expression changes from normal colonic
mucosa to adenoma and adenocarcinoma, suggesting
their involvement in multistep colorectal carcinogenesis. These findings have led to the hypothesis that an
unfavorable adipokine profile, with a reduction of those
with an anti-inflammatory and anti-cancerous activity,
might serve as a prognostic factor in CRC patients and
that adipokines or their analogues/antagonists might
become useful agents in the management or chemoprevention of CRC.
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Abstract

Key words: Obesity; Colorectal cancer; Inflammation;
Adiponectin; Leptin; Resistin; Ghrelin; Cytokines

Obesity-associated diseases account for a large portion
of public health challenges. Among obesity-related disorders, a direct and independent relationship has been
ascertained for colorectal cancer (CRC). The evidence
that adipocyte hypertrophy and excessive adipose tissue accumulation (mainly visceral) can promote pathogenic adipocyte and adipose tissue-related diseases,
has led to formulate the concept of “adiposopathy”, defined as adipocyte and adipose tissue dysfunction that
contributes to metabolic syndrome. Adipose tissue can,
indeed, be regarded as an important and highly active
player of the innate immune response, in which cytokine/adipokine secretion is responsible for a paracrine
loop between adipocytes and macrophages, thus contributing to the systemic chronic low-grade inflamma-
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Core tip: Obesity-associated diseases account for a
large portion of public health challenges, and adipose
tissue can be regarded as an important and highly active player of the innate immune response, in which
cytokine/adipokine secretion is responsible for a paracrine loop between adipocytes and macrophages.
This interplay contributes to the systemic chronic lowgrade inflammation associated with visceral obesity,
which represents a favorable niche for tumor development. Available findings suggest that an unbalanced
adipokine profile might serve as a prognostic factor in
colorectal cancer patients and that adipokines or their

1676

February 8, 2015|First Edition|

Riondino S et al . Adipokines and colorectal cancer

tastasis (Figure 1). In this respect, it is worth noting that
obesity appears to be associated with worse cancer outcomes, both in terms of cancer recurrence and mortality
(reviewed in[12]).
In order to relate CRC to obesity, the biochemical behavior of adipose tissue must be considered.

analogues/antagonists might become useful agents in
the management or chemoprevention of colon cancer.
Original sources: Riondino S, Roselli M, Palmirotta R, DellaMorte D, Ferroni P, Guadagni F. Obesity and colorectal cancer:
Role of adipokines in tumor initiation and progression. World J
Gastroenterol 2014; 20(18): 5177-5190 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v20/i18/5177.htm DOI:
http://dx.doi.org/10.3748/wjg.v20.i18.5177

BIOLOGY OF ADIPOSE TISSUE
Adipose tissue, which has long been regarded to have
only energy storage, thermal regulation and mechanical
protection functions, it is now recognized as an endocrine/metabolic organ[13]. Two different tissues differing
in structure, function, and lineage must be distinguished:
white adipose tissue (WAT) and brown adipose tissue
(BAT). Of the two, WAT is known to produce cytokines
and chemokines that induce inflammation[14], while BAT
is highly metabolic and produces heat through a specialized metabolic pathway mediated by the expression of
the tissue-specific uncoupling protein 1[15]. Contrary to
what previously believed, it has been recently demonstrated that functional BAT is prevalent in adult females and
that BMI is inversely correlated with the amount of BAT,
thus suggesting a possible role of BAT in protecting
against obesity[15]. On the other hand, the accumulation
of WAT in the abdominal cavity represents the visceral
adipose tissue (VAT), which exhibits increased insulin resistance, lipolysis, and inflammatory cytokine expression
respect to subcutaneous adipose tissue (SAT).
The evidence that adipocyte hypertrophy and excessive adipose tissue accumulation can promote pathogenic
adipocyte and adipose tissue effects, has led to formulate
the concept of “adiposopathy”, defined as adipocyte and
adipose tissue dysfunction that, together with other factors (any two of raised TG levels, reduced HDL cholesterol, raised blood pressure, or impaired glucose metabolism) contributes to the onset of metabolic syndrome[16].
Adiposopathy is also characterized by recruitment of
committed mesothelial stem cell progenitors of preadipocytes[17]. Moreover, the increasing knowledge on the
role of WAT in immunological responses, vascular diseases, and appetite regulation has evoked adiposopathy to
define the association among obesity, inflammation and
metabolic/vascular complications as a formal disease[18,19].

OBESITY
The incidence of obesity, defined as abnormal fat accumulation in adipose tissue that may impair health (http://
www.who.int/mediacentre/factsheets/fs311/en, updated
March 2013), is increasing worldwide, and obesity-associated diseases account for a large portion of public health
challenges. Among obesity-related disorders, a direct
and independent relationship has been ascertained for
colorectal cancer (CRC)[1].
Previous studies indicated that the carcinogenic effect of excess weight differs among cancer sites and
gender[2,3]. Several systematic reviews and meta-analyses
summarized the evidence that while the relative risk associated with obesity [defined by a body mass index (BMI)
2
≥ 30 kg/m ] was higher for colon cancer than for rectum cancer and it was higher in men than in women, abdominal adiposity (as determined by waist circumference
or waist-to-hip ratio) had a strong association with colon
cancer in both sexes[4-6]. This evidence suggests that, in
women, fat localization is a more important risk factor
for colon cancer than body weight or BMI. It is worth
noting that when abdominal obesity is measured by waist
circumference (WC), which is more closely related to
metabolic changes compared to general obesity as determined by BMI, weight change is associated with excess
colon cancer risk in people with attained high WC at age
50 years, but not in those having low WC[7]. Conversely,
no differences can be attained for BMI[7]. Although the
association between obesity and colon cancer is strongest, a weak correlation has been observed between waist
circumference and fat mass and risk of rectal cancer[8].
However, given all the above, there is one consideration
that should be outlined, since it might represent a strong
bias in the correct interpretation of the study results, that
is the choice of the measurement and, most of all, the use
of self-reported measures. Thus, it should be advisable to
adjust the data according to morphometric cut offs.
Despite these limitations, several mechanisms linking adiposity to CRC risk have been proposed, among
these, obesity-related insulin resistance, hyperinsulinemia,
sustained hyperglycemia, oxidative stress[9], adipocytokine
production[10] and hyperinsulinemia-related increase of
insulin-like growth factor-1 (IGF-1)[11], all responsible
for cancer promoting effects, favoring tumor growth,
increasing cell migration, and ultimately leading to me-
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VISCERAL FAT AS AN INFLAMMATORY
ORGAN
Existing evidence suggest that VAT is more predictive
than SAT of obesity-associated comorbidity and mortality[20]. This has been related to the unique architecture
of VAT that is highly cellular, vascular and innervated
and contains cells with inflammatory and immunological
functions[21]. Moreover, the close proximity of VAT to
the portal vein causes drainage of excess free fatty acids
and inflammatory mediators directly to the liver, thus affecting metabolism[22] and creating a condition of lowgrade chronic inflammation, a favorable niche for tumor
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Figure 1 Mechanisms linking adiposity to colorectal cancer carcinogenesis. Among these, obesity-related insulin resistance, inflammation and adipocytokine
production. Adipose tissue macrophages infiltrating visceral adipose tissue exhibit a phenotypic switch from an anti-inflammatory and adipostatic to a proinflammatory
and pro-adipogenic phenotype, thus contributing to obesity-related inflammation and insulin resistance. IL-6: Interleukin-6; IGF-1: Insulin-like growth factor-1; IGFBPs:
Insulin-like growth factor binding protein; TNF-α: Tumor necrosis factor-α; VEGF: Vascular endothelial growth factor; PPAR-γ: Peroxisome proliferator-activated
receptor-γ.

development. Epidemiological and clinical evidences, in
fact, support the concept that longstanding inflammation
represents a risk factor for the development of CRC arising in individuals with colitis-associated CRC[23].
The possibility of a direct involvement of VAT in
inflammatory processes has been suggested by the direct
finding that preadipocytes could function as macrophagelike cells[24], that adipocytes exert phagocytosis and microbicidal activities similar to macrophages[25] and that
adipose tissue is infiltrated by significant numbers of
macrophages[26]. Adipose tissue macrophages that infiltrate into VAT exhibit a phenotypic switch from an antiinflammatory and adipostatic (M2) to a proinflammatory
and pro-adipogenic (M1) phenotype, thus contributing
to obesity-related inflammation and insulin resistance[27].
M1 macrophages express a series of proinflammatory
cytokines [e.g., tumor necrosis factor-α (TNF-α), Interleukin-1 (IL-1), IL-6, IL-12, and IL-23] and release high
levels of superoxide anions, oxygen radicals, and nitrogen
radicals[28]. The M1/M2 balance is also actively involved
in the microenvironment of tumor growth [28]. Once
activated, macrophages are a further source of growth
factors and cytokines, which contribute to affect the local
microenvironment (Figure 1).
Adipose tissue can thus be regarded as an important
and highly active player of the innate immune response,
in which cytokine/adipokine secretion is responsible for
a paracrine loop between adipocytes and macrophages,
thus contributing to the systemic chronic low-grade
inflammation associated with visceral obesity[29]. The
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adipocyte itself participates as a central mediator of this
inflammatory response in obese individuals by secreting
hormones (e.g., leptin, adiponectin), growth factors [e.g.,
IGF-1, vascular endothelial growth factor (VEGF)] and
proinflammatory cytokines (e.g., TNF-α and IL-6)[14],
which are of particular relevance in the pathogenesis of
CRC. These altered factors act on a common pathway,
through phosphoinositide kinase-3 (PI3K)/serine-threonine-protein kinase (AKT) activation, which, in turn,
regulates downstream targets leading to increased cell
survival and cell growth[30], ultimately causing hyperplasia,
proliferation and carcinogenesis in colonic cells[31].
It is worth mentioning that in the tumor microenvironment, cancer cells interact with normal colonocytes
and that in the presence of cancer cells, adipocytes can
revert from mature, differentiated adipocytes to preadipocytes[32]. Adipocytes, thus represent a major source
of energy for the cancer cell. Indeed, among the factors
evoked to represent important contributors to tumor
progression there are several energy balance-associated
factors[33], of which adipokines are directly involved in
colon carcinogenesis and tumor development.

ADIPOKINES IN HEALTH AND
PATHOLOGY
Adipokines have a wide variety of functions, acting not
only as local paracrine signaling cytokines, but also at distant levels, through secretion in the circulation.
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is capable of stimulating an angiogenic response in vitro,
in a manner that resembles that observed with fibroblast
growth factor 2 (FGF-2)[61], thus playing a critical role in
the maintenance and regulation of vascular permeability
in the adipose tissue[62]. The possible effects of leptin
on tumor angiogenesis have not been fully elucidated.
Among the raised hypothesis, a paracrine stimulation of
leptin-related local new blood vessel formation by leptin
receptor-expressing endothelial cells[62,63] and an effect
similar to that of IGF-1 gained the highest consents[64].

As the adipose tissue expands, the vasculature is insufficient to adequately oxygenate the adipocytes, thus, the
resulting hypoxia and oxidative stress contribute to the
overproduction of cytokines in obesity. Indeed, hypoxia,
probably mediated by hypoxia-inducible factor-1 (HIF-1),
initiates an inflammatory/angiogenic response similar to
that operating in tumor growth[34]. In addition, adipocyte
hypertrophy generates cellular metabolic and structural
changes leading to endoplasmic reticular (ER) stress that,
through activation of nuclear factor κB (NF-κB), stimulates the production of adipokines[35,36]. Finally, IR and
impaired glucose metabolism in obesity may result in oxidative stress further amplyfing this pathogenetic loop[37].
Whatever the mechanism involved, adipokines may exert
direct pro-tumorigenic properties in the gastrointestinal
tract, although it is not yet known whether they act directly on gastrointestinal mucosal cells in an endocrine
manner and/or in a paracrine manner through induction
of local tissue inflammation[38]. Among adipocyte-secreted
hormones, the most relevant to colorectal tumorigenesis
are adiponectin, leptin, resistin and ghrelin (Figure 2).

Resistin
Resistin is a 12.5-kDa protein of the “resistin-like molecules” (RELMs) family[65], produced by the stromovascular fraction of adipose tissue and peripheral blood monocytes. It has been postulated that a transient upregulation
of resistin expression is important for accumulation of
intracellular lipid content[66], which has been recently described as a potential factor in obesity-mediated IR, type
2 diabetes and inflammation[67]. Indeed, the involvement
of monocytes in resistin production supports the evidence of a role exerted by adipose tissue in the generalized inflammatory process of which monocyte activation
is part (Figure 2). Such activity led to suggest that high
resistin levels are related to cancer-associated chronic
inflammation. To date, it is widely accepted that resistin
plays a pivotal role in several inflammatory conditions
and in malignancies, such as breast cancer[68] and nonsmall cell lung cancer[69], however, its role in colorectal
carcinogenesis is still not fully elucidated[70].

Adiponectin
Adiponectin is a 30-kDa insulin-sensitizing protein hormone with a collagen-like motif, sharing homologies with
complement factors and TNF-α[39-42]. It is an adipose
tissue-derived protein, exclusively secreted from adipocites[28], capable of stimulating insulin secretion, as well as
increasing fatty acid combustion and energy consumption[41]. Evidence exists that adiponectin levels inversely
correlate with IR and visceral obesity[42,43] and it has been
suggested that low levels of adiponectin may provide a
link between obesity, IR, and the risk of CRC[44,45]. In this
regard, a protective role of adiponectin for several malignancies, including CRC has been proposed. Since colon
epithelium expresses both isoforms of the adiponectin
receptor, AdipoR1 and AdipoR2[46], such a protective role
might be exerted either directly on cancer cells by affecting signal pathways involved in cell growth and proliferation[47] or indirectly by altering hormone and cytokine
levels thus regulating whole-body insulin sensitivity[48].

Ghrelin
Ghrelin is a novel orexigenic peptide and represents an
endogenous ligand for growth hormone secretagogue
receptor type 1a (GHS-R1a)[71]. Ghrelin has a strong
stimulatory effect on growth hormone (GH) release,
modulates the secretion of other pituitary hormones,
participate to glucose homeostasis, stimulates adipogenesis and changes the growth processes of neoplastic
tissues[72,73]. Ghrelin exists in the circulation in two molecular forms: acylated (G) and unacylated (UAG). The
latter form predominates in circulation and it is active in
ghrelin-regulated processes, such as adipogenesis[74] and
neoplastic growth influencing proliferation and apoptosis[75,76]. Interestingly, it has been demonstrated that ghrelin may act as either antiapoptotic or pro-apoptotic factor
in different cancer cells. Moreover, some cancers possess
ghrelin binding sites other than GHS-R1a[75,77]. An alternative hypothesis explaining the role of ghrelin in the development of several neoplasms, including colon cancer,
derives by the evidence that ghrelin is a potent regulator
of the GH/IGF-I axis, whose inappropriate regulation is
known to be positively involved in colon cancer carcinogenesis (Figure 2)[78].

Leptin
Leptin, a 167-amino acid peptide in humans, is a product of the Ob gene produced primarily by fat cells, it is
involved in the control of food intake and energy expenditure[49,50], and it has proven to be able to regulate cell
proliferation in various normal and neoplastic cell types.
Indeed, in CRC leptin acts as a potent mitogen[51-53] and
antiapoptotic cytokine (Figure 2)[54-57] and promotes the
invasiveness of familial adenomatous colonic cells[58].
Accordingly, leptin expression has been reported to be elevated as tumorigenesis progresses[59]. Indeed, it has been
shown that leptin expression dramatically increases from
normal colonic mucosa to adenoma and adenocarcinoma, suggesting its involvement in multistep colorectal
carcinogenesis[60].
Similarly to what reported for other adipokines, leptin
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EVIDENCES FROM IN VITRO STUDIES
In vitro studies have demonstrated that adiponectin sup-
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Figure 2 Systemic release of adipokines by visceral abdominal fat and paracrine, adipokine-mediated crosstalk between adipose tissue and different cellular activation through their downstream signalling pathways. ADIPOR: Adiponectin receptor; AMPK: Adenosine monophosphate-activated protein kinase; GH:
Growth hormone; IGF-1: Insulin-like growth factor-1; STAT: Signal transducers and activators of transcription.

presses colon cancer tumor growth and that it negatively correlates with obesity, insulin resistance, immune
responses, angiogenesis regulation and intracellular
signaling pathways. Adiponectin directly controls cell
proliferation, adhesion, invasion and colony formation
and regulates metabolic [AMP-activated protein kinase
(AMPK)/S6], inflammatory [signal transducer and activator of transcription 3 (STAT3)/VEGF] and cell
cycle (p21/p27/p53/cyclins) signaling pathways in both
mouse MCA38 and human HT29, HCT116 and LoVo
colon cancer cell lines in a LKB1 (a tumor suppressor
gene)-dependent way[79]. Moreover, recent experimental
evidence suggests that full-length adiponectin is a direct
angiogenesis inhibitor that preferentially induces apoptosis in activated endothelial cells in pathological neovascularization[80], whereas globular adiponectin appears to
exert opposite effects[81]. Among other cytokines influenced by adiponectin, the reduced TNF-α production in
macrophages and its action on endothelial cells, suggests
that low levels of this adipokine could potentially lead
to carcinogenesis by changing the influence of TNF-α
on tumor cell proliferation[47]. Studies have advanced the
hypothesis that adiponectin might suppress colon cancer
cells through its own receptor mediated AMPK activity
(Table 1)[82].
In vitro evidences in support of a role for leptin have
been also reported. In particular, leptin has been shown
to participate in the malignant behavior of cells stimu-
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lating the invasive capacity of early neoplastic cells by
enhancing cell motility through increased formation of
lamellipodial structures[83] (Table 1). Furthermore, it has
been demonstrated that leptin stimulates two oncogenic
pathways in colonic adenocarcinoma cell lines, MitogenActivated Protein Kinase (MAPK) and NF-κB, with
resulting mitosis[64]. Indeed, in the CRC cell line HT-29,
leptin (1 nmol/L) treatment increased cell proliferation
and p42/44 MAPK phosphorylation, the number of
HT-29 cells in S and G2/M phase, cyclin D1 expression
in G0/G1 and prevented apoptosis of HT-29 cells, via
downstream NF-κB and extracellular signal-related kinase (ERK)1/2 signaling pathways[55]. More recently, by
analyzing the association between the regulatory effect of
leptin (100 ng/mL) on colon cancer and phosphoinositide kinase-3 (PI3K)/protein kinase B/mammalian target
of rapamycin (mTOR) signal transduction, it has been
demonstrated that leptin could regulate proliferation and
apoptosis of CRC through this signaling pathway[84]. In
a human colorectal adenoma-carcinoma sequence it has
been observed a role for signal transducer and activator
of transcription 3 (STAT3)-mediated leptin signaling
through the activation of the long form leptin receptor
(ObRL) in colorectal carcinogenesis (Figure 3)[85].
Evidence that leptin stimulates proliferation of colon
cells dependent on Apc genotype to induce auto/paracrine signaling cascades of inflammatory mediators and
growth factors also arises from experimental models
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Table 1 Role of adipokines in colorectal cancer at the various levels of evidence
Adipokine
Adiponectin
Inverse association

Leptin
Direct association

Resistin
Direct association

Ghrelin
Conflicting

In vitro evidence

In vivo animal studies

Translational studies

Proposed mechanism(s)

Suppression of colon cancer
cells by its receptor-mediated
AMPK activity[82]

Exogenous adiponectin in
ApcMin/+ mice is capable
of reducing the growth of
intestinal polyps[93]
Adiponectin knockout mice
are more prone to chronic
inflammation-induced colon
cancer compared to C57BL/6
wild type mice[94,95]

Inhibition of cell proliferation,
adhesion, invasion and colony
formation

Reduction of TNF-α levels;
regulation of metabolic
(AMPK/S6), inflammatory
(STAT3/VEGF) and cell
cycle (p21/p27/p53/cyclins)
signaling pathways[79]

Involvement in CRC
carcinogenesis only after the
tumor initiation stage[99]
Direct correlation with cancer
progression[111,112]

Regulation of proliferation and
apoptosis through PI3K/AKT/
mTOR signaling pathway
Enhanced expression of VEGF
and VEGF-R2, via PI3K, JAK2/
STAT3, and ERK1/2 signaling
pathways[63]

Stimulation of the invasive
Obese C57BL/6J-Lep (ob) male
capacity of early neoplastic
mice do not display increased
cells by enhancing cell motility tumorigenesis as compared to
through increased formation of
their lean littermates[97]
lamellipodial structures[83]
C57BL/KsJ-db/db obese and
diabetic mice have a significant
increase in the multiplicity of
premalignant lesions[98]
Overexpression in a human
colon cancer cell line, LS174T
and in the colonic epithelium
of many human colon cancer
tissues[88]

None reported

Association with the chronic
inflammation that leads to
cancer pathogenesis[105]
Gradual increase with
progression in tumor stage[125]

Interference with adipogenesis

Induction of apoptosis
in human CRC cells[89]
Overexpression and enhanced
production in malignant
intestinal epithelial cells[127]

None reported

Stage-dependent correlation
of locally produced autocrine
tissue ghrelin with colorectal
cancer[127]
Gradual decrease with
progression in tumor stage[128,129]

Inhibition of the ubiquitinproteasome system and
autophagy activation[90]

AMPK: AMP-activated protein kinase; IL-6: Interleukin-6; IGF-1: Insulin-like growth factor-1; IGFBPs: Insulin-like growth factor binding protein; TNF-α:
Tumor necrosis factor-α; VEGF: Vascular endothelial growth factor; STAT3: Signal transducer and activator of transcription 3; PI3K: Phosphoinositide kinase-3; AKT: Serine-threonine-protein kinase; mTOR: Mammalian target of rapamycin; ERK: Extracellular-signal-regulated kinase; CRC: Colorectal cancer.

using normal colon epithelial cells, young adult mouse
colon cells; Apc+/+ (YAMC), isolated from an immortalized murine cell line model mimicking a genetic mutation
in cells linked to stages of carcinogenesis, and ImmortoMin colonic epithelium cells; ApcMin/+ (IMCE), harboring
a mutation in Apc, a “gatekeeper” gene linked to human
colon cancer. In such a model, the response to leptin at
concentrations varying from 0.01 to 50 ng/mL, i.e., a
range similar to that detected in mouse serum[86], caused
a reduced proliferation and apoptosis in YAMC, and an
increased proliferation and inhibition of apoptosis in
IMCE[87]. Moreover, beside IMCE proliferation, leptin induced chemokine production, macrophage activation and
chemotaxis[88]. These data further highlight leptin-induced
cross-talk between preneoplastic epithelial cells and immune cells in the promotional phase of carcinogenesis[88].
If the role of the two former adipokines in colorectal
carcinogenesis has been extensively investigated in vitro,
only scattered information is available regarding the biochemical mechanisms linking resistin and ghrelin to CRC
(Table 1). As regards the family of tissue-specific resistinlike molecules, RELM β has been found to be overexpressed in a human colon cancer cell line, LS174T and
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in the colonic epithelium of most human colon cancer
tissues analyzed[89]. In a recent study[90] the direct inhibitory effects of both forms of ghrelin (G and UAG) and of
the ghrelin receptor type 1a antagonist (D-Lys-GHRP-6;
GHS-RA), applied alone or jointly, were analyzed on the
growth of colon and prostate cancer cell lines (murine
colon cancer MC38 and human prostate cancer DU145),
demonstrating an involvement of the ghrelin axis in the
growth regulation of colon and prostate cancers. Indeed,
the different members of the ghrelin axis, and the ghrelin
receptor type 1a antagonist, affected the growth of MC38
colon cancer and DU145 PCa cell lines with diverse potencies, depending on the type of the cancer cell line, the
applied substance and the concentration used[90]. More recent evidences indicated that ghrelin (1 μmol/L) induced
apoptosis in human colorectal carcinoma cells (HCT116
cells) by inhibiting the ubiquitin-proteasome system and
by activating autophagy, two proteolytic pathways strictly
related to cell cycle regulation and cell death[91].

EVIDENCE FROM ANIMAL MODELS
Diet-induced obesity mouse models have been employed
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to verify the epidemiological data linking obesity to colon
cancer development. Recent studies aimed at determining whether wild-type diet-induced obese (DIO) mice
were at greater risk of colon cancer than their lean male
littermates, indicated that DIO mice showed significantly
more aberrant crypts and aberrant crypt foci as well as
increased proliferation of colonocytes per mouse compared to wild-type control mice, when injected with the
procarcinogen azoxymethane[92]. In a similar setting, mice
with disruptions in APN developed more intestinal tumors, compared with wild-type mice[93].
At the same time, other studies have used different
animal models to gain evidence on the association between adiposopathy and CRC (Table 1). In this context, it
has been demonstrated that exogenous administration of
adiponectin in a ApcMin/+ mouse model of intestinal carcinogenesis is capable of reducing the growth of intestinal
polyps[94] and that adiponectin knockout mice are more
prone to chronic inflammation-induced colon cancer
compared to wild type mice[95,96].
The idea that adiponectin deficiency contributes to
inflammation-induced colon cancer, was further supported by the finding that, when inflammation and colon
cancer were induced in both adiponectin knockout and
C57BL/6 wild type mice, adiponectin proved to play an
important role in CRC prevention by modulating genes
involved in chronic inflammation and tumorigenesis[95].
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Finally, in adiponectin-deficient mice or wild type mice,
fed with either a high-fat (HF) or a low-fat (LF) diet,
adiponectin administration suppressed the increase in
epithelial cell proliferation[97] and the implanted tumor
growth, causing larger central necrotic areas[79]. Moreover, adiponectin treatment suppressed expression of
angiogenic factors (CD31, VEGFb and VEGFd) in tumors obtained from all HF mice and from adiponectindeficient mice either on HF or on LF diet, decreased serum insulin levels in HF mice and increased serum IL-12
levels in all adiponectin-deficient mice[79].
In analogy to what has been shown for adiponectin,
the role exerted by leptin in the increased risk of colon
cancer associated with obesity has been highlighted by
demonstrating that obese C57BL/6J-Lepob male mice, deficient in leptin, did not show signs of increased tumorigenesis, as compared to their lean littermates, suggesting
that leptin might serve as a key hormone mediating the
increased risk of colonic tumorigenesis associated with
obesity[98]. These data further support previous findings
that in C57BL/KsJ-db/db obese and diabetic mice with
hyperleptinemia and hyperinsulinemia due to disruption
of the leptin receptor, a significant increase in the multiplicity of premalignant lesions was found, as compared
to their lean littermates[99]. Of interest, in another animal
model of syngeneic mice, leptin was also shown to enhance the expression of VEGF and VEGF-R2, via PI3K,
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Janus kinases 2 (JAK2)/STAT3, and ERK1/2 signaling
pathways, thus suggesting its possible role in stimulating
tumor neoangiogenesis[63]. Finally, in experimental studies
on leptin-deficient and leptin receptor (ObR)-deficient
models of obesity, a significant decrease of tumor cell
proliferation was observed in leptin-deficient tumors,
concomitantly with a higher ObR expression levels in
the colon tumors as compared to normal epithelium
(Figure 3)[100]. In the colorectal adenoma (CRA) tissues,
a significant increase in the phosphorylation level of the
JAK/STAT signaling pathway molecules, and transcriptional regulation of STAT3-downstream target molecules
were observed, and in colon tumors the proliferative and
survival effects of leptin were found to be mediated by
ObRL/STAT3 signaling[100]. Accordingly, tumor growth
was dramatically inhibited in leptin-deficient and leptinreceptor-deficient mice despite their severe obesity[100].
Interestingly, it seems that leptin stimulates the proliferation of tumor cells in which Wnt signaling pathway is
activated (Figure 3)[100].
As regards resistin, it has been demonstrated that in
primary preadipocytes derived from Zucker obese rats,
adipokine expression differed significantly in visceral adipose tissue as compared to lean animals[101]. Indeed, while
resistin showed a characteristic expression profile during differentiation and maturation of 3T3-L1 cells and
primary preadipocytes, its expression was lower in the
visceral adipose tissue of Zucker obese rats[101] suggesting
that this adipokine strongly influences adipogenesis of
3T3-L1 cells in the early maturation period[66].

of CRC and the grade of adiponectin receptors, AdipoR1
and AdipoR2, expression[120]. Indeed, abundant expression of adiponectin receptors in CRC tissue may facilitate
the anticarcinogenic effect of adiponectin; conversely, low
expression levels of AdipoRs may promote progression
of CRC by counteracting the protective effects of adiponectin (Figure 3)[120].
Recent studies exploring high-molecular weight
(HMW) adiponectin, which is involved in insulin sensitivity regulation and non-HMW adiponectin fractions in relation to CRC risk, showed that, when stratified by cancer
site, non-HMW adiponectin was inversely associated with
both colon and rectal cancer, suggesting an important
role of the relative proportion of non-HMW adiponectin in CRC pathogenesis[121]. Meanwhile, evidence from
a large prospective study evaluating the association of
plasma adiponectin and soluble leptin receptor (sObR)
with CRC risk demonstrated that plasma adiponectin
was significantly associated with reduced risk of CRC
among men, but not among women and that sObR was
significantly associated with increased risk of rectal cancer but not colon cancer[122]. Recently, the hypothesis that
an unfavorable adipokine profile [as indicated by a high
leptin/adiponectin (L/A) ratio] might serve as a prognostic factor in CRC patients has been proposed[109,119]. In
particular, the evidence that a high L/A ratio had a negative prognostic value with respect to both disease-free
and overall survival in CRC patients suggested that combined measurement of both adipokines may represent an
adjunctive tool in risk prediction for CRC recurrence[119].
Of interest, the negative prognostic value of L/A ratio
was independent of gender (Figure 4)[119], contrarily to
what previously demonstrated for adiponectin alone[122].
Leptin is also directly correlated with the risk of
CRC[112,113] and a more aggressive tumor phenotype, as
demonstrated by the association with stage[114,119], microvascular invasion[115] or decreased relapse free survival[119],
although low or undetectable leptin concentrations were
observed in other studies[116,117,123]. It appears that leptin is
not involved in the early-stage CRC carcinogenesis but,
rather, only after the tumor initiation stage[100]. As regards
the sex-specific differences observed in relating leptin
to CRC risk, there is no agreement, since some Authors
reported an association in men but not in women[111,112],
while others found an association also in women[113].
Resistin is another adipokine that has been recently
proposed as an independent predictor of CRC[106,112,124],
independently of different anthropometric measures of
adiposity, such as WC[124-127]. Indeed, as no association
between resistin and IR has been detected, the hypothesis
that resistin may play a role in CRC independently of
obesity, but due to its close association with the chronic
inflammation that leads to cancer pathogenesis has been
advanced[106]. In this regard, although resistin levels positively correlated with inflammatory markers, association
with tumor stage is debated. In fact, while some studies
reported no differences between early and late stages
CRC[125], Nakajima et al[126] showed that resistin levels

EVIDENCES FROM TRANSLATIONAL
STUDIES
Several clinical and epidemiological studies have demonstrated that altered circulating levels of adipokines are
inversely correlated with the risk of CRC (Table 1)[99-117].
Results from meta-analyses suggest that changes in the
levels of adipocytokines may indicate the initiation and
progression of CRC and adenoma but conflicting results
have been reported in other studies[107-109]. Decreased concentrations of plasma adiponectin have been associated
with the development of colon adenomas in Japanese patients[118], the association being particularly significant with
the number/size of tumors and histological progression
from tubular to tubulovillous/villous adenomas[118]. A
large prospective study demonstrated that men with low
plasma adiponectin levels had a higher risk of CRC than
men with higher levels, the association being independent
of BMI, waist circumference, WHR and physical activity[102]. Furthermore, several case-control studies[104-106] have
confirmed the occurrence of lower adiponectin levels
in patients with CRC than in healthy controls and it has
been recently suggested that adiponectin might represent
a prognostic parameter in risk prediction for CRC recurrence[104,119]. In support of the hypothesis that adiponectin
can inhibit the growth of CRC, immunostaining studies
demonstrated an inverse correlation between the T stage
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Figure 4 Kaplan-Meier analysis of relapse-free (Panel A) and overall (Panel B) survival of colorectal cancer patients stratified according to gender and
leptin/adiponectin ratios. Analysis is based on data from a previously published study, to which the reader is referred for greater details[119]. L/A: Leptin/adiponectin.

gradually increased with progression in tumor stage.
Similarly, no study, so far, has reported any association
between resistin and age, sex, BMI or lifestyle parameters, rather than C-reactive protein levels[127]. Notably,
enhanced expression of tissue-specific resistin-like molecules RELMβ has been positively correlated with the
differentiation degree of colon adenocarcinoma and mucinous carcinoma, while loss of expression was observed
in undifferentiated carcinoma[89]. Based on these findings,
it has also been suggested that, independently from BMI,
resistin may be a good biomarker of CRC, while adiponectin may be superior in CRA[126].
As regards the role of ghrelin axis in CRC development, studies on CRC progression showed that malignant
intestinal epithelial cells differentially overexpress ghrelin receptors and produce more ghrelin as compared to
normal human colonocytes, thus causing their enhanced
proliferative and invasive behavior[128]. Contrasting results were obtained when comparing locally produced
autocrine ghrelin with its sistemically available form. In
support of the role of ghrelin in promoting malignancy
in CRC patients, it has been demonstrated that while locally produced autocrine ghrelin correlated with CRC in a
stage-dependent manner, systemically available endocrine
ghrelin levels did not exhibit significant correlation with
any tumor stage or grade[128]. These data were in contrast with an earlier study in which ghrelin serum levels
showed a decreasing pattern from early to advanced stage
of disease in CRC patients[129,130].

increased consumption of high-energy diets and reduced
consumption of fruit, vegetables and fibre, a sedentary
lifestyle and increased age, have proven to influence
adipose tissue functionality and to provide a common
soil for a strong link between obesity-driven chronic inflammation and CRC[133]. Reversing obesity-associated
inflammation and adiposopathy by lifestyle interventions,
including weight loss, physical activity and dietary modifications, might have a clinically relevant role in reducing
CRC risk or progression[134-136] and survival outcomes of
patients with recurrent colon cancer[137]. The mechanistic
and pathophysiology studies on adipokines highlight the
important role of these adipocyte-secreted hormones
in colon cancer. Literature data agree in indicating that
adiponectin or analogues might become useful agents in
the management or chemoprevention of CRC[79]. In conclusion, dissecting the mechanisms underlying adipokine
involvement in obesity-driven CRC will be of utmost
importance in risk reduction and design of tailored therapies to prevent chemoresistance and recurrence.
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Colorectal cancer (CRC) is one of the leading causes of
cancer and cancer-related mortality worldwide. The disease has been traditionally a major health problem in
industrial countries, however the CRC rates are increasing in the developing countries that are undergoing
economic growth. Several environmental risk factors,
mainly changes in diet and life style, have been suggested to underlie the rise of CRC in these populations.
Diet and lifestyle impinge on nuclear receptors, on the
intestinal microbiota and on crucial molecular pathways
that are implicated in intestinal carcinogenesis. In this
respect, the epidemiological transition in several regions of the world offers a unique opportunity to better
understand CRC carcinogenesis by studying the disease
phenotypes and their environmental and molecular associations in different populations. The data from these
studies may have important implications for the global
prevention and treatment of CRC.
© 2015 Baishideng Publishing Group Inc. All rights reserved.

Key words: Colorectal cancer; Developing countries;
Environment; Diet; Nuclear receptors; Gut microbiota
Core tip: This highlight addresses the rise of colorectal
cancer (CRC) in the developing countries. We review
the epidemiological data on the growing CRC burden in
these countries, discuss the role of changing environmental risk factors, and examine preventive strategies
that could contribute to control the spread of CRC. The
molecular pathways of CRC and the roles of nuclear
receptors and of the intestinal microbiota are discussed
in the light of the current epidemiological transition.
Original sources: Bishehsari F, Mahdavinia M, Vacca M,
Malekzadeh R, Mariani-Costantini R. Epidemiological transition
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incidence is dramatically increasing in many developing
countries. The rates in the former Eastern European
Communist Bloc, that recently underwent a major economic transition, have already reached or exceeded those
of the industrial countries of the former Western bloc[5].
Likewise, reports from Eastern Asian regions, such as
Hong Kong, Taiwan, urban China, Singapore, and Thailand, indicate a rapid rise in CRC incidence, close to the
rates reported in Western populations[6,7].
A rise in CRC incidence has also been observed in
Western Asian countries that were historically considered
to have very low rates of the disease. For instance, epidemiological studies in Iran have shown that the CRC rate,
although still relatively low, has increased significantly
over the past three decades[8]. Similar trends have been reported in other populations in the region, including Saudi
Arabia, Jordan, Yemen and Egypt[9-11].
Notwithstanding the rise of CRC in almost all developing countries, the acceleration rates may differ among
populations. For example, in India, where an increase in
the rates of CRC over the past decades has been reported, the steep is steadier and less rapid compared to other
developing countries in East Asia[12].
The increase in CRC incidence in developing countries, that are often equipped with fewer resources, are
paralleled by an increase in the mortality rates, as indicated
by studies from South America and Eastern Europe[4].
The uptrend in CRC rates is not explainable by the
effect of screening programs, as such programs are either
limited or only newly implemented in these regions[5,13].
In addition, the rise in CRC is usually more prominent
in the younger populations, who are not subjected to
screening programs. In fact, a high proportion of earlyonset CRCs has been reported from countries with new
epidemiological transition[14,15]. For example, almost 20%
of the CRC cases recorded in Iran occur at or below age
40, in comparison to 2%-8% reported in the developed
countries for the same age subset[16]. The higher proportions of CRC in young patients can be related not only
to the age-structure of these populations, but, more
importantly, to the relatively lower rates of the disease in
the older individuals. In other words, in these historically
low-risk regions for CRC, where the rates in the older
population sectors has remained low, CRC incidence
has increased significantly in the newer generations. As
the young population with an accelerated rate of CRC
becomes older, the incidence of the disease is expected
to grow further also in the older subset[8,16]. Hence, it is
predicted that the incidence of CRC will dramatically
increase over the next decade, nearing a doubling of the
current rates, with most of the new cases occurring in
developing countries[12,17].

of colorectal cancer in developing countries: Environmental factors, molecular pathways, and opportunities for prevention. World
J Gastroenterol 2014; 20(20): 6055-6072 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v20/i20/6055.htm DOI:
http://dx.doi.org/10.3748/wjg.v20.i20.6055

INTRODUCTION
Colorectal cancer (CRC) is among the top three most
commonly diagnosed cancers in the world, accounting
for 8% of all cancer-related deaths annually[1]. CRC still
is a major health problem in the more industrialized and
developed countries, where the annual age-standardized
incidence rates exceed 40, compared to rates below 4
observed in several less-developed countries. The over
10-fold variation in the global CRC rates, along with the
rapid rise of CRC risk in the same generation that immigrated from low to high-risk areas, have suggested a
strong environmental influence on CRC pathogenesis[2,3].
In the developing countries that are witnessing an economic advancement, the adoption of a Western life style
and of dietary habits characterized by higher intake of
meat, fat and total calories, along with increasing life
expectancy and population growth, herald a remarkable
increase in the burden of CRC[4]. This review addresses
the global epidemiological characteristics of CRC, with
a focus on its trend in the developing countries and on
the implications for the epidemiology and the molecular
pathogenesis of the disease, as well as for preventive
strategies. We also discuss the emerging roles of nuclear
receptors and of the gut microbiota as mediators between the environment and CRC tumorigenesis. All this
can have potential for designing novel preventive and
therapeutic strategies.
The designation of the “developing countries” in this
manuscript is based on the United Nation’s definition and
encompasses any country that is not part of the more developed countries, i.e., all of Europe plus Northern America, Australia/New Zealand and Japan [World Health
Organization (WHO) Databank Statistical Information
System. Geneva: World Health Organization; Year. Available at: http://www.who.int/whosis. 2010. Last accessed
2/16/2010]. This grouping is only for the purpose of
epidemiological comparisons and does not express any
judgment about the stage reached by a particular region
or country in the development process.

BURDEN OF CRC
CRC is the third most commonly diagnosed cancer in
males, the second in females, and is the third cause of
cancer-related mortality in both sexes worldwide[1]. In
2008, more than 1.2 million new CRC cases and 608700
deaths have occurred. The CRC rate varies among different regions; the rates were traditionally higher in the
developed and industrial countries, whereas the lessdeveloped countries had lower rates. Nevertheless, CRC
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ENVIRONMENT AND CRC
The rise of CRC in developing countries is attributed to
environmental changes, prompted by the economic transition[5,18]. Environmental factors, such as dietary patterns,
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obesity, smoking and heavy alcohol consumption, are
considered to affect CRC risk[19].
The effect of dietary habit and lifestyle on CRC has
been highlighted by migration studies, that demonstrate
a rise in CRC rates in originally low-risk ethnic groups
when migrated to high-risk areas[2,20,21]. Sedentary lifestyle
and a “Western” diet, rich in fat and meat and usually
poor in unrefined cereals and fiber, are suggested to
increase the incidence of CRC[22-24]. A decrease in physical activity and a trend towards consumption of a more
Westernized diet have been ubiquitously reported in
countries of Central-West Asia and North Africa[8,25]. A
similar shift in lifestyle and dietary patterns occurred in
the Eastern European countries during the transition
from planned to open market economies, which led to
increased availability of food, consumption of refined
products, and increased obesity[5]. Likewise, in the East
Asian countries, dietary changes and obesity have preceded and paralleled the increase in CRC incidence[26-28].
Obesity, and the metabolic syndrome, characterized by glucose intolerance, and dyslipidemia, have been
shown to be associated with higher risk of both colonic
adenoma and CRC[29-32]. Rising rates of obesity and metabolic syndrome are increasingly reported from developing countries, with the improvement in economic status
and the rapid urbanization[33-36].
A prominent role of the environment/diet on the risk
of CRC is also suggested by the age-structure of the disease in the countries under epidemiological transition. As
discussed above, these countries typically witness a higher
proportion of young CRC cases, while the rates are still
relatively low in the older individuals. The higher CRC
incidence in the younger subgroups of these populations
suggests a recent change in the environmental risk factors, that affected individuals who shared these exposures
during childhood and younger adulthood[16]. The proposed association of dietary profile and CRC is outlined
in Figure 1, that compares the pattern of regional food
consumption in the world, as reported by the WHO, with
the global spread of CRC, based on the data from Globocan 2008[37]. There is a concordance in most regions of
the world between the dietary pattern, mainly categorized
by the fraction of meat and animal fat in the consumed
food, and the CRC rate.
Most CRC cases are considered sporadic, and only
a small proportion is due to known genetic syndromes.
This points to a strong role of the environment in CRC
development[38]. However genetic factors may modify
the effects of the environment in the predisposition to
the disease. This is suggested by the unequal CRC risk
in different ethnic groups in the same region. For example, although the incidence of CRC is increasing in
all ethnic groups in Singapore and Malay, the rates are
higher in Chinese vs Malay individuals[4,39]. Disparities in
the CRC rates are also seen between the Jewish and the
Arab population in Israel[40]. In addition to still unknown
genetic factors, ethnicity-related environmental exposures
could contribute to differences in the CRC rates between

WCGO|www.wjgnet.com

distinct ethnic groups within the same geographic region
or country.
Despite the overall correlation between CRC and diet
highlighted by the epidemiological evidence, the results
of case-control and cohort studies have been controversial[19]. Numerous reviews and meta-analyses have
been conducted to test the association of single dietary
compounds and CRC risk. The World Cancer Research
Fund concluded that, in addition to obesity and lack
of exercise, there is convincing evidence for high meat
consumption to affect CRC risk[23]. The evidence for
the effect of red meat on CRC risk was also considered
convincing in a recent review by an expert panel[41]. Disparities among dietary studies may partly reflect the fact
that the effect of each dietary component is confounded
by other components in the food[42]. In this respect, associations between dietary patterns and disease could be
achieved by applying a global analytical approach, such
as cluster and factor analyses, to classify individuals in
clusters with a global similarity in dietary habits[43,44]. By
applying this approach to a large prospective cohort,
Kesse et al[45] found an increased risk of adenomas and
of high-risk adenomas with the Western diet, high in fats,
animal products and snacks and low in foods of vegetable origin. The highest CRC risk was observed in the
group with high consumption of meat. Similar findings
have been reported by other researchers[46]. Direct or indirect effects of dietary factors on colonic and intestinal
tumorigenesis were also demonstrated in laboratory and
animal investigations[47]. Overall, these studies support
the strong influence of the environment, including diet,
on CRC predisposition.

GENETIC AND EPIGENETIC
ALTERATIONS
The molecular alterations underlying CRC development
have been extensively studied over the past two decades.
Our current understanding of the molecular landscape
of CRC mainly originates from studies conducted on
tumors from Western populations. The tumors from developing countries have not been analyzed as extensively,
but the available data show that the major molecular
pathways correspond to those involved in “Western”
CRC. Nevertheless the mutational spectra appear to be
often distinctive, reflecting different environmental and/
or genetic factors[48]. Our group showed that CRCs from
Iran, as those from high-risk areas, harbor genetic alterations in major genes such as K-RAS and p53, however the
spectra of the mutations are quite distinct and could be
related to different environmental exposures[49]. Similar
findings have been reported from other countries that
are in epidemiological transition, but still have relatively
low CRC incidence[50,51]. As reviewed above, several lines
of evidence support the role of environmental factors,
such as diet, on CRC, however, the relationships between
dietary risk factors and genetic alterations is as yet incompletely understood.
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Figure 1 Comparison of the regional food consumption in the world, and the global spread of colorectal cancer, based on the data from Globocan 2008. A:
Global cluster analysis based on 62 marker foods from 2002-2007 food supply data, reproduced with permission from World Health Organization GEMS/Food cluster
diets analysis 2012 (details at http://www.who.int/foodsafety/chem/gems/en/index1.html). The analysis defined 17 diet clusters representing 179 countries for which
food supply data were available. Here we highlight two major food clusters based on consumption of meat and fat, the major dietary colorectal cancer (CRC) risk
factors. Clusters G7, 8, 10, 11 and 15 are in the high-meat-fat group, characterized by predominance of mammalian meat consumption (all > 108 g/d) and high total
fat intake (all > 73 g/d). The low meat-fat group consists of clusters with lower mammalian meat consumption (all < 80 g/d) and lower overall fat intake (all < 51 g/d).
Interestingly other high-risk dietary factors for CRC, such as overall high total food intake (> 2000 g/d) and total alcohol intake (> 200 g/d) are also associated with the
meat-fat based diet group. The low-meat-fat group generally has lower total intake (except cluster G2) and lower total alcohol consumption (except cluster G16). The
dietary profile in the low-meat-fat group is more heterogeneous, with variable intakes of other foods, such as fruit, vegetable, and cereal; B: CRC age-standardized
incidence rates (ASR) per 100000 individuals per geographic region, as extracted from Globocan 2008[37]. Here we define regions with ASR of ≥ 24.2 as high-rate (red
and orange), and regions with ASR < 24.2 (light green, dark green and yellow) as low-rate; C: Visual matching of the global regional CRC rates and dietary patterns,
based on the groups defined above. Matching occurs when a region with high-meat-fat diet is high-rate for CRC, or when a region with low-meat-fat diet is low-rate for
CRC. The regions where the CRC rates matched dietary pattern are in blue, those where it did not match in red (i.e., high-rate CRC regions with low-meat-fat diet or
low-rate CRC regions with high-meat-fat diet).

caused by global genomic hypomethylation[58]. Studies
have identified number of different genes hypomethylated in CRC, such as CARD 14, CCDC116, TIAM1, and
MAEL, that can have a variety of effects on signaling,
e.g., by nuclear factor-kappa B (NF-κB), or other cellular
functions relevant to CRC carcinogenesis including, but
not limited to, cell adhesion, cell cycle control, cell migration and differentiation[59].
These epigenetic alterations can be strongly affected
by dietary habits, because several dietary components can
alter the methylation profile of the genome. Polyphenols,
abundant in green tea, promote demethylation, and may
reactivate tumor suppressor genes that were inactivated
by promoter methylation[60]. Effects on methylation pattern have similarly been reported for other potentially
protective natural compounds, such as quercetin, folate,
and selenium [61-63]. For example, a selenium-low diet
altered the methylation pattern of colonic DNA in rat
models, causing activation of tumor suppressor gene,
such as the rat homolog of VHL, while a selenium-rich
diet reversed the abnormal methylation profile[64].
Hypermethylation can also affect the expression of

Furthermore, epigenetic alterations that are central
to the process of genomic imprinting, such as histone
modifications and DNA methylation, as well as changes
in non-coding RNAs, mainly involved in post-transcriptional regulation, can affect the gene expression patterns
independent of or in combination with inherited or somatic changes in the DNA sequence.
DNA methylation, i.e., conversion of cytosine to
5-methylcytosine, normally occurs at isolated CpG dinucleotides, while the regions enriched in CpGs, so called
CpG islands, mainly situated at or near gene promoters,
are generally hypomethylated[52]. Abnormal methylation
of CpG islands may turn off gene expression and can
lead to inactivation of tumor-suppressor genes in the
process of carcinogenesis[52]. For example, hypermethylation of MLH1 (a major mismatch repair gene), accounts
for more than 60% of non-hereditary microsatellite unstable CRCs, and can be found in more than one fifth of
all CRC cases[53-55]. Methylation of other genes involved
in CRC, such as APC, MGMT, GATA-4 and GATA-5,
and FXR have also been described[56,57].
On the other end, genetic instability could also be
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microRNAs (miRNAs). MiRNAs are short non-coding
RNAs of about 19-28 nucleotides that affect gene expression and/or mRNA translation by binding the untranslated regions of target genes[65]. Numerous miRNAs
targeting tumor-suppressive and oncogenic pathways
have been found to be altered in CRC (reviewed in[66])
and it has been found that their expression can be affected by diet[67,68]. High-risk diets seem to cause downregulation of tumor suppressive miRNAs, and progression of
CRC[67]. Decrease in the tumorigenesis process upon use
of dietary factors that are generally thought to lower the
risk of CRC, was associated with normalization of the
deregulated miRNA pattern[68,69]. For example, the level
of the let-7 miRNA family was found to increase with dietary vegetable consumption in rat colon tumors induced
by a heterocyclic amine from cooked meat, leading to the
normalization of cancer-related proteins, such as c-myc
and p53[68].
Histones modification is another mode of epigenetic
alteration that affects gene expression by regulating chromatin structure and activity[70]. Acetylation and methylation of histones, among other modifications, modulate
the gene expression pattern during cell differentiation
and can result in activation of oncogenes and inactivation
of tumor suppressor genes in CRC[70]. In-vitro and in-vivo
experiments have proposed histone modification, e.g., histone deacetylases inhibition and histone hyperacetylation,
as a mechanism implicated in the anti-carcinogenic effect of some dietary components, such as short-chained
fatty acids, garlic, vegetable metabolites and other organic
compounds[62,71-73]. Some of these dietary components act
via nuclear receptors, that can be a target of therapeutic
or preventive strategies for CRC (see below). Epigenetic
alterations can be the target of other environmental risk
factors as well[74].
Other mechanisms suggested to mediate the effect
of diet on CRC include cytotoxic and mutagenic effects
of food metabolites or their by-products on colorectal
epithelium. Moreover, food metabolites can contribute
to CRC carcinogenesis through oxidative stress, immune
regulation, and alterations in the mucosal inflammatory
milieu[75-80].
The responsiveness to the environment, particularly
diet, and the potential reversibility, has made epigenetics
a promising target for dietary interventions in the chemoprevention of CRC[59,81]. In order to achieve this goal, the
epigenetic aberrations that occur early in the disease and
that are modifiable by dietary agents need to be better
characterized[82]. Furthermore, it is predicted that a major
contribution to the chemoprevention of CRC will derive
from pharmacological interventions targeting nuclear
receptors that control the metabolic pathways involved in
normal enterocyte proliferation and differentiation and in
CRC tumorigenesis.

signals into fast and coherent changes in gene expression[83]. These transcription factors are thus key players in
the coordination of organism physiology[83]. Some NRs
bind extracellular lipophilic molecules (e.g., hormones,
vitamins, dietary lipids, bile acids, etc.)[83]. In the absence
of ligand, NRs are bound to transcriptional co-repressor
complexes that cause chromatin condensation and gene
silencing. After ligand binding, a change in the threedimensional conformation of the NR results in the recruitment of tissue-specific co-regulators that activate the
gene transcription machinery[83]. For some NRs, called
“orphans”, the endogenous ligands are still unknown,
while other NRs, designated “true orphans”, are ligandindependent[83].
Previous studies have provided evidence that lipidsensing NRs modulate enterocyte physiology (metabolism, proliferation, differentiation, and death) and that
their localization pattern along the crypt-villus axis predicts the modulation of their expression in tumors[84,85].
For example, the vitamin D receptor, the farnesoid X
receptor α (FXRα, bile acid -BA- sensor), the liver X receptor α (LXRα, the oxysterol sensor), and the retinoid
X receptor α (RXRα), that are expressed mainly in the
differentiated compartment of the intestinal mucosa (villus/epitelium), are suppressed in neoplasms[57,85-88].
FXRα is the master transcriptional regulator in bile
acids (BA) metabolism. BA play an important role in
intestinal homeostasis, and may have a dual function of
either promoting or inhibiting cell differentiation and
death, depending on the bile acids composition[89] and
gut microbiota[57], that are modifiable by diet. One of the
main functions of FXR is to promote the detoxification
of the enterocytes from hydrophobic BA[90], thus reducing BA-induced oxidative DNA damage and inflammation in the colorectal epithelium[91]. In fact, when FXR is
absent in the intestine, there is a promotion of Wnt signaling, with expansion of the basal proliferative compartment, and a concomitant reduction in the apical differentiated apoptosis-competent compartment[92]. The role
of FXR in protecting from CRC is confirmed by the observation that the loss of FXR in the ApcMin/+ and in the
chronic colitis mouse models results in increased intestinal tumorigenesis and tumor progression via promotion
of Wnt signaling and up-regulation of Cyclin D1. On
the other hand, the activation of FXR triggers proapoptotic programs in both normal and transformed colonocytes[92,93]. Additionally, FXR displays anti-inflammatory
properties by interacting with NF-κB signaling[93-95], and
loss of FXR function results in enhanced infiltration
and production of interleukin 6 and tumor necrosis factor alpha[92,93]. Thus FXR agonists could be effective in
preventing CRC and strategies aimed at reactivating FXR
expression might be useful in CRC treatment.
Proliferating cells need excess cholesterol, and several studies have shown that LXR activation affects cell
proliferation and promotes apoptosis[96-98]. In fact, cholesterol acts as a regulator of cell cycle progression, and
cholesterol starvation results in cell cycle arrest in the
G2-phase; this effect is reverted by supplying cholester-

NUCLEAR RECEPTORS
Nuclear receptors (NRs) are transcription factors (48 in
humans, 49 in rodents) able to transduce extracellular
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ol[99,100]. The need of coordinate cholesterol metabolism
tuning during membrane synthesis, cellular differentiation
and proliferation thus candidates LXRs as important in
cell proliferation[96,98]. LXRα and LXRβ, acting as obligate heterodimers with RXR, are central actors in lipid
homeostasis and respond to physiological concentrations
of the cholesterol derivatives oxysterols. In proliferating
cells, reduced intracellular concentrations of oxysterols
are associated with increased cholesterol synthesis and
down regulation of LXR target genes involved in cholesterol catabolism and transport[101]. In the enterocytes,
LXRs control the intracellular flow, catabolism, and efflux of cholesterol[102], but also have many other effects,
including inhibition of NF-κB signaling[103]. This antiinflammatory action of LXRs leads to reduced inflammatory processes in chronic gut diseases[104,105]. LXR overexpression in the ApcMin/+ and chronic colitis mouse models
results in decreased intestinal tumorigenesis and tumor
progression. Additionally, pharmacological activation as
well as adenoviral overexpression of LXR blocks the G1
phase, increases caspase-dependent apoptosis, and slows
the growth of tumor xenografts in mice by affecting lipid
metabolic networks and by increasing cholesterol efflux in the intestine[96,106]. Therefore LXR agonists might
become novel therapeutic agents in CRC treatment, applicable to the control of the CRC epidemics in the developing world.

IL-17, from adipocytes and associated macrophages, as
well as by altered mucosal immune composition[126,127].
Other lifestyle factors, such as chronic cigarette
smoking and alcohol consumption, contribute to procarcinogenic inflammation[74,128,129]. Smoking, in addition
to the induction of inflammation and of epigenetic and
genetic alterations, can affect other pathways leading to
CRC. Smoking-related oxidative stress, a result of increased reactive oxygen species (ROS) levels, and smoke
metabolites such as nitrosamines, through effects on the
nicotine signaling receptors, can lead to upregulation of
MAPK signaling, activation of COX2 and of the matrix
metalloproteinase (MMP) pathways. Furthermore accelerated DNA-adduct formation activates base excision
repair (BER)[129-132].
Also excessive chronic alcohol consumption can accelerate CRC initiation and progression through multiple
cellular mechanisms, including inflammation and epigenetics, as discussed earlier. Moreover, increased ROS
generation and NADPH oxidase, combined with alcoholism-related vitamin deficiencies (Bs and A) can affect
apoptotic (e.g., PI3K/AKT), proliferative (e.g., ERK1/2)
and metastatic (e.g., VEGF, and MMPs) pathways[128,133,134].

ASSOCIATION OF ENVIRONMENTAL
FACTORS WITH MOLECULAR
ALTERATIONS

OBESITY AND LIFESTYLE

Several association studies, at both individual and population level[135-139], have explored the relations between
modifiable environmental factors, such as life style and
diet, and CRC-related molecular pathways.
Upon discovery of obesity as a risk factor for CRC,
many investigators tested the effect of obesity on CRC
in relation to obesity-related pathways[114]. An inverse association between adiponectin level and CRC, mainly in
men, is supported by several studies, reviewed in a recent
meta-analysis[139]. The levels of leptin or soluble leptin
receptor have been found to be associated with increased
risk of CRC in some studies[140,141].
The association between inflammatory markers and
risk of CRC is not consistent. An increased level of IL-6,
and soluble tumor necrosis factor receptor 2 in CRC
patients, suggested by retrospective studies, has not been
confirmed in prospective series[142,143]. This association
could depend on specific molecular features of the tumor. For example, in rectal cancer, IL-6 was suggested
to modify the effect of dietary components depending
on p53 mutation status[144]. Similarly, the role of positive
energy status, as defined by higher BMI and physical inactivity, can vary according to the molecular make-up of
CRC. Obesity was reported to be associated with higher
CRC risk in patients with tumors negative for betacatenin activation or fatty acid synthase expression[145,146].
These patients showed lower CRC recurrence rates if
exercised after diagnosis[147]. The risk of rectal tumors
harboring P53 and K-RAS mutations was lower in indi-

As discussed earlier, obesity and a sedentary lifestyle are
associated with increased risk of CRC. Several molecular
pathways have been linked to the effects of obesity and
physical inactivity on CRC. Hyperinsulinemia, a consequence of an increased calorie intake, induces insulin-like
growth factor (IGF)-Ⅰ, which can promote cell growth
and inhibit apoptosis[107]. The insulin pathway promotes
proliferation in preneoplastic lesions of ApcMin/+ mice, is
upregulated in human CRC tissue, and is associated with
aggressive tumor behavior and metastasis[108-110]. Insulin
can also induce steroid hormones that are involved in cellular proliferation, and apoptosis[111].
Polypeptide growth factors and cytokines released
from adipose tissues, known as adipokines, have abnormal levels in obesity, as a result of systemic upregulation
of insulin/IGF-I signaling, steroid hormones and inflammatory mediators[112-115]. High level of leptin and low level
of adiponectin have been associated with CRC in mouse
models[116-118]. In the physiologic state, the proliferative,
survival, and pro-invasive actions of leptin, via pathways
such as PI3-kinase/AKT and JAK-STAT, are balanced
by the antiproliferative and antiangiogenic effects of
adiponectin[119-122]. Moreover, obesity is associated with
chronic low-grade inflammation[123]. A growing body of
literature is supporting the role of chronic inflammation
in promoting CRC[124,125]. The pro-inflammatory state in
obesity is characterized by dysregulated release of protumorigenic inflammatory cytokines, such as IL-6, and
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viduals with high levels of physical activity[136]. In other
studies, the mortality for CRC increased with higher BMI,
depending on the expression status of anti-proliferative
nuclear proteins, such as P21 and P53[148,149].
Other life style-related risk factors, such as cigarette
smoking and alcohol intake, have been also studied in relation to molecular subtypes of CRC. Cigarette smoking
was found to increase the risk of microsatellite unstable,
CIMP-positive, and BRAF mutated CRC[150], while smoking cessation was protective against CIMP-high CRC[151].
These data are in line with the involvement of epigenetic
modifications in smoking-related colorectal carcinogenesis. Although one might expect epigenetic fingerprints
also from alcoholism, most studies could not find associations between specific molecular subtypes of CRC
and alcohol intake[152,153]. The effects of alcohol, however,
can vary among individuals depending on genetic polymorphisms in the alcohol metabolism pathways, and this
could modify CRC risk[154].
The association between dietary components and
CRC-related molecular pathways has been tested in population-based series. The variation among studies could
be partly due to heterogeneity among series with regard
to tumor location, sex, and other known and unknown
potential confounders[155,156].
Earlier studies found differential associations between
dietary factors and the P53 pathway in CRC, depending
on whether protein expression or mutational analysis was
used. Fat-intake was associated with P53-negative CRC
using immunohistochemistry[157]. In subsequent larger
studies, the Western-style diet, characterized by high consumption of red meat and increased glycemic load, was
associated with P53 mutations in CRC[158].
With regard to the K-RAS pathway, cruciferous vegetables were found to be associated with lower chance of
occurrence of K-RAS mutations, and monounsaturated
fats with likelihood of G->T K-RAS mutation[159].
In rectal cancer, Omega-3 fatty acids were associated
with the CpG island methylator phenotype (CIMP+),
and refined grains with P53 mutations. Reduced risks of
mutations in P53 and/or K-RAS were seen in groups
with higher intakes of vegetables and whole grains[136].
Omega-3 fatty acids are agonists of the NRs peroxisome
proliferator activated receptors (PPARs), that have been
implicated in CRC. PPARγ activation has been shown
to inhibit CRC cell proliferation[84] by promotion of cell
maturation and inhibition of genes involved in inflammation and in cell growth[84]. Omega-3 fatty acids and other
PPARγ agonists could thus serve as new anti-inflammatory and anti-cancer agents. In line with this, also the
peroxisome proliferator-activated receptor gamma coactivator 1 alpha (PGC1α), a coactivator of the PPARs,
has been shown to modulate intestinal epithelial cell fate
and to inhibit CRC development and growth[160]. Being
PGC1α a downstream effector of the AMPK/SIRT
pathway[161], the protective role of PGC1α on CRC could
account for some of the mechanisms by which physical
exercise[162], metformin[163,164], and resveratrol[165,166] protect
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against CRC.
Overall, despite significant advances in the field of
molecular epidemiology, the attributable effects of diet
on CRC molecular subtype are not yet clear. Almost all
the existing association studies for diet and molecular
markers of CRC have been conducted in regions with
high rates of CRC, mainly located in Western countries[136,157,167-169]. Nevertheless, the relatively restricted
divergence of the Western dietary profiles and the similar
epidemiological features of CRC in Western populations
may limit the chances of finding associations between
dietary factors and molecular pathways[170]. Comparative
studies involving populations more dissimilar in dietary
pattern and disease epidemiology might help to fill our
knowledge gap on how diet influences CRC.
In a study that analyzed the molecular features of
CRC, including CpG island methylator phenotype, microsatellite instability, and K-RAS and P53 gene status, in
Egypt, Jordan, and Turkey, differences in gene methylation patterns and mutational status were found between
CRCs from these countries and Western CRC series. Interestingly the molecular features of the CRCs from Turkey, the country with most rapid rise of CRC rate among
the three studied, were most similar to those reported for
Western series[171].
Our group, by applying a mathematical approach to
the investigation of geographic correlations between p53
mutation patterns, based on the International Agency for
Research on Cancer (IARC) P53 database, and food factors, derived from the dataset of the Food and Agriculture Organization of the United Nations (FAO), found
relationships between P53 mutation type and site and
higher availability of meat, sweeteners and animal fats, i.e.,
the energy-dense foods that characterize the “Western”
diet and that are also linked to overweight and obesity[171].
This P53 mutational “fingerprint” could be explained by
differential exposure to nitrosative DNA damage, due
to foods that promote metabolic stress and chronic inflammation. However direct evidence for the molecular
fingerprint of diet may not be easily achievable, due to
complex interactions among dietary factors in the gastrointestinal lumen and in colonic epithelium that could
be affected by host genetic susceptibilities as well. In addition, a rapidly growing body of evidence suggests that
the gut microbial community modulates the effect of the
diet on CRC risk[172].

INTESTINAL MICROBIOTA
The number of bacteria in our body exceeds by 10 times
that of human cells[173]. A comprehensive analysis of the
human intestinal microbiota is now possible thanks to the
availability of high-throughput sequencing techniques.
The human colon is highly populated with a microbial
community reaching as many as 10(13)-10(14) microorganisms. Chronic inflammation can contribute to CRC
carcinogenesis[125]. The gastrointestinal (GI) microbiota
plays an important role in maintaining the mucosal im-
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+
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Figure 2 Factors contributing to the uptrend of colorectal cancer incidence and mortality in developing countries.

acid production were more abundant[184]. The protective
or detrimental effect of certain dietary components on
the colonic mucosa, in conjunction with altered GI microbiota, has been confirmed in animal studies[185,186].
Manipulations of the GI microbiota with probiotics,
prebiotics and oral vaccines are currently under intensive
research for the primary and secondary prevention of
CRC[178].

mune functions and in balancing pro and anti-inflammatory signals[174,175]. The composition of the GI microbiota
is affected by environmental factors, such as diet[176]. The
“Western diet, exemplified by high intake of animal products and low in unrefined carbohydrates, promotes a proinflammatory microbiota that can predispose susceptible
individuals to CRC[177]. Therefore, it is prudent to hypothesize that the effect of diet on adenoma and CRC development may be mediated by shifts in the balance between
detrimental and non-pathogenic commensal microbiota[178]. Moreover, the microbial community can modify
the production of diet-related by-products implicated in
CRC carcinogenesis, such as ROS and hydrogen sulfide
(H2S), among several others[178]. Other CRC risk factors,
such as obesity, can be influenced by the GI microbiota,
hence reinforcing the link with CRC development[179].
This is supported by a number of case-control studies
that have shown different GI microbial compositions
in normal subjects versus adenoma- and CRC-affected
patients[180-182]. Some bacterial taxa, such as Bacteroides, Eubacterium, and Bifidobacterium, were shown to be associated
with higher risk of CRC, whereas Lactobacillus was associated with low CRC risk[179,182]. Therefore, it is conceivable
to propose an association between compositions of the
GI microbiota and CRC epidemiology. In other words,
the GI microbial communities of the populations with
lower risk of CRC could differ from those of the populations with higher risk, and this could reflect or mediate
the effects of protective environmental/dietary profiles.
In this regard, Nava et al[183] compared stool samples of
native Africans to those of African Americans, that have
overall CRC rates about 60 times higher than native Africans. Interestingly, a more diverse and numerous population of 7-dehydroxylating colonic bacteria was found in
native African stools, reflecting a diet enriched in resistant
starch and low in animal products, compared to stools of
African Americans, who consume a “Western” diet.
In a more recent study, the same group found higher
total bacteria and butyrate-producing groups, along with
higher levels of antineoplastic short-chain fatty acids,
in the stool samples of native Africans, whereas in the
stools of African Americans the genus Bacteroides and
microbial genes encoding for carcinogenic secondary bile
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PREVENTIVE STRATEGIES
It is estimated that over the next two decades the number of CRC cases will increase dramatically, from 1.2 to
2.2 million worldwide, with most of the increase (62%)
in the developing countries[12]. This estimate is mainly
based on the population growth and increased life expectancy in these regions. However, as it was discussed
earlier, these countries are experiencing a rise in their ageadjusted rates of CRC, due to the adoption a more Westernized lifestyle. As a result, the number of CRC cases
in the developing countries could outgrow the current
estimates[12,187].
This upcoming burden of CRC will bring about a
large demand for patient care in areas of CRC detection,
staging, and therapeutic interventions, such as surgery,
radiation and chemotherapy. Yet, the resources may not
grow in parallel to meet the demand (Figure 2). Therefore, it is crucial to implement preventive strategies to
control CRC in populations where incidence rates are still
low, rather than wait for the impact of the disease burden
in the near future.
Population-based screening aims at the early detection
of colorectal neoplasms, amenable for curative treatment,
and is shown to be an efficient and cost-effective method
to lower the disease mortality in developed countries
with high CRC incidence[188]. The screening methods,
recommended by multiple guidelines, include stool-based
testing to detect early stage CRCs, and endoscopic-based
testings, such as flexible sigmoidoscopy and colonoscopy,
that allow to detect and remove pre-cancerous lesions/
polyps. Screening by any of these methods on a regular
basis can effectively reduce CRC risk[189].
The Council of the European Union and the ad-hoc
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Halt CRC rise + early detection
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Figure 3 Preventive strategies against colorectal cancer in developing countries.

opment of the food processing industry[194].
Promoting a more “healthy” diet, characterized by
consumption of less fat and less red meat and more vegetable food, could be a good strategy for primary CRC
prevention[81]. However, the dietary adjustments should
be complemented by modifications in other lifestyle
habits associated with increased CRC risk. As discussed
earlier, obesity, sedentary life, excessive alcohol intake,
and smoking are all suggested to increase the risk. Thus,
controlling these factors at the population level should be
essential in primary CRC prevention (Figure 3).
It is noteworthy that several of the aforementioned
environmental factors are also known risk factors for
other cancers and chronic diseases that are on the rise
in developing countries [195]. Therefore the allocation
of appropriate resources towards primary prevention
programs targeting the young generations would be an
invaluable investment to control the burden of chronic
diseases and cancer in the developing world[196]. At first
glance, interventions directed to primary prevention seem
to be extremely challenging endeavors, as they require
well-designed and strong educational support, based on
community programs and media, to achieve behavioral
changes evident only over extended periods of time.
Nevertheless, long-term efforts to implement educational
and awareness programs starting at early ages, through
schools or other public health programs, have been
shown to be both accomplishable and effective, as exemplified by the very significant drop of smokers among
United States adults over the past 6 decades[188].
Several studies have shown a decreased risk of CRC
in patients taking certain medications, most notably nonsteroidal anti-inflammatory agents (NSAIDs); hence
this led to a growing interest in the chemoprevention of
CRC. NSAIDs, such as aspirin and celecoxib, can reduce
risks of adenoma and CRC[197,198]. However their utility as

United States task force recommend starting population
screening at age 50[190,191]. However, the age for offering
screening cannot be absolutely generalized from one
population to another. Rather, the age of screening initiation needs to be determined based on local epidemiological data, and on the life expectancy of the population.
Population-based screening is a secondary prevention method and warrants availability of the necessary
resources, including nation-wide endoscopic units and
gastroenterologists that are limited in many developing countries. This, coupled with a lower incidence of
CRC in many of these regions, argues against the costeffectiveness of nation-wide screening in such countries.
Alternatively, the CRC screening could be individualized
based on genetic or environmental risk factors. For example, more intense screening could be considered in
family members of patients with CRC, or in those with
environmental risk factors, such as obesity or smoking,
that have higher CRC risk than the general population[192].
In contrast to secondary prevention, which is offered
after exposure to CRC-causing factors, primary prevention focuses on the reduction of carcinogenic exposures
to avert CRC development. Changes in environmental
factors, including consumption of a “Western” diet, is
assumed to be responsible for the increasing disease incidence in developing countries[188].
It has been proposed that consumption of unrefined
grains, legumes, and fruits as sources of carbohydrate,
and of poultry, fish, and legumes as sources of protein,
could lower CRC risk[193]. These were main staple foods
in the populations of the less developed countries, where
the adoption of a “Western” diet is only a recent event.
The modification of the dietary habits of these populations towards their traditional diet could be more achievable than in the Western societies, that embraced the
Western diet since the industrial revolution and the devel-
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a primary prevention tool for CRC is questionable in the
general population, given the possible gastrointestinal,
cardiovascular and renal side effects associated with these
drugs at high doses in the long-term[199]. The effect of
statins on the overall CRC risk, despite the biologically
plausible protective mechanisms, may not be as substantial as initially thought[200,201].
Nevertheless, the chemoprevention of CRC is an option that must be carefully considered after balancing the
risk and benefits of each drug at the individual level[202].
This would be relevant for CRC prevention also in lowincome countries, where simple drugs such as aspirin are
readily available and could be prescribed to individuals
that have concurrent indications for treatment, such as
cardiovascular disease.
As more focus is placed on minimizing the potential toxicity of CRC chemoprophylaxis by combination
therapy, this strategy may become even more justifiable,
particularly in groups at higher risk because of environmental factors, hereditary predisposition or previous history of colonic adenomas and/or CRC[198,199,203-205].
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CRC, historically a cancer typical of the industrial countries, is now among the common newly diagnosed cancers and causes of cancer death globally. The evidence
that the disease is significantly increasing in most developing countries heralds an even more remarkable disease
burden in the near future. Environmental factors, such as
changes in life style and diet, are proposed to play major
roles in the current transition of CRC epidemiology. The
molecular mechanisms mediating the effects of the environment on CRC pathogenesis are complex and need to
be fully characterized, but new targets for therapeutic and
preventive interventions, such as nuclear receptors and
the intestinal microbiota, are emerging. Candidate pathways, elucidated by in vitro and in vivo studies, and their
weight on CRC risk, are yet to be validated in populationbased cohorts. Studying populations in transition could
help to identify environmental risk factors, affected pathways and possible mediators such as gut microbiota. The
data obtained from these studies could have an impact
in allowing better detection of at risk individuals, implementation of non-invasive strategies to lower the burden
of the disease, and optimization of treatment.
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Single-incision laparoscopic colorectal surgery for cancer:
State of art
Fabio Cianchi, Fabio Staderini, Benedetta Badii
intestinal anastomosis. The cosmetic result from SIL is
also better because the only incision is made through
the umbilicus which can hide the wound effectively
after operation. However, SIL raises a number of specific new challenges compared with the laparoscopic
conventional approach. A reduced capacity for triangulation, the repeated conflicts between the shafts of
the instruments and the difficulties to achieve a correct
exposure of the operative field are the most claimed
issues. The use therefore of this new approach for
complex colorectal procedures might understandingly
be viewed as difficult to implement, especially for oncologic cases.
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Abstract
A number of clinical trials have demonstrated that the
laparoscopic approach for colorectal cancer resection
provides the same oncologic results as open surgery
along with all clinical benefits of minimally invasive
surgery. During the last years, a great effort has been
made to research for minimizing parietal trauma, yet
for cosmetic reasons and in order to further reduce
surgery-related pain and morbidity. New techniques,
such as natural orifice transluminal endoscopic surgery
(NOTES) and single-incision laparoscopy (SIL) have
been developed in order to reach the goal of “scarless”
surgery. Although NOTES may seem not fully suitable
or safe for advanced procedures, such as colectomies,
SIL is currently regarded as the next major advance in
the progress of minimally invasive surgical approaches
to colorectal disease that is more feasible in generalized use. The small incision through the umbilicus allows surgeons to use familiar standard laparoscopic instruments and thus, perform even complex procedures
which require extraction of large surgical specimens or
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Core tip: During the last years, a great effort has been
made to research for minimizing surgical trauma and
stress. A new technique, known as single-incision laparoscopy (SIL) has been developed in order to reach this
goal. In particular, SIL is currently regarded as the next
major advance in the progress of minimally invasive
surgical approaches to colorectal disease. However, SIL
raises a number of specific new challenges compared
with the laparoscopic conventional approach. We aimed
at illustrating the potential benefits or efficacy as well
as feasibility and safety of this procedure in the treatment of colorectal cancer.
Original sources: Cianchi F, Staderini F, Badii B. Single-incision
laparoscopic colorectal surgery for cancer: State of art. World J
Gastroenterol 2014; 20(20): 6073-6080 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v20/i20/6073.htm DOI:
http://dx.doi.org/10.3748/wjg.v20.i20.6073
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of straight instruments in parallel with the laparoscope
through a small single incision decreases the freedom of
movement for the surgeon, and complicates the holding
of the laparoscope for the assistant and instruments for
the surgeon. The most outstanding technical challenges
involved in SIL are the following: (1) loss of triangulation with straight instruments: the loss of this dogmatic
principle of laparoscopic surgery often imposes the
need to operate with crossed hands and does not allow
an ergonomically favorable position for the surgeon and
assistants. The inherent technical challenge is that the
visual axis becomes more axial or in-line, so a movement
of the camera often results in a inadvertent movement
of an adjacent instrument, thus increasing the difficulty
of performing even relatively simple tasks; (2) restricted
number of working instruments and thus difficulty of
achieving correct exposure and the necessary traction to
tissues; (3) restricted external working space: the multiple
instruments and laparoscopies required for a procedure
are competing for the same space at the fulcrum of the
entry port, causing external hand collisions and difficulty
with instrument tip manipulation internally; (4) difficulty
in maintaining pneumoperitoneum; and (5) requirement
of training and adjustment. New operative hardware is
being developed to facilitate the technique[16]. Many of
the big healthcare manufacturers have developed multilumen access devices to allow for the insertion of several
instruments through a single large fascial incision. Initially, these devices offered three openings with limited
gas inflow and outflow, but we are now seeing revision
of the devices, incorporating more access ports so standard laparoscopic dissection techniques can be utilized.
Newly designed equipment, such as articulating or curved
instruments and flexible scopes, have been introduced to
recreate triangulation. Moreover, the introduction of an
extra-long, 5 mm laparoscope allows placement of the
camera on a different plane from the other instruments
and help in moving the operator’s hand further apart to
avoid handle collision[17]. All these devices have made
single site surgery easier and more efficient.

INTRODUCTION
The laparoscopic technique has been enthusiastically
applied to the resection of colorectal cancer for more
than 15 years[1]. There is evidence that laparoscopy for
colorectal cancer offers the opportunity for a meticulous
dissection of the mesocolon and mesorectum under direct vision while facilitating a true no-touch technique[2].
Additional benefits, such as less postoperative pain, reduced need for postoperative analgesia, less ileus, shorter
hospital stay, less blood loss, and better cosmesis are also
well documented[3,4].
During recent years, great effort has been made to
minimize parietal trauma for cosmetic reasons and to
further reduce surgery-related pain and morbidity. New
techniques, such as natural orifice transluminal endoscopic surgery (NOTES)[5] have been developed in order to
reach the goal of “scarless” surgery. Although NOTES
actually allows for no scarring of the body surface, it has
several disadvantages and limitations with the currently
available instruments, including limited access, less familiar working angles and operative approaches. Furthermore, it is associated with possible complications caused
by opening of the stomach, colon or vagina, and may not
be fully suitable or safe for advanced procedures, such as
colectomies[6].
Single-incision laparoscopy (SIL) is currently regarded
as the next major advance in minimally invasive surgical
approaches to colorectal disease that is more feasible for
generalized use[7-10]. SIL reduces the invasiveness of laparoscopic conventional surgery (LCS) by decreasing the
number of incisions and ports through the abdominal
wall. This theoretically could provide important clinical
advantages, including less postoperative pain, reduction
of port-site associated morbidity (such as wound infection, bleeding, visceral injury and port site herniation),
quicker recovery and shorter hospital stay. The small incision through the abdominal wall allows for “scarless”-surgery as the wound is usually hidden within the umbilicus,
thus providing potentially better cosmesis. Moreover, SIL
permits surgeons to use familiar standard laparoscopic
instruments but also perform complex procedures, such
as colorectal operations, which require extraction of large
surgical specimens or intestinal anastomosis.

FEASIBILITY AND SAFETY OF
SINGLE-INCISION COLECTOMY
All the challenges encountered with single-port surgery
are magnified with colorectal procedures. Unlike laparoscopic cholecystectomy or appendicectomy which involve
surgery in only one abdominal quadrant, single-incision
laparoscopic colectomy often requires operating in different abdominal quadrants. In addition, the need for adequate oncological margins and the creation of a tensionfree anastomosis are essential. Although the use of this
new approach for complex colorectal procedures might
understandingly be viewed as difficult to implement, over
the past few years there has been significant interest in
SIL for colonic resections in both benign and malignant
conditions. In fact, between 2008 and 2012, a nearly
7-fold increase occurred in the number of articles related

TECHNICAL ASPECTS OF SIL
SIL was first reported in 1992 by gynecologists who
performed single-incision hysterectomy[11]. The performance of the first transumbilical cholecystectomy was
published in 1999[12] and the first single-incision appendectomy was reported in 1998[13]. The use of SIL in
colorectal surgery was first reported in 2008 by Remzi et
al[8] and Bucher et al[14].
Since these first reports, it has been evident that SIL
raises a number of specific new challenges compared
with LCS. The skills required for SIL are different from
those needed in conventional multiport laparoscopy, even
for experienced laparoscopic surgeons[15]. The handling
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to single-port colorectal surgery[18-20]. Unfortunately, the
currently available literature relating to the technique includes mostly case reports or small case series describing
the feasibility, safety and technical difficulties of different
operations[21-30]. There are very few studies comparing
SIL to LCS and there is a need for randomized controlled
trials to definitively establish that SIL is no different from
standard laparoscopic surgery in terms of completion
rates, complications and oncological adequacy but with
the advantage of being more cosmetic with subsequently
reduced morbidities including pain[31-35]. The studies published to date have a number of other flaws limiting their
impact. These include low sample size, selection bias and
difficulty in blinding the patients enrolled[36-41]. The vast
majority of studies involve a very carefully selected SIL
cohort of uncomplicated cases, which significantly limits
their generalization.
The most significant datum emerging from the literature is that colonic SIL has been offered to date to a
highly selected group of patients[18,19]. This selection is
based on two main parameters: body mass index (BMI)
that is an indirect measure of visceral fat, and tumor site,
that is directly linked to the type of surgical procedure.
It is well known that visceral fat is one the most critical factors in the identification of the correct surgical
plane in laparoscopic surgery[42]. This concept is obviously amplified in SIL and visceral obesity is reported as the
primary cause of conversion to multiport laparoscopy in
most studies[43]. Therefore it is understandable that most
patients who are candidates for this type of surgery had
a low BMI. Makino et al[18] have reviewed 23 studies with
a total of 378 patients undergoing single-port colectomy.
The mean value of BMI was 25.5 kg/m2 in these patients.
Similar results have been found by Fung et al[19] in their recent review. These authors have analyzed 38 colonic SIL
articles containing 565 patients and the median BMI was
25.8 kg/m2. On the basis of these findings, some studies
have suggested the use of preoperative abdominal computed tomography to predict accurately the pattern of
visceral fat, allowing better selection of patients for SIL
colectomy and reducing the number of conversions[42].
The other factor that has markedly influenced the
currently available data on SIL for colorectal cancer is
the type of surgical procedure. Makino et al[18] have reported that 279 (73.8%) of the 378 procedures analyzed
in their review were right hemicolectomy, followed by
sigmoidectomy (n = 27), performed essentially for diverticular disease, and anterior resection of the rectum (n =
20). Moreover, a high number of published studies have
specifically limited the analysis of safety, feasibility and
short-term results to only single-port right hemicolectomy[14,26-30,32,36,39,40,43-46], thus demonstrating that this type
of procedure is the least complex to perform with the
single-port technique at the beginning of the experience.
Actually, right hemicolectomy involves surgery only in
one/two quadrants while left procedures require operating in a multitude of different and opposite abdominal
quadrants, from the hypochondrium for splenic flexure
mobilization to the pelvis for a total mesorectal excision
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(TME). Moreover, in right hemicolectomy the surgeon
has the possibility of creating an extracorporeal intestinal
anastomosis through umbilical access while in left colectomies and anterior resection of the rectum the anastomosis is intracorporeal, thus augmenting the complexity
of the procedure.
These considerations clearly show that there is an inevitable case-selection bias in assessing the outcomes of
colorectal SIL from published studies. Although randomized controlled trials comparing single-port and multiport right hemicolectomy have not been reported yet, the
most significant data available to date relate to this type
of procedure. In 2012, the two largest experiences with
single-port right hemicolectomies in a single institution
have been reported. Waters et al[47] analyzed the shortterm outcomes with single-incision right hemicolectomy
in 100 patients. Operative indications were oncological
in 92 patients, 57 for adenocarcinoma and 35 for polyps
not suitable for endoscopic removal. Morbidity (13%)
and mortality (1%) rates were acceptable as well as operative time (median value, 105 min) and conversion rate to
multiport or open procedures (2% and 4%, respectively).
Most importantly, there was no compromise of oncological adequacy with no positive tumor margins and a mean
number of 18 lymph nodes retrieved and examined in
the surgical specimens. Interestingly, patients with a wide
range of BMI measurements were offered single-incision
right hemicolectomy, with the largest approaching superobesity at a BMI of 46 kg/m2 and a mean patient BMI
of 28. Unfortunately, no results regarding postoperative pain, cosmetic results or direct comparison with the
multi-port laparoscopic approach were reported.
Chew et al[48] have reported the short outcomes of single-incision laparoscopic right hemicolectomy in 40 consecutive patients. These results were compared with those
of 104 conventional laparoscopic right hemicolectomies.
Indications for surgery were oncological in the majority
of patients in the two groups. The authors found that
single-incision right hemicolectomy is a feasible and safe
procedure with equivalent outcomes in terms of operative time, oncological adequacy, postoperative morbidity,
and conversions when compared with conventional laparoscopic right hemicolectomy. In particular, there were
no differences in lymph node retrieval (median value of
18 and 19 lymph nodes for multi-port and single-port
surgery, respectively) and resection margin clearance.
The data regarding left sided procedures, in particular
anterior resection of the rectum for cancer, are much
more limited. This is mainly due to the complexity of
these procedures, in particular some surgical steps such
as mobilizing the splenic flexure and dissection of the
mesorectum. The fairly great distance of the spleen and
the deep pelvis from the umbilicus amplify the difficulty
of creating instrument triangulation, especially when
standard, straight laparoscopic instruments are used.
Even adequate traction of the rectum and stapling procedures have been associated with technical difficulties
and adjunctive methods of traction and suspension such
as transparietal suture, are frequently needed to achieve
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adequate surgical exposure[49-54]. Bulut et al[55] have recently
reported their early experience in single-incision surgery
for rectal cancer treatment. This study was conducted on
10, highly selected patients: the mean tumor diameter was
very small (3.2 cm), BMI was ≤ 25 kg/m2 in all patients
and 8 of them were females, thus providing the advantages of a wide pelvis and relative lack of visceral fat.
Although the authors stated that single-incision surgery
for rectal cancer can be performed safely in this kind of
patient, the overall mean operation time was quite long
(240 min) and 6 patients received stomas (4 had diverting
ileostomy after anterior resection of the rectum and 2 had
colostomy after Hartmann procedure and abdominoperineal resection). Moreover, mesorectum excision was
classified as nearly complete in 4 patients and the median
number of examined lymph nodes was quite low, namely
14.
One of the most challenging maneuvers in single-incision rectal surgery is maintaining an adequate operative
field during TME. Uematsu et al[52] have proposed a new
rectum-suspending system composed of a suspending
bar and a bowel clamp with an extracorporeal magnetic
tool. This apparatus, along with single access through
the right iliac fossa instead of the umbilicus, allowed the
authors to perform TME and transect the rectum by
ensuring a proper tension. Nevertheless, the proposed
new technique is actually complex and, as the authors
stated, is not recommended for males with narrow pelvis
or obese individuals or when mobilization of the splenic
flexure is required because of the distance between the
spleen and the single access through the right iliac fossa.
Altogether, these data clearly show that some unresolved
issues still remain in performing SIL for the treatment of
rectal cancer.
There are more data which are somewhat more reliable regarding other less complex left-sided procedures,
such as left hemicolectomy or sigmoidectomy[50,56-58]. In
fact, sigmoidectomy is the most frequent procedure performed for benign left-side pathology, predominantly
diverticular disease or large colonic polyps not suitable
for endoscopic removal. Recently, Vestweber et al[59] have
reported the largest series of patients undergoing singleincision colorectal surgery in a single institution. One
hundred and fifty out of 244 procedures were sigmoidectmy (n = 145) with left hemicolectomies (n = 4) and
high anterior resection of the rectum (n = 1). Most of
these patients were operated on for diverticular disease
(n = 142) followed by colonic polyps (n = 4) and colonic
cancer (n = 4). The mean operative time for left-sided
procedures was 146 ± 48 min and in all cases standard
straight, non-articulating laparoscopic instruments along
with ultrasonic or radiofrequency dissector/sealer were
used. It seems that the authors did not experience any
particular technical problems in performing these types
of procedures which do not actually need wide splenic
flexure mobilization or mesorectal dissection. The fairly
higher incidence of early postoperative complications
(12.6%) than rates stated in the literature, was imputed to
the high rate of severe, complicated diverticular disease
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rather than to the complexity of single-incision procedure.
The literature concerning subtotal colectomy or proctocolectomy (with or without ileoanal anastomosis), at
this time consists only of case reports and a few small
case series[60-66]. The predominant indication for this type
of operation has been ulcerative colitis followed by polyposis coli[62,63,65]. Overall, 36 single-incision total colectomies have been reported in the literature: these studies
have demonstrated the feasibility and safety of single-incision technique even in these more complex colonic procedures but cannot provide any comparative results with
traditional laparoscopy. It is likely that cosmetic results
will be magnified by single-incision total colectomy since
patients suffering from ulcerative colitis or polyposis coli
are usually young and may prefer a small incision hidden
in the umbilicus. If an ileostomy is scheduled, the single
incision is usually performed in the right lower quadrant
of the abdomen and the terminal ileum is brought out
through this port-site, thus minimizing the traumatic and
cosmetic impact of the procedure.

COMPARISON BETWEEN
SINGLE-INCISION AND CONVENTIONAL
LAPAROSCOPIC COLECTOMY
As all these data indicate, there are still several limitations to an analysis of the adequacy of single-incision
technique in the treatment of colorectal cancer. The
most important limiting factor in the interpretation of reported outcomes is the careful selection of patients, with
an almost 3-fold predominance of right-sided pathology,
a low to average BMI and non-bulky colonic disease. If
this case-selection bias is taken into account and the oncological adequacy of a single-incision procedure is hypothetically accepted, this innovation would be justified
only in the presence of clear short-term benefits over
conventional laparoscopic colonic surgery. These benefits
should comprise a lower complication rate, reduced postoperative pain, faster recovery and better cosmesis.
To date, only two randomized trials have compared
short-term outcomes after single-incision and conventional laparoscopic colectomies for colon cancer. In 2011,
Huscher et al[67] reported the results of a study conducted
on 32 patients, with 16 in the single-incision and 16 in the
conventional laparoscopic group. Although the authors
confirmed the safety and technical feasibility of singleincision colectomy, they did not show any superiority of
the procedure over conventional laparoscopy in terms of
postoperative morbidity, resumption of oral liquid/solid
food intake and length of hospital stay.
More recently, Poon et al[68] reported findings from a
randomized controlled trial which enrolled 50 patients,
25 in each study group. As expected, the patients were
carefully selected in regard to BMI (median value, 23.2
kg/m2) and tumor size (< 4 cm). On the contrary, there
was a predominance of left-sided procedures, with 14 anterior resections, 1 sigmoidectomy, 2 left hemicolectomies
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and only 8 right hemicolectomies in the single-incision
group. The authors did not find any statistically significant difference in operative outcome and oncological adequacy between the single-incision and the conventional
laparoscopic group. Interestingly, they found a lower
postoperative pain score and shorter median hospital
stay in the single-incision group. Although these findings
emerge from a randomized controlled trial, they cannot
be considered definitive due the low number of patients
involved in the study.
Two recent meta-analyses have addressed the issue
of comparison between SIL and LCS for both benign
and malignant colorectal diseases[69,70]. Both studies have
been published in 2012 and thus have included all the
comparative studies published to date with the exception
of the above mentioned randomized trial by Poon et al[68]
Notwithstanding the heterogeneity of the analyzed studies (14 by Zhou et al[69] and 15 by Yang et al[70]) in terms
of type of procedures performed, indication for surgery,
different patient inclusion and exclusion criteria, neither
meta-analysis found any significant difference in the incidence of postoperative complications or operative time
between single-incision and conventional laparoscopic
colectomy. Importantly, they show that patients undergoing single-incision colectomy had a significantly shorter
length of hospital stay, significantly shorter incision
length, significantly less estimated blood loss, and significantly more lymph nodes harvested during oncological
resections. Unfortunately, the two pooled analyses were
not able to compare the pain score due to lack of data,
the differences in scoring methods and in postoperative
care and pain management in the available reported data.
However, at least three studies[46,71,72] show a significant
decrease in pain scores for patients undergoing single-incision colectomy compared to conventional laparoscopy.
The decreased pain score is likely due less surgical trauma
as a consequence of eliminating the additional ports at
separate sites on the abdominal wall. There is no metaanalysis regarding cosmetic results due to absence of adequate information on this interesting outcome in the individual studies. Only one study reported cosmetic score
results with an advantage for SIL over LCS[34]. However,
it is logical to assume that a shorter final incision length
in single-incision surgery results in improved cosmetic
satisfaction for the majority of the patients.
Another important issue emerging from the literature
data is that almost all single-incision colectomies have
been performed by experienced laparoscopic surgeons.
This implies that SIL is offered not only to a select group
of patients but is also performed by a select group of
surgeons. It might appear premature to propose a complex and technically challenging evolution of conventional laparoscopy colectomy when this has yet to be fully
accepted as a gold standard in the treatment of colorectal
cancer[73]. It must be considered that in 2010, only about
20% of colorectal resections in England and in other
countries were performed laparoscopically[74]. Therefore,
although the principles of SIL are highly attractive, they
might not, at this moment, be transferable and proposed
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to the general community of surgeons.
The last but not least important concern about singleincision colectomy regards the costs. It is logical to expect an initial increase in costs associated with single incision colectomy over conventional laparoscopic surgery
since the additional equipment such as single-incision
access ports or flexible/articulating instruments are still
relatively new. In their analysis of single-incision righthemicolectomy, Waters et al[44] found a marginal increase
in direct operative cost of United States $310 to $410 per
case. If patients have a shorter length of hospital stay,
and consequently, a quicker return to work and normal
activity after single-incision surgery, it is likely there will
be an improvement in the cost-effectiveness of SIL in
the future.

CONCLUSION
As all these data indicate, most of the current studies on
single-incision colectomy for cancer are observational and
lack statistical power due to the relatively low number of
patients studied. Although meta-analyses can increase the
statistical power by pooling results of all available trials,
only randomized, controlled studies can provide high levels of evidence. To date, only two randomized controlled
studies have compared short term results between singleincision and conventional laparoscopic surgery and, unfortunately, even these studies have enrolled a very low
number of patients. Bearing in mind these limitations,
we can still glean several important factors from these
published series: (1) colonic SIL is technically demanding but the introduction of new specialized equipment
including multilumen ports, angled scopes, articulated instruments and instruments of variable length, will eventually reduce this difficulty; (2) principles of colonic SIL
are attractive and applicable in carefully selected groups
of patients, namely with right-sided pathology, low BMI
and non-bulky tumors; (3) in the hands of experienced
laparoscopic surgeons, colonic SIL in the above mentioned patients has been demonstrated to be safe and
feasible with rates of surgery-related complications and
mortality, operative time and oncological adequacy comparable with those of conventional laparoscopy; and (4)
two meta-analyses and one randomized controlled study
provide evidence in support of some advantages of SIL
over conventional laparoscopy, namely, shorter length
of hospital stay, significantly shorter incision length and
significantly less estimated blood loss; other hypothesized
benefits, such as reduction in postoperative pain and improvement of cosmesis remain unproven.
Further high powered randomized studies comparing
SIL and LCS by using standardized outcome assessment
tools are needed to confirm or not the above mentioned
results. But one thing is certain: we will not see the same
dramatic clinical advantages with the passage from LCS
to SIL as we saw with the advent of laparoscopic technique over open surgery.
Furthermore, the more complex the procedure performed by single-incision surgery, the more likely are
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there to be advantages in comparison with conventional
laparoscopic procedures. In this prospective, a possible
field of investigation might be the assessment of systemic stress response of single-incision versus conventional
laparoscopy in colorectal surgery. The reduced parietal
trauma and manipulation of the peritoneum could decrease the postoperative inflammatory response to surgical stress and as a consequence, more efficient immunocompetency against tumor cells might be maintained
since the earliest postoperative days[75,76]. All these factors
might influence the long-term oncological results of SIL
with a potential improvement in survival rates of patients
operated on for colorectal cancer.
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may represent a suitable companion in the neoadjuvant
treatment of LARC. Preliminary results of phase ⅠⅡ clinical studies are promising and suggest potential
clinical parameters and molecular predictive biomarkers
useful for patient selection: treatment personalization
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Core tip: Pre-operative treatment of locally advanced
rectal cancer is a challenging issue in gastrointestinal
oncology. Integrating an antiangiogenic agent such
as bevacizumab into neoadjuvant chemo-radiotherapy
protocols is a promising approach. We review the different strategies currently under evaluation in order to
complement bevacizumab within a multimodality approach for locally advanced rectal cancer patients.

Abstract
Despite advances in the management of patients with
locally advanced, non-metastatic rectal adenocarcinoma (LARC), prognosis remains largely unsatisfactory due to a high rate of distant relapse. In fact, currently available neoadjuvant protocols, represented by
fluoropyrimidine-based chemo-radiotherapy (CT-RT) or
short-course RT, together with improved surgical techniques, have largely reduced the risk of local relapse,
with limited impact on distant recurrence. Available results of phase Ⅲ trials with additional cytotoxic agents
combined with standard CT-RT are disappointing, as no
significant reduction in the risk of recurrence has been
demonstrated. In order to improve the control of micrometastatic disease, integrating targeted agents into
neoadjuvant treatment protocols thus offers a rational
approach. In particular, the antiangiogenic agent bevacizumab has demonstrated synergistic activity with both
CT and RT in pre-clinical and clinical models, and thus
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INTRODUCTION
Colorectal adenocarcinoma is the second cause of death
due to cancer in developed countries, and rectal cancer
accounts for about 35% of the total colorectal cancer
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incidence in Europe[1]. Management of locally advanced
rectal adenocarcinoma (LARC) has undergone significant changes in the last decade, thanks to the integration
of multiple treatments such as surgery with total mesorectal excision, fluoropyrimidine chemotherapy (CT) and
radiotherapy (RT) in the neoadjuvant setting.
Multimodality treatments have improved the prognosis of LARC, with local recurrences decreasing from
40% to less than 10%[2]. However, results in terms of
eradication of distant micrometastases are less satisfactory, and randomized studies did not demonstrate a positive impact on overall survival (OS) of CT-RT compared
with RT alone[2]. This is probably due to suboptimal
medical treatment. In fact, fluoropyrimidine monotherapy during CT-RT mainly acts as a radiosensitizer (i.e., it
is administered at reduced dosing for a shorter period),
thus its systemic cytotoxic activity may be ineffective.
Moreover, single-agent fluoropyrimidine has only modest activity in colorectal cancer, and may be insufficient
to reduce the risk of distant recurrence. Unfortunately,
any attempt to improve the efficacy of conventional CTRT by the addition of a second chemotherapeutic agent
such as oxaliplatin has led to disappointing results[3-5].
There is therefore a great interest in the integration into
RT and CT-RT protocols of the biologic agents with
proven efficacy in the metastatic setting, such as antiangiogenic and anti-epidermal growth factor receptor
(EGFR) monoclonal antibodies[6].
Bevacizumab, a humanized monoclonal antibody
directed against the vascular endothelial growth factor
(VEGF), may represent a promising companion with
standard RT and CT-RT. VEGF is a crucial regulator
of normal and tumor angiogenesis, and elevated VEGF
expression is correlated with lower OS in different malignancies [7]. Tumor invasion, growth and metastasis
are strictly dependent on the angiogenic process: both
hypoxia and growth factors (such as VEGF) can induce
new vessel formation and are key promoters of radioresistance[7]. Several mechanisms have been proposed in
order to explain the increased efficacy of CT-RT when
combined with antiangiogenic agents[8]. First of all, the
inhibition of the VEGF signaling axis can radiosensitize tumor-associated endothelial cells, thus inhibiting
tumor neoangiogenesis and reducing vascular density,
ultimately impairing blood supply to cancer cells. AntiVEGF agents can also lead to vascular normalization,
decreasing tumor hypoxia and improving radiosensitivity.
Moreover, anti-VEGF agents can inhibit vessel growth
by acting against circulating endothelial cells and progenitor cells. Pre-clinical and clinical data indicate that
bevacizumab enhances tumor blood flow, reduces tumor
interstitial pressure, and decreases mean vessel density
when infused neoadjuvantly in rectal cancer patients:
these physiologic changes may enhance the activity of
RT and CT[9,10].
In the following sections, we will describe the currently presented or published phase Ⅰ-Ⅱ trials evaluating bevacizumab as pre-operative treatment in LARC
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(defined as clinical stage T3 or more tumor, with or
without nodal involvement at pre-operative imaging but
with no evidence of distant metastases). In order to offer a comprehensive assessment of the currently available data, we have grouped the studies according to the
general neoadjuvant treatment approach evaluated. We
therefore identified four different strategies in which
bevacizumab could be integrated in the multimodality
management of LARC patients: (1) bevacizumab as a
companion to conventional fluoropyrimidine-based CTRT; (2) bevacizumab with intensified oxaliplatin-containing CT-RT; (3) bevacizumab plus CT as induction
treatment before CT-RT; and (4) bevacizumab with CT
without RT.
We will discuss the promises and pitfalls of these
strategies and ultimately review the ongoing phase Ⅲ trials in this setting.

Preliminary results of
bevacizumab in the pre-operative
treatment of LARC
Bevacizumab with conventional (fluoropyrimidinebased) CT-RT
Since pre-clinical and clinical data about the antivascular
effects of bevacizumab became available[9], this antiVEGF antibody has been tested with pre-operative RT
or CT-RT in LARC in several phase Ⅰ/Ⅱ trials. The results achieved with bevacizumab plus fluoropyrimidinebased CT-RT are summarized in Table 1.
Willet et al[11] treated 32 patients with bevacizumab (at
the dose of 5 or 10 mg/kg), in combination with standard CT-RT comprising 5-fluorouracil (5-FU, continuous
infusion of 225 mg/m2 per day) and external-beam RT
(50.4 Gy in 28 fractions over 5.5 wk). Surgery was scheduled 7 to 10 wk after the completion of neoadjuvant
treatment. The authors reported a pathologic complete
response (pCR) rate of 16%, with a promising 5-year local control rate of 100% and 5-year disease-free survival
(DFS) of 75%. These results were achieved at the price
of acceptable toxicity: main post-operative complications
(within 90 d of surgery) included anastomotic leak (one
patient), pelvic hematoma and abscess requiring drainage
(one patient), delayed healing of perineal incision (two
patients), ileus (two patients), and wound infection (three
patients).
These interesting results have been confirmed in a
subsequent phase Ⅱ trial with capecitabine-based CTRT (50.4 Gy in 28 fractions over 5.5 wk plus capecitabine 900 mg/m2 orally twice daily on the days of radiation), combined with bevacizumab administered every
2 wk for 3 cycles at the dose of 5 mg/kg (surgery has
been performed after a median of 7.3 wk later): pCR has
been reached in 8 out of 25 (32%) patients. Feasibility
of the regimen and moderate toxicities were confirmed,
with 3 cases of wound complications requiring surgical
intervention[12].
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Table 1 Bevacizumab with conventional chemo-radiotherapy: Overview of the discussed studies
Ref.

Phase n

Willet et al[11],
2009

Ⅰ-Ⅱ

Crane et al[12],
2010
Velenik et al[13],
2011

Stage
Ⅱ-Ⅲ

BV 5 mg/kg, CAPE 900 mg/m2 bid, RT 50.4
Gy in 28 fr.
BV 5 mg/kg, CAPE 825 mg/m2 bid, RT 50.4
Gy in 28 fr.

Ⅱ-Ⅲ

Ⅱ-Ⅲ

Ⅱ

43

Arm A: BV 5 mg/kg, CAPE 825 mg/m2 bid,
RT 45 Gy in 25 fr.
Arm B: CAPE 825 mg/m2 bid, RT 45 Gy in 25
fr.
BV 5 mg/kg, CAPE 825 mg/m2 bid, RT 50.4
Gy in 28 fr.

Ⅱ

23 BV 5 mg /kg, CAPE 825 mg/m2 bid, RT 50 Gy
in 25 fr.

Ⅱ-Ⅲ

Ⅱ

25

Ⅱ

61

Ⅱb

90

Gasparini et al[16],
2012
Marijnen et al[17],
2008

Villacampa et al[15],
2012

Treatment

32 BV 5 or 10 mg/kg, 5-FU 225 mg/m2 daily, RT
50.4 Gy in 28 fr.

Ⅱ-Ⅲ

Ⅱ-Ⅲ

Post-operative complications (n )

pCR

Anastomotic leak with presacral abscess (1)
16%
Vaginal tear with presacral hematoma and abscess (1)
Pelvic hematoma (1)
Delayed healing of perineal incision (2)
Ileus (2)
Neurogenic bladder (1)
Perforated ileostomy (1)
Pulmonary embolus (1)
Wound infection (3)
Wound complications requiring surgical intervention (3)
32%
Minor complications (5)
Delayed wound healing (18)
13.3%
Infection/abscess (12)
Anastomotic leakage (7)
Pneumothorax (1)
19 vs 18 patients
16% vs
(not specified)
11%

Bowel perforation (1)
Anastomosis failure (1)
Abscess (1)
Perineal dehiscence (1)
Rectovaginal fistula (1)
Peri-operative bleeding (1)
Pulmonary embolism (1)

14%

9%

BV: Bevacizumab; RT: Radiotherapy; 5-FU: 5-fluorouracil; CAPE: Capecitabine; fr.: Fractions; pCR: Pathological complete response.

vs 37%). As regards the primary endpoint, pCRs were
numerically (but non-significantly) higher in the bevacizumab arm (16% vs 11%, P = 0.54).
Another Italian multicenter phase Ⅱ study evaluated
a similar strategy, i.e., adding bevacizumab to standard
CT-RT. Investigators enrolled 43 LARC patients: treatment comprised bevacizumab (5 mg/kg) every 2 wk for
4 cycles, plus capecitabine (825 mg/m2 twice a day for
5.5 wk) and external-beam RT (50.4 Gy in 28 fractions
over 5.5 wk), with surgery scheduled 6 to 8 wk after
the completion of neoadjuvant therapy (and at least 6
wk after the last dose of bevacizumab)[16]. In line with
previous data, 6 patients (14%) had no residual cancer
cells at post-operative histopathologic examination, and
radical tumor resection with negative circumferential
margins was achieved in almost all patients (38 out of
40, 95%); a sphincter-sparing surgery was obtained in 31
(72.1%) patients. The regimen reported promising longterm results, as 3-year DFS was 75.4%. As regards safety,
treatment was well tolerated: the most frequent toxicities
were grade 1-2 diarrhea, hypertension, rectal bleeding
and proctitis. Few patients experienced grade 3 toxicities,
including diarrhea (3 patients), neutropenia (2 patients),
asthenia and hypokalemia (1 patient each, respectively).
Intriguingly, some molecular biomarkers were evaluated;
however, despite a significant correlation between pretreatment CD-34 vessel density, post-treatment Ki-67
labeling index and VEGF receptor-2 (VEGFR-2) cancer
cell expression with residual tumor area, no biomarker
showed a statistically significant correlation with DFS.

In a larger study, 61 patients with stage Ⅱ/Ⅲ LARC
received single agent bevacizumab (at the dose of 5
mg/kg), followed after 2 wk by neoadjuvant CT-RT with
bevacizumab (5 mg/kg every 2 wk for 3 cycles, starting
the first day of RT) and conventional capecitabine-based
CT-RT; surgery was scheduled 6-8 wk after the completion of neoadjuvant treatment[13]. The primary endpoint
of the trial was pCR. A tumor regression grade (TRG)
by Dworak et al[14] of 4 (equivalent to pCR) was achieved
in 8 patients (13.3%), and TRG of 3 (i.e., only a few tumor cells in the residual fibrotic tissue) was reported in
9 patients (15.0%). A radical resection was performed
in 57 patients (95%), and 42 patients (70%) underwent
sphincter-preserving surgery. Grade 3 adverse events included dermatitis (9.8%), proteinuria (6.5%) and leucocytopenia (4.9%). In contrast with the previously discussed
trials, the authors reported potential safety concerns for
the combination of bevacizumab with CT-RT; in fact, 38
(62.3%) patients developed peri-operative complications,
such as delayed wound healing (30%), infection/abscess
(20%) and anastomotic leakage (11.7%).
A recent randomized phase Ⅱ study compared conventional CT-RT with CT-RT plus bevacizumab among
90 stage Ⅱ/Ⅲ LARC patients[15]. The primary endpoint
was pCR. Overall grade 3-4 toxicity rates were somewhat (but non-significantly) higher in the CT-RT plus
bevacizumab arm compared with the control arm (18%
vs 13%; P = 0.50), while no grade 3-4 hematological
toxicity was reported. Post-operative complications were
slightly more frequent in the bevacizumab arm (43%
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Table 2 Bevacizumab with oxaliplatin-based chemo-radiotherapy: Overview of the discussed studies
Phase

n

Treatment

Stage

Post-operative complications (n )

Czito et al[18], 2007

Ⅰ

11

Ⅱ-Ⅲ

Abscess (1)

Dellas et al[19], 2013

Ⅱ

70

BV 15 mg/kg and 10 mg/kg, CAPE 625 mg/m2 bid,
oxaliplatin 50 mg/m2 weekly, RT 50.4 Gy in 28 fr.
BV 5 mg/kg, CAPE 825 mg/m2 bid, oxaliplatin 50 mg/
m2 weekly, RT 50.4 Gy in 28 fr.

Ⅱ-Ⅲ-Ⅳ

Kennecke et al[20], 2012

Ⅱ

42

BV 5 mg/kg, CAPE 825 mg/m2 bid, oxaliplatin 50 mg/
m2 weekly, RT 50.4 Gy in 28 fr.

Ⅱ-Ⅲ-Ⅳ

Landry et al[21], 2013

Ⅱ

57

BV 5 mg/kg, CAPE 825 mg/m2 bid, oxaliplatin 50
mg/m2 weekly, RT 50.4 Gy in 28 fr. (+ post-operative
FOLFOX + BV)

Ⅱ-Ⅲ

Anal fistula (1)
Pelvic abscess (1)
Delayed wound healing (1)
Pelvic infection (11)
Delayed healing (7)
Anastomotic leak (6)
Fistula (3)
Early complications:
Wound infection (8)
Fascial dehiscence (5)
Intra-abdominal abscess (1)
Fistula (1)
Bowel obstruction (1)
Thromboembolism (1)
Late complications:
Wound infection (23)
Wound/fascial dehiscence (12)
Bowel obstruction/ileus (5)
Intra-abdominal abscess (2)
Anastomotic leak (1)

Ref.

pCR
18%
17.4%

18.4%

17%

CT-RT: Chemo-radiotherapy; BV: Bevacizumab; RT: Radiotherapy; CAPE: Capecitabine; fr.: Fractions; FOLFOX: 5-fluorouracil and oxaliplatin; pCR: Pathological complete response.

Regarding the feasibility of bevacizumab plus preoperative CT-RT, additional information can be derived
from the preliminary results of the Dutch Colorectal
Cancer Group trial involving 23 patients with LARC
treated with bevacizumab, capecitabine and RT. The
authors reported a 30% rate of grade 3 adverse events
(represented by cutaneous toxicity in 4 patients, diarrhea in 2 patients and tenesmus in 1 patient) and one
case of grade 4 toxicity (anal mucositis) during CT-RT.
Two small bowel and 1 rectal wall perforations occurred
during treatment, and surgical complications were represented by perineal dehiscence, rectovaginal fistula and
high-volume bleeding (1 patient each), suggesting the
need for further investigation about the relationship between radiation-induced enteritis and the observed toxicity pattern[17].
As a whole, the majority of trials that tried to place
bevacizumab concomitantly with fluoropyrimidinebased CT-RT have shown an acceptable safety profile,
even though some concerns arise from the evidence of a
slight (but not negligible) increase in peri-operative complications. In terms of pCR, only a mild benefit seems
to be achieved with the combination, while the impact in
terms of long-term outcome is difficult to estimate due
to the phase Ⅰ-Ⅱ design of available trials.

control of primary tumor (by increasing tumor shrinkage
and pCR) and the eradication of distant micrometastases
(by increasing the activity of the CT backbone in CT-RT
protocols). However, as mentioned earlier, this strategy
has so far achieved poor results in phase Ⅲ trials[3-5].
Different groups thus evaluated the addition of bevacizumab to these intensified CT-RT regimens (Table 2).
Czito et al[18] conducted a phase Ⅰ study among 11
LARC patients receiving 50.4 Gy of external beam RT
plus capecitabine, oxaliplatin and bevacizumab, administered concurrently with RT. Primary endpoints included
the evaluation of dose-limiting toxicity and the definition
of a recommended phase Ⅱ dose, non-dose-limiting
toxicity and preliminary data on efficacy (radiographic
and pathologic response rates). The recommended phase
Ⅱ dose in this study was bevacizumab 15 mg/kg on day
1 and 10 mg/kg on days 8 and 22, oxaliplatin 50 mg/m2
weekly and capecitabine 625 mg/m2 twice daily during
radiation days. A pCR was reported in 2 patients and
residual microscopic disease was evident in 3 patients.
Most relevant toxicities were represented by post-operative abscess, a syncope episode and a subclinical myocardial infarction (1 patient each, both during adjuvant CT).
The results of a single-arm phase Ⅱ study investigating the feasibility (in terms of surgical complications)
and the activity (in terms of pCR rate, the primary endpoint) of the addition of bevacizumab to capecitabine,
oxaliplatin and RT has been recently published[19]. Seventy patients with LARC received conventional RT (50.4
Gy in 1.8 Gy fractions) and concomitant CT with bevacizumab 5 mg/kg (on days 1, 15 and 29), capecitabine
825 mg/m2 twice daily (on days 1 to 14 and 22 to 35)

Bevacizumab with oxaliplatin-based CT-RT
Moving from pre-clinical data and positive results in the
advanced disease setting and as adjuvant treatment in colon cancer, several trials evaluated the integration of oxaliplatin into fluoropyrimidine-based pre-operative CTRT protocols. This strategy aimed to improve both the
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Table 3 Bevacizumab with chemotherapy as induction therapy before chemo-radiotherapy: Overview of the discussed studies
Phase

n

Treatment

Dipetrillo et al[26], 2012

Ⅱ

25

Induction FOLFOX + BV followed by BV 5 mg/kg, 5-FU 200 mg/
m2 daily, oxaliplatin 50 mg/m2 weekly, RT 50.4 Gy in 28 fr.

Ⅱ-Ⅲ

Nogué et al[27], 2011

Ⅱ

47

Induction XELOX + BV followed by BV 5 mg/kg, CAPE 825 mg/
m2 bid, RT 50.4 Gy in 28 fr.

Ⅱ-Ⅲ

Vivaldi et al[28], 2013

Ⅱ

15

Induction FOLFOXIRI + BV followed by BV 5 mg/kg, CAPE 825
mg/m2 bid or 5-FU 225 mg/m2 daily, RT 50.4 Gy in 28 fr.

Ⅱ-Ⅲ

Ref.

Stage Post-operative complications (n ) pCR
Infection (4)
Delayed healing (3)
Leak/abscess (2)
Sterile fluid collection (2)
Ischemic colonic reservoir (1)
Fistula (1)
Wound infection (10)
Intra-abdominal infections (7)
Anastomotic leak (5)
Stoma complications (2)
Other (not specified) (10)
Dehiscence of anastomosis (1)

20%

36%

38%

CT: Chemotherapy; CT-RT: Chemo-radiotherapy; BV: Bevacizumab; RT: Radiotherapy; 5-FU: 5-fluorouracil; CAPE: Capecitabine; fr.: Fractions; FOLFOX:
5-FU and oxaliplatin; XELOX: Capecitabine and oxaliplatin; pCR: Pathological complete response.

and oxaliplatin 50 mg/m2 (on days 1, 8, 22 and 29). A
pCR was observed in 17.4% of cases, with R0 resection
performed in 66 out of 69 patients (96%). As regards
safety, the protocol was proved to be feasible and did
not seem to result in increased peri-operative morbidity
or mortality. Fifty-eight patients (83%) were able to complete the CT-RT protocol (i.e., received full dose RT and
full dose of all CT drugs). During pre-operative treatment, grade 3-4 toxicities were represented by gastrointestinal events (diarrhea, nausea and anal abscess). Thirty
patients (46%) developed post-operative complications
of any grade, which included one case of gastrointestinal perforation (2%), wound-healing delay in 7 patients
(11%) and bleeding in 2 patients (3%).
Kennecke et al[20] evaluated a similar CT-RT protocol
plus bevacizumab, consisting of capecitabine 825 mg/
m2 twice daily (on days 1 to 14 and 22 to 35), oxaliplatin 50 mg/m2 (on days 1, 8, 22 and 29), bevacizumab 5
mg/kg (on days 1, 15 and 29), and RT (total dose 50.4
Gy). Again, pCR was the primary objective of this phase
Ⅱ study (surgery with total mesorectal excision was
scheduled 7 to 9 wk after the end of CT-RT): complete
disease eradication in the pelvis was achieved in 18.4%
of the cases. Re-operation due to complications was required in 4 patients (11%), which is in line with historical
data with CT-RT alone.
In a recent phase Ⅱ study, 57 LARC patients were
treated with neoadjuvant capecitabine (825 mg/m2 twice
daily, from Monday to Friday), oxaliplatin (50 mg/m2
weekly), bevacizumab (5 mg/kg on days 1, 15 and 29)
and RT (total dose 50.4 Gy); surgical resection was
planned 6 wk after the end of therapy, then adjuvant
FOLFOX plus bevacizumab for 12 cycles was administered 8 to 12 wk after surgery[21]. Notably, the pCR rate
was in line with previous studies (17%). Even though
the majority of patients (59%) achieved a pathologic
downstaging of the tumor, the primary endpoint of the
trial (30% of pCR) was not reached. Moreover, 47% of
patients who underwent surgery experienced a surgical
complication possibly related to the addition of bevaci-
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zumab, oxaliplatin, or both.
Interestingly, a recent systematic review of the literature regarding 15 trials (enrolling 457 patients, with
a range of 8-61) investigating the use of bevacizumab
in association with CT-RT reported a pooled pCR rate
of 20.8% (95%CI: 17.3-24.8), which is comparable with
the available data for fluoropyrimidine-based CT-RT
alone[22]. Among the studies included in the analysis, 5
used 5-FU and 10 used capecitabine as the CT backbone
for CT-RT, while a second cytotoxic agent was administered in 7 trials. Even with the limitation of a pooled
analysis of different studies with distinct bevacizumab
and CT-RT schedules, this report confirms that simply
adding bevacizumab to concurrent CT-RT is not the
most suitable strategy to improve pCR rate in LARC;
alternative options to include bevacizumab in the neoadjuvant treatment are therefore under investigation.
Bevacizumab with CT as induction therapy before CT-RT
As the administration of adjuvant CT after neoadjuvant
CT-RT and surgery is not an established standard in
LARC patients[23], an intriguing treatment option is based
on induction CT before CT-RT[24,25]: in fact, this strategy
allows an earlier exposure to systemic CT (with a putative higher control of distant micrometastases) and, as
demonstrated by recent trials[24], a higher exposure to
systemic CT (thanks to a more favorable safety profile
compared to post-operative treatment). Pivotal trials are
exploring the possibility of combining bevacizumab with
induction CT and subsequent CT-RT in LARC patients
(Table 3).
Dipetrillo et al[26] evaluated induction bevacizumab
associated with modified infusional 5-FU, leucovorin
and oxaliplatin followed by concurrent bevacizumab (5
mg/kg on days 1, 15 and 29), oxaliplatin (50 mg/m2/wk
for 6 wk), continuous infusion 5-FU (200 mg/m2 per
day) and RT (50.4 Gy). Five of 25 patients (20%) had a
pCR, but the toxicity profile led to the early interruption
of the study after the enrollment of 26 patients: grade 3-4
toxicities, such as diarrhea, neutropenia and pain, were
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Table 4 Bevacizumab with chemotherapy without chemo-radiotherapy: Overview of the discussed studies
Phase n

Ref.
Schrag et al[31], 2014

Ⅱ

Hasegawa et al[32], 2013
Fernandez-Martos et al[33],
2012

Ⅱ
Ⅱ

Treatment

Stage

32

Ⅱ-Ⅲ (no T4)
FOLFOX + BV for 4 cycles, then FOLFOX for 2
cycles, CT-RT in case of SD or PD (post-op. if
R1-R2 resections, pT4 or pN2)
Ⅱ-Ⅲ (T4 or N+)
25 XELOX + BV for 3 cycles, then XELOX for 1 cycle
46 XELOX + BV for 3 cycles, then XELOX for 1 cycle, Intermediate-risk T3
CT-RT in case of PD

Post-operative complications (n )

pCR

Renal failure due to dehydration
from high volume ileostomy
output resulting in death (1)
Nine patients (not specified)
Three patients (not specified)

25%

4%
15%

CT: Chemotherapy; CT-RT: Chemo-radiotherapy; BV: Bevacizumab; RT: Radiotherapy; post-op.: Post-operative; FOLFOX: 5-FU and oxaliplatin; XELOX:
Capecitabine and oxaliplatin; SD: Stable disease; PD: Progressive disease; pCR: Pathological complete response.

experienced by 19 of 25 patients (76%), and 36% of patients developed post-surgical complications.
In the AVACROSS study reported by Nogué et al[27],
bevacizumab was associated with four 21-d cycles of
XELOX (capecitabine plus oxaliplatin) regimen and then
patients underwent a concomitant treatment with RT
(50.4 Gy) plus bevacizumab 5 mg/kg (every 2 wk) and
capecitabine 825 mg/m2 twice daily (on days 1 to 15).
The primary endpoint of the study was pCR, achieved
in 16 patients (36%), with an additional 38% of the
cases reporting a Dworak TRG of 3. R0 resection was
performed in 98% of the patients, and a surgical re-intervention was needed in 11 patients (24%). Most grade
3-4 adverse events (mainly CT-related diarrhea, fatigue
and hematological adverse events) emerged during the
induction phase.
On behalf of the GONO group, we are conducting a multicenter phase Ⅱ neoadjuvant study (TRUST
trial) in resectable LARC patients defined by the presence of positive lymph nodes or clinical T4 or high risk
(by magnetic resonance imaging) T3 stage (i.e., T3 with
distal border of tumor > 5 cm from the anal verge and
below the sacral promontory or tumor ≥ 2 mm from
the mesorectal fascia) [28]. Patients are treated with 6
cycles of induction CT with biweekly FOLFOXIRI plus
bevacizumab[29,30], followed by concomitant CT-RT (50.4
Gy in 28 fractions plus either 5-FU or capecitabine and
bevacizumab). As the aim of the trial is to improve the
control of distant disease, the primary endpoint is represented by 2-year DFS. Preliminary safety analyses in
the first 15 patients enrolled show that induction FOLFOXIRI plus bevacizumab is feasible with manageable
toxicities, as safety results are in line with the available
data for this regimen[29,30]. During concomitant CT-RT
and bevacizumab, no G4 toxicities were reported; we
observed however an excessive incidence of G3 handfoot syndrome (31%), proctalgia and proctitis (23%)
and diarrhea (15%). We hypothesized that this excessive
toxicity of capecitabine may be related to previous induction treatment with FOLFOXIRI plus bevacizumab
(comprising high doses of Ⅳ folinic acid) that led to an
excessive intra-cellular folate accumulation. The protocol
was then amended by slightly modifying the schedule
of capecitabine during concomitant CT-RT. One of the
resected patients experienced an early post-surgical com-
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plication (dehiscence of anastomosis). Preliminary activity results warrant further investigation of this strategy,
as pCR was reported in 5 out of 13 resected patients
(38%).
Bevacizumab with CT without CT-RT
The hypothesis of a comprehensive local and distant
tumor control achieved by the early introduction of full
dose CT without any RT in LARC has recently been under investigation. This strategy aims to spare RT toxicity
for most patients (especially those with low-risk T3 tumors at imaging) who may achieve optimal disease control in the pelvis without the need for RT. In the attempt
to enrich systemic treatment and reduce potential bevacizumab plus RT-related complications after surgery, the
anti-VEGF antibody was also investigated in the neoadjuvant setting without the use of RT (Table 4).
Schrag et al[31] enrolled 32 patients with clinical stage
Ⅱ to Ⅲ (excluding T4 tumors) rectal cancer who were
candidates for sphincter-sparing surgical resection in a
single-center phase Ⅱ trial. Patients received 6 cycles
of FOLFOX, with bevacizumab included in the first 4
cycles. Patients with stable/progressive disease were to
have RT before total mesorectal excision, whereas responders were to have immediate surgery. Post-operative
RT was planned if R0 resection was not achieved. The
primary outcome was the R0 resection rate. All the 32
enrolled patients had R0 resection (100%). Two patients
did not complete pre-operative CT due to cardiovascular
toxicity; both safely received pre-operative CT-RT and
then R0 resection. Of the 30 patients completing preoperative CT, all had tumor regression and surgery without the need for pre-operative CT-RT. The pCR rate for
CT alone was 25%, which compares well with historical
data for CT-RT protocols. Of interest, the 4-year local
recurrence rate was 0% and the 4-year DFS was 84%,
suggesting that this strategy may be particularly effective
in controlling both local and distant disease. The results
of this provocative trial therefore indicate that, at least
for a subgroup of selected patients with clinical stage Ⅱ
or Ⅲ LARC, a modern strategy comprising neoadjuvant
CT doublet plus bevacizumab and selective RT does not
seem to compromise outcome.
A second trial evaluated the association of bevacizumab with the XELOX regimen in LARC (eligible
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Table 5 Main ongoing trials with bevacizumab in locally-advanced rectal cancer
Study

Design

n

AXE BEAM trial Randomized 80
Phase Ⅱ
(NCT00828672)
New Beat trial
Phase Ⅱ
28
(NCT01554059)
NCT01818973

Phase Ⅱ

45

BACCHUS trial Randomized 60
(NCT01650428)
Phase Ⅱ

NCT01871571
NCT00865189
NCT00462501

TRUST trial
(EUDRACT
2011-003340-45)

Phase Ⅱ

43

Randomized 91
Phase Ⅱ
Phase Ⅱ
36

Phase Ⅱ

43

Pre-operative treatment

RT

Concomitant XELOX +/- BV + RT

Primary endpoint

CT-RT
pCR
45 Gy
Concomitant FOLFOX + BV + RT
CT-RT
pCR
40 Gy/20
fractions
XELOX + BV for 1 cycle followed by
CT-RT
Tumor
concomitant CT-RT with XELOX + BV for 50 Gy/25 regression grade
fractions
2 cycles and RT
FOLFOX + BV for 5 cycles followed by
No
pCR
FOLFOX for 1 cycle vs FOLFOXIRI + BV
for 5 cycles followed by FOLFOXIRI for 1
cycle
mFOLFOX7 + BV for 6 cycles
No
pCR

Status

Comments

Recruiting
Recruiting

Recruiting

Recruiting

Adjuvant CT with XELOX
for 3 cycles followed by
capecitabine for 2 cycles
Magnetic resonance
imaging-defined poor risk
criteria

Recruiting

FOLFOX + BV for 6 cycles followed by
CT-RT
pCR
Ongoing, not Not specified RT dose and
CT-RT with BV and 5-FU vs CT-RT alone
recruiting
fractioning
FOLFOX + BV for 4 cycles followed
CT-RT
R0 resection rate Ongoing, not Not specified RT dose and
by FOLFOX for 2 cycles with selective
recruiting
fractioning
use of CT-RT with 5-FU in patients not
candidate for R0 resection
FOLFOXIRI + BV for 6 cycles followed by
CT-RT
DFS rate at 2 yr
Recruiting
CTRT with BV and capecitabine or 5-FU 50.4 Gy/28
fractions

LARC: Locally-advanced rectal cancer; BV: Bevacizumab; RT: Radiotherapy; CT: Chemotherapy; CT-RT: Chemo-radiotherapy; pCR: Pathological complete
response; DFS: Disease-free survival; 5-FU: Fluorouracil; XELOX: Capecitabine and oxaliplatin; FOLFOX: 5-FU and oxaliplatin; FOLFOXIRI: 5-FU,
oxaliplatin and irinotecan.

patients had T4 tumor or N-positive disease): 3 cycles of
CT plus bevacizumab were administered and were then
followed by one additional cycle without bevacizumab,
with total mesorectal excision performed 3 to 8 wk after
the last CT cycle[32]. The authors aimed to investigate the
feasibility of the regimen, while secondary endpoints
were R0 resection rate, down-staging rate and pCR rate.
Twenty-five patients were enrolled: 92% of patients
underwent surgery with a R0 resection in all cases, and
pCR was reported in 4% (with a rate of pathological
effect over grade TRG 2 of 61%). Again, even without
RT, 39% of resected patients had post-operative complications. Even though reported in a limited number
of patients and only in abstract form, these data suggest
that high-risk T4 tumors (72% of the cases in the abovementioned trial) are probably more prone to develop
post-operative complications with bevacizumab-containing regimens. Moreover, RT seems to maintain a crucial
role in T4 tumors, as suggested by the relative low rate
of pCR in this trial compared with the results reported
by Schrag and colleagues (4% vs 25%, respectively).
The association of the XELOX regimen with bevacizumab was also evaluated by Fernandez-Martos et al[33] in
another multicenter phase Ⅱ study. As in the report by
Hasegawa et al[32], 3 cycles of XELOX plus bevacizumab
were followed by one cycle of XELOX without the antibody. The authors enrolled patients with intermediaterisk LARC, defined as T3 middle-third rectal adenocarcinoma according to pelvic magnetic resonance imaging.
Patients without progression after CT plus bevacizumab
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(restaging was performed by magnetic resonance imaging) underwent total mesorectal excision 4 to 6 wk from
the last CT cycle. In the case of progressive disease,
patients were treated with conventional capecitabinebased CT-RT followed by total mesorectal excision. The
primary endpoint of the trial was objective response by
RECIST criteria. Among the 28 patients so far analyzed,
the clinical overall response rate was 87.5% (21 patients)
and 4 patients achieved a pCR (15%). Twenty-four (86%)
patients completed the 4 cycles of treatment; grade 3-4
toxicity was reported in 50% of the patients, but severe
surgical complications occurred at an acceptable rate
(11%).

Ongoing trials with bevacizumab
in LARC
Different trials are currently evaluating bevacizumab as
a radiosensitizing agent alone or in combination with
chemotherapy (Table 5). The Belgian AXE BEAM
trial (NCT00828672) is a phase Ⅱ study assessing
neoadjuvant treatment with RT plus bevacizumab and
capecitabine with or without oxaliplatin, followed by total mesorectal excision. Also, two phase Ⅱ Chinese studies (NCT01554059 and NCT01818973) are examining
the efficacy and safety of the combination of cytotoxic
CT (oxaliplatin plus 5-FU and oxaliplatin plus capecitabine, respectively) with bevacizumab concomitantly with
RT as neoadjuvant treatment for patients with resectable
LARC.
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As previously reported, omitting RT seems a reasonable strategy in selected cases. BACCHUS is a phase Ⅱ
randomized trial (NCT01650428) evaluating the efficacy,
toxicity and feasibility of neoadjuvant therapy with either FOLFOX plus bevacizumab or FOLFOXIRI plus
bevacizumab in poor prognosis LARC as defined by
magnetic resonance imaging. In another phase Ⅱ study
(NCT01871571), patients with stage Ⅱ-Ⅲ rectal cancer
are treated with neoadjuvant modified FOLFOX-7 plus
bevacizumab and within 6 to 8 wk after induction treatment undergo surgery. In other studies, the prognostic
value of modern imaging after induction treatment is
exploited to offer RT only in unresponsive cases. For
example, in a US trial (NCT00462501) including induction FOLFOX and bevacizumab for 4 cycles followed
by 2 cycles of FOLFOX without bevacizumab, patients
are reassessed after induction treatment, and surgery is
offered to non-progressing patients only. If a patient is
judged not to be a candidate for R0 resection after CT
plus bevacizumab, standard pre-operative 5-FU-based
CT-RT is performed.
Other trials are comparing the efficacy and safety of
the conventional CT-RT schedules with the more modern induction treatment approach. In a French phase Ⅱ
trial (NCT00865189), patients are randomized to either
induction bevacizumab plus FOLFOX-4, followed by
CT-RT (comprising bevacizumab, 5-FU and RT), or CTRT plus bevacizumab (at the same schedule).

arguable that surgery may be safely performed 7 to 8
wk after the end of therapy. A recent meta-analysis suggested that a waiting interval longer than the classical 6-8
wk from the end of standard pre-operative CT-RT could
increase the rate of pCR[35]: these data may be of interest
not only for conventional CT-RT, but also when bevacizumab is integrated into the neoadjuvant treatment of
LARC patients.
As reported, bevacizumab has been tested either
alone or in combination with CT during RT. Moving on
from the data in the metastatic setting (suggesting little
if any activity of bevacizumab monotherapy)[6], it is unlikely that bevacizumab may simply substitute fluoropyrimidine CT during neoadjuvant RT. Bevacizumab may,
however, improve the results of fluoropyrimidine-based
CT-RT, even though the results of the discussed trials
are not conclusive and do not definitively demonstrate a
clear benefit from the addition of bevacizumab in terms
of pCR. As several phase Ⅲ trials failed to demonstrate
a benefit from adding oxaliplatin to fluoropyrimidine in
CT-RT protocols, even adding bevacizumab to combination CT during RT does not seem to represent the best
way to improve patient outcome.
An interesting issue in the management of LARC
is finally represented by the optimal integration of systemic CT with CT-RT and surgery. The role of adjuvant
CT in LARC is still controversial[23]: in fact, different
trials proved no benefit in terms of DFS and OS for
fluoropyrimidine-based adjuvant CT after pre-operative
CT-RT[36-38]. Possible explanations reside in the poor adherence to adjuvant CT, the use of suboptimal CT regimen and the delay of systemic treatment after surgery.
In this scenario, an alternative strategy is represented
by induction CT: integrating bevacizumab with induction CT is therefore a reasonable and (on the basis of
the limited data discussed previously in the text) promising approach to offer a potentially higher micrometastatic disease control. Moreover, induction CT may offer
a more reliable evaluation of the chemosensitivity of
the disease in single patients, as measured by the clinical
response before CT-RT. Finally, it could pave the way to
a more profound paradigm change in the pre-operative
management of LARC: in fact, induction CT could select patients and provide the possibility of omitting RT
(or limiting its use in unresponsive or high-risk, e.g., T4,
patients). This currently represents a provocative and
intriguing treatment strategy in selected cases: modern
imaging techniques (in particular, magnetic resonance
imaging)[39] may define different risk categories and different patterns of response after CT and CT-RT, thus
helping to select patients for an individualized treatment approach (CT or CT-RT before total mesorectal
excision). The role of bevacizumab may therefore be
valuable in improving the results of systemic CT administered before surgery, and not only during conventional
CT-RT.
These issues reflect the consideration that alterna-

DISCUSSION
The overview of the available data for bevacizumab
in the neoadjuvant treatment of LARC offered in the
previous sections clearly demonstrates that a lot of dark
sides still persist. In particular, no definitive indications
may be derived about the optimal timing of bevacizumab with respect to surgery and RT, the most suitable
CT companion for bevacizumab and the best strategy to
complement more effective CT regimens with conventional RT and CT-RT in such a heterogeneous patient
population. Last but not least, reliable predictive biomarkers for bevacizumab activity are still lacking, so no
molecular selection is on the horizon for antiangiogenic
agents in colorectal cancer patients.
With respect to the timing of bevacizumab during
neoadjuvant therapy, published and presented studies
indicate potential safety concerns for increased rates of
post-operative complications: a longer time interval between the last dose of bevacizumab and surgery may reduce the risks related to this agent (particularly for trials
omitting pre-operative RT), but uncertainties still exist
about the optimal schedule for total mesorectal excision
after bevacizumab plus RT. Moving from the data on
metastatic colorectal cancer (suggesting a pre-operative
5-wk bevacizumab-free interval as appropriate to reduce
the risks of complications after hepatectomy[34]) and the
above-mentioned data for bevacizumab in LARC, it is
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tive end points (other than pCR) in future trials may be
more suitable in order to capture all the benefit of innovative treatment strategies: in fact, pCR is influenced
by a variety of different factors (such as tumor stage at
presentation, timing and quality of surgery and accuracy
of pathological examination). Therefore, it could not effectively measure the impact of systemic treatment on
tumor control, particularly on micrometastatic disease
and finally on long-term outcome[40].

5

CONCLUSION

6

Preliminary results with bevacizumab in the pre-operative treatment of LARC hold promises and pitfalls.
Among the different treatment strategies evaluated in
LARC patients, induction CT followed by CT-RT seems
to offer the most suitable and promising platform for
the integration of bevacizumab into the multimodality
approach to rectal cancer. In selected cases, a more intensive treatment with combination CT and bevacizumab may also allow us to spare RT in responsive patients,
but a RT-free algorithm deserves further investigation.
All members of the multidisciplinary team dealing with
LARC patients should keep in mind the objective of
treatment, which is not only to reduce the risk of local
recurrence, but also to increase the chances of cure by
eradicating micrometastases. In this regard, pCR should
probably give way to DFS as a more useful study end
point, even in early phase trials. To conclude, we believe
that significant advances may be achieved only by extensive biologic insights into the mechanism of action of
antiangiogenic agents and by evaluating innovative treatment approaches in selected patient populations on the
basis of the risk of systemic and local recurrence.
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5-fluorouracil (5-FU) in clinical practice in the treat-

ment of first-line metastatic colon cancer, we have
reviewed most of different randomized studies and
meta-analyses, and we can conclude that capecitabine appear to be an effective, safe, convenient, and
economically viable alternative to 5-FU.
Original sources: Aguado C, García-Paredes B, Sotelo MJ, Sastre J, Díaz-Rubio E. Should capecitabine replace 5-fluorouracil
in the first-line treatment of metastatic colorectal cancer? World
J Gastroenterol 2014; 20(20): 6092-6101 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v20/i20/6092.htm DOI:
http://dx.doi.org/10.3748/wjg.v20.i20.6092

Abstract

INTRODUCTION

Fluoropyrimidines play a central role in the first-line
treatment of metastatic colorectal cancer. Our aim was
to review whether capecitabine was a safer, non-inferior, economically superior and more convenient alternative to 5-fluorouracil. Capecitabine has previously been
compared to 5-fluorouracil-either as a monotherapy or
in combination with oxaliplatin, irinotecan, or biological
drugs-and has been found to have comparable efficacy
and safety profiles. Furthermore, pharmacoeconomic
data and patients’ preferences for oral chemotherapy
further favor capecitabine. Therefore, capecitabine appears to be an effective and safe alternative to fluorouracil in the first-line treatment of metastatic colorectal
cancer.

Fluoropyrimidines play a central role in modern therapies
directed toward the treatment of localized and metastatic colorectal cancer (mCRC). Since its introduction,
fluorouracil (5-FU), an integral chemotherapeutic agent,
has been frequently used as a monotherapy or as part of
a combination therapy. Several notable advances in the
use of 5-FU have improved patient outcomes. First, the
limited response and safety profiles of a bolus infusion
method were improved by moving to a continuous infusion method[1]. Second, the response rate and survival
time exhibited an improvement of almost double when
5-FU administration was combined with the biomodulatory agent leucovorin (LV)[2].
Capecitabine, an orally administered tumor-activated
5-FU prodrug, was developed to improve tolerability and
to reduce non-tumor cytotoxicity. Once administered
in its inactive prodrug form, capecitabine is absorbed
through the intestine and is converted to 5’-deoxy-5-fluorouridine (5’-DFUR) in the liver. Finally, the enzyme thymidine phosphorylase converts 5’-DFUR into the active
form of 5-FU in both normal and tumor tissue; however,

© 2015 Baishideng Publishing Group Inc. All rights reserved.

Key words: Capecitabine; 5-Fluorouracil; Metastatic
colorectal cancer
Core tip: Although there is still controversy about

whether capecitabine-based regimes can replace
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Table 1 Comparison of treatment efficacy as a monotherapy
Clinical trial

Type

Treatments

Van Cutsem et al[12] (2001)

Phase Ⅲ

Capecitabine vs 5-FU/LV

Hoff et al[11] (2001)

Phase Ⅲ

Capecitabine vs 5-FU/LV

Integrated Analysis
(Phase Ⅲ)

Capecitabine vs 5-FU/LV

Van Cutsem et al[13] (2004)

ORR

PFS (mo)

OS (mo)

18.9% vs 15.0% (P = 0.013) 5.2 vs 4.7 (HR = 0.96, 13.2 vs 12.1 (HR = 0.92,
P = 0.65)
P = 0.33)
24.8% vs 15.5% (P = 0.005) 4.3 vs 4.7 (HR = 1.03, 12.5 vs 13.3 (HR = 1, P =
P = 0.72)
0.97)
26% vs 17% (P < 0.0002) 4.6 vs 4.7 (HR = 0.99, 12.9 vs 12.8 (HR = 0.95,
P = 0.95)
P = 0.48)

Capecitabine: 1250 mg/m2 every 12 h (days 1-14), 3-wk regimen cycle; 5-FU/LV (Mayo clinic): 425 mg/m2 5-FU bolus + LV 20 mg/m2 (days 1-5), 4-wk
regimen cycle. ORR: Overall response rate; PFS: Progression-free Survival; OS: Overall survival; HR: Hazard ratio; LV: Leucovorin.

the enzyme is present at higher concentrations within
tumor cells[3]. This mode of action allows for greater
tumor-targeting specificity, which consequently decreases
systemic drug exposure.
The evolution of colon cancer treatment has led to
the incorporation of several active drugs, such as irinotecan and oxaliplatin, which have been used in combination
with 5-FU and capecitabine for improved survival outcomes. Furthermore, the addition of biological drugs in
recent years (bevacizumab and cetuximab) has also led to
improved results.
Despite the demonstrated efficacy of capecitabine in
the first-line treatment of metastatic colon cancer, controversy remains regarding whether capecitabine-based
regimens can replace 5-FU in clinical practice. Here, we
present the efficacy and safety results of different randomized studies and meta-analyses. In addition, the suitability of oral treatment was assessed based on quality of
life (QoL), patient preference, and cost analysis.

treatment, oral administration was almost completely
preferred (95%), and after both treatment courses, the
majority of patients (64%) still preferred orally delivered
therapy; however, this preference was largely dependent
on which iv scheme was employed[7]. Interestingly, a significantly better QoL (P < 0.05) was found using a 46-h
continuous infusion of 5-FU (de Gramont outpatient
regimen) compared to capecitabine-a result most likely
attributable to reduced toxicity. This preference for treatment with an improved safety profile was also reported
in a Danish study that compared capecitabine and 5-FU/
LV bolus administration. The preference for iv treatment,
it was argued, was due to the lower toxicity profile, thus
reinforcing the concept that patient choice is strongly affected by toxicity and not convenience[8].
Because patients favor safety over convenience, if
both treatments have equal safety profiles, then do patients prefer orally delivered therapy? A comparison of
the non-inferior XELOX (1000 mg/m2 oral capecitabine
twice daily for 14 d; 2-h infusion of 130 mg/m2 oxaliplatin on day 1; 3-wk regimen cycle) and FOLFOX-6 (2-h
infusion of 100 mg/m2 oxaliplatin, followed by 2-h infusion of 400 mg/m2 LV, followed by 400 mg/m2 bolus injection of 5-FU, followed by 46-h continuous infusion of
2400-3000 mg/m2 5-FU; 2-wk regimen cycle) regimens[9]
found that the group that received XELOX reported improved convenience and significant satisfaction with oral
treatment, particularly because it reduced hospital visits
(3.3 d vs 5.3 d, P = 0.045) and the number of daily activity hours lost (10.2 h vs 37.1 h, P = 0.007)[10]. Therefore,
if capecitabine were shown to be non-inferior to continuous infusion 5-FU, would capecitabine replace 5-FU in
the first-line treatment of mCRC?

WHY SUBSTITUTE 5-FU WITH
CAPECITABINE?
One of the major benefits provided by oral treatment
is improvement in patients’ QoL. It is well known that
intravenous (iv) chemotherapy can have a negative impact
on patient QoL, and it has been known to be associated
with pain, discomfort, psychological stress, long hospital
stays, and complications associated with venous catheters
(such as thrombosis and infection)[4]. Therefore, the primary argument in favor of oral treatment compared to
iv treatment is the convenience of home therapy and the
concept that home therapy would result in an improved
level of satisfaction[5].
One of the first studies to investigate patient preferences for palliative mCRC treatment found that more
than 90% of patients preferred oral therapy, especially
because it resolved problems associated with catheters,
lessened the psychological impact of receiving treatment
in a hospital, and reduced the numbers of visits to healthcare professionals[6]. However, it was also noted that two
thirds of the study patients were not willing to sacrifice
efficacy for QoL preferences, and almost 40% of patients
did not wish to make the decision themselves. In a more
recent randomized crossover trial, both oral capecitabine
and iv 5-FU/LV were compared. Before the start of
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CLINICAL DATA FOR THE REPLACEMENT
OF 5-FU MONOTHERAPY BY
CAPECITABINE AS THE FIRST-LINE
TREATMENT FOR METASTATIC
COLORECTAL CANCER
In two multicenter, open-label, phase Ⅲ comparison studies, capecitabine treatment was shown to be
equivalent or superior to bolus 5-FU/LV, in terms of
progression-free survival (PFS), overall survival (OS), and
response rate (Table 1)[11,12]. The prospectively planned,
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Table 2 Comparison of treatment safety (Grade 3/4 events) as a monotherapy
Clinical trial
Van Cutsem et al[12] (2001)
Hoff et al[11] (2001)
Cassidy et al[14] (2002)

Treatments

Diarrhea

Neutropenia

Stomatitis

HFS

Capecitabine vs 5-FU/LV
Capecitabine vs 5-FU/LV
Capecitabine vs 5-FU/LV

10.7% vs 10.4%
15.4% vs 13.9%
13.1% vs 12.2%

2.0% vs 19.8%a
2.6% vs 25.9%a
2.3% vs 22.8%a

1.3% vs 13.3%a
3.0% vs 16.0%a
2.0% vs 14.7%a

16.2% vs 0.3%a
18.1% vs 0.7%a
17.1% vs 1%a

a

P < 0.05 vs capecitabine group; HFS: Hand-foot syndrome; LV: Leucovorin.

integrated analysis confirmed comparable time to progression (TTP) and OS and further demonstrated the
superiority of capecitabine, compared to 5-FU/LV, in
overall response rate (ORR) (26% vs 17%, P < 0.002)[13].
The integrated analysis also demonstrated that capecitabine offered an improved safety profile over 5-FU/LV
treatment, with significantly lower incidences of diarrhea,
stomatitis, nausea, alopecia, and grade 3-4 neutropenia
(Table 2). In comparison, the only adverse event (AE)
that occurred significantly (P < 0.001) more frequently
with capecitabine than with 5-FU/LV was hand-foot
syndrome (HFS)[14]. Furthermore, the integrated analysis
demonstrated that the 5-FU group suffered from a significantly higher number of dose reductions due to AEs
(33.9% vs 42.2%, P = 0.0037) and a significant increase
in the number of hospitalizations (11.6% vs 18.0%, P
< 0.005). After a second dose reduction, those patients
treated with 5-FU exhibited a slightly increased (not statistically significant) risk of disease progression (HR =
1.30 vs 1.06).
In this analysis, due to the higher incidence of severe
events associated with capecitabine and renal insufficiency (clearance 30-50 mL/min), it was recommended
to reduce the initial starting dose of capecitabine to 75%
in moderate renal insufficiency patients, and it was contraindicated in patients with severe renal insufficiency.
Therefore, for patients with moderate renal insufficiency, the most suitable treatment was concluded to be
capecitabine due to its maintained efficacy at reduced
doses, whereas under the same conditions, the efficacy
of 5-FU was shown to be lower. It is important to note
that for patients with moderate hepatic insufficiency that
was secondary to metastasis and who did not present
with a high accumulation of pre-metabolites, a dose reduction to avoid capecitabine-associated toxicity was not
required[15].
In addition to offering improved efficacy for patients with both renal insufficiency and hepatic insufficiency, capecitabine monotherapy has also been assessed
in elderly patients older than 70 years. In this group,
capecitabine was found to exhibit a 67% disease control
rate (DCR), an 11-mo median OS, and a 7-mo TTP, as
well as a low incidence (12%) of grade 3-4 AEs[16]. Thus,
the study concluded that the reduction in the number of
hospital visits made capecitabine an effective and welltolerated therapy for elderly patients who were ineligible
for combination chemotherapy.
The development of 5-FU/LV continuous infusion
therapy, in conjunction with oxaliplatin and irinotecan
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treatment, has led to a lack of comparative studies that
have directly compared capecitabine and continuously
infused 5-FU/LV. However, studies have been conducted
that compared capecitabine and 5-FU/LV, albeit as a
combination of capecitabine and oxaliplatin, or irinotecan. Furthermore, since the introduction of biological
drug therapies, several studies have further examined
capecitabine’s efficacy and safety in elderly populations.
In a multicenter, phase Ⅱ clinical trial by Feliu et al[17]
capecitabine was used in combination with the biological agent bevacizumab as a first-line treatment in elderly
mCRC patients. These authors demonstrated a 34%
ORR, a 71% DCR, 10.8-mo PFS and 18-mo OS, all of
which were comparable to capecitabine as a monotherapy. Interestingly, the most common grade 3-4 events were
HFS (19%), diarrhea (9%) and deep vein thrombosis
(7%).
Recently, the randomized, phase Ⅲ AVEX clinical
trial results were presented at the 2013 ASCO meeting[18].
This study compared capecitabine alone to capecitabine
and bevacizumab combination treatment in ≥ 70-year-old
patients, to determine PFS. The study found a significant
improvement in PFS for the combination therapy (9.1
mo for the bevacizumab arm vs 5.1 mo for capecitabine
alone, HR = 0.53, P < 0.0001), with benefits observed
in all of the subgroups. In turn, there was significant
improvement in overall response rate with bevacizumab
(19.3% vs 10%, P = 0.042). However, the difference in
OS for bevacizumab did not reach statistical significance
(20.7 mo vs 16.8 mo, HR = 0.79, P = 0.182), and the
safety profile was similar to that reported in other studies.
The combination of capecitabine with the biological agent cetuximab has been viewed as an alternative to
capecitabine/bevacizumab in patients with wtKRAS and
other risk factors preventing the use of bevacizumab.
According to data presented by the Spanish TTD Group
study[19], the initial dose of capecitabine used (1250 mg/
m2 twice daily for 14 d), in combination with cetuximab,
produced a high incidence of paronychia and a grade 3-4
acne-like rash, requiring a dose reduction of capecitabine
to 1000 mg/m2 twice daily, which decreased the paronychia incidence but not the acne-like rash incidence.
Nevertheless, ORR (48%) and PFS (8.4 mo) performance
data for wtKRAS patients demonstrated significant improvement over those shown by capecitabine when used
as a monotherapy in unselected patients.
Altogether, these studies have reinforced the need to
observe toxicity closely to manage dose adjustments, if
required, for elderly patients and patients with hepatic or
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mg/m2 LV day 1; 850 mg/m2 5-FU bolus on day 2; 2-wk
regimen cycle) and found similar efficacy results for ORR
(34% vs 33%, P = 0.999), PFS (6.6 mo vs 6.5 mo, P =
0.354), and OS (16.0 mo vs 17.1 mo, P = 0.883). A more
acceptable safety profile was observed with the OXXEL
regimen (32% vs 43% grade 3-4 events)[23].
The largest study that included oxaliplatin was the
NO16966 study. Its initial non-inferiority design between
XELOX and FOLFOX-4 was subsequently redesigned
to be a 2 × 2 randomization study with the addition of
bevacizumab/placebo. By the end of recruitment, more
than 2000 patients were enrolled in the study. The first
co-primary objective of non-inferiority of XELOX
(versus FOLFOX-4) in PFS was reached (8.0 mo vs 8.5
mo, HR = 1.04) with no observable differences in OS or
ORR[21]. The second co-primary objective, evaluating the
impact on PFS of adding bevacizumab, showed a significant increase in PFS in the bevacizumab arm (vs placebo) (9.4 mo vs 8.0 mo, HR = 0.83, P = 0.0023)[24]. This
benefit was not reflected in OS or ORR, most likely due
to the high rate of treatment discontinuation before progression. Regarding the safety profile, the group treated
with FOLFOX-4 had a higher incidence of grade 3-4
neutropenia, febrile neutropenia and thromboembolic
events, whereas XELOX treatment resulted in a higher
incidence of grade 3-4 diarrhea and HFS. Importantly,
the toxicity profile was not affected by the addition of
bevacizumab.
In the first phase of the randomized, phase Ⅱ TREE
study (TREE-1), oxaliplatin was combined with different forms of fluoropyrimidine administration to form
three groups: FOLFOX-6, bFOL (85 mg/m2 oxaliplatin
on days 1 and 15; 20 mg/m2 bolus LV; 500 mg/m2 bolus 5-FU on days 1, 8, and 15; 4-wk regimen cycle), and
XELOX (capecitabine with oxaliplatin)[25]. A comparison
of these groups revealed an insignificantly higher ORR,
TTP, and OS with FOLFOX-6 and increased toxicity
with XELOX (greatest number of interruptions due to
grade 3/4 diarrhea). In TREE-2, bevacizumab was included, which resulted in improved efficacy parameters
for all of the treatment groups. XELOX toxicity was reduced (equivalent to all other schemes) after dose adjustment. Detailed results for the efficacy and safety of these
studies are presented in Tables 3 and 4, respectively.
These randomized studies were evaluated in two
meta-analyses[26,27]. Response rates to 5-FU in combination with oxaliplatin were higher (significant only in the
first study: OR 0.74, P = 0.007); however, this outcome
did not result in improved survival parameters. Regarding the toxicity profile, the first meta-analysis[26] did not
offer conclusive findings due to the heterogeneity of the
treatment groups (mainly with 5-FU). In the other, more
recent study[27]. significant differences were observed in
the frequency of grade 4 neutropenia and diarrhea and
toxicity in the 5-FU group (P = 0.078). In both studies,
the largest significant incidence of grade 3 HFS occurred
with capecitabine.
Favorable efficacy results have been reported for

renal insufficiency to maintain suitable tolerability.

THE COMBINATION OF CAPECITABINE
WITH OXALIPLATIN
Several randomized, phase Ⅲ studies have compared
the efficacy and safety of oral or iv fluoropyrimidines, in
combination with oxaliplatin, as first-line treatments for
mCRC. The aforementioned XELOX scheme has been
compared directly with FUOX (48-h continuous infusion of 2250 mg/m2 5-FU on days 1, 8, 15, 22, 29 and
36 and 85 mg/m2 oxaliplatin on days 1, 15, and 29; 6-wk
regimen cycle)[20], FOLFOX-4 (2-h infusion of 85 mg/m2
oxaliplatin; 2-h infusion of 200 mg/m2 LV, followed by
bolus of 400 mg/m2 5-FU, followed by 22-h continuous
infusion of 600 mg/m2 5-FU; 2-wk regimen cycle)[21], and
FOLFOX-6 (described earlier)[9].
The Spanish Cooperative Group for the Treatment
of Digestive Tumors (TTD) demonstrated comparable
efficacy of XELOX compared to FUOX in TTP (8.9 mo
vs 9.5 mo, P = 0.153), median OS (18.1 mo vs 20.8 mo, P
= 0.145) and ORR (37% vs 46%, P = 0.539). In addition,
the safety profiles were also similar, with both treatment
arms exhibiting a 27% treatment discontinuation rate due
to toxicity; however, despite this similarity, grade 3-4 diarrhea was significantly more common in the FUOX arm
(14% vs 24%, P = 0.027)[20].
A French study that compared XELOX to FOLFOX-6[9] also met the primary endpoint of non-inferiority
in ORR (42% vs 46%). Furthermore, no significant differences were observed in either the PFS (8.8 mo vs 9.3
mo) or OS (19.9 mo vs 20.5 mo) efficacy parameters.
A higher incidence of grade 3-4 neuropathy (11% vs
26%, P < 0.001) was observed when using the highest
oxaliplatin dose for FOLFOX-6, and in addition, a significantly higher incidence of grade 3-4 neutropenia was
also observed for FOLFOX-6 (5% vs 47%, P < 0.001). In
contrast, diarrhea (14% vs 7%, P = 0.0034) was found to
occur with a significantly higher frequency with XELOX.
Other combinations have been evaluated by German
(CAPOX)[22] and Italian (OXXEL)[23] groups. In the first
study, the CAPOX regimen (1000 mg/m2 oral capecitabine twice daily for 14 d; 70 mg/m2 oxaliplatin on days 1
and 8; 3-wk regimen cycle) was compared with FUFOX
(50 mg/m2 oxaliplatin; 500 mg/m2 LV; 22-h continuous
infusion of 2000 mg/m2 5-FU on days 1, 8, 15, and 22;
5-wk regimen cycle), and CAPOX failed to meet the primary endpoint of non-inferiority in PFS (7.1 mo vs 8.0
mo, HR = 1.17, P = 0.117). In addition, despite the ORR
and OS being lower with CAPOX, the difference was
not statistically significant. The safety profiles of the two
regimens were similar; however, a significantly higher incidence of grade 2-3 HFS was noted in the CAPOX arm
(10% vs 4%, P = 0.028)[22].
The second study compared an OXXEL regimen (100
mg/m2 oxaliplatin on day 1; 1000 mg/m2 oral capecitabine twice daily for 11 d; 2-wk regimen cycle) with an
OXAFAFU regimen (85 mg/m2 oxaliplatin on day 1; 250
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Table 3 Comparison of treatment efficacy in combination with oxaliplatin
Clinical trial

Type

Treatment

ORR

PFS (mo)

OS (mo)

Díaz-Rubio et al[20] (2007)

Phase Ⅲ

XELOX vs FUOX

37% vs 46% (P = 0.154)

Cassidy et al[45] (2008)

Phase Ⅲ

47% vs 48% (OR 0.94)

18.1 vs 20.8 (HR 1.22, P =
0.145)
19.8 vs 19.6 (HR = 0.99)

Ducreux et al[42] (2011)
Porschen et al[22] (2007)

Phase Ⅲ
Phase Ⅲ

XELOX vs FOLFOX-4
+/- Bev
XELOX vs FOLFOX-6
CAPOX vs FUFOX

8.9 vs 9.5 (HR = 1.18, P =
0.153)
8 vs 8.5 (HR = 1.04)1

Comella et al[23] (2009)

Phase Ⅲ

OXXEL vs OXAFAFU

Hochster et al[25] (2008)

Phase Ⅱ

XELOX vs FOLFOX-6 vs
bFOL+ Bev

42% vs 46%
48% vs 54% (P = 0.7)

8.8 vs 9.3 (HR = 1)
19.9 vs 20.5 (HR = 1.02)
7.1 vs 8.0 (HR = 1.17, P = 16.8 vs 18.8 (HR = 1.12, P
0.117)
= 0.26)
34% vs 33% (P = 0.999)
6.6 vs 6.5 (HR = 1.12, P = 16.0 vs 17.1 (HR = 1.01, P
0.354)
= 0.883)
27% vs 41% vs 20%; 46% 5.9 vs 8.7 vs 6.9; 10.3 vs 9.9 17.2 vs 19.2 vs 17.9; 24.6 vs
vs 52% vs 39%
vs 8.3
26.1 vs 20.4

Treatments: XELOX: Capecitabine 1000 mg/m2 every 12 h (days 1-14) + 130 mg/m2 oxaliplatin (day 1), 3-wk regimen cycle; FUOX: 2250 mg/m2 5-FU
continuous infusion for 48 h (days 1, 8, 15, 22, 29 and 36) + 85 mg/m2 oxaliplatin (days 1, 15 and 29) 6-wk regimen cycle; FOLFOX-4: 400 mg/m2 5-FU bolus
+ 200 mg/m2 LV + 600 mg/m2 continuous infusion 5-FU for 22 h (days 1 and 2) + oxaliplatin 85 mg/m2 (day 1) 2-wk regimen cycle, FOLFOX-6: 400 mg/m2
5-FU bolus + 400 mg/m2 LV + 2400 mg/m2 46 h 5-FU continuous infusion + 100 mg/m2 oxaliplatin (day 1), 2-wk regimen cycle); CAPOX: 1000 mg/m2
capecitabine every 12 h (days 1-14) + 70 mg/m2 oxaliplatin (days 1 and 8, 3-wk regimen cycle; FUFOX: 500 mg/m2 LV + 50 mg/m2 oxaliplatin + 2000
mg/m2 5-FU continuous infusion for 22 h (days 1, 8, 15 and 22), 5-wk regimen cycle; OXXEL: 1000 mg/m2 capecitabine every 12 h (days 1-11) + 100 mg/m2
oxaliplatin (day 1), 2-wk regimen cycle; OXAFAFU: 250 mg/m2 LV + 85 mg/m2 oxaliplatin (day 1) + 850 mg/m2 5-FU bolus (day 2), 2-wk regimen cycle;
bFOL: 20 mg/m2 LV + 85 mg/m2 oxaliplatin (days 1 and 15) + 500 mg/m2 5-FU bolus (days 1 and 8-15), 4-wk regimen cycle. ORR: Overall response rate;
PFS: Progression-free survival; OS: Overall survival; HR: Hazard ratio; Bev: Bevacizumab. 1Significant PFS difference between XELOX + bevacizumab (HR
= 0.77, P = 0.0026).

Table 4 Comparison of treatment safety (Grade 3/4 events) in combination with oxaliplatin
Clinical trial
Díaz-Rubio et al[20] (2007)
Cassidy et al[21] (2008)
Ducreux et al[9] (2011)
Porschen et al[22] (2007)
Comella et al[23] (2009)
Hochster et al[25] (2008)

Treatments

Diarrhea

Mucositis/
stomatitis

Neutropenia

HFS

Vomiting (%)

XELOX vs FUOX
XELOX vs FOLFOX-4
+/- Bev
XELOX vs FOLFOX-6
CAPOX vs FUFOX
OXXEL vs OXAFAFU
XELOX vs FOLFOX-6 vs bFOL
+ Bev1

14% vs 24%a
19% vs 11%

2% vs 4%
1% vs 2%

7% vs 11%
7% vs 44%

2% vs 1%
6% vs 1%

5% vs 8%
5% vs 4%

14% vs 7%a
15% vs 14%
13% vs 8%
31% vs 31% vs 26%
19% vs 11% vs 26%

0% vs 1%
1% vs 3%
2% vs 2%
-

5% vs 47%a
3% vs 1%
2% vs 5%
10% vs 4%c
6% vs 6%
10% vs 27%e
4% vs 1%
3% vs 8%e
15% vs 53% vs 18% 19% vs 8% vs 2% 38% vs 31% vs 24%
10% vs 49% vs 19% 10% vs 0% vs 0% 21% vs 7% vs 24%

1

Reduced XELOX dose (850 mg/m2 capecitabine). Treatments: XELOX: Capecitabine 1000 mg/m2 every 12 h (days 1-14) + 130 mg/m2 oxaliplatin (day 1),
3-wk regimen cycle; FUOX: 2250 mg/m2 5-FU continuous infusion for 48 h (days 1, 8, 15, 22, 29 and 36) + 85 mg/m2 oxaliplatin (days 1, 15 and 29) 6-wk
regimen cycle; FOLFOX-4: 400 mg/m2 5-FU bolus + 200 mg/m2 LV + 600 mg/m2 continuous infusion 5-FU for 22 h (days 1 and 2) + oxaliplatin 85 mg/m2
(day 1) 2-wk regimen cycle, FOLFOX-6: 400 mg/m2 5-FU bolus + 400 mg/m2 LV + 2400 mg/m2 46 h 5-FU continuous infusion + 100 mg/m2 oxaliplatin
(day 1), 2-wk regimen cycle); CAPOX: 1000 mg/m2 capecitabine every 12 h (days 1-14) + 70 mg/m2 oxaliplatin (days 1 and 8, 3-wk regimen cycle; FUFOX:
500 mg/m2 LV + 50 mg/m2 oxaliplatin + 2000 mg/m2 5-FU continuous infusion for 22 h (days 1, 8, 15 and 22), 5-wk regimen cycle; OXXEL: 1000 mg/m2
capecitabine every 12 h (days 1-11) + 100 mg/m2 oxaliplatin (day 1), 2-wk regimen cycle; OXAFAFU: 250 mg/m2 LV + 85 mg/m2 oxaliplatin (day 1) + 850
mg/m2 5-FU bolus (day 2), 2-wk regimen cycle; bFOL: 20 mg/m2 LV + 85 mg/m2 oxaliplatin (days 1 and 15) + 500 mg/m2 5-FU bolus (days 1 and 8-15), 4-wk
regimen cycle. Bev: Bevacizumab; HFS: Hand-foot syndrome. aP < 0.05 vs XELOX; cP < 0.05 vs CAPOX; eP < 0.05 vs OXXEL.

XELOX as a first-line mCRC treatment in the elderly in
several studies[28,29]. The first, a phase Ⅱ study, enrolled
50 patients with a mean age of 76 years and recorded an
ORR of 36%, a DCR of 72%, TTP of 5.8 mo, and OS
of 13.2 mo. The grade 3-4 toxicity profile was lower than
that in other studies (28% of patients exhibited AEs,
mainly gastrointestinal and asthenia).
A sub-analysis of the phase Ⅲ TTD study[20] was conducted by Sastre et al[30] who compared the efficacy and
safety of XELOX and FUOX regimens in > 70- and <
70-year-old patient subgroups. No significant differences
were observed in terms of efficacy between the two age
groups. In the group treated with FUOX, the number of
overall treatment delays was greater, compared to both
XELOX subgroups. Furthermore, among the FUOX-
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treated patients, those aged > 70 years had higher dose
reductions, whereas with the XELOX regimen, there
were no differences between the age subgroups. The
toxicity profile was favorable in both groups, except for a
significant increase in grade 3-4 diarrhea in the > 70-yearold XELOX subgroup (25% vs 8%, P = 0.005).
A response rate of 41%, median PFS of 8.5 mo, and
median OS of 14.4 mo, were reported in an Italian study
of elderly patients (mean age of 76 years)[29]. Patients older than 75 years demonstrated a higher ORR compared
to the younger patients; however, no further differences
in survival were noted.
As amendments to the NO16966 and TREE-2 study
protocols, the BEAT study[31] included the addition of
bevacizumab to various chemotherapy regimens: XE-
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LOX, FOLFOX-6 or FOLFIRI (180 mg/m2 irinotecan,
day 1; 200 mg/m2 2-h infusion LV, day 1; 400 mg/m2 IV
bolus 5-FU, day 1; 46-h continuous infusion of 2400 mg/
m2 5-FU; 14-d regimen cycle). The efficacy (TTP, PFS
and OS) and safety profiles demonstrated no significant
differences between the groups.
The COIN study[32] was performed to evaluate the
efficacy and toxicity of adding cetuximab to oxaliplatin
combinations. The initial objective was to demonstrate a
benefit to OS in the experimental cetuximab arm; however, after the results found poorer survival with antiEGFR in the mutated KRAS population, the new goal
became to determine a benefit to OS with cetuximab in
wtKRAS patients. In this population, the highest response
rate (64% vs 57%, OR 1.35, P = 0.049) did not translate
into PFS or OS benefit. The toxicity profile (diarrhea
and cutaneous toxicity) of the XELOX combination
was high, requiring a dose reduction of capecitabine in
the experimental arm (from 1000 mg/m2 to 850 mg/m2
twice daily). The only subgroup that was treated with cetuximab that also showed benefits in PFS was that with
wtKRAS and involvement of ≤ 1 organs and that was
treated with 5-FU (HR = 0.55, P = 0.011). The lack of
a benefit of cetuximab in combination with oxaliplatin
appeared to be connected to the toxicity associated with
capecitabine (more than 2/3 of the patients were treated
with XELOX). These data did not support the recommendation of this combination.

This regimen was subsequently combined with bevacizumab (5 mg/kg, day 1) in a subsequent phase Ⅱ study,
which demonstrated an increased benefit (67.4% ORR,
DCR 93%, PFS 12.3 mo and OS 23.7 mo) while maintaining a similar toxicity profile to the previous study[36].
The next improvements involved a tri-weekly schedule of 800 mg/m2 capecitabine twice daily (days 1-14)
with irinotecan 200 mg/m2 (day 1), which demonstrated a
suitable safety profile and superior efficacy when given in
combination with either cetuximab[37] or bevacizumab[38].
In light of the TREE study, the BICC-C study[39] was
developed as a phase Ⅲ, randomized trial that compared
irinotecan in combination with different forms of fluoropyrimidine administration. In terms of efficacy, FOLFIRI
exhibited the most significant benefit in PFS, compared
to mIFL (7.6 mo vs 5.9 mo, P = 0.004) and CapeIRI (7.6
mo vs 5.8 mo, P = 0.015); however, it did not exhibit any
significant improvement in OS or ORR. Regarding safety
profiles, grade 3-4 toxicity was higher with CapeIRI
compared to FOLFIRI (nausea/vomiting 34% vs 17.6%;
diarrhea 47.5% vs 13.9%; dehydration 19.1% vs 5.8%),
requiring treatment interruption in more patients (25.5%
vs 14.6% for FOLFIRI; and 13.5% for mIFL). Following
an amendment to the protocol to add bevacizumab (Bev.
5 mg/kg), the 2nd phase began, with the CapeIRI arm
discontinued due to toxicity. In this phase, the FOLFIRIBev combination showed a significant OS benefit over
mIFL-Bev (28 mo vs 19.2 mo, P = 0.037).
Since the BICC-C study, successive randomized phase
Ⅱ and Ⅲ studies have been performed to compare both
schemes with the addition of bevacizumab, and similar
efficacy outcomes have been observed in all of them, albeit with differences in the reported safety profiles.
The first of these-a phase Ⅱ , randomized study
between CAPIRI-Bev and FOLFIRI-Bev[40]-found no
significant differences in PFS, OS or response rate. Despite these outcomes, the incidences of diarrhea (15.8%
vs 9.2%, P = 0.003) and grade 3-4 HFS (4.2% vs 1.2%, P
= 0.03) were significantly higher with CAPIRI-Bev. This
fact resulted in greater numbers of delays (15.6% vs 9%,
P = 0.05), dose reductions (10.9% vs 4.3%, P < 0.001),
and interruptions in treatment (10.2% vs 4.2%, P = 0.04).
In contrast, a phase Ⅲ and phase Ⅱ trial demonstrated a more favorable toxicity profile with XELIRI,
with no detriment to the efficacy. The phase Ⅲ study
demonstrated similar efficacy in the XELIRI-Bev arm
versus FOLFIRI-Bev, with a generally lower incidence of
grade 3-4 events and no significant differences in toxicity
profiles between the two arms[41]. This favorable profile
reappeared in a phase Ⅱ study with a design (except for
an initial dose reduction of CPT-11 and a capecitabine
adjustment according to age) similar to that of the previous study, but with the continuation of bevacizumab
until progression[42]. The response and survival data were
similar, while the incidence of toxicity with XELIRI was
lower than in other studies (diarrhea 12% vs 7%, and
thromboembolic events 3% vs 8%). However, more patients required interruption due to toxicity (17% vs 7%).

COMBINATION OF CAPECITABINE WITH
IRINOTECAN
The development of the capecitabine and irinotecan
combination was much slower and more complex compared to the XELOX regimen due to increased toxicity.
In 2005, a phase Ⅰ/Ⅱ study established a recommended dose for the combination of 250 mg/m2 irinotecan (day
1) + 1000 mg/m2 capecitabine twice daily (days 1-14), with
a regimen cycle of 21 d[33]. These doses were those used
in the EORTC 40015 study[34], which compared the FOLFIRI and CAPIRI (250 mg/m2 iv irinotecan, days 1 and 22;
1000 mg/m2 oral capecitabine, twice daily on days 1-15 and
22-36) regimens in combination with celecoxib or placebo
(800 mg, 2 × 200 mg twice daily). The number of grade
3-4 AEs was higher with CAPIRI, with febrile neutropenia
being the most statistically significant AE reported (P <
0.001). After 7 treatment-related deaths (6 of them with
CAPIRI), the study was prematurely terminated.
This combination has been studied using various
forms of administration. Garcia-Alfonso et al[35] conducted a study using the XELIRI regimen (175 mg/m2
irinotecan, day 1; 1000 mg/m2 capecitabine, twice daily,
days 2-8 every 2 wk (reduced to 140 mg/m2 and 750
mg/m2 in patients older than 65 years old, respectively),
which exhibited an ORR of 32%, DCR of 66%, PFS of
9.0 mo, and OS of 19.2 mo. The toxicity profile was favorable, with diarrhea (15%) and grade 3 asthenia (13%)
being the most frequent adverse events reported.
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Table 5 Comparison of treatment efficacy in combination with irinotecan
Clinical trial

Type

Fuchs et al[39] (2007)

Phase Ⅲ

Köhne et al[34] (2008)2

Phase Ⅲ

Souglakos et al[40] (2012)

Phase Ⅱ

Pectasides et al[41] (2012)

Phase Ⅲ

Ducreux et al[42] (2013)

Phase Ⅱ

Treatment

ORR

CapeIRI1 vs FOLFIRI vs
38.6% vs 47.2% vs 43.3%
mIFL
CAPIRI vs FOLFIRI-2
+ Celecoxib
22% vs 32%
- Celecoxib
48% vs 45%
CAPIRI + Bev vs
39.8% vs 45.5% (P = 0.32)
FOLFIRI-2 + Bev
XELIRI + Bev vs FOLFIRI 38.5% vs 40.1% (P = 0.81)
+ Bev
XELIRI-2+ Bev vs FOLFIRI
62% vs 63%
+ Bev

PFS (mo)

OS (mo)

5.8 vs 7.6 (1) vs 5.9 (2)

18.9 vs 23.1 (3) vs 17.6

5.9 vs 9.6

14.75 vs 19.9

8.9 vs 10.0 (P = 0.64)

27.5 vs 25.7 (P = 0.55)

10.2 vs 10.8 (P = 0.74)

20.0 vs 25.3 (P = 0.099)

9 vs 9

23 vs 23

Arm excluded after protocol amendment for toxicity; 2Premature termination due to toxicity (inconclusive results). Treatments: CapeIRI (CAPIRI): 250
mg/m2 Irinotecan (day 1) + 1000 mg/m2 capecitabine (days 1-14), 3-wk regimen cycle; FOLFIRI: 180 mg/m2 irinotecan + 400 mg/m2 LV + 400 mg/m2 5-FU
bolus + 2400 mg/m2 5-FU 46-h continuous infusion, 2-wk regimen cycle; mIFL: 125 mg/m2 irinotecan + 20 mg/m2 LV + 500 mg/m2 5-FU bolus (days 1 and
8), 3-wk regimen cycle; FOLFIRI-2: 180 mg/m2 irinotecan (days 1, 15, 22) + 200 mg/m2 LV (days 1, 2, 15, 16, 29, and 30)+ 400 mg/m2 bolus 5-FU, 600 mg/
m2 22-h continuous infusion 5-FU (1, 2, 15, 16, 29 and 30); XELIRI: 240 mg/m2 irinotecan + 1000 mg/m2 capecitabine (days 1-14), 3-wk treatment regimen;
XELIRI-2: 200 mg/m2 irinotecan + 1,000 mg/m2 capecitabine (days 1-14), 3-wk treatment regimen. ORR: Overall response rate; PFS: Progression-free
survival; OS: Overall survival; HR: Hazard ratio; Bev: Bevacizumab. (1) CapeIRI vs FOLFIRI (P = 0.015); (2) CapeIRI vs mIFL (P = 0.46); and (3) CapeIRI vs
FOLFIRI (P = 0.27).
1

Table 6 Comparison of treatment safety (Grade 3/4 events) in combination with irinotecan
Clinical trial

Treatments

[39]

Fuchs et al (2007)
Köhne et al[34] (2008)2

Souglakos et al[40] (2012)
Pectasides et al[41] (2012)
Ducreux et al[42] (2013)

1

CapeIRI vs FOLFIRI vs mIFL
CAPIRI vs FOLFIRI-2
+ Celecoxib
- Celecoxib
CAPIRI + Bev vs FOLFIRI-2 + Bev
XELIRI + Bev vs FOLFIRI + Bev
XELIRI-2+ Bev vs FOLFIRI + Bev

Diarrhea

Vomiting

Neutropenia

HFS

47.5% vs 13.9% vs 19.0% 18.4% vs 8.8% vs 7.3% 31.9% vs 43.1% vs 40.9% 9.9% vs 0% vs 0%
39% vs 17%
35% vs 10%
15.8% vs 9.2%a
19% vs 11%
12% vs 5%

9% vs 6%
5% vs 5%
5% vs 0%c
7% vs 7%

13% vs 11%
15% vs 19%
17.9% vs 24.5%
13% vs 22%
18% vs 26%

< 1% vs 0%
< 1% vs 0%
4.2% vs 1.2%a
6% vs 1%

1

Arm excluded after protocol amendment for toxicity; 2Premature termination due to toxicity (inconclusive results). Treatments: CapeIRI (CAPIRI): 250
mg/m2 Irinotecan (day 1) + 1000 mg/m2 capecitabine (days 1-14), 3-wk regimen cycle; FOLFIRI: 180 mg/m2 irinotecan + 400 mg/m2 LV + 400 mg/m2 5-FU
bolus + 2400 mg/m2 5-FU 46-h continuous infusion, 2-wk regimen cycle; mIFL: 125 mg/m2 irinotecan + 20 mg/m2 LV + 500 mg/m2 5-FU bolus (days 1 and
8), 3-wk regimen cycle; FOLFIRI-2: 180 mg/m2 irinotecan (days 1, 15, 22) + 200 mg/m2 LV (days 1, 2, 15, 16, 29, and 30)+ 400 mg/m2 bolus 5-FU, 600 mg/
m2 22-h continuous infusion 5-FU (1, 2, 15, 16, 29 and 30); XELIRI: 240 mg/m2 irinotecan + 1000 mg/m2 capecitabine (days 1-14), 3-wk treatment regimen;
XELIRI-2: 200 mg/m2 irinotecan + 1000 mg/m2 capecitabine (days 1-14), 3-wk treatment regimen. Bev: Bevacizumab; HFS: Hand-foot syndrome; aP < 0.05
vs CAPIRI + Bev; cP < 0.05 vs XELIRI + Bev.

in a data analysis from the X-ACT study[44] comparing
capecitabine and 5-FU/LV (based on the Mayo Clinic
regimen). The better efficacy and safety profile of oral
capecitabine treatment was found to be more expensive
in terms of drug acquisition costs; however, this higher
cost was offset by the reduced costs for overall chemotherapy (57%), fewer hospital admissions and shorter
stays (15%)[45].
The results of a retrospective analysis of patients
receiving capecitabine or 5-FU/LV monotherapy or
capecitabine/5-FU with oxaliplatin revealed that treatment with capecitabine monotherapy represented the
largest, but non-significant, cost reduction[46]. These savings were found to be due to fewer secondary treatment
complications (and therefore fewer visits and hospital
admissions), which accommodated the higher direct
drug acquisition costs. Interestingly, when combined
with oxaliplatin, no differences were observed between
capecitabine and 5-FU regarding treatment-related costs
or associated complications.

From these data, it can be concluded that the XELIRI
combination might be an option, provided that there is a
dose adjustment and proper management of side effects.
Tables 5 and 6 show the efficacy and safety data in
combination with irinotecan, respectively.

IS ORAL TREATMENT ECONOMICALLY
VIABLE?
The phase Ⅲ European study of the efficacy and safety
of monotherapy [12] included a cost and resource use
analysis[43]. In this analysis, the authors found that by
using capecitabine, scheduled visits to the hospital were
reduced by more than 70%, while unscheduled consultations increased slightly in this group. The number and
duration of hospitalizations and the incidences of infections/sepsis, neutropenia and stomatitis were lower,
resulting in a significant reduction in pharmaceutical
expenditures.
Similar pharmacoeconomic results were obtained
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A comparative analysis of oral monotherapy treatment regimens (capecitabine or tegafur with uracil in
combination with LV), compared to the Mayo clinic regimen, again showed that the most significant cost in oral
therapy (drug acquisition) was offset by a reduction in
administrative costs[47].
Despite the weight of evidence supporting the costbenefits of oral therapy, these benefits do not seem to
translate to all geographical regions. For example, a recent
Swedish study compared the Nordic FLIRI and FLOX
regimens with XELIRI and XELOX, and it found that
despite the higher direct drug acquisition costs, the overall costs were similar[48]. Furthermore, a recent Japanese
study analyzed data from the NO16966 and NO16967
studies and found that XELOX demonstrated a better
cost-effective profile than FOLFOX-4 both as first- and
second-line therapy[49].
Therefore, altogether, these studies suggest a country-specific pharmacoeconomic benefit of oral-based
therapy. The studies clearly emphasize the necessity of
performing individual cost-benefit analyses before implementing economically driven treatment modifications.

and economically viable alternative to 5-FU as a first-line
treatment for mCRC.

REFERENCES
1

2

3
4

5

6

CONCLUSION
In recent years, the survival of patients with mCRC has
improved significantly with the addition of newer and
more effective drugs. Nevertheless, fluoropyrimidines
still play a fundamental role. The opinion and preference
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metastatic colorectal cancer (mCRC). In this review
we summarize the most relevant clinical data on VEGF
and EGFR targeting regimens in mCRC. The effects
of available treatment strategies for mCRC are often
temporary, with resistance and disease progression developing in most patients. Thus, new treatment strategies are urgently needed. Some GI peptides including
gastrin and gastrin releasing peptide, certain growth
factors such as insulin-like growth factor-Ⅰ and Ⅱ and
neuropeptides such as growth hormone releasing hormone (GHRH) are implicated in the growth of CRC. Experimental investigations in CRC with antagonistic analogs of bombesin/gastrin-releasing peptide, GHRH, and
with cytotoxic peptides that can be targeted to peptide
receptors on tumors, are summarized in the second
part of the review.
© 2015 Baishideng Publishing Group Inc. All rights reserved.

Key words: Colorectal cancer; Targeted treatment;
Vascular endothelial growth factor; Epidermal growth
factor receptor; Peptide receptors; Gastrin-releasing
peptide; Growth hormone releasing hormone; Luteinizing hormone-releasing hormone; Cytotoxic analogs
Core tip: Our review evaluates the most recent clinical data on therapeutic reagents designed to target
the vascular endothelial growth factor and epidermal
growth factor receptor signaling pathways in colorectal cancer. As colorectal cancers express receptors for
bombesin/gastrin-releasing peptide, growth hormonereleasing hormone, somatostatin as well as luteinizing
hormone-releasing hormone, we review the implications of these pathways in the growth of colorectal
cancers and summarize experimental data and clinical
studies performed to date with regard to the antiproliferative action of antagonistic peptide analogs of these
receptors as well as their cytotoxic analogs and their
status as drug candidates for the treatment of metastatic colorectal cancer.

Abstract
The introduction of new cytotoxic substances as well
as agents that target vascular endothelial growth factor
(VEGF) and epidermal growth factor receptor (EGFR)
signaling has improved clinical outcome of patients with
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patients with untreated mCRC were given a combination of irinotecan, bolus 5-FU, leucovorin (LV) (IFL),
and placebo or a combination of IFL and Bev (5 mg/kg
biweekly). The study showed a significant benefit in overall response (45% vs 35%, P = 0.004), progression free
survival (PFS) (10.6 mo vs 6.2 mo, P < 0.001), and overall
survival (OS) (20.3 mo vs 15.5 mo, P = 0.001) for mCRC
patients treated with Bev. In another phase 3 clinical trial,
designated BICC-C, performed by Fuchs et al[6], patients
with mCRC were randomly assigned to receive one of
three different irinotecan-containing regiments (irinotecan plus infusional 5-FU and LV (FOLFIRI), irinotecan
plus bolus 5-FU/LV (mIFL) and irinotecan plus oral
capecitabine (CapeIRI) (designated as period 1). After
a protocol amendment, an additional 117 patients were
randomly assigned to FOLFIRI plus Bev or mIFL + Bev,
whereas, due to toxicity concerns, further enrollment of
CapeIRI was discontinued (designated as period 2). The
results for both periods 1 and 2 demonstrated that FOLFIRI and FOLFIRI+Bev offered superior activity to their
therapeutic alternatives. Furthermore, patients who received FOLFIRI+Bev showed a higher overall response
rate (47% vs 54.4%), a longer PFS (11.2 mo vs 7.6 mo)
and median OS (28 mo vs 23.1 mo) compared to FOLFIRI alone. The fact that infusional 5-FU showed a significant longer PFS compared to the oral 5-FU prodrug,
capecitabine (7.6 vs 5.8, P = 0.015), led to the recommendation to preferentially use infused 5-FU, instead of its
oral prodrug, in combination with irinotecan. However,
a subsequently performed phase Ⅱ trial which assessed
the efficacy and safety of Bev plus oral capecitabine and
irinotecan or FOLFIRI as first line therapy for patients
with mCRC found no difference between the oral and
the infused 5-FU regimen regarding the PFS and OS (9
mo and 23 mo)[7]. The convincing results obtained by
phase 3 combination studies with irinotecan and Bev led
study designers to consider whether Bev could enhance
the effect of any CTX regimen. However, subsequent trials with oxaliplatin-based regimens produced less robust
differences[8-10]. In the Phase-Ⅲ trial, NO16966, by Saltz
et al[10], the effect of capecitabine and oxaliplatin (XELOX)
compared with those of infused 5-FU, LV and oxaliplatin (FOLFOX), with or without Bev, was evaluated in
previously untreated patients with mCRC. Although the
difference in PFS and OS (both 1.4 mo) was statistically
significant for treatment with Bev and Oxaliplatin based
combinations compared to CTX alone, the additional
benefit in PFS and OS was smaller for the oxaliplatin
based regimen than that achieved in the study of Hurwitz
et al[5] (4.4 mo and 4.8 mo, respectively). Another Phase[9]
Ⅲ trial performed by Hochster et al , the TREE study,
investigated the tolerability of oxaliplatin in combination
with 3 different 5-FU regimens (continuous infusion, bolus and oral) with (TREE-2 cohort) or without (TREE-1
cohort) Bev as a first-line therapy for mCRC. The study
showed a benefit in overall response (52% vs 41%), PFS
(9.9 mo vs 8.7 mo) and OS (24.6 mo vs 19.2 mo) in patients treated with FOLFOX6 + Bev compared to CTX

Original sources: Hohla F, Winder T, Greil R, Rick FG, Block
NL, Schally AV. Targeted therapy in advanced metastatic colorectal cancer: Current concepts and perspectives. World J Gastroenterol 2014; 20(20): 6102-6112 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v20/i20/6102.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i20.6102

INTRODUCTION
Worldwide estimates of new cases of colorectal cancer
(CRC) exceed 1.2 million, with more than 600000 deaths
per year [1]. It is estimated that 20% of patients with
CRC have metastatic disease at the time of diagnosis;
20%-25% of patients will experience metastases during
the course of the disease thus resulting in a relatively high
overall mortality rate of 40%-45%[2]. Beside standard
chemotherapy (CTX) with 5-fluorouracil (5-FU) based
regimens, the incorporation of monoclonal antibodies (mAbs) targeting vascular endothelial growth factor
(VEGF) and epidermal growth factor receptor (EGFR)
signaling pathways have further broadened the treatment
options for metastatic colorectal cancer (mCRC) patients. Although the survival for all patients with mCRC
has improved significantly, the 5-year survival rates still
remain low at about 10%, with a median overall survival
(OS) of 24 mo. Thus, new approaches to the treatment
of mCRC are required. Antagonistic analogs of bombesin/gastrin releasing-hormone (BN/GRP) and growth
hormone-releasing hormone (GHRH) as well as targeted
cytotoxic analogs of luteinizing hormone-releasing hormone (LHRH) and somatostatin (SST), linked to chemotherapeutic substances, which have been developed
in our laboratories over the last two decades, have been
shown to be highly effective in suppressing the proliferation of experimental human CRC in vivo and in vitro and
represent an entirely new class of antineoplastic agents
for the treatment of mCRC. In the first part of the present review the most recent data on currently available
biological agents that target the VEGF (bevacizumab,
aflibercept and regorafenib) and EGFR pathways (cetuximab and panitumumab) are highlighted. In the second
part, we summarize experimental studies performed so
far regarding the antiproliferative action of antagonists
of BN/GRP and GHRH as well as cytotoxic analogs of
Somatostatin and LHRH against CRC in vitro and in vivo.

VEGF TARGETING MABS
Bevacizumab
Bevacizumab (Bev), developed in the early 1990s, is a
recombinant, humanized IgG1 mAb effective against
all isoforms of VEGF-A that disrupts their interactions
with VEGFRs[3]. Preclinical studies have demonstrated
that Bev exhibits a broad range of antitumor activity[4].
The most relevant clinical studies with Bev in combination with CTX are summarized in Table 1. In the pivotal
clinical trial of Hurwitz et al[5], designated AVF2107,
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Table 1 Effect of bevacizumab in phase Ⅲ Studies in patients with metastatic colorectal cancer
Study

Treatment

Phase

Hurwitz et al[5],
AVF2107 trial,
2004

First-line

Fuchs et al[6],
BICC-C trial,
2007
Saltz et al[10],
N016966 trial,
2008

First-line

First-line

Hochster et al[9],
TREE1/2 study,
2008

First-line

3

Second-line

3

Second-line

3

Giantonio et al[11],
ECOG E3200,
2007
Bev beyond progression
Bennouna et al[12],
ML18147 (TML),
2012

3

Patients (n )

Regimen

Overall response

Median PFS

Median OS

(mo)

(mo)

10.6

20.3

6.2
P < 0.001
7.6
11.2

15.5
P < 0.001
23.1
28.0

IFL + Bev
vs
Placebo

402

3

FOLFIRI (period 1)
FOLFIRI + Bev (period 2)

144
57

3

FOLFOX-4 or XELOX + Placebo
vs
FOLFOX-4 or XELOX + Bev

701

38%

8.0

19.9

699

38%

mFOLFOX-6
XELOX
mFOLFOX-6 + Bev
XELOX + Bev
FOLFOX + Bev
Placebo

69
48
71
72
290
289

41%
27%
52%
36%
22.7%
8.6%

Continued use of Bev + standard
2nd-line CTX vs 2nd-line CTX alone

409
411

5.4%
3.9%

9.4
P = 0.0023
8.7
5.9
9.9
10.3
7.3
4.7
P < 0.0001
5.7
4.1

21.3
P = 0.077
19.2
17.2
26.1
24.6
12.9
10.8
P = 0.0011
11.2
9.8

P = 0.3113

P = 0.0001

P = 0.0062

411

45%
35%
P = 0.004
47%
54.4%

IFL: Irinotecan/bolus 5-FU/leuvovorin; Bev: Bevacizumab; PFS: Progression free survival; OS: Overall survival; CTX: Chemotherapy.

Regorafenib
Regorafenib is an inhibitor of PDGF receptors, c-KIT,
FGF receptor and VEGF1-3[19]. In the pivotal Phase Ⅲ
study, CORRECT, patients with mCRC who had progressed after all approved drugs were randomly assigned
to Regorafenib or placebo [20]. Treatment with Regorafenib significantly prolonged OS (6.4 mo vs 5.0 mo, P
= 0.0052) and PFS (1.9 mo vs 1.7 mo, HR = 0.49) compared to placebo.

alone. The addition of Bev to second-line CTX with
FOLFOX4, after progression on a CTX regimen without
Bev, was evaluated in the ECOG E3200 Phase Ⅲ trial[11].
The addition of Bev to FOLFOX4 improved response
rates, PFS and OS in patients whose tumors had already
progressed on irinotecan-containing CTX. These findings led to the approval of Bev in combination with CTX
as second-line therapy for mCRC. The first randomized
Phase Ⅲ trial which investigated the efficacy of Bev therapy continuation beyond progression was the ML18147
(TML) study performed by Bennouna et al[12]. In this trial,
patients with mCRC who progressed after a Bev containing first-line CTX were randomly assigned to Bev +
CTX and CTX alone. Continued use of Bev in combination with a standard 2nd line CTX showed a modest but
significant benefit in PFS (5.7 mo vs 4.1 mo, P = 0.0001)
and OS (11.2 mo vs 9.8 mo) compared to CTX alone.

EGFR TARGETING MABS
Cetuximab
Cetuximab is a recombinant, chimeric, human/murine
immunglobulin (Ig)G1 mAb that binds specifically to
the extracellular domain of EGFR in normal and tumor
cells, promoting receptor internalization and degradation
without receptor phosphorylation and activation[21]. The
most relevant clinical studies with cetuximab in combination with CTX are summarized in Table 2. In the pivotal
Phase Ⅱ study, BOND, Cunningham et al[22] randomly
assigned patients with mCRC, who where refractory to
irinotecan based CTX, to either irinotecan and cetuximab
or cetuximab alone. The combination of irinotecan with
cetuximab significantly improved overall response (22.9%
vs 10.8%), median PFS (4.1 mo vs 1.5 mo) and OS (8.6
mo vs 1.5 mo) compared to cetuximab alone. These findings led to the approval of cetuximab for patients with
irinotecan refractory CRC, in the United States and Europe, as well as patients who were refractory to other previous therapies. Several small, retrospective studies have
shown an association between KRAS mutation status and
responsiveness of a colorectal tumor to cetuximab[23-26].

Aflibercept
Aflibercept is a recently developed, multiple angiogenic
factor trap that prevents not only VEGF-A, but also two
additional members of the VEGF family, VEGF-B and
placental growth factor (PlGF), from activating their native receptors (VEGFR-1)[13,14]. These findings suggest
that upregulation of PlGF and VEGF-B with concurrent
activation of VEGFR-1 could be a potential mechanism
of tumor resistance to therapies such as Bev, which targets VEGF-A only[15-17]. The VELOUR trial evaluated
aflibercept plus FOLFIRI vs FOLFIRI alone in patients
with mCRC after progression on an oxaliplatin based
CTX trial[18]. Addition of Bev significantly improved PFS
(6.9 mo vs 4.7 mo, P = 0.0007) and OS (13.5 mo vs 12.06
mo) compared to CTX alone.
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Table 2 Effect of cetuximab in phase Ⅱ/Ⅲ studies in patients with metastatic colorectal cancer
Study
Cunnigham et al[22],
BOND study,
2004

Van Cutsem et al[28],
CRYSTAL trial,
2009

Bokemeyer et al[29,30],
OPUS trial,
2008

Heinemann et al[31],
FIRE-3,
2013

Treatment

Phase

Regimen

Patients (n )

Overall
response

Median PFS
(mo)

Median OS
(mo)

Refractory to
irinotecan

2

Irinotecan+
cetuximab
vs
cetuximab alone

218

22.90%

4.1

8.6

211

FOLFIRI + cetuximab
vs
placebo
(K-Ras mutant)

105

10.80%
P = 0.0074
36.20%

1.5
P < 0.0001
7.6

1.5
P = 0.48
17.5

87

40.20%
OR = 0.80

17.7
HR = 1.03

FOLFIRI + cetuximab
vs
placebo
(K-Ras wild-type)

172

59.30%

8.1
HR = 1.07
P = 0.75
9.9

176

52

8.7
HR = 0.68
P = 0.048
8.6

21.0
HR = 0.84

FOLFOX + cetuximab
vs
placebo
(K-Ras mutant)

43.20%
OR = 1.91
P = 0.004
33%

61

5.5
HR = 1.83
P = 0.0192
7.7

NR

FOLFOX + cetuximab
vs
placebo
(K-Ras wild-type)

49%
OR = 0.507
P = 0.106
61%

297
295

7.2
HR = 0.57
P = 0.016
10.3
10.4
HR = 1.04
P = 0.69

NR

FOLFIRI + cetuximab
FOLFIRI + bevacizumab

37%
OR = 2.54
P = 0.011
62%
57%
OR = 1.249
P = 0.18

First-line

First-line

First line

3

2

3

47

73

24.9

NR

NR

28.7
25.0
HR = 0.77
P = 0.017

PFS: Progression free survival; OS: Overall survival; NR: Not reported.

In the study of Karapetis et al[27] patients with mCRC
refractory to standard treatment were randomly assigned
to receive Cetuximab plus best supportive care (BSC) or
BSC alone, to detect activating mutations in exon 2 of
the KRAS gene. Patients with tumors expressing mutant
KRAS did not respond to cetuximab (overall response
rate 1.2%), whereas patients with tumors harboring a
wild-type KRAS did benefit from cetuximab compared
to BSC alone in terms of overall response rate (12.8% vs
0%), PFS (3.7 mo vs 1.9 mo, HR = 0.4, P < 0.001) and
OS (9.5 mo vs 4.8 mo, HR = 0.55, P < 0.001). In the
patient cohort receiving BSC alone, the mutation status
of the KRAS gene was not significantly associated with
OS (HR = 1.01)[27]. Retrospective analysis of the KRAS
status in the CRYSTAL trial has recently shown statistically significant differences between patients with wildtype KRAS and those with mutant KRAS in response
to FOLFIRI plus cetuximab in terms of PFS (9.9 mo vs
7.6 mo) and overall response (59% vs 36%)[28]. In KRAS
wild-type patients, treatment of mCRC patients with
FOLFIRI plus cetuximab vs FOLFIRI alone significantly
prolonged OS (24.9 vs 21.0, HR = 0.84)[28]. Data from the
OPUS trial showed that the combination of cetuximab
and FOLFOX4 has an overall response rate of 61%
in patients with wild-type KRAS compared with 33%
in those with mutant KRAS[29,30]. In the Phase Ⅲ study
FIRE-3 by Heinemann et al[31], patients with mCRC were
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randomly assigned to FOLFIRI plus either Cetuximab
or Bev. Patients in the cetuximab and Bev arms had similar times to disease progression (10 mo vs 10.3 mo), but
those treated with cetuximab had a significant improved
OS (28.7 mo vs 25 mo, HR = 0.77, P = 0.01).
Panitumumab
Panitumumab (Vectibix®) is a fully human, recombinant
IgG2 mAB that binds specifically and with high affinity to the extracellular domain of EGFR in normal and
tumor cells. Through competitive binding to EGFR
ligands, panitumumab prevents EGFR dimerization,
autophosphorylation and signaling, thereby inhibiting
proliferation and promoting apoptosis[32]. The most relevant clinical studies with panitumumab in combination
with CTX are summarized in Table 3. In a phase-3 trial
Van Cutsem et al[33] randomly assigned patients refractory
to standard treatment, to treatment with panitumumab
and BSC vs BSC alone. Objective response rates favored
panitumumab over BSC (10% vs 0%). Panitumumab
significantly prolonged PFS (8 wk vs 7.3 wk, HR = 0.54)
but did not influence OS (HR = 1.00). A Phase Ⅲ study,
PRIME, evaluated the combination of panitumumab
with FOLFOX4 vs FOLFOX4 alone as first-line treatment of metastatic CRC[34]. The combination therapy
significantly improved PFS compared to CTX alone in
patients with KRAS wild type (9.6 mo vs 8.0 mo, P =
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Table 3 Effect of panitumumab in phase Ⅲ studies in patients with metastatic colorectal cancer
Study
Van Cutsem et al[33],
2007

Douillard et al[34],
PRIME-trial,
2010

Peeters et al[35],
2010

Douillard et al[36],
Update
Prime-trial,
2013

Schwartzberg et al[37],
PEAK-trial,
2013

Treatment

Phase

Regimen

Patients
(n )

Overall response

Refractory to
standard CTX

3

Panitumumab + BSC
vs
BSC

231

10%

232

K-Ras WT
FOLFOX4 + panitumumab
FOLFOX4

First-line

Second-line

First-line

First-line

3

3

3

2

Median PFS
(mo)

Median OS
(mo)

0%
P < 0.0001

HR = 0.54

HR = 1.0

325
331

55%
48%
OR = 1.35
P = 0.068

9.6
8.0
HR = 0.8
P = 0.02

23.9
19.7
HR = 0.83
P = 0.072

K-Ras MT
FOLFOX4 + panitumumab
FOLFOX

221
219

40%
40%

7.3
8.8
HR = 1.29
P = 0.02

15.5
19.3
HR = 1.24
P = 0.068

K-Ras WT
FOLFIRI + panitumumab
FOLFIRI

303
294

35%
10%
P = 0.001

5.9
3.9
HR = 0.73
P = 0.004

14.5
12.5
HR = 0.85
P = 0.12

K-Ras MT
FOLFIRI + panitumumab
FOLFIRI

238
248

13%
14%

5.0
4.9
HR = 0.85
P = 0.14

11.8
11.1
HR = 0.94

K-Ras WT/MT other Ras
FOLFOX4 + panitumumab
FOLFOX4

51
57

NR
NR

7.3
8.0
HR = 1.28
P = 0.326

17.1
18.3
HR = 1.29
P = 0.305

K-Ras + N-Ras WT
FOLFOX4 + panitumumab
FOLFOX

259
253

NR
NR

10.1
7.9
HR = 0.72
P = 0.004

K-Ras WT/MT other RAS
mFOLFOX6 + panitumumab
mFOLFOX6 + bevacizumab

142
143

NR
NR

10.9
10.1
HR = 0.87
P = 0.35

88

NR

13.0

26.0
20.2
HR = 0.78
P = 0.043
Not
Reached
25.4
HR = 0.72
P = 0.14
Not
Reached

82

NR

9.5
HR = 0.65
P = 0.03

29.0
HR = 0.61
P = 0.09

K-Ras / N-RAS WT
mFOLFOX6 + panitumumab
mFOLFOX6 + bevacizumab

PFS: Progression free survival; OS: Overall survival; BSC: Best supportive care; CTX: Chemotherapy; WT: Wild-type; MT: Mutant; NR: Not reported.

0.02) and increased overall response rates (55% vs 48%).
A non-significant increase in OS was also observed for
panitumumab-FOLFOX4 vs CTX alone (23.9 mo vs 19.7
mo, respectively, P = 0.072). Peeters et al[35] randomly assigned patients with mCRC pretreated with one CTX, to
panitumumab plus FOLFIRI vs FOLFIRI alone. In wildtype KRAS exon 2 mCRC patients a significant improvement in PFS (5.9 mo vs 3.9 mo, P = 0.004) and response
rates (35% vs 10%) was observed with the addition of
panitumumab compared to CTX alone. In patients with
mutant KRAS exon 2, there was no difference in efficacy. In order to assess the efficacy and safety of panitumumab plus FOLFOX4 as compared with FOLFOX4
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alone according to the KRAS (exon 2-4) and NRAS
(exon 2-4) mutation status data of the PRIME study
were updated[36]. In patients without any RAS mutation
(KRAS 2-4/NRAS exon 2-4 wild-type) treatment with
panitumumab significantly prolonged PFS (10.1 mo vs 7.9
mo, P = 0.004) and OS (26.0 mo vs 20.2 mo, P = 0.043)
compared to CTX alone. In the trial designated PEAK,
Schwartzberg et al[37] randomly assigned untreated patients
with mCRC to FOLFOX4 plus either panitumumab or
Bev. Again, RAS status was assessed. In RAS wild-type
stratum combination of panitumumab with FOLFOX4
improved PFS (13.5 mo vs 9.5 mo, HR = 0.65, P = 0.03)
and OS (HR = 0.61, P = 0.09) compared to Bev with the
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same combination.

ANTIPROLIFERATIVE EFFECT OF GHRH
ANTAGONISTS IN CRC

ANTIPROLIFERATIVE EFFECT OF BN/GRP
ANTAGONISTS IN CRC

Growth hormone-releasing hormone (GHRH) belongs
to the family of related peptides that includes: vasoactive intestinal polypeptide (VIP), pituitary adenylate
cyclase-activating peptide (PACAP), secretin and glucagon[63]. GHRH released by the hypothalamus, regulates
the secretion of growth hormone (GH) by binding to
specific receptors for GHRH (GHRH-R) in the pituitary gland[40,41,64]. In turn, GH induces the production
of hepatic insulin-like growth factor (IGF-1), which is
a known mitogen and has been linked with malignant
transformation, tumor progression, and tumor metastasis[65]. In addition to its neuroendocrine action, GHRH
functions as an autocrine/paracrine growth factor in various cancers, including CRC[40,66]. Antagonistic analogs of
GHRH, developed our laboratories, strongly suppress
the growth in vitro and in vivo of many experimental cancers including CRC[40,41,54,64,66-68]. The antitumor effects of
GHRH antagonists were initially thought to be exerted
only indirectly through the inhibition of serum IGFⅠ levels. However, evidence suggested, that the principal
antiproliferative effects of GHRH antagonists are exerted
directly through the blocking of the stimulatory loop
formed by GHRH and its receptors on tumor cells. Our
group demonstrated the presence of the pituitary type
GHRH-receptor and four truncated splice variants (SVs)
of GHRH-R in human cancer specimens and cancer cell
lines including CRC[40,66,69,70]. Of the four isoforms, SV1
has the greatest structural similarity to the GHRH-R and
it probably mediates, in concert with GHRH-R, the effect
of GHRH and its antagonists on tumors. We also examined the protein and mRNA expression of GHRH-R and
SV1 in normal human tissues and human CRC tissue by
immunohistochemical staining and RT-PCR[70]. The main
finding was that the expression of GHRH-R and SV1
was absent in normal colonic mucosa but significantly
increased in tubulovillous adenomas and in colorectal
cancers. We assume that this aberrant expression of
GHRH-R and SV-1 in colorectal cancers may provide
a molecular target for a therapeutic approach based on
GHRH antagonists[70]. We showed that GHRH antagonist, JMR-132, significantly decreased the volume of
HT-29, HCT-116, and HCT-15 experimental human colon carcinomas grown as xenografts in athymic nude mice
by up to 75% and also extended tumor doubling times
compared to controls[67]. In other studies, combined treatment in vivo with JMR-132 plus chemotherapeutic agents
5-FU, irinotecan or cisplatin resulted in an additive tumor
growth suppression of HT-29, HCT-116 and HCT-15
human colon cancer xenografts[68]. Cell cycle analysis revealed that treatment of HCT-116 human colon cancer
cells with GHRH antagonist, JMR-132, in vitro was accompanied by a cell cycle arrest in S-phase. Thus, we suggest that JMR-132 enhances antiproliferative effects of
S-phase specific cytotoxic drugs by causing accumulation
of tumor cells in S-phase[68]. The molecular mechanisms

In addition to polypeptide growth factors, such as EGF
family members, much evidence supports the autocrine
involvement of specific neuropeptides, such as gastrin-releasing peptide (GRP), in the proliferation, local invasion,
metastasis and angiogenesis of many tumors including
CRC[38-42]. GRP is a member of the bombesin (BN)-like
peptide family and normally functions as a gastrointestinal hormone and neurotransmitter[43]. From an oncologic
point of view, GRP affects the growth and differentiation
of a number of human tumors including CRC[3,40,41,44-46].
Four receptor subtypes associated with the BN-like peptide family have been identified and cloned[38,47]. Receptor
subtype 1, termed GRP-R, binds BN and GRP with high
affinity. Subtype 2 prefers neuromedin B and subtype 3 is
classified as an orphan receptor because its natural ligand
is not yet identified. A fourth subtype has a higher affinity for amphibian BN than for GRP. These receptors
are coupled to G-protein via their intracellular domains
and, thus, belong to the G-protein receptor superfamily. Studies have shown that receptors for GRP (GRPRs) are overexpressed in human CRC and human CRC
cell lines when compared with normal colonic epithelial
cells[48-55]. Approaches to inhibit the autocrine growth effect of GRP-like peptides on tumor growth in human
and animal studies include receptor antagonists, monoclonal antibodies, vaccination against GRP, antisense
oligonucleotides or bispecific molecules[56]. During the
past decade, a large number of BN/GRP antagonists
were synthesized in our laboratories. Among these compounds were RC-3095 and RC-3940-Ⅱ, both of which
showed strong inhibitory effects on several experimental
cancers including CRC in vitro and in mouse xenografts
in vivo[40,41,54,57-60]. The tumor-inhibitory mechanism of
BN/GRP antagonists appears to be more complex than
a simple competitive action on the receptor and is incompletely understood[40,56]. In xenografts of HT-29 human
CRC inhibition of tumor growth by BN/GRP antagonist, RC-3095, was linked with a significant down-regulation of EGF receptors[61]. In another experiment we
showed that combined treatment with RC-3940-Ⅱ and a
chemotherapeutic agent, such as 5-FU or irinotecan, resulted in a synergistic growth inhibition of experimental
human colon cancers xenografted into nude mice[54]. Cell
cycle analysis of in vitro material revealed that BN/GRP
antagonist, RC-3940-Ⅱ, led to an increase in the number
of cells blocked in S and G2/M phase and fewer cells
with G0/G1 DNA content[54]. A Phase Ⅰ clinical trial with
BN/GRP antagonist, RC-3095, in 25 heavily pretreated
patients with advanced solid malignancies, including 2 patients with mCRC, showed no objective tumor response
at the dosage used[62]. In conclusion, BN/GRP antagonists have shown impressive preclinical antitumor activity
and should be further investigated in clinical trials.
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involved in the antiproliferative effects of GHRH antagonists on tumor cells have not been completely elucidated.
We showed in HCT-116 human colon cancer cells in vitro,
that treatment with GHRH antagonist, JMR-132, causes
significant DNA damage as measured by an increase in
olive tail moment and loss of inner mitochondrial membrane potential. Western blotting demonstrated a timedependent increase in protein levels of phosphorylated
p53(Ser46), Bax, cleaved caspase-9, -3, cleavage of PARP
and a decrease in Bcl-2 levels[67]. Also, an augmentation in
cell cycle checkpoint protein p21Waf1/Cip1 was accompanied
by a cell cycle arrest in S-phase. DNA fragmentation visualized by the comet assay and by the number of apoptotic
cells increased time dependently as determined by flow
cytometric annexin-V and PI staining assays. Thus we
suggest that GHRH antagonists exert their antiproliferative effects on experimental colon cancer cells through
p21Waf1/Cip1 mediated S-phase arrest along with apoptosis
involving the intrinsic pathway[67]. So far GHRH antagonists have not been clinically tested. However, the impressive preclinical activity merits further investigations in
clinical trials.

nificantly inhibited tumor growth of experimental human
colon cancer xenografted into nude mice[75,76]. Cell cycle
analysis showed that treatment of HCT-116 human colon
cancer cells with AN-162 caused a significantly greater increase in the number of S-phase cells and apoptotic cells
as compared to treatment with doxorubicin alone[75]. We
hypothesize that the lesser effect of unconjugated doxorubicin compared to AN-162 could be the reduction of
intracellular drug accumulation caused by increased drug
efflux when Dox alone is used. Cellular resistance (multi
drug resistance, MDR) to doxorubicin is often related
to its rapid efflux from the intracellular environment by
membrane transporters termed p-glycoproteins (Pgp),
products of the multiple drug resistance gene 1 (MDR-1).
To proof this concept, we treated the doxorubicin resistant mouse leukemic cell line P388/R84, which overexpresses the membrane transporter Pgp, with AN-162
and compared to unconjugated doxorubicin. Cell cycle
analysis revealed that AN-162 compared to doxorubicin
caused a progressive accumulation of P388/R84 cells in
S and G2 phase with an increase in the number of apoptotic cells with < G0/G1 content[75]. Thus, treatment efficacy with targeted cytotoxic peptides may be related to
overcoming chemoresistance.

ANTIPROLIFERATIVE EFFECT
OF CYTOTOXIC ANALOGS OF
SOMATOSTATIN, BN/GRP AND LHRH IN
CRC

Cytotoxic LH/RH analogs
The hypothalamic hormone, LHRH, also known as
gonadotropin-releasing hormone is the primary regulator
of gonadal function and reproduction in vertebrates[79].
Receptors for LHRH have been demonstrated in healthy
sex organs, as well as in breast, ovarian, endometrial and
prostate cancers and cell lines of colorectal cancer[71,72,80].
On the basis of the presence of receptors for LHRH on
these tumors, we have developed a new class of targeted
antitumor agents, AN-152 (AEZS-108) and AN-207, by
linking cytotoxic radicals to LHRH agonists[72]. Thus Dox
was coupled to LHRH to form the targeted cytotoxic analog AN-152 (AEZS-108). An even more potent hybrid
molecule, AN-207, was synthesized by conjugating 2-pyrrolino-Dox to LHRH. Both cytotoxic LHRH analogs,
AN-152 and AN-207, powerfully inhibited growth of experimental colon cancers xenografted into nude mice[80].
AN-152 (AEZS-108) has been successfully tested in one
Phase Ⅰ and two Phase Ⅱ studies in patients with heavily
pretreated LHRH-R positive recurrent ovarian and endometrial cancers[71]. Phase Ⅰ/Ⅱ studies with AEZS-108 in
castration-resistant prostate cancer and refractory bladder
cancer are presently in progress with promising results[71].
In our experimental studies, all 5 human CRC cell lines
evaluated expressed LHRH receptors[80]. Currently, there
are no clinical data on the expression of LBHRH receptors in CRC. However, a common practice in clinical
trials with cytotoxic LHRH analog AN-152 on prostatic,
bladder, ovarian and endometrial cancers is to first evaluate the expression of the LHRH receptor in the tumors
of patients by immunohistochemistry. Cytotoxic LHRH
analog, AEZS-108, may be a useful agent for the treatment of LHRH receptor positive advanced colorectal

On the basis of the presence of specific receptors for hypothalamic peptides on various human cancers including
CRC, our group developed targeted cytotoxic analogs of
somatostatin (SST) and LHRH linked to doxorubicin or
2-pyrrolinodoxorubicin[71,72].
Cytotoxic somatostatin analogs, AN-238 and AN-162
The hypothalamic neuropeptide SST exists in two main
active forms: a 14-amino acid peptide and an amino terminally extended version consisting of 28 amino acids[41].
Both forms are present in the gastrointestinal tract inhibiting the secretion of many hormones including growth
hormone, insulin, glucagon, gastrin, secretin and cholecystokinin[41]. At least five distinct SST receptor subtypes,
SSTR1-5, have been characterized[73,74]. These receptors
are distributed in both normal and cancerous tissues,
but found in higher density in the latter as well specifically as in human colon cancer cell lines[40,41,75,76]. While
native SST shows high affinities to SSTR1-5, synthetic
octapeptides such as RC-160 and RC-121, synthesized in
our laboratory, bind preferentially to SSTR2 and SSTR5,
moderately affinity to SST3 and with low affinity to SST1
and SST4[40,73,74,77]. In our endeavour to develop chemotherapy targeted to SSTR, we synthesized two cytotoxic
hybrids of SST, AN-238, AN-162, containing DOX or
the strongly active derivative of DOX, 2-pyrrolino-DOX,
the latter conjugated to the octapeptide SST analog,
RC-121[78]. Both cytotoxic analogs AN-238 (containing
2-pyrrolino-DOX) and AN-162 (containing DOX), sig-
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carcinoma. On the basis of our results, patients with
mCRC could be considered for the inclusion in future
clinical trials with cytotoxic LHRH analog AEZS-108,
after establishing the presence of LHRH receptors in biopsy samples.

4

5

CONCLUSION
The current management of mCRC involves various
active drugs, either in combination or as single agents:
5-FU/LV, capecitabine, irinotecan, oxaliplatin, bevacizumab, aflibercept, regorafenib, cetuximab and panitumumab. The choice of therapy is based on consideration
of the goals of therapy, the type and timing of prior therapy, the different toxicity profiles of the constituent drugs
and the molecular characteristics of the tumor. Treatment
regimens with Bev are independent of the RAS mutation
status and show greater response rates, up to 10%, and
significantly longer PFS and OS in combination with an
irinotecan based CTX. Treatment of Bev with oxaliplatin
based regimens seems to have a more moderate benefit
in PFS and OS. Beyond progression after a Bev containing regimen, continued use of Bev in combination with
a standard second-line CTX significantly improves PFS
and OS. Bev or aflibercept, when given with second-line
CTX, have comparable outcomes, each adding 1.4 mo of
survival time. Regorafenib has been approved as a treatment option for patients with good performance status
and who have received all available agents leading to a
modest OS advantage of 1.4 mo. Recently published data
from the FIRE-3, PRIME and the PEAK trial suggest,
that cetuximab based regimens may lead to improved
OS compared to Bev containing regimens. The observed
survival benefit of EGFR targeting agents may be partially a result of excluding patients with mutated RAS
metastatic colorectal cancers as performed in the PEAK
trial and the updated PRIME study. Therefore, especially
for patients with RAS wild-type mCRC a cetuximabbased treatment may be more beneficial and should be
offered as first line therapy. However, response to treatment is usually temporary in patients with mCRC and
leads to a median survival of 24 mo. Thus receptors for
certain peptide hormones, which are highly expressed in
CRC, may be investigated as therapeutic targets. Targeted
cytotoxic LHRH analog AN-152 (AEZS-108), should be
examined for treatment of patients with LHRH receptor
positive CRC.
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Role of surgery in colorectal cancer liver metastases
Özgür Akgül, Erdinç Çetinkaya, Şiyar Ersöz, Mesut Tez
used increasingly as adjuvant therapy either before or
after surgery. Local tumor ablative therapies, such as
microwave coagulation therapy and radiofrequency ablation therapy, should be considered as an adjunct to
hepatic resection, in which resection cannot deal with
all of the tumor lesions. Formulation of an individualized plan, which combines surgery with systemic CTX,
is a necessary task of the multidisciplinary team. The
aim of this paper is to discuss different approaches for
patients that are treated due to CRC liver metastasis.

Özgür Akgül, Erdinç Çetinkaya, Şiyar Ersöz, Mesut Tez,
Department of General Surgery, Ankara Numune Education and
Research Hospital, 06100 Ankara, Turkey
Author contributions: Akgül Ö drafted the manuscript and approved the final manuscript; Çetinkaya E evaluated the English
language of the paper and approved the final manuscript; Ersöz
Ş helped with the literature search and approved the final manuscript; Tez M critically reviewed the manuscript, and approved
the final manuscript.
Correspondence to: Mesut Tez, MD, Department of General
Surgery, Ankara Numune Education and Research Hospital,
Samanpazarı, 5.cadde 10/3 Bahçelievler, 06100 Ankara,
Turkey. mesuttez@yahoo.com
Telephone: +90-312-5084052 Fax: +90-312-5084052
Received: October 28, 2013 Revised: December 26, 2013
Accepted: February 16, 2014
Published online: February 8, 2015

© 2015 Baishideng Publishing Group Inc. All rights reserved.

Key words: Colorectal cancer; Metastasis; Liver; Prognosis
Core tip: In patients with colorectal liver metastases,
surgical resection is the treatment of choice. This paper
aimed to discuss the goals of surgery, which should
be to resect all metastases with negative histological
margins while preserving sufficient functional hepatic
parenchyma. The paper also discusses treatment options for patients with extensive metastatic disease who
would otherwise be unresectable, such as systemic
chemotherapy, radiofrequency ablation and preoperative portal vein embolization combined with surgery.

Abstract
Colorectal carcinoma (CRC) is the third most common
cancer, and approximately 35%-55% of patients with
CRC will develop hepatic metastases during the course
of their disease. Surgical resection represents the
only chance of long-term survival. The goal of surgery
should be to resect all metastases with negative histological margins while preserving sufficient functional
hepatic parenchyma. Although resection remains the
only chance of long-term survival, management strategies should be tailored for each case. For patients with
extensive metastatic disease who would otherwise be
unresectable, the combination of advances in medical
therapy, such as systemic chemotherapy (CTX), and
the improvement in surgical techniques for metastatic
disease, have enhanced prognosis with prolongation
of the median survival rate and cure. The use of portal vein embolization and preoperative CTX may also
increase the number of patients suitable for surgical
treatment. Despite current treatment options, many
patients still experience a recurrence after hepatic
resection. More active systemic CTX agents are being

WCGO|www.wjgnet.com

Original sources: Akgül Ö, Çetinkaya E, Ersöz Ş, Tez M. Role of
surgery in colorectal cancer liver metastases. World J Gastroenterol
2014; 20(20): 6113-6122 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v20/i20/6113.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i20.6113

INTRODUCTION
Colorectal carcinoma (CRC) is the third most common
cancer and the liver is the most common site of colorectal metastasis, of which 15%-20% of patients will be candidates for hepatectomy[1,2]. Approximately one-third of
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patients will develop liver metastases within three years
after diagnosis[3]. The most common route of dissemination is hematogenous via the portal circulation[4,5].
Surgical resection is the current treatment of choice
for colorectal cancer metastases isolated to the liver, and
has been proven to be the only potentially curative therapy[6,7]. The combination of advances in medical therapy,
such as systemic chemotherapy (CTX), and the function
of surgery for metastatic disease, have enhanced prognosis with prolongation of the median survival rate and
cure[8].
The 5-year survival rates after surgical resection are
reported to be as high as 71% for solitary CRC liver metastasis (CRLM)[9]. Using the multidisciplinary approach
of surgical resection combined with CTX and portal vein
embolization, however, has increased the 3-year survival
rate to 60%-86%[3,10].

no extra liver metastases or they can be controlled; and (5)
the function of the remaining liver will be adequate[15,16].
In recent years, a number of procedures aimed at
improving the rate of surgical resection have been developed. As safety and long-term cancer-related outcomes
develop, indications for liver resection have been enhanced correspondingly.

PREOPERATIVE EVALUATION
A staging system was proposed by the European Colorectal Metastases Treatment Group system that divides the
CRLM into 4 groups. These include M0: no metastases;
M1a: resectable liver metastases; M1b: potentially resectable liver metastases; and M1c: liver metastases that are
unlikely to ever be resectable. For both M1a resectable
patients and M1b patients who qualify as resectable after
systemic treatment, resection offers the possibility of
a cure. For the M1c group, the possibility of resection
should not be excluded and should be based on each case
individually [17].
Multidetector helical CT scans have increased the sensitivity of detecting CRLM to 70%-90% as its resolution
has improved[18]. The resected and residual liver volumes
can be calculated without difficulty, by tracing the liver
regions on transverse CT images and by liver resection
simulation using a dedicated 3-D image analysis software[19].
When MRI using contrast agents is compared with
the CT scan, no distinctive advantage has been obtained[20]. In the detection of extraliver disease, preoperative staging techniques, such as 18F-fluorodeoxyglucose
positron emission tomography (FDG-PET) scanning
or laparoscopic staging, has been shown to be effective[21,22]. Using these techniques, the overall management
plan maybe modified in up to 20%-25% of patients[11,23].
Sensitivity has been shown to increase from 75% to 89%
when CT and FDG-PET are combined, and is considered the gold standard[24].
In patients receiving neoadjuvant CTX, steatohepatitis or liver damage caused by sinusoidal injury may occur.
A physician should be aware of the possible side effects
caused by CTX. Liver disorders have been found to be
associated with an increase in the incidence of perioperative complications of liver resection and of surgical mortality[25,26]. For the purpose of detecting CTX-associated
liver disorders, the indocyanine green (ICG) test has been
widely used[27]. Pathological confirmation via preoperative
biopsy should be avoided, as it may cause tumor seeding
and has adverse effects on both survival and local control[28].

INDICATIONS FOR RESECTION
The resectability of CRLM includes R0 resection, which
includes the sparing of at least two adjacent liver segments having an independent inflow, outflow and biliary
drainage. The remnant liver should not be less than 20%
and 30% of the total liver volume in normal and cirrhotic
patients, respectively, and can be predicted precisely by
computerised tomography (CT) or magnetic resonance
imaging (MRI) in a preoperative setting[11].
CRLM may be classified into three groups according
to resectability: (1) Group one: At presentation the liver
lesion(s) are clearly resectable; (2) Group two: At presentation, the liver lesion(s) are unresectable but potentially
exchangeable to resection after primary CTX, known as
conversion CTX; and (3) Group three: At presentation
the liver lesion(s) are unresectable and are likely to remain
so even with effective CTX[12].
OncoSurge system
The possibility of resection of all liver metastases with
negative margins greater than 1 cm and a residual healthy
liver volume greater than 20% defines the OncoSurge
system. The performance status and the percentage of
the remaining healthy liver create the prognostic factors.
The extraliver metastases (hilar lymph nodes, lung,
ovary, and/or adrenal metastases) are not contraindications against performing surgery. Currently, approximately 20% of the patients with CRLM can be resected
with an estimated 5-year survival of 50%[13]. Advanced
age was once perceived as a relative contraindication, but
liver resections are now routinely performed for patients
in their 70s and 80s[14].
The 2010 guidelines for the treatment of colorectal
cancer published by the Japanese Society of Cancer of
the Colon and Rectum (JSCCR) list five conditions as criteria indicative for the resection of CRLM: (1) the patient
is capable of tolerating surgery; (2) the primary tumor
has been controlled or can be controlled; (3) the metastatic liver tumor can be completely resected; (4) there are
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PROGNOSTIC FACTORS AFTER LIVER
RESECTION
The microscopic status of the resected margin is the
most important prognostic factor for overall survival,
and incomplete tumor removal is often damaging to the
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overall long-term outcome. The presence of a positive
margin increases recurrence rates, and reduces overall
and disease-free survival[11]. The effect on prognosis with
extraliver spread has also been shown to be detrimental;
however, some research has proven the opposite[29].
A number of factors have been identified in the literature with regards to prognosis after liver resection. The
most common factors include: liver portal lymph node
metastasis, number of metastases, a positive resection
margin, the presence or absence of extraliver metastasis,
and synchronicity/metachronicity. Other primary tumor
factors consist of the degree of differentiation, depth
of wall invasion and positive lymph node metastasis.
Metastatic lesion factors, however, include > 4 individual
tumors, degree of differentiation (poorly differentiated),
and maximum tumor diameter; one surgical factor is a
resection margin of < 10 mm; and background factors
include high carcinoembryonic antigen (CEA) before
hepatectomy and disease-free duration of < 1 year[29,30].
Another important factor effecting prognosis for
a patient undergoing liver resection is the response to
CTX[31]. A study by Adam et al[32] showed that if tumor
progression continued whilst receiving CTX (oxaliplatin
or irinotecan-based) this was independently associated
with decreased survival rate in patients with an objective
response, stabilization and progression of a 5-year survival rate of 37%, 30% and 8%, respectively.
Other prognostic factors that remain a subject of debate are the spread to lymph nodes by the original CRC
and the maximum size of metastases [29]. Another factor
investigated was the interval between the CRC operation
and detection of CRLM; while some studies support
this[30,33], others contradict it as a predictive factor[34,35].
The difference between synchronously and metachronously presenting metastases has also been investigated
and the majority of studies have shown that it lacks prognostic value[29]. Studies have also failed to show bilobar
spread as a prognostic factor[29,33,35].

carcinoma and CRLM is that in hepatocellular carcinoma,
the tumors can often be peeled off even if they seem to
be closely attached to the liver vein or Glisson’s sheath.
However, in CRLM, forced peeling may cause local recurrence because of the high propensity for infiltration.
When metastatic lesions are attached to major vessels,
the vessels have to be sacrificed, even if the size of the
metastatic lesions is small, sometimes necessitating liver
segmentectomy, hemi-hepatectomy, or reconstruction of
the liver and portal veins[26,39].
Approaches to CRLM surgery vary from country to
country. In western countries, a more common procedure is simple hemi-hepatectomy, usually because of normal liver function, because it confers sufficient tolerance
to surgery, and its technical ease. In contrast, in Japan,
non-anatomic partial resection is more commonly used,
even in patients with multiple tumors; the purpose is to
leave as much residual liver volume as possible[26]. When
multiple metastatic lesions occur in one lobe of the liver
and/or when infiltration is observed in the major Glisson’
s sheath, liver segmentectomy or hemi-hepatectomy, is required. When the residual liver volume is estimated to be
insufficient, preoperative portal vein embolization should
be considered[26], and is advised in patients where the degree of surgical resection will result in a liver volume of
less than 25%-40%, which is less than the optimal functional liver to prevent postoperative liver failure[11]. This
treatment increases the expected residual liver volume by
approximately 20%-40% in 2-4 wk[40,41].
Criteria for the residual liver volume may vary depending on what is considered acceptable in terms of
surgical mortality and complication rates, and 20% residual liver volume is considered to be sufficient in some
facilities[42]. In patients who were otherwise considered
unresectable, a 2-stage hepatectomy procedure, with or
without portal vein occlusion, has been shown to allow a
curative resection in up to 20% of patients. However, approximately 20%-30% of these patients will not complete
the 2nd-stage resection because of disease progression[43].
Since the preliminary description of 2-stage hepatectomy,
this new surgical strategy has confirmed its effectiveness in improving the resectability rate of patients with
multiple bilateral liver metastases not resectable by single
hepatectomy[44,45].
The two-staged hepatectomy utilizing PVE alongside
CTX allows for a major colorectal resection with minor
wedge resection in the first stage and major hepatectomy
in the second stage[10]. Although this procedure has been
shown to be successful, a major downside of the 2-stage
procedure is that there is a 30% dropout rate because
of disease progression of the disease after the 1st-stage
hepatectomy. A potential explanation for early disease
progression has been investigated in some experimental
studies, which showed that both liver resection and portal vein occlusion result in an increased expression of
growth factors and residual CRLM[43].
In recent years, the choice of resection procedure has
been determined by considering the areas of congestion

LIVER RESECTION PROCEDURES
The process of resection has proven to be very safe, with
an operative mortality < 5%. Recovery is rapid, with a
median hospital stay of 5-7 d for minor liver resection
and 7-10 d for major resection[6].
Studies have shown that the type of resection, whe
ther anatomical or non-anatomical, is of no consequence,
as long as negative histological margins can be accomplished[36]. However, a cautionary note is that during
resection, the liver must be preserved as much as possible. The use of non-anatomical resection has certain
advantages, such as lower blood loss and shorter duration
of hospitalization[37]. If radical resection can be achieved,
a better prognosis than that of non-curative resection
cases can be expected, even for patients with multiple
CRLMs[38]. One of the most important determinants of
surgical procedure is the location of the tumor. The difference between surgical procedures for hepatocellular
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caused by resection of the major liver veins. When the
expected residual liver volume is less than the required
volume, reconstruction of the liver vein is taken into
consideration[26,46].

in the opposite lobe; major vascular pedicles of the liver
may become tumor-free; and large lesions may become
accessible to ablative techniques, when they shrink to less
than 3 cm in diameter[12].
A study by Adam et al[51] showed in a case series of
1104 patients with initially unresectable liver metastases
that the 5-year survival rate of the resected patient (12%)
following primary CT was 33%, which approached the
5-year survival rate of resectable patients in the same
period (equal to 48%). Particularly impressive is the ability of regional CTX to convert unresectable patients to
resectable. Studies have shown that chemotherapeutic
regimens can downstage 15%-50% of patients from
unresectable to resectable. The optimal regimen is currently under debate, as is the optimal period for which
to be on downstaging therapy before resection. Some
authors may argue that resection should be performed as
soon as lesions become resectable, whereas others would
argue between maximum response (usually 4 mo) and
first subsequent progression, which is usually 9 mo[6].
Clavien et al[52] reported a conversion rate of nearly 30%
for regional liver arterial infusional (HAI) floxuridine
(FUDR), whereas Kemeny et al[53] reported a rate of >
50% for a regimen combining HAI FUDR with systemic
FOLFOX.
In clinical trials using FOLFOX and FOLFIRI, the
response rate for unresectable liver metastatic lesions
exceeded 50%, with rates of 43%-81% reported with the
addition of the molecular targeted drug bevacizumab
or the anti-epidermal growth factor receptor (EGFR),
antibodies cetuximab or panitumumab[16]. Azoulay et al[54]
showed that, although the required residual liver volume
after liver resection is > 25% for a healthy liver, this rises
to > 40% when high-volume anticancer agents have been
administered preoperatively.

SIMULTANEOUS COLO-RECTAL AND
LIVER RESECTION FOR SYNCHRONOUS
METASTASES
There are two strategies with respect to the timing of liver resection for synchronous CRLM. One of these methods is resection at the same time as the primary tumor is
removed; this is termed as synchronous resection. The
second is performed 2-3 mo after removal of the primary
tumor and the resection is performed if curative liver resection is possible, termed as metachronous resection[16].
The choice of method is debatable. If the primary CRC
has been removed, a delay in resection of synchronous
secondaries is justified by the need to recover from the
primary resection, or if the patients have comorbidities
that require optimization of medical condition. If the patient has synchronous primary and metastatic disease that
can be safely removed in the same operation, a combined
resection is justified[47].
In a study from the Memorial Sloan-Kettering Cancer
Center, total hospital stay and blood loss were reduced
in the simultaneous resection group, with no sacrifice in
mortality or complications. The outcomes of the patients
undergoing major liver resections were also clearly superior to the patients with a sequential operation[47].
Reddy et al[48] reported on the experience of simultaneous resections, and demonstrated that combining
minor liver resection with resection of the colorectal primary shortened total hospitalization without compromising safety.
On the other hand Lambert et al[49] stated that there
was no difference in survival rates between patients undergoing synchronous and metachronous resections, and
that secondary metastases tend not to occur after removal
of the primary tumor. They concluded that metachronous resection should be performed, and synchronous
resection should only be recommended if there is a possibility that metastatic lesions may grow during the waiting period and become harder to resect. Some studies
have shown an increase in mortality when the primary
has been combined with major hepatectomy, with operative mortality as high as 17%[50].

EXTRALIVER DISEASE
Although patients with previously unresectable CRLM
may now become candidates for resection following
tumor downsizing after treatment with neo-adjuvant
CTX[55], extraliver disease (EHD) has been considered by
most to be a contraindication for hepatectomy. On the
other hand, with improved treatment responses observed,
there are increasing reports that suggest that long-term
survival rates are being obtained in patients with CRLM
with EHD after surgical resection[51,56].
A review of the literature by Chua et al[57] evaluated 22
studies that included 1142 patients with CRLM and concomitant EHD, they concluded that resection of CRLM
with EHD is a safe surgical option with median mortality
rates of less than 1% and a median post operative complication of 28%. The results appeared to be similar with
patients undergoing liver resection for isolated CRLM
alone. However, resection of CRLM with more than one
site of EHD do not benefit from this radical approach.
Therefore, it would be important to perform surgery only
for patients with single site extraliver metastases. Adam

TREATMENT OF UNRESECTABLE LIVER
METASTASES
Conversion CTX is administered to patients with initially
unresectable disease, with the intention of downsizing
the tumor burden, and, ultimately, considering resection
in the pre-operative setting. Downsizing of CRLM has
numerous advantages, such that small metastases can
disappear in one lobe allowing resection of metastases
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et al[58] reported the extraliver disease features of patients
undergoing liver resection and concomitant surgery for
CRLM with EHD, of which 39% of patients with lung
metastases, 89% of patients with lymph node metastases
and 92% with peritoneal metastases had complete resection. The low rate of complete resection of lung metastases was the result of pulmonary metastasectomy often
being performed as sequential treatment after liver resection and during this interval, 68% of patients developed
evidence of disease progression.
The review by Chua et al[57] stated that studies have
shown patients with lung metastases have the most favorable survival outcome when compared with patients with
lymph node and peritoneal metastases. Nevertheless, the
median 3-year survival rate in patients with lymph node
or peritoneal metastases was still in excess of 28%. They
concluded that poorer survival rates of patients who had
lymph node or peritoneal metastases whose resection
was performed at the time of liver resection compared
with a sequential approach for lung metastases could be
explained by the self selection of favorable responders
to undergo pulmonary metastasectomy and the exclusion
of patients whose disease progressed[57]. Another factor
is the location of the abdominal lymph node metastases,
which should be considered when selecting patients for
resecting lymph node. Pulitanò et al[59] reported that EHD
with porto-caval lymph node had a 27% 5-year survival
rate compared to 7% in patients with aorto-caval lymph
node metastases. In the series reported by Adam et al[58]
there were no 5-year survivors observed in the case of
celiac or para-aortic lymph nodes compared with a 25%
5-year survival rate observed in patients with only pedicular lymph nodes. From these two large studies, the spread
of nodal metastatic disease from the porto-caval lymph
nodes along the hepatoduodenal ligament towards the
celiac axis and the retroperitoneal nodes impact survival
negatively. Performing an extended lymphadenectomy
in patients with advanced nodal metastasis beyond the
porto-caval lymph nodes does not seem to improve survival[59].

5FU/LV, improved median survival rates of patients
with metastatic disease from 8 to 12 mo[61]. However, in
the attempt to improve treatment results and to increase
the proportion of patients exposed to all active agents,
a combined administration of 5FU/LV, irinotecan and
oxaliplatin (FOLFIRINOX) has been developed. FOLFIRINOX was evaluated in the first line in comparison
with the standard FOLFIRI (folinic acid, fluorouracil,
irinotecan). FOLFIRINOX proved to be more effective
[in ORR, progression free survival (PFS) and OS] than
FOLFIRI and was associated with a higher secondary
resection rate of liver metastases (36% vs 12%, P = 0.017).
This regimen had high ratio of side effects (grade 3/4
neutropenia = 50% vs 28%) and requires close follow
up[62,63].
Additional agents aimed at improving outcomes in
combination with CTX are the use of biological agents,
such as Bevacizumab and Cetuximab. These two molecules are currently included in the first line treatment
of metastatic CRC. Bevacizumab is a humanized monoclonal antibody targeting the most important factor
implicated in tumor angiogenesis called vascular endothelial growth factor (VEGF), and was the first molecule
developed in the treatment of CRLM in which studies
have confirmed its benefits[64-69]. Cetuximab is a chimeric
monoclonal antibody targeting the epidermal growth factor receptor (EGFR). Two randomized trials in metastatic
setting showed that adding cetuximab to FOLFIRI or
FOLFOX, improved outcomes in patients with K-RAS
wild-type tumors. With the use of bevacizumab and cetuximab in combination with CT, survival of patients has
improved to more than 24 mo[68,69].

PREOPERATIVE CTX
Neoadjuvant CT, which is the administration of CTX
pre-operatively in patients with resectable diseases, has a
number of potential benefits, such as increasing resectability, limiting the hepatectomy, treating micro-metastases and enabling the evaluation of chemosensitivity
of the disease, which will in turn provides direction as
to whether CTX should be given after the resection of
metastases. The most important problem associated with
neoadjuvant CT is the progression of metastases during
neoadjuvant CT[12].
The duration of CT administration has shown to be
an important factor affecting morbidity rates. One study
with more than 12 courses of CT, was associated with
higher risk of postoperative complications, whereas another showed that postoperative morbidity was higher
in patients receiving more than six cycles of CT before
surgery[70,71]. The administration of preoperative CTX
has been shown to improve postoperative disease-free
survival[72]. Preoperative CTX may result in certain side
effects, such as liver damage, which increases hepatectomy-associated complications. CTX-associated steatohepatitis (CASH), a syndrome characterized by liver
steatosis, splenomegaly and thrombocytopenia, has been

ADJUVANT SYSTEMIC CTX
The goals of adjuvant CTX after liver resection are to
prevent recurrence in the residual liver and to treat latent extraliver metastases[16]. Surgery enables complete
resection of the tumor and CTX allows for targeting
micrometastatic disease. This was observed in a study
by de Haas et al[60] that compared R0 and R1 resections.
They showed a higher recurrence rate in patients with R1
resections, but similar overall survival amongst patients
with R0 and R1 resection owing to the concurrent treatment with effective CTX.
Standard treatment for CRLM prior to the year 2000
was based on palliative CT using single-agent 5FU (or
fluoropyrimidine drugs) combined with folinic acid (LV),
which had a response rate of approximately 20%. Initial
randomized studies confirmed that a regimen based on

WCGO|www.wjgnet.com

1752

February 8, 2015|First Edition|

Akgül Ö et al . Colorectal cancer liver metastases

described[73]. Another possibility is that tumors may become unresectable during CTX. It is for this reason that
the choice of regimen and duration of administration
are important factors in preoperative CTX for resectable
cases[16].

when confined to three or less well-resectable lesions[85,86].
In addition, eligible patients should have a good performance status and low co-morbidity[87]. The literature also
reports that disease that responds adequately to neoadjuvant systemic CTX, i.e., a reduction of overall tumor
burden or no progressive disease during treatment, as
having less aggressive tumor biology. This is cited as a
favorable factor in selecting patients for this aggressive
approach[88].

RECURRENCE AND REPEAT RESECTION
Up to 55%-60% of patients will develop recurrent liver
metastasis, the majority within the first 2 years[74]. Even
when liver resection is performed with curative intent,
60%-70% of patients will develop local, regional, or
distant recurrence[74]. Multiple studies have shown that
the results of repeated curative resection are comparable
to the first resection in terms of overall survival[75], and
compared to the first resection, the only difference of
the second and the third hepatectomy is that the surgical
technique becomes more difficult[11].
Additional to liver recurrences, lung, abdominopelvic,
bone and brain recurrences may also occur. Control of
liver disease can enhance long-term survival; however,
the eventual sites of cancer recurrence justify systemic
adjuvant therapy[6]. The same criteria as those for initial
liver resection can be applied to intraliver recurrence after
hepatectomy, in principle, and resection is actively repeated[38,76].

ABLATIVE TREATMENT
Alternate treatment strategies for patients with unresectable liver tumors or as adjuncts in total cancer therapy
have been developed. These liver treatment procedures
can be divided into two groups: regional transarterial
therapies and local (chemical and thermal) ablative therapies. Transarterial therapies deliver the chemotherapeutic
agents to the tumors via their blood supply to induce
cytotoxic ischemia. Chemical and thermal ablative therapies, by contrast, cause tumor necrosis by injection of
cytotoxic or ischemia-inducing chemicals or transmission
of thermal energy into the tumor tissue itself[89,90].
For liver malignancies that are unresectable, various
ablative modalities are available- the most frequent one
being radiofrequency ablation (RFA). Several large case
series studies have demonstrated long-term survival rates
for patients treated with RFA, which are comparable
to those of resected patients[91,92]. However, the lack of
complete coagulative necrosis and the persistence of
residual tumor cells after RFA result in high local recurrence rates[93,94].
The role of RFA in CRLM is limited to patients with
unresectable liver metastasis because of lesion size, location or other comorbidities precluding surgical procedure.
The results for RFA are undoubtedly inferior to surgical
resection, with 3-year survival rates of 46%, and 5-year
survival rates less than 20%. As in HCC, RFA of CRLM
is also associated with a high recurrence rate (12% at 1
year and 50%-70% at 5 years) and the size of ablated lesion is an important predictive factor for local recurrence
and overall survival; such that a 5-year overall survival
rate of 56% is observed after RFA of solitary lesions < 2.5
cm, compared with only 13% for lesions > 2.5 cm[90]. Tumor ablation has also increasingly been used in combination with resection. This procedure should only be used
in those patients who are not completely resectable[6].
Another type of ablative treatment is microwave
radiation, which refers to heat matter by agitating water
molecules in the surrounding tissue, producing friction
and heat, thus producing cellular death via coagulative necrosis[95]. A study by Shibata et al[96] compared microwave
coagulation therapy to surgical resection and showed no
statistically significant difference in survival rates; the only
difference was the amount of intraoperative blood loss.

MANAGEMENT OF COLORECTAL LIVER
METASTASIS WITH SYNCHRONOUS
PERITONEAL CARCINOMATOSIS
Development of distant metastases from CRC to the
peritoneum, i.e., peritoneal metastases (PMs) are seen in
10%-25% of CRC patients. The sole site of metastasis
is the peritoneum in up to 25% of patients[5,77]. PMs are
generally considered a local form of CRC dissemination[78].
Although untreated PM is associated with poor survival rates of about 6-12 mo, even modern systemic CTX
does not seem to gain any clinically significant gain in
survival for patients presenting with PM[79,80].
The presence of liver metastasis is considered a contraindication for colorectal surgery and hyperthermic
intraperitoneal CTX[81]. Additionally, the presence of PM
is also considered a contraindication for curative resection of CRLMs[82]. Both separate sites of metastasis have
been curatively treated by surgery, and cases have been
reported of patients with PM of CRC that have been
treated with a combination of resection, including that
of liver metastases and HIPEC. This has proven to be
feasible[80].
Despite the fact that the presence of CRLM is officially a contraindication for cytoreductive surgery and
HIPEC, there is a selected group of patients presenting
with a combination of CRLM and PM that may be curatively treated by an aggressive surgical approach[82-84].
In 2008, a consensus was agreed upon, stating that
concomitant liver metastases are only to be resected
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surgery is not possible in most CRLM patients. The role
of other local therapeutic techniques, alone or combined
with surgery or CTX, is not yet established in a multidisciplinary therapeutic approach. It is critical to understand
molecular mechanisms of tumorigenesis underlying new
therapeutic strategies that specifically target tumors. This
will lead to the evolution of personalized therapies for
patients with CRLM.
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Core tip: Many types of cancer-associated sialoglycoconjugates are produced during oncogenesis or in
various stages of malignant transformation. Aberrant
expression of sialoglycoconjugates has been evaluated
in many histochemical and molecular biological studies.
An overview of the current knowledge is crucial to understand its clinicopathological utility in diagnosing and
treating colorectal cancer. The biological significance
of sialoglycoconjugates in the progression of cancer is
also discussed. This review may contribute to expanding the use of cancer-associated sialoglycoconjugates
in cancer diagnosis and therapy.
Original sources: Inagaki Y, Gao J, Song P, Kokudo N, Nakata
M, Tang W. Clinicopathological utility of sialoglycoconjugates in
diagnosing and treating colorectal cancer. World J Gastroenterol
2014; 20(20): 6123-6132 Available from: URL: http://www.wjgnet.com/1007-9327/full/v20/i20/6123.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i20.6123

Abstract
Aberrant expression of glycoconjugates occurs during
malignant transformation of cancer cells. Overexpression of sialoglycoconjugates in particular may play
an important role in the progression, i.e. , invasion or
metastasis, of cancer. Various types of sialoglycoconjugates have been investigated to clarify their biological
significance and clinical utility in diagnosing and treating
colorectal cancer. This review focuses specifically on
expression of mucin (MUC) 1 and it suggests that MUC1
with the specific structure of a sialo-oligosaccharide has
biological significance in determining the metastatic potential of colorectal cancer cells and clinicopathological
utility in evaluating the effectiveness of treatments and
the prognosis for patients with colorectal cancer. Further studies are expected to contribute to the expanded
use of cancer-associated sialoglycoconjugates in cancer
diagnosis and therapy.

INTRODUCTION
Expression of various substances changes drastically
during oncogenesis and the subsequent stages of cancer
progression. The expression profile of components on
the cell membrane in particular has a significant role in
the proliferation and migration of cancer cells. Detecting
cancer-associated molecules is an effective way to predict
the prognosis for cancer patients.
Sialoglycoconjugates with a molecular structure con
taining sialo-oligosaccharides are expressed in many
types of cells, where they participate in various biological
events, e.g., cell adhesion and recognition[1]. The overexpression of sialoglycoconjugates, however, has been
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detected in cancer cells or tissues and may correlate with
cancer behavior[2-4]. Many histochemical studies using
colorectal cancer tissues have shown that elevated expression of sialoglycoconjugates was related to a worse
prognosis for patients. Furthermore, molecular biological
studies have revealed that those overexpressed sialoglycoconjugates had specific structures of sialo-oligosaccharides. The present article reviews the clinicopathological
utility of sialoglycoconjugates in diagnosing and treating
colorectal cancer and its metastatic foci, and discusses the
biological significance of sialoglycoconjugates in the progression of cancer.

in colorectal cancer cells may change the function of
various glycoconjugates and trigger events in cancer
progression. Many previous studies also investigated
altered expression of sialoglycoconjugates themselves.
These sialoglycoconjugates have been designated cancerassociated molecules. Major cancer-associated sialooligosaccharides and sialoglycoconjugates that have been
studied in relation to colorectal cancer are described later.
Cancer-associated sialyl-Lewis and sialyl-Tn antigens
Specific types of sialo-oligosaccharides and sialoglycoconjugates have garnered the attention of efforts to
understand the biological and clinical significance of
colorectal cancer behavior. Sialyl-Lewis-related antigens
such as sialyl-Lewis x (sialyl-Lex) and sialyl-Lewis a (sialylLea) antigens are the sialo-oligosaccharide complexes
most often investigated in relation to colorectal cancer.
The sialyl-Lewis structure consists of an N-acetylglucosamine (GlcNAc)-Gal backbone with an α2,3-linked sialic
acid bound to Gal and fucose bound to GlcNAc. Elevated levels of sialyl-Lewis-related antigens are induced
by down-regulation of ST6GalNAc VI, which transfers
α2,6-linked sialic acid to GlcNAc to synthesize a disialyl Lewis structure[19,20]. This disialyl-Lewis structurecontaining oligo-saccharide is expressed in normal tissue,
so down-regulation of ST6GalNAc VI followed by formation of a sialyl-Lewis structure may be an important
event during the malignant transformation of colorectal
cancer. Furthermore, enhanced fucosyltransferase activity also leads to the stimulation of a cancer-associated
sialyl-Lewis structure[21,22]. However, several studies have
noted that expression of fucosyltransferases was not significantly enhanced in colorectal cancer tissues compared
to adjacent normal tissue[23,24]. Although findings for
colorectal cancer tissues are not consistent, the systematic
regulation of glycosyltransferases plays an important role
in expression of sialyl-Lewis-related antigens.
Another cancer-associated sialo-oligosaccharide antigen is sialyl-Tn antigen. This antigen is slightly expressed
in normal epithelial tissue and therefore is highly specific
as a cancer-associated molecule. The structure of sialylTn consists of a terminal sialic acid α2,6-linked to GalNAc that is bound to the serine or threonine residue of
a protein. Studies have suggested that the major regulator
of sialyl-Tn antigen expression is ST6GalNAc Ⅰ[25,26].
However, Vázquez-Martín et al[27] found that there was no
correlation between ST6GalNAc Ⅰ activity and the histological level of expression of sialyl-Tn antigen in colorectal cancer tissues. In addition, another sialyltransferase,
ST6GalNAc Ⅱ, synthesizes sialyl-Tn antigen in vitro and
may be related to expression of sialyl-Tn antigen, along
with ST6GalNAc I, in colorectal cancer[28]. A systematic
mechanism is thought to induce the overexpression of
sialyl-Tn antigen in colorectal cancer tissue.
Sialo-oligosaccharides play a significant biological
role in cancer progression, and especially in cancer invasion and metastasis (Figure 1). Sialyl-Lex and sialylLea antigens function as a ligand of selectins. Sialyl-Lex

MOLECULAR CHARACTERISTICS
AND BIOLOGICAL SIGNIFICANCE
OF SIALOGLYCOCONJUGATES IN
COLORECTAL CANCER
Sialo-oligosaccharides as a whole
There are three types of linkages between sialic acid
and terminal galactose (Gal) or N-acetylgalactosamine
(GalNAc) residues, but expression of glycoconjugates
with α2,3- or α2,6-sialylated oligosaccharides in particular has often been investigated in relation to colorectal
cancer. The sialic acid-binding lectins Maackia amurensis
leukoagglutinin (MAL) and Sambucus nigra agglutinin
(SNA) were used to respectively detect the expression of
[5,6]
α2,3- and α2,6-sialoglycoconjugates . Overexpression
of sialoglycoconjugates recognized by those lectins was
frequently detected in colorectal cancer tissue compared
to surrounding non-cancerous tissue[7-9]. Various sialyltransferases contribute to creation of cancer-associated
sialo-oligosaccharides, and some types of sialyltransferases such as β-galactoside α2,6-sialyltransferase (ST6Gal
I) and α2,3-sialyltransferase (ST3Gal I) enhance their
activity in colorectal cancer tissues[10-13]. Results of those
studies suggested that overexpression of sialoglycoconjugates via activation of sialyltransferases occurs during
the malignant transformation of cancer. Overexpression
of sialoglycoconjugates has two patterns: (1) upregulating
modification of sialo-oligosaccharides to glycoconjugates; and (2) upregulating expression of sialoglycoconjugates themselves. Alteration of the sialic acid moieties
of glycoconjugates induces biological behavior of cancer
cells, such as activation of motility and resistance to cell
death and drugs (Figure 1). Several reports have shown
that upregulation of α2,6 sialylation, and especially the sialylation of β1 integrins, is associated with the adhesion,
migration, and invasion of colorectal cancer cells[14-16].
Swindall et al[17] revealed that the death receptor Fas is
a substrate of ST6Gal Ⅰ and that α2,6 sialylation of
Fas confers protection against Fas-mediated apoptosis.
ST6Gal Ⅰ also catalyzed the sialylation of epidermal
growth factor receptor (EGFR) and the loss of this sialylation by ST6Gal Ⅰ knockdown increased the anticancer effect of the EGFR kinase inhibitor gefitinib[18].
In light of these findings, activation of sialyltransferases
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Sialylation of b1 integrin stimulates
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Dissemination

Survival
x
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and sialyl-Le , interact with selectins
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cell survival and drug resistance of
cancer cells, respectively

Figure 1 Relationship between altered expression of sialoglycoconjugates and various steps of metastasis. EGFR: Epidermal growth factor receptor.

antigen expressed on leukocytes interacts with selectins
expressed on activated vascular endothelium, inducing
the rolling of leukocytes and contributing to recruitment
of leukocytes to inflammatory lesions[29]. The interaction
of sialyl-Lex and sialyl-Lea antigens with E-selectin also
contributes to the adhesion of cancer cells to the vascular
endothelium[30,31]. Cancer cell lines expressing sialyl-Lex
and/or sialyl-Lea antigens adhered to human umbilical
vein endothelial cells, and this interaction was inhibited
by use of anti-E-selectin antibody or benzyl N-acetyl-α[31]
D-galactosaminide
. In addition, this effect depended
on the expressed level of sialyl-Lex antigen in colorectal
cancer cells. Sialylation of glycoprotein CD44 and mucin
may be altered in case of overexpression of sialyl-Tn
antigen. CD44 is a transmembrane protein related to cell
adhesion, and its splice variant (CD44v) carrying sialyl-Tn
antigen was upregulated in colorectal cancer cells and was
related to enhanced metastatic potential[32]. Sialo-mucins,
and especially MUC1, also carry sialyl-Tn antigen in their
extracellular highly glycosylated domains, and overexpression of sialyl-Tn antigen is related to worse tumor
behavior, as described later. In other molecules, integrin
β1, MUC1, and osteopontin may be sialyl-Tn antigen

WCGO|www.wjgnet.com

carriers and contribute to the stimulation of cell migration, but their biological significance in colorectal cancer
is still a subject of debate[4]. Although additional evidence
should be accumulated from biochemical and molecular
biological studies, the upregulated modification of sialylTn antigens may disable the primary function of those
proteins and induce an invasive phenotype in colorectal
cancer cells. Histochemical analysis indicated that tissues
from colorectal metastases had a significant increase in
sialyl-Tn and sialyl-Lex expression compared to primary
tumor tissues[33]. Alteration of the level of expression of
glycoconjugates with those sialo-oligosaccharides occurs
during the process of metastasis and is perpetuated in
cancer cells in metastatic foci. This biological phenomenon can be utilized to develop sensitive methods for
detecting metastatic tissues.
Carcinoembryonic antigen
Carcinoembryonic antigen (CEA) was first identified by
Gold and Freedman and its expression was detected in
colon cancer and other cancers of digestive organs as
well as fetal digestive system tissues[34,35]. A subsequent
study indicated that CEA was expressed in normal body
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Table 1 Antibodies against mucin 1 recognizing various epitopes
Antibody

Epitope

Antigen

DF3
NCL-MUC-1-CORE
MY.1E12
NCL-MUC-1-GP
KL-6

Core peptide sequence (DTRPAPGS) in the extracellular tandem repeat
Core peptide sequence (GVTSAPDTRPAP) in the extracellular tandem repeat
O-linked Sialyl T1 antigen in the extracellular tandem repeat
Carbohydrate in the extracellular tandem repeat
Core peptide sequence (PDTRPAP) with O-linked Sialyl T1 antigen in the extracellular tandem repeat
3'-sialylated, 6'-sulfated LNnT2 and 3'-sialylated, 6-sulfated T antigen3
Core peptide sequence (PDTR) in the extracellular tandem repeat

Poorly glycosylated MUC1
Poorly glycosylated MUC1
Sialylated MUC1
Sialylated MUC1
Sialylated MUC1

HMFG-1

Highly-glycosylated MUC1

1

Sialyl T: Neu5Acα2,3Galβ1,3GalNAc; 23'-Sialylated, 6'-sulfated LNnT: Neu5Acα2-3(SO3−-6)Galβ1-4GlcNAcβ1-3Galβ1-4Glc; 33'-Sialylated, 6'-sulfated T:
Neu5Acα2-3Galβ1-3(SO3−-6)GalNAc. MUC1: Mucin 1.

intestine and the colon[47]. MUC5AC is not expressed in
normal colonic epithelium whereas de novo expression was
frequently detected in adenoma and carcinoma tissues
of the colon[48,49]. As a transmembrane mucin, MUC1
has often been investigated to clarify its significance in
the progression, i.e., invasion or metastasis, of colorectal
cancer. MUC1 has a variable number of tandem repeats
of the 20 amino acids in its extracellular domain. This
tandem repeat sequence contains a number of O-linked
glycosylation sites, and the level of glycosylation of those
tandem repeats is a characteristic of MUC1[50]. There
are various antibodies that can recognize different types
of MUC1 molecules (Table 1). Antibodies recognizing
the core peptide sequence can detect poorly glycosylated MUC1 while antibodies recognizing glycosides on
the tandem repeat domain can detect highly glycosylated MUC1[51-56]. Various forms of MUC1 with different glycoforms are expressed in colonic epithelium and
tumor cells, and those glycoforms may change during
disease progression. The present review has focused on
alteration of sialo-oligosaccharide expression. There are
several antibodies recognizing sialylated MUC1, such as
monoclonal antibody MY.1E12 and KL-6. Monoclonal
antibody MY.1E12 was established by immunizing mice
with human milk fat globules and was found to recognize
[55,57]
. The latter
α2,3-sialylated O-linked oligosaccharides
monoclonal antibody, KL-6 antibody, also recognizes
MUC1 and was obtained by Kohno et al[58,59] from a hybridoma established from the splenocytes of a BALB/c
mouse immunized with a human pulmonary adenocarcinoma cell line, VMRC-LCR. The epitope structure of
KL-6 antibody is still being studied. A chemical study by
Ohyabu et al[60] showed that the minimal antigenic structure recognized by KL-6 antibody was a heptapeptide
sequence (PDTRPAP) with the sialo-oligosaccharide
Neu5Acα2,3Galβ1,3GalNAcα. A recent study by Seko
et al[61] showed that the epitope of KL-6 antibody has
a 3’-sialylated, 6’-sulfated lacto-N-neotetraose (LNnT)
and 3’-sialylated, 6’-sulfated core 1 structure. A previous
study by the current authors confirmed this relationship between expression of KL-6 mucin and metastatic
potential through analysis using colorectal cancer cell
lines[62]. A cytochemical assay detected KL-6 mucin in
the surrounding membrane and cytoplasm of cell lines
with a high metastatic potential but not in cell lines with

fluids and mucosal tissues and had a variety of cross-reacting forms that induced variable expression patterns[36].
Sanders et al[37] showed that Lex and sialyl-Lex were coexpressed on CEA-related glycoproteins, thus suggesting
that CEA is a transmembrane sialoglycoconjugate. CEA
expressed on the cell surface was found to act as a homotypic intercellular adhesion molecule, and CEA may contribute to colon carcinogenesis by inhibiting differentiation of colonic epithelium[38]. Alteration of the expression
and distribution of CEA may have an important role in
the metastasis of colon cancer to the liver[39]. Colorectal
cancer cells with elevated expression of CEA by transfection of cDNA had an enhanced potential for metastasis
to the liver in nude mice[40]. In addition, circulating CEA,
which is elevated in patients with various gastrointestinal
cancers, was recognized by a receptor expressed on the
liver cell surface[41]. This biological phenomenon may lead
to the induction of a receptor for circulating cancer cells
that express CEA-related glycoproteins, enhancing the
metastatic potential of cancer cells.
Cancer-associated mucin
Mucins are expressed in gastrointestinal tissues, including the large intestine [42]. Mucins are categorized as
transmembrane (MUC1, MUC3A, MUC3B, MUC4,
MUC12, MUC13, MUC15, MUC16, and MUC17) or
secreted (MUC2, MUC5AC, MUC5B, MUC6, MUC7,
and MUC19). The level of each mucin’s expression or
secretion differs in different types of tissues and organs.
Colorectal tissue mainly contains several types of secreted mucins (MUC2, MUC5AC) and transmembrane
mucins (MUC1, MUC3, MUC4, and MUC12), and alteration of their expression may be related to the malignancy
of colorectal cancer. MUC2 and MUC5AC are clustered
at the same chromosomal locus (11p15.5), and their expression may be regulated by a common mechanism[43].
In colorectal cancer cells, however, repression of mucin
transcription is controlled by the epigenetic mechanism
of methylation[44,45]. MUC2 expression decreases in differentiated colorectal adenocarcinoma tissues but not in
mucinous carcinoma tissues, whereas MUC5AC expression increases in differentiated colorectal adenocarcinoma
but decreases in mucinous carcinoma tissues[46]. A study
of Muc2-deficient mice showed that decreased expression of MUC2 induced tumor formation in the small
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a low metastatic potential. Thus, this study indicated that
expression of KL-6 mucin affected cancer cell morphology and metastatic potential. The clinicopathological
significance of the expression of KL-6 mucin in the surrounding membrane and/or cytoplasm, which may be an
important indicator of the liver metastasis of colorectal
carcinoma, is discussed later.

the oligosaccharide structure, specific molecules of sialoglycoconjugates have been used as diagnostic markers
with a high level of sensitivity. Antibodies against various sialo-oligosaccharides, such as sialyl-Lex, sialyl-Lea,
and sialyl-Tn antigens, have been used in histochemical
and serological analyses of colorectal cancer. Several
histochemical studies suggested that the overexpression
of sialyl-Lex or sialyl-Lea antigen can be used to evaluate worse tumor behavior, such as cancer cell invasion
and metastasis, as well as worse patient survival [74-77].
Histochemical expression of sialyl-Tn antigen was also
analyzed and may be related to worse patient survival[78].
However, other studies have found no significant association between sialyl-Tn antigen expression and prognosis
for patients with colorectal cancer[79]. Nakagoe et al[80]
compared the clinicopathological significance of those
three antigens and found that patients with overexpression of sialyl-Le x antigen had a shorter disease-free
survival time than those with low levels of expression
of sialyl-Lex antigen. In another study, the same authors
found that overexpression of sialyl-Lex antigen was significantly related to a worse overall survival rate[81]. Although studies have described varying clinicopathological
significance, the histochemical expression of those antigens, especially sialyl-Lex antigen, is considered an effective way to predict recurrence and worse patient survival.
Numerous serological studies of sialo-oligosaccharide
antigens have been conducted, and those studies have
cited their clinical utility as markers of colorectal cancer.
Elevated levels of serum sialyl-Lex, sialyl-Lea, and sialylTn antigen may be useful markers for predicting the
metastasis of colorectal cancer along with serum CEA
levels[82]. Carbohydrate antigen (CA) 19-9 (identical to sialyl-Lea) and CEA have frequently been studied to clarify
their effectiveness as markers to determine the prognosis
for patients with colorectal cancer. These antigens could
possibly be used to predict the recurrence of colorectal
cancer. Many studies have suggested that patients with elevated preoperative serum levels of CEA and/or CA19-9
frequently experience recurrence[83-86]. The combined
evaluation of CEA and CA19-9 is recommended for
better sensitivity[87,88]. If the preoperative levels of CEA
and/or CA19-9 are elevated, a decrease in the postoperative levels of these antigens could be used to evaluate
the effectiveness of surgery. Furthermore, measurement
of these antigen levels in serum during chemotherapy in
patients with colorectal liver metastases helps to evaluate
the effectiveness of treatment[89-91]. Recurrent elevation
of antigen levels is significantly related to recurrence or
progression of disease. According to studies, monitoring
serum levels of CEA and CA19-9 perioperatively or during treatment such as chemotherapy may be a method to
detect recurrence or measure therapeutic efficacy[92].

CLINICAL UTILITY OF
SIALOGLYCOCONJUGATES IN
DIAGNOSING AND TREATING
COLORECTAL CANCER
Cancer-associated molecules have been used to detect
cancer and diagnose cancer behavior[63,64]. Molecules secreted by cancer cells into a patient’s blood in particular
are effective as serological markers to screen for cancer
and predict patient outcomes[63,65]. Furthermore, the levels
of those molecules in serum may be related to cancer behavior and patient prognosis. Clinicopathological analysis
of levels of serological and histological markers has suggested that marker expression plays a functional role in
cancer progression, such as cancer cell invasion and metastasis[66-71].
Sialoglycoconjugates as a whole
Lectin-immunohistochemical studies have revealed aberrant expression of sialoglycoconjugates in colorectal cancer tissue. Compared to α2,3-linked sialoglycoconjugates
(recognized by MAL lectin), α2,6-linked sialoglycoconjugates (recognized by SNA lectin) are significantly related
to a worse prognosis for patients with colorectal cancer[7,8]. In a previous study, the current authors detected
overexpression of α2,3- and α2,6-linked sialoglycoconjugates in colorectal cancer tissues and found that this overexpression was associated with worse patient survival[9].
Elevated expression of α2,6-linked sialoglycoconjugates
was detected in cancerous tissue with lymphatic vessel
and venous invasion, lymph node metastasis, and a more
advanced tumor stage. Metastatic lymph node tissues also
exhibited overexpression of those sialoglycoconjugates.
The histological significance of expression profiles of
those sialoglycoconjugates is still a subject of debate. An
elevated level of total sialic acid was also detected in serum from patients with colorectal cancer[72,73]. In a study
of patients with distant metastasis of colorectal cancer,
an elevated level of total sialic acid in plasma decreased
significantly as a result of 5-fluorouracil administration,
eventually dropping below normal levels[73]. Although the
correlation between overexpression in cancerous tissue
and elevated levels in serum is still not clear, sialoglycoconjugates may be used to screen for patients with metastasis and evaluate the effectiveness of treatments.

Cancer-associated sialo-mucin, MUC1
The structure and level of expression of various sialoglycoconjugates change during cancer formation and
progression. Several types of mucins have been studied

Sialoglycoconjugates with cancer-associated sialooligosaccharides
Because sialoglycoconjugates have various moieties of
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cancer. Moreover, recent studies by the current authors
and their colleagues have analyzed the clinicopathology
of MUC1/KL-6 in colorectal cancer and liver metastases[103-105]. Localization of MUC1/KL-6 in the surrounding membrane and/or cytoplasm of colorectal cancer
cells was significantly related to the presence of lymphatic
vessel invasion, venous invasion, lymph node metastasis,
and an advanced TNM stage as well as worse overall survival[103]. Although further studies should be conducted
to determine its specificity, detection of subcellular localization of MUC1/KL-6 might help to evaluate cancer
behavior and the prognosis for patients. In addition,
analysis of colorectal metastasis to the liver indicated that
the surrounding membrane and/or cytoplasm of cancer
cells had immunoreactivity for MUC1/KL-6 while the
surrounding non-cancerous liver tissue had no immunoreactivity for MUC1/KL-6[105]. This result suggested that
MUC1/KL-6 is effective in sensitive detection of liver
metastasis. Although further studies should be conducted
with larger samples, MUC1/KL-6 may possibly be used
to detect the foci of liver metastasis of colorectal cancer.

Overexpression in cancerous tissue
Evaluation of cancer behavior
Histological

Detection of small cancer tissues (especially
tissues of metastasis)
Supportive decision of therapeutic strategy
Elevation in serum of cancer patients
Screening of cancer patients

Serological

Evaluation of therapeutic effect
Detection of cancer recurrence

Figure 2 Clinical utility of sialoglycoconjugates as histological and serological markers in colorectal cancer.

exhaustively to understand their clinical utility. Decreased
expression of MUC2, a secreted mucin, was frequently
detected in colorectal adenocarcinoma tissues and significantly related to recurrence and worse survival[93,94].
MUC1, a transmembrane mucin, has often been investigated as a cancer-associated mucin antigen while a few
studies have analyzed the pathological utility of other
antigens. Shanmugam et al[95] immunohistochemically analyzed MUC4 in colorectal cancer tissue and found that a
high level of MUC4 expression was significantly related
to shorter survival for patients with colorectal cancer, especially for those with early stages of cancer. The present
review has focused on expression of MUC1 in colorectal
cancer and its clinicopathological significance. A number
of studies have examined MUC1 expression in colorectal
cancer tissue and analyzed its pathological significance
and clinical utility[96-98]. Baldus et al[99] histochemically
analyzed MUC1 (detected using antibodies recognizing
the tandem repeat peptide), MUC2, sialyl-Lex, and sialylLea antigens in colorectal cancer tissues. They found that
strong immunoreactivity for MUC1 was correlated with
an advanced tumor stage and the presence of distant metastasis and they posited that MUC1 may be an independent predictor of survival.
However, some reports have noted that aberrant expression of MUC1 is more prevalent in advanced stages
of colorectal cancer tissue but is not significantly related
to various clinicopathological features[100]. Studies have
differing views on the clinicopathological significance
of MUC1 expression overall in cancerous tissue. MUC1
has been localized in cancer cells and tissue. Stromal
MUC1/MY.1E12 (detected using the monoclonal antibody MY.1E12) was frequently detected in advancedstage cancer tissue and was significantly related to the
presence of distant metastasis[101]. Expression of MUC1/
KL-6 (detected using the monoclonal antibody KL-6)
at the deepest site of invasion by colorectal cancer was
significantly associated with the presence of lymphatic or
venous invasion, lymph node and distal metastasis, and
an advanced Duke’s stage[102]. According to these studies,
specific types of MUC1 expression could be used clinicopathologically to evaluate the behavior of colorectal
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CONCLUSION
Many types of cancer-associated sialoglycoconjugates
are produced during oncogenesis or in various stages of
malignant transformation. Each of these sialoglycoconjugates has a characteristic role, such as cancer cell invasion or metastasis, that contributes to the progression
of cancer. That said, these sialoglycoconjugates can also
be used to evaluate cancer behavior, and clinicians have
used several sialoglycoconjugates as markers to evaluate
the effectiveness of treatments or detect the recurrence
of cancer (Figure 2). Further verification of the utility of
sialoglycoconjugates will encourage their continued use
and highlight their clinical utility. Furthermore, use of
sialoglycoconjugates in combination with unique imaging
techniques such as molecular fluorescent imaging may
lead to establishment of novel methods for diagnosing
cancer with a high level of sensitivity. Use of cancerassociated sialoglycoconjugates is expected to expand in
the future.
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Core tip: Pulmonary metastasectomy is now the accepted treatment of choice in the multimodal management
of metastatic colorectal cancer. There is no absolute
contraindication for pulmonary metastasectomy as long
as complete resection can be achieved. However, there
are still many questions regarding the proper indication
of pulmonary metastasectomy, for example: How many
times can pulmonary metastasectomy be performed for
recurrent pulmonary metastases? How many nodules
can be resected safely and effectively in patients with
recurrent and multiple metastatic nodules? This article
reviews the different therapeutic strategies for patients
with pulmonary metastases of colorectal cancer, with a
particular focus on these questions.
Original sources: Kim HK, Cho JH, Lee HY, Lee J, Kim J. Pulmonary metastasectomy for colorectal cancer: How many nodules,
how many times? World J Gastroenterol 2014; 20(20): 6133-6145
Available from: URL: http://www.wjgnet.com/1007-9327/full/v20/
i20/6133.htm DOI: http://dx.doi.org/10.3748/wjg.v20.i20.6133

Abstract
Colorectal cancer (CRC) is one of the most common
cancers worldwide, with 5%-15% of CRC patients
eventually developing lung metastasis (LM). Despite
doubts about the role of locoregional therapy in the
management of systemic disease, many surgeons have
performed pulmonary metastasectomy (PM) for CRC
in properly selected patients. However, the use of pulmonary metastasectomy remains controversial due to
the lack of randomized controlled studies. This article
reviews the results of surgical treatment of pulmonary
metastases for CRC, focusing on (1) current treatment
guidelines and surgical techniques of PM in patients
with LM from CRC; (2) outcomes of PM and its prognostic factors; and (3) controversial issues in PM, focusing
on repeated metastasectomy, bilateral multiple metas-
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INTRODUCTION
Colorectal cancer (CRC) is one of the most common
cancers worldwide[1]. Although mortality from CRC has
decreased by almost 35% from 1990 to 2007, possibly
due to earlier diagnoses through screening and improved
treatment modalities, CRC remains the second leading
cause of cancer death in the United States [2,3]. Recurrence is the primary reason for treatment failure, and
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approximately 50% of patients undergoing resection of
CRC develop metastases[4-6]. The most common sites of
metastasis from CRC are the liver and lungs, with 5%-15%
of CRC patients eventually developing lung metastasis
(LM)[4-8].
As in other conditions with a diagnosis of stage Ⅳ
disease, LM in CRC indicates widespread hematogenous
dissemination of cancer. If untreated, patients with LM
have a median survival of less than 10 mo and a 5-year
survival rate of less than 5%[9,10]. When used for hepatic
metastases of CRC, chemotherapy in combination with
surgery may prolong survival time or downsize the lesions to render them resectable in patients who were
previously considered inoperable[11]. However, there is
still controversy over the optimal management strategy.
Despite doubts about the effect of locoregional therapy
in the management of systemic disease, many surgeons
have performed surgical resection of LM in properly
selected patients[12-17]. Numerous studies have suggested
that resecting LM offers a better chance of survival compared with the expected 5-year survival rate of less than
10% for stage Ⅳ CRC managed with palliative chemotherapy[18,19]. Thus, pulmonary metastasectomy (PM) has
become widely accepted as a potentially curative treatment option for LM from CRC[20].
However, the role of surgery in patients with LM
remains controversial due to the lack of prospective randomized controlled trials comparing PM with a control
of either medical therapy or observation[21]. Retrospective
and non-comparative studies include only candidates selected as suitable for PM and exclude those who cannot
be offered PM. The encouraging outcomes of PM to
date might therefore be attributed to the fact that selected
candidates already have beneficial prognostic factors, typically resectability, rather than the benefit of surgical resection per se[22], and it is therefore unknown whether the
reported good results are due to surgery or selection[23].
Nonetheless, the fact that there is insufficient evidence
supporting PM in the total patient population with stage
Ⅳ CRC does not necessarily mean that the opportunity
of surgery should be denied for selected patients who
could benefit from PM. Moreover, since chemotherapy
alone is not quite reliable in controlling LM in many
cases, the best way to improve treatment outcomes is to
carry out PM more aggressively in patients who are most
likely to benefit from PM.
No one would argue about offering PM when a solitary, slowly growing, and isolated LM is detected after a
long disease-free interval. Conversely, it would be unreasonable to recommend PM when numerous metastatic
lesions are extensively widespread in both lungs and
extrathoracic organs within several months after surgical resection of CRC. Between these extremes however,
there are always borderline cases with a combination of
favorable and unfavorable features in which the indication of PM is uncertain, such as recurrent LM after first
PM, bilateral multiple metastases, or synchronous liver
and lung metastases. This review discusses the accumulat-
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ed knowledge regarding: (1) current treatment guidelines
and surgical technique of PM in patients with LM from
CRC; (2) outcomes of PM and its prognostic factors; and
(3) controversial issues regarding PM, focusing on repeated metastasectomy, bilateral multiple metastases, and
combined liver and lung metastasectomy.

TREATMENT GUIDELINE
Since Blalock first described pulmonary resection for
metastases from CRC[24], PM has become the mainstay of
treatment for LM in a highly selected subset of patients.
In 1965, Thomford et al[25] suggested the criteria for resection of LM as follows: (1) patient is low risk for surgical
intervention; (2) primary site is controlled; (3) no other
extrapulmonary metastases exist, or if present, it can be
controlled by surgery or another treatment modality; and
(4) pulmonary metastases are thought be completely resectable. These criteria have been generally accepted by
most surgeons and must be met when considering PM[26].
However, these guidelines have inherent limitations
due to not being based on the results of randomized
controlled trials. In addition to the rarity of LM patients,
ethical dilemmas about withholding surgery in an ideal
candidate make it difficult to conduct randomized trials.
Instead, the rationale for PM is supported by other lines
of evidence, such as multi-institutional prospective data
registries and systematic review of non-randomized or
non-comparative studies. The International Registry of
Lung Metastases was established in 1991 by the European Society of Thoracic Surgeons (ESTS)[12]. Said registry
is a large prospective study encompassing a total of 5206
patients who underwent surgery at 18 sites in Europe,
the United States, and Canada[12]. With a 5-year survival
of 36% in patients undergoing complete resection, this
study made a substantial contribution to the consideration of PM as an effective therapy[12]. Several authors
have reported the results of systematic reviews in order
to overcome the limitations of previously published retrospective series based on small numbers of patients[14-17].
Pfannschmidt et al[14] conducted a systematic review of
1870 patients from 20 published case series, summarizing
the available evidence for the effectiveness of PM with
an emphasis on prognostic factors that influence survival.
Recently, Gonzalez et al[17] performed a more extensive
meta-analysis of series published between 2000 and 2011
that included 2925 patients from 25 studies.
Based on these efforts to seek a higher level of evidence from previously reported studies, new indications
for PM in metastatic CRC patients have been established
by the National Comprehensive Cancer Network (NCCN)
as follows[3]: (1) complete resection based on the anatomic location and extent of disease with maintenance
of adequate function is required; (2) the primary tumor
must have been resected for cure; (3) resectable extrapulmonary metastases do not preclude resection; (4) reresection can be considered in selected patients; and (5)
patients with resectable synchronous metastases can be
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resected synchronously or using a staged approach.

determined.
Surgical technique
As in other surgical techniques for primary malignant
tumors, the most important aspect that can never be
compromised in PM is completeness of resection[36]. At
the same time, healthy lung parenchyma should also be
preserved as much as possible[36]. These essential considerations should be kept in mind when planning PM in
patients with LM from CRC. To achieve better outcomes
of surgical treatment while adhering to this principle,
several important issues need to be addressed, including
surgical approach, minimally invasive surgery, extent of
resection, and lymph node dissection.

CURRENT PRACTICE
Preoperative imaging tests
According to the NCCN, the Association of Coloproctology of Great Britain and Ireland, and the Danish
Colorectal Cancer Group[3,27,28], the initial staging procedure should include preoperative chest computerized
tomography (CT). The use of CT is justified by its higher
overall sensitivity than chest X-ray and higher sensitivity
for LM less than 1 cm in diameter than positron emission
tomography (PET)[29,30]. As well in terms of a PET/CT
scan, these are below the level of routine chest CT detection, especially for sub-centimeter lesions; a PET/CT
scan is not routinely indicated as a baseline for preoperative workup[3,31]. A PET/CT scan is considerable only if
prior anatomic imaging indicates the presence of potentially surgically curable M1 disease, with the purpose to
evaluate for unrecognized metastatic disease that would
preclude the possibility of surgical management[3].
Application of an appropriate CT acquisition technique is a prerequisite for the optimal evaluation of pulmonary metastasis. This includes, most importantly, the
use of thin-section (1-2 mm) image reconstruction, in
addition to appropriate exposure factors. The high sensitivity of CT scans is not accompanied by an equally high
specificity; therefore this staging procedure reveals lung
lesions of uncertain nature in up to one-third of patients,
with some of these indeterminate nodules representing
metastatic disease[30,32,33]. Nordholm-Carstensen et al[34]
recently performed a systematic review of 12 studies that
included the prevalence of indeterminate pulmonary
nodules and specific radiological and clinical characteristics that predict their malignancy at initial staging chest
CT in patients with colorectal cancer. Among a total of
5873 patients, 9% had indeterminate pulmonary nodules
at chest CT, of which 10.8% (95%CI: 10.3%-11.2%)
turned out to be colorectal cancer metastases at followup[34]. Generally, regional lymph node metastasis and
multiple numbers of indeterminate pulmonary nodules
were predictive of malignancy, whereas calcification of
the nodules indicated benign lesions. However, nodules
that are truly metastatic disease cannot be definitively
identified by specific radiological characteristics, therefore
the demonstration of indeterminate pulmonary nodules
should not delay curatively intended surgery[34].
Regarding the follow-up duration for indeterminate
pulmonary nodules in patients with CRC, at least two
consecutive annual studies are suggested as a minimum
requirement to document stability. According to the
NCCN guidelines 2014 Ver. 1.0[3], a follow-up every 3-6
mo for the initial 2 years and every 6-12 mo for an additional 3 years in cases with metastatic disease, or three
annual follow-ups for the initial 2 years in cases with no
metastasis, is recommended for surveillance of metastasis[35]. However, the optimal follow-up duration for surveillance of pulmonary metastasis has yet to be definitely
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Surgical approach: For unilateral lesions, anterior or
posterolateral thoracotomy has been the most commonly
used approach in PM[13]. Thoracotomy offers reasonable access to all areas of the hemithorax for performing
wedge and other anatomic resections, along with systematic mediastinal and hilar lymph node dissection[37]. Some
surgeons suggested that a median sternotomy is the best
approach to ensure a more complete resection for all lesions, even unilateral ones, as it can provide access to bilateral hemithoracic cavities through a single incision[38,39].
However, a study by Roth et al[40] comparing median
sternotomy with unilateral thoracotomy demonstrated no
survival advantage of the bilateral approach through median sternotomy. Moreover, a major limitation of median
sternotomy is poor exposure of lesions located at the
posterior aspect of the lung. Saito et al[41] reported that
the survival of patients undergoing simultaneous bilateral
PM by median sternotomy was significantly lower than
that of those undergoing unilateral or bilateral sequential
PM, and postulated that remaining lesions after median
sternotomy could be the reason for the poor prognosis
of patients with bilateral LM. It is difficult to determine
the optimal timing of surgery involving simultaneous or
sequential bilateral thoracotomies. Careful patient selection is required when considering simultaneous bilateral
thoracotomies because this approach may substantially
affect respiration in the immediate postoperative period.
Pfannschmidt et al[37] showed that the surgical method did
not influence long-term survival when all metastases were
completely resected.
Open approach vs video-assisted thoracic surgery:
As a minimally invasive surgery, video-assisted thoracic
surgery (VATS) is now the method of choice for the
treatment of stage Ⅰ non-small cell lung cancer[42]. Several surgeons have advocated the use of the VATS technique for PM, arguing that it offers a decrease in postoperative morbidity, pain, and duration of hospital stay[43,44].
However, most surgeons still prefer the open approach,
since it allows for manual palpation of the entire lung parenchyma, thus enabling detection of additional smaller
lesions that are rarely found by thoracoscopic instruments[13]. Many authors have expressed concern about the
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risk of missing small metastatic lesions during VATS[45-47].
Another potential concern is whether a safe resection
margin can be adequately obtained through VATS[48]. Resection of lesions located deep in the lung parenchyma
with a safe surgical margin may be technically demanding
given the limited exposure in VATS. Even though they
are advocates of VATS for PM, Chao et al[49] admitted
that they found a closer resection margin in the VATS
group.
The use of helical CT has been shown to improve
detection of smaller pulmonary nodules during VATS
when compared with conventional CT[50-52]. If a lesion is
too small to be detected on high-resolution CT, manual
palpation is also almost impossible. Therefore, surgeons
in favor of VATS for PM argue that there is no need for
manual palpation through thoracotomy for these tiny
nodules. Nakajima et al[53] found that more than 40% of
pulmonary nodules 5 mm or smaller at CT in patients
with suspicious LM were not pulmonary metastases,
which implies that thorough bimanual palpation might
potentially overestimate the number of pulmonary nodules[48]. Given that repeated metastasectomy does not adversely affect postoperative morbidity and survival, even
lesions that are missed at initial PM can be re-resected
safely and effectively[54,55]. Because LM is a systemic disease, better compliance with adjuvant therapy after VATS
should also be considered[56]. More importantly, Onaitis
et al[57] reported no difference in recurrence-free survival
between VATS and thoracotomy for PM, suggesting that
resection of very small nodules may not significantly contribute to recurrence-free survival even if thoracoscopic
palpation is inferior to that performed through thoracotomy. Despite its limitations, VATS is being applied to
PM more and more frequently based on the benefits of
minimal invasiveness[48,49,51-53,57]. Although the fact that
VATS is a less invasive technique is undeniable, completeness of resection cannot be sacrificed in exchange
for reduced invasiveness. However, if complete resection
can be guaranteed then there is no reason to avoid VATS
for PM. More evidence supporting the benefit of VATS
for CRC patients with LM is required.

ever, if multiple lesions are scattered over more than one
lobe or throughout both lungs, it is difficult, and even
harmful, to perform a lobectomy for every single lesion.
Moreover, considering the potential for recurrent LM
after initial PM, wedge resection would be helpful in preserving the lung parenchyma as much as possible in case
further metastasectomies are needed in the event of relapse. Surprisingly, Yedibela et al[58] and Lin et al[59] reported significantly better survival on multivariate analysis for
patients undergoing lobectomy for LM. Except for these
reports, however, most authors have shown that there are
no significant differences in treatment outcomes between
wedge resection and lobectomy. Given the high risk of
postoperative morbidity and mortality, pneumonectomy
is usually not indicated, except in extremely exceptional
cases[36,60].
Lymph node dissection: The role of mediastinal lymph
node dissection (MLND) in PM remains controversial.
Systematic MLND offers accurate staging and thus provides a better understanding of the extent of disease.
Given that the reported incidence of mediastinal lymph
node metastasis ranges from 10% to 33%[37,61-66], a significant number of metastasectomies performed without
MLND but considered complete resection may actually
have been incomplete[64]. The presence of mediastinal
lymph node metastases suggests more aggressive features
of LM, and consequently has a significantly unfavorable
influence on long-term survival. Welter et al[66] reported
that 5-year survival rates with or without lymph node
metastases were 19% and 42%, respectively (P = 0.02).
Therefore, proponents of routine MLND argue that
PM is not worthwhile in patients with mediastinal lymph
node metastases, with palliative chemotherapy being recommended in such cases instead[37,61-66]. Although some
authors demonstrated that there were long-term survivors after MLND despite their metastatic nodal involvement[67], a therapeutic effect of MLND has not been
fully proven. Thus, many surgeons still do not routinely
perform MLND in their clinical practice. A recent survey among members of the ESTS found that only 13%
of responding surgeons routinely performed complete
mediastinal lymphadenectomy, and approximately 32%
performed neither lymph node sampling nor dissection[13]. To clarify the role of MLND in patients with LM
of CRC, the following questions need to be addressed:
Should MLND be performed regardless of the probability of mediastinal lymph node metastases based on
imaging studies at the expense of potentially increased
complication rates, or should MLND be applied selectively according to the location, number, and size of
lesions in patients with LM of CRC? When mediastinal
lymph node involvement is unexpectedly found during
PM, should PM with MLND be performed or should the
procedure be stopped? If MLND reveals the presence of
mediastinal lymph node metastases, should systemic chemotherapy be recommended? Prospective, randomized

Extent of resection: Lobectomy is the standard procedure for patients with early-stage non-small cell lung
cancer, whereas wedge resection is the preferred procedure for LM, especially those located in the periphery of
the lung. Wedge resection can be justified only if there
is a safe resection margin around the metastatic lesion.
It is therefore necessary to establish how wide the safe
resection margin should be. To prevent local recurrence,
Rusch recommended a margin of normal lung tissue of
least 0.5-1.0 cm in all directions, thus removing a conicalshaped wedge of lung parenchyma circumferentially
around the nodule[36]. On the other hand, lobectomy can
be a reasonable option for cases in which wedge resection
is not feasible, such as lesions located deep in the hilum
or multiple lesions localized within a single lobe. How-
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studies are required to answer these questions.

liver metastases can be applied to those undergoing PM
for LM remains unknown. Therefore, whether patients
undergoing PM for LM of CRC will benefit from perioperative chemotherapy requires further evaluation.

Perioperative chemotherapy
The treatment options for advanced colorectal cancer
have been almost exclusively based on 5-fluorouracil
(5-FU) for more than three decades[68]. Until the early
1990s, 5-FU, often modulated by leucovorin, was the only
effective chemotherapy available, although it resulted in
meaningful responses in only a small minority of treated
patients. The recent integration of oxaliplatin and irinotecan for the management of advanced CRC patients
has significantly extended median overall survival[68,69].
Currently, combination chemotherapy including 5-FU,
leucovorin, and oxaliplatin (FOLFOX) or 5-FU, leucovorin, and irinotecan (FOLFIRI) is the most widely
used regimen, and the addition of molecular targeting
agents, such as cetuximab or bevacizumab, has resulted in
further significant increases in response rate and overall
survival[70,71]. In CRC patients with potentially resectable
liver metastases, perioperative combination chemotherapy with the FOLFOX regimen is recommended, as it
improves progression-free survival at 3 years by 7%-8%.
In patients with surgically resectable CRC with liver metastases, perioperative chemotherapy is frequently given
for 3 mo before and 3 mo after surgical resection of the
metastases. However, the duration of chemotherapy or
the timing of metastasectomy can vary among patients.
If no preoperative chemotherapy has been administered,
postoperative chemotherapy with FOLFOX is recommended. Currently, there is a lack of robust evidence
that the addition of a biological, such as bevacizumab or
cetuximab, improves the outcome in CRC patients with
resected metastases compared with chemotherapy alone.
Initially unresectable liver metastases can be converted to resectable disease after downsizing the tumor
with chemotherapy. Standard combination chemotherapy
regimens comprising FOLFIRI or FOLFOX have been
reported to facilitate resection in 7%-40% of patients
with initially unresectable metastases, depending upon
the initial selection of patients. Nevertheless, approximately 80% of these patients will experience recurrence
within 2 years of resection. Recently, the combination of
FOLFOX or FOLFIRI chemotherapy plus cetuximab
has resulted in higher resection rates in liver-limited unresectable CRCs that are wild-type for KRAS.
In contrast to liver metastasis, few data is available
comparing survival between patients undergoing PM
with and without adjuvant or neoadjuvant chemotherapy
for LM only. Most retrospective studies of PM have not
analyzed the prognostic significance of perioperative chemotherapy in patients undergoing PM for LM. Several
authors favored the use of perioperative chemotherapy
for patients undergoing PM for LM[57,66], but these suggestions were not based on convincing evidence due
to a lack of randomized controlled trials on the role of
perioperative chemotherapy in patients undergoing PM
for metastatic CRC. Whether the results of perioperative
chemotherapy in patients undergoing metastasectomy for
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TREATMENT OUTCOMES AND
PROGNOSTIC FACTORS
Since most studies are retrospective reviews of singlecenter reports of relatively small numbers of patients
over a time period of 15 to 20 years, there is considerable
variation in overall survival rates and prognostic factors
as a result of heterogeneous selection criteria, diverse
patterns of clinical practice, and differences in variables
analyzed[14-17]. The reported 5-year survival rates of PM
ranged from 27% to 68%[14-17]. Treatment outcomes and
related prognostic factors are summarized in Table 1.
Several authors have conducted systematic reviews or
meta-analyses to summarize the treatment outcomes of
published retrospective studies[14-17]. Pfannschmidt et al[14]
reported a systematic review of 17 studies involving 1684
patients who underwent PM for metastatic CRC in which
the 5-year survival rates ranged between 41% and 56%
(median 48%). Recently, in a meta-analysis of 1112 metastasectomies performed in 927 patients between 1983
and 2008, Salah et al[16] found an overall 5-year survival
rate of 54.3% following initial PM. These numbers are
encouraging when compared with the disappointing outcomes of chemotherapy[18,19].
Many authors have also performed prognostic factor
analyses, which will be helpful in establishing valuable
treatment guidelines for PM by identifying patients most
likely to benefit from PM. Completeness of resection has
consistently been reported to affect survival after PM for
metastatic CRC, as it is the most important prerequisite
of metastasectomy[12]. Age, sex, and pathologic features
of the primary CRC have been more rarely reported as
significant factors[14-17]. There are conflicting data regarding other prognostic factors, although the most commonly suggested prognostic factors are: (1) disease-free
interval; (2) number of LM; (3) size of the largest LM; (4)
distribution of LM; (5) preoperative serum carcinoembryonic antigen (CEA) level; and (6) lymph node metastasis.
Disease-free interval
A prolonged disease-free interval (DFI) between CRC
resection and PM is associated with a favorable treatment outcome[17]. In contrast, a short DFI represents
early dissemination of metastatic disease, which implies
more aggressive tumor biology[17]. At the extreme end of
a short DFI is synchronous LM. Although it has been
recommended that patients with resectable synchronous LM can be resected synchronously or by using a
staged approach, survival after PM for synchronous LM
is reported to be poorer than for metachronous LM[3].
Onaitis et al[57] reported that a DFI of less than 1 year
was an independent predictor of recurrence after PM.
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Table 1 Summary of survival outcomes and prognostic factors in recently published studies
Ref.

Year

Patients (n )

Zink et al[82]
Rena et al[79]
Saito et al[41]
Pfannschmidt et al[37]
Inoue et al[61]
Melloni et al[64]
Yedibela et al[58]
Welter et al[66]
Lin et al[59]
Onaitis et al[57]
Watanabe et al[91]
Landes et al[101]
Riquet et al[67]
Zabaleta et al[104]

2001
2002
2002
2003
2004
2006
2006
2007
2009
2009
2009
2010
2010
2011

110
80
165
167
128
81
153
169
63
378
113
40
127
84

5-yr survival
32.6%
41.1%
39.6%
32.4%
45.3%
42.0%
37.0%
39.1%
43.9%
78.0%1
67.8%
43.4%
41.0%
54.0%

Px factor
Number of mets, CEA, size of mets
DFI, number of mets, CEA
LN mets, CEA
LN mets, CEA, number of mets
Primary tumor stage, distribution of mets
Primary tumor stage, complete resection
Number of mets, DFI, transfusion
DFI, number of mets, LN mets
DFI, type of resection
Age, sex, DFI, number of mets
CEA, lymphatic invasion
Prior history of liver mets
Complete resection
Prior history of liver mets, LN mets, DFI, number of mets

1

Indicates 3-year survival rate. mets: Metastasis. LN: Lymph node; DFI: Disease-free interval; CEA: Carcinoembryonic antigen.

They also showed that none of the patients with three or
more lesions and a DFI of less than 1 year were cured
by surgery, suggesting that medical management alone
should be considered for these patients. However, not all
investigators showed that a short DFI correlated with a
poor prognosis after PM[14,72-78]. In their systematic review,
Pfannschmidt et al[14] did not find DFI to be a significant
prognostic factor. Despite the clinical relevance of DFI
between CRC resection and PM, only six studies reported
that short DFI was a poor prognostic factor[57-59,79-81]. Although various cut-off values for defining the short DFI
might have affected these differences, it is still difficult to
explain this inconsistency. Based on current findings, it
appears that a short DFI might be a poor prognostic factor, but is not an absolute contraindication for PM.

it seems unfair to deny PM for patients with two to four
lesions[17].
Size of the largest metastatic nodule
Although some authors showed that the size of LM
was an independent prognostic factor[83,84], most studies
have found no significant relationship between survival
and the size of LM[73,85]. Similar to the number of LM, a
larger tumor may indicate a greater possibility that other
undetectable metastatic lesions are present.
Distribution of metastasis
Conflicting data exist as to whether the distribution of
metastasis affects survival after PM in metastatic CRC
patients. Inoue et al[31] reported that unilateral location
of LM was an independent predictor of longer survival
and Chen et al[86] reported no long-term survivors with
bilateral LM. McCormack et al[77] showed no significant
difference in survival with respect to bilaterality of LM,
suggesting that patients with bilateral lesions may benefit
from PM in addition to those with ipsilateral multiple lesions. Riquet et al[67] reported that 5-year survival rates of
patients undergoing complete bilateral metastasectomies
tended to be comparable to those observed in cases of
complete unilateral metastasectomy (68% vs 35.5%; P =
0.09). In this context, bilateral lesions do not seem to be
a contraindication for PM if they can be completely resected.

Number of metastasis
Many authors reported that multiplicity of LM was a
poor prognostic factor[37,57,73-75,82]. Multiple lesions may increase the likelihood of widespread undetected tiny nodules throughout the lung or even in other distant organs.
Pfannschmidt et al[37] demonstrated that patients with a
solitary LM had significantly better survival than those
with multiple LM. On the contrary, some authors did
not find a significant relationship between prognosis and
number of LM[6,41,61,72]. Inoue et al[61] found no significant
difference in survival between patients with solitary and
multiple lesions, and suggested that occult micrometastases might have existed at the time of PM in patients considered to have a solitary lesion, resulting in incomplete
resection. Advances in CT imaging techniques can help
us decide whether to recommend PM through preoperative identification of the exact number of LM. Therefore,
a solitary LM described before the development of these
advanced techniques might not have truly been solitary.
Most authors would agree that a larger number of lesions
are associated with a poor prognosis, but the cut-off
value for denying PM for patients with multiple LM is
undetermined[20]. The presence of more than one metastatic lesion is not always a contraindication for PM, and
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Preoperative CEA
CEA is an antigen expressed on the apical surface of
colonic epithelial cells that is involved in intracellular
recognition and adhesion of tumor cells to host cells[87,88].
Serum CEA level is an indication of the total tumor
mass and the ability of tumor cells to express CEA[89].
Elevated serum level of CEA has consistently been
found to be an independent negative prognostic factor[14,37,41,72,73,75,79,82,84,89,90]; patients with a high serum CEA
level had 5-year survival rates ranging from 0% to 53%,
compared with 23% to 80% for those with normal CEA
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levels[20]. Sakamoto et al[72] demonstrated that the preoperative CEA level was the only significant prognostic
factor. However, not all investigators found that a high
serum CEA level is associated with poor prognoses[59,91].
Watanabe et al[91] reported that the 5-year survival rate in
patients with a serum CEA concentration of 5 ng/mL or
greater was 53%, suggesting that an elevated CEA level,
although related to unfavorable outcomes, is not a contraindication to PM. However, in patients with multiple
bilateral LM an increased serum CEA can play a pivotal
role in determining operability. Close monitoring of CEA
level after PM would also be critical in the management
of metastatic CRC patients[17].

reported that PM can be performed multiple times safely
and effectively[54,55,59,73,93,94]. Welter et al[54] showed that
among 175 patients who underwent PM for LM of CRC,
33 had PM up to three times with no postoperative mortality and a 5-year survival rate of 53.8% with a median
survival of 72.6 mo. Lin et al[59] even reported that the
5-year survival rate of repeated PM was 85.7%, albeit in
only eight cases. Our group also demonstrated excellent
outcomes of repeated PM[55]. Among 202 patients who
received PM for LM of CRC at our institution between
1995 and 2007, 48 underwent second metastasectomy.
Among these 48 patients, 28 developed recurrence
again, with 10 of those receiving a third metastasectomy.
Overall and disease-free 5-year survival rates for second
metastasectomies were 79% and 49%, respectively, and
overall 5-year survival rate for third metastasectomies was
78%. Recently, Salah et al[95] conducted a pooled analysis
of seven published retrospective series that included 148
patients undergoing repeated PM. They reported that the
5-year survival rate of repeated PM was 57.9%, indicating that repeated PM offers an excellent chance for longterm survival.
However, it should be noted that the favorable outcomes of repeated PM might have been due to the fact
that the candidates for repeated PM were highly selected,
as for first PM. Patients eligible for repeated PM may have
better prognostic factors than those who are ineligible, irrespective of the potential benefits of resection of recurrent LM. The survival benefit might therefore be attributed to patient selection rather than repeated PM per se.
Since a randomized controlled trial is difficult to conduct
for first PM, let alone repeated PM, and there is no way
to prove the therapeutic effect of repeated PM compared
with observation or chemotherapy. Considering that the
only therapeutic option for recurrent LM is repeated PM,
the best way to improve survival is to determine which
patients are most likely to benefit from repeated PM.
Chen et al[94] found that patients with a DFI greater than
1 year after the first metastasectomy showed significantly
better overall survival, whereas Welter et al[54] reported that
the number of metastases was an important prognostic
factor. Our group also tried to determine the prognostic
factors, but multivariate analysis revealed no independent
prognostic factor even though preoperative CEA level
was a significant factor in univariate analysis[55]. Given
the smaller number of patients undergoing repeated PM
relative to initial PM, the prognostic factors are not consistently reproducible, and there is still debate about the
best candidates for repeated PM[95]. Nonetheless, when
patients with recurrent LM after PM have multiple favorable prognostic factors such as prolonged DFI, solitary
recurrent LM, and normal CEA level, repeated PM can
be a valuable alternative to palliative chemotherapy.
Several points need to be considered when considering repeated PM. First, meticulous restaging is crucial to
rule out the presence of extrapulmonary metastases[95].
PET/CT is known to be a useful and sensitive restaging modality to identify hilar or mediastinal lymph node

Lymph node metastasis
Hilar and mediastinal lymph node metastasis is also consistently reported to have a negative impact on survival
outcomes, and there is little doubt about its importance
as a prognostic factor for LM of CRC. In the meta-analysis performed by Gonzalez et al[17], hilar and/or mediastinal lymph node involvement was a prognostic factor of
poor outcomes. They suggested that PET/CT scans need
to be performed before PM in order to identify potential
mediastinal lymph node metastasis and, when suspected,
histologic assessment such as mediastinoscopy should
be considered[17]. As discussed above, the role of MLND
remains unclear.

SPECIAL CONSIDERATIONS
Repeated metastasectomy
Tumor recurrence is always a possibility in patients with
LM from CRC, even after successful PM. The reported
recurrence rate after PM is as high as 68%, with the
remaining lung being the most common site of recurrence[31,92]. Recurrent metastatic nodules that develop
after complete resection of initial LM represent residual
lesions that were too small to be detected by highresolution CT and/or manual palpation at the time of
initial PM. This means that PM might not be truly complete even when all the metastatic nodules are believed
to be completely resected. More importantly, this rate
of recurrence also suggests the presence of occult micrometastases disseminated throughout extrapulmonary
distant organs in addition to the remaining lungs. Accordingly, there is an intrinsically high chance of relapse
after repeated PM. Moreover, reoperation may increase
the risk of postoperative morbidity compared with the
first operation because patients are less able to tolerate
repeated operations due to limited residual lung capacity, and pleural adhesions from a previous operation may
complicate subsequent surgery. For these reasons, most
surgeons have been reluctant to perform repeated PM
for recurrent LM and thus there is no clear consensus on
optimal treatment strategies and the role of repeated PM
for recurrent LM.
However, several authors, including our group, have
tried repeated PM despite its unfavorable aspects, and

WCGO|www.wjgnet.com

1774

February 8, 2015|First Edition|

Kim HK et al . Pulmonary metastasectomy for colorectal cancer

342), survival reached 26% at 5 years with a median survival of 26 mo[12]. In our institution, the 5-year survival
rates were 65%, 50%, and 33% for single, two or three,
and four or more lesions, respectively (unpublished data,
Figure 1). Patients with five or more lesions also showed
acceptable survival outcomes, with a 5-year survival rate
of 31%.
These encouraging outcomes in patients with multiple nodules might also be related to patient selection.
PM would not have been recommended to patients with
multiple lesions if they had additional unfavorable factors
such as a short DFI, increased serum CEA, or a history
of liver metastasectomy. The fact that patients received
PM for multiple metastatic lesions indicates a good preoperative status, both oncologically and physiologically.
Although long-term survivors have been seen among
patients for whom surgeons usually hesitate to offer PM,
no one can deny that survival rates progressively decline
as the number of LM increases. This raises some important questions: Is there an absolute limit on the number
of LM beyond which we should never recommend PM?
How many nodules can be considered a reasonable indication for PM in patients with LM of CRC? It is still difficult to answer these questions in the absence of studies
that specifically address these issues.
It should also be noted that patients with four or
five lesions and those with more than ten lesions should
not be treated as the same category (i.e., multiplicity).
Although the exact cut off has not been determined, we
believe that patients with less than a certain number of
metastases could benefit from PM despite the fact that
they have multiple LM. If a patient is found to have LM
from CRC but has no other unfavorable prognostic factors, it is unreasonable to deny PM for this patient just
because of multiplicity of LM. The acceptable cut off
number for not recommending PM needs to be further
defined in the future.

Single - 5 yr OS 65.1%
Two or three - 5 yr OS 50.1%
More than 4 - 5 yr OS 32.9%
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Figure 1 Kaplan-Meier survival curve according to the number of metastases.

metastasis, as well as extrapulmonary metastases[96]. If
a PET/CT scan suggests thoracic lymph node involvement, mediastinoscopy should be considered[95]. Second,
as we emphasized in our series, it is very important to
attempt to preserve as much of the lung parenchyma
as possible, as future repeated PM may be necessary[55].
Parenchyma-saving procedures, such as wedge resection,
precision excision, and segmentectomy rather than lobectomy, will allow for further resection in cases of future
relapse[55]. Third, vigilant surveillance based on a regular
follow-up schedule will be helpful for the early detection of tumor recurrence. In our institution, chest CT
with serum CEA and liver function testing are routinely
performed postoperatively every 3 mo for the first year,
and then on a 6-mo basis for at least 2 years and annually
thereafter[55]. These efforts provide a chance to repeat
PM, especially in the most suitable candidates.
Multiple metastatic nodules
As discussed above, the presence of multiple metastatic
nodules is a strong predictor of poor survival[37,57,73-76,82].
Onaitis et al[57] reported that the most potent predictor of
recurrence after PM for metastatic CRC was the number
of metastases. This can be explained by the notion that
patients with multiple metastatic nodules are more likely
to have occult micrometastases in the lungs or extrapulmonary organs at the time of PM, which eventually lead
to recurrence.
However, some investigators reported that the prognoses of patients who underwent PM despite multiple
nodules were not as poor as originally predicted, which
suggests that even patients with multiple metastatic nodules might benefit from PM[97,98]. Welter et al[66] found a
median survival of 58 mo in patients with a solitary LM
and 33 mo in those with up to 10 metastases, which still
seems to be a good outcome. An analysis of the International Registry of Lung Metastases revealed that the 5-year
survival rates gradually decreased as the number of metastatic nodules increased from 43% (single) to 34% (two
or three) and 27% (four or more), although the study included various histologic types of primary tumor[12]. Even
in patients who had 10 or more metastases resected (n =
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Combined liver and lung metastasectomy
With recent advances in the management of liver metastases in CRC patients, the prognosis of CRC patients
treated for liver metastases is improving, with a 5-year
survival rate of nearly 50%[99]. Almost two-thirds of patients who underwent hepatic metastasectomy (HM) developed extrahepatic metastases, with the lung being the
most common site, and such patients could be candidates
for PM[15,100,101]. However, there is no clear consensus on
the optimal management in patients presenting with both
liver and lung metastases, and the role of PM in these
patients remains controversial. It also remains unknown
whether patients undergoing both HM and PM have
similar survival outcomes to those undergoing PM only.
Although some authors reported that a previous HM
correlated with an increased risk of death in patients
undergoing PM[101-104], most studies have found that a
history of liver metastasis at the time of PM is not a significant factor affecting survival, and that outcomes after
combined HM and PM were similar to those after HM
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alone or PM alone, with reported 5-year survival rates
ranging from 11% to 61%[17,105-115]. Based on these findings, most investigators suggest that a history of resected
liver metastases should not be regarded as a contraindication to PM.
Although based on a small number of cases, our previous molecular study showed that pulmonary metastases
were significantly diverged from hepatic metastases indistinguishable from primary colorectal cancers, which may
also support such an aggressive approach[116].
Therefore, provided liver metastases are completed
resected, there is no reason to deny PM when patients
have no unfavorable prognostic factors other than a history of previous liver metastases. Some authors indicated
that this treatment strategy can also be applied to patients
with synchronous liver and lung metastases[89,114].
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Ideally, a randomized controlled trial is needed to answer
the question of whether patients with LM from CRC
could benefit from PM, compared with observation
or chemotherapy, and which patients are most likely to
benefit the most. However, as discussed above, it is not
feasible to conduct a randomized trial to address this
question. Nonetheless, a trial on pulmonary metastasectomy in colorectal cancer (PulMiCC) is currently open to
recruitment to examine whether surgical resection of LM
from CRC lengthens survival, and its critically important
results are expected to be released in the near future[117].
In addition to this trial, additional prospective studies
investigating various aspects of PM should be carried
out to gather more convincing evidence. Before we can
draw robust conclusions from current and future trials, it
is vitally important to perform PM based on the comprehensive knowledge and reliable experience of surgeons.
Moreover, great effort should be made to select patients
who are most likely to benefit from PM. Continued application of PM will provide valuable information to address the questions of how many times PM can be performed for recurrent LM and how many nodules can be
resected safely and effectively, which will in turn expand
the indication of PM in challenging cases such as recurrent LM and multiple metastatic nodules.
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Core tip: The ulcerative colitis (UC)-associated carcinogenesis presents a different sequence of tumorigenic
events compared to those that contribute to the development of sporadic colorectal cancer. In fact, in UC,
early events are represented by oxidative DNA damage
and DNA methylation that can produce inhibition of
oncosuppressor genes, mutation of p53, aneuploidy,
and microsatellite instability. Epithelial cell-T-cell crosstalk mediated by CD80 is a key factor in controlling the
progression from low to high grade dysplasia in UCassociated carcinogenesis.

Abstract
Ulcerative colitis (UC) is characterized by repeated
flare-ups of inflammation that can lead to oncogenic
insults to the colonic epithelial. UC-associated carcinogenesis presents a different sequence of tumorigenic
events compared to those that contribute to the development of sporadic colorectal cancer. In fact, in UC, the
early events are represented by oxidative DNA damage
and DNA methylation that can produce an inhibition
of oncosuppressor genes, mutation of p53, aneuploidy, and microsatellite instability. Hypermethylation
of tumor suppressor and DNA mismatch repair gene
promoter regions is an epigenetic mechanism of gene
silencing that contribute to tumorigenesis and may
represent the first step in inflammatory carcinogenesis.
Moreover, p53 is frequently mutated in the early stages
of UC-associated cancer. Aneuploidy is an independent
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INTRODUCTION
Ulcerative colitis (UC) is historically known as a risk factor for developing intestinal cancers via mechanisms that
remain incompletely understood. In a recent meta-analy-
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alterations in adenomatous polyposis coli (APC), p53,
bcl-2, and K-ras genes, microsatellite instability, and aneuploidy, are also observed in UC-related neoplasms, albeit
with a different frequency and timing in many cases[18-26].
This is a comprehensive overview of the available literature on pathogenesis and immunosurveillance mechanisms in inflammatory colonic carcinogenesis. A text
word literature review was performed using PubMed and
Medline databases. Although this was not a systematic
review, the search terms used were as follows: colorectal
AND cancer OR carcinoma AND UC OR IBD OR
AND pathogenesis OR immune surveillance. The reference lists of identified articles were searched for further
relevant publications. Two researchers (Scarpa M and
Pozza A) independently selected the studies, which were
limited to clinical studies published between January 1980
to July 2013 and in the English language. Unpublished
data and data published in abstract form only were excluded, as these were unlikely to contain sufficient methodological information to allow valid conclusions to be
made. Whenever discordance regarding study inclusion
existed, the two researchers negotiated an agreement.

sis of population-based cohorts, UC increases the risk of
colorectal cancer (CRC) 2.4-fold. Male sex, UC diagnosis
at young age, and extensive colitis also increase this risk[1].
In European collaborative studies, northern countries
were observed to have more inflammatory bowel disease
(IBD)-related intestinal cancers than southern ones[2].
The cumulative risk of colon cancer is approximately 8%
20 years after the initial UC diagnosis, rising to 18% at 30
years[3,4]. Adenocarcinoma of the colon develops from a
dysplastic precursor lesion. In UC patients, pre-malignant
histological changes are broadly referred to as dysplasia
rather than adenoma, since the dysplasia is very often
not polypoid[5]. Even though recent studies reported
that at least 25% of UC patients may be diagnosed with
low grade dysplasia in a 10 year follow-up period, some
studies, such as the one by Lim et al[6] and Lynch et al[7]
in 1993, suggested that low grade dysplasia will develop
in all UC patients if they are followed for an adequate
length of time. Nevertheless, very recent epidemiological data seems to make uncertain these classical pillars in
IBD-associated cancer knowledge. In fact, very recent
Dutch data pointed out that a high proportion of IBDassociated CRCs develop before the recommended start
of surveillance[8,9]. Moreover, an authoritative Danish
study concluded that a diagnosis of UC or CD no longer
seems to increase patients’ risk of CRC, although subgroups of patients with UC remain at an increased risk[10].
The decreasing risk for CRC from 1979 to 2008 might
result from the improved therapies for IBD patients that
have developed over that time[10].
In recent years, a causal link between chronic inflammation and gastrointestinal tract carcinogenesis
has gained increasingly strong support[11,12]. In a recent
Finnish study, the degree of inflammation and duration of disease were observed to cumulatively increase
the risk for dysplasia and CRC in IBD patients[13]. A
chronic inflammatory condition exposes IBD patients to
a number of signals with potential tumorigenic effects.
These signals include persistent activation of the nuclear
factor-kappa B (NF-κB) and cyclooxygenase-2 (COX2)
pathways, release of proinflammatory mediators such as
tumor necrosis factor-alpha (TNFα) and interleukin-6
(IL-6), and augmented levels of reactive oxygen and nitrogen species. An inflammatory microenvironment can
contribute to colonic tumorigenesis via 3 major processes:
(1) increasing oxidative stress, which causes direct DNA
damage that contributes to tumor initiation; (2) activating prosurvival and anti-apoptotic pathways in epithelial
cells that contribute to tumor promotion; and (3) creating
a microenvironment that promotes sustained growth,
neoangiogenesis, migration, and invasion of tumor cells,
thus supporting tumor local progression and distant metastasis[14]. Precancerous lesions and invasive carcinoma in
UC differ from sporadic ones in terms of a younger age
at onset and flat mucosa within large fields of genetic abnormalities, rather than as isolated and visible exophytic
lesions[15-17]. However, many of the genetic abnormalities
observed in sporadic adenoma and carcinoma, including
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HOW IT STARTS: DNA DAMAGE AND
GENOMIC INSTABILITY
Definition
Genomic instability includes microsatellite instability
(MSI) associated with mutant phenotypes and chromosome instability (CIN) characterized by gross chromosomal abnormalities[27]. Three fundamental intracellular
mechanisms are involved in the repairing of DNA
damage: nucleotide excision repair (NER), base excision
repair, and mismatch repair (MMR). Their alteration/inactivation can lead to MSI. On the other hand, CIN is
typically associated with the progressive accumulation of
mutations in oncosuppressor genes and oncogenes[16].
Defects in DNA MMR genes and CIN pathways are responsible for a variety of hereditary cancer predisposition
syndromes, including hereditary non-polyposis colorectal carcinoma, Bloom syndrome, ataxia-telangiectasia,
and Fanconi anemia[27]. Furthermore, besides the many
genetic contributors to CIN and MSI, there are also epigenetic factors that can be equally damaging to cell-cycle
control. Hypermethylation of oncosuppressor and DNA
MMR gene promoter regions is an epigenetic mechanism
of gene silencing involved in colorectal carcinogenesis.
Finally, telomere shortening has been demonstrated to
increase genetic instability and tumor formation in mice
models[27].
Role of genomic instability
In UC, colonocytes are subject to high levels of genetic
damage. In fact, chronic inflammation of the colon can
contribute to carcinogenesis by increasing oxidative stress
which promotes DNA damage, thus contributing to tumor initiation. Oxidative DNA damage is more evident
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Figure 1 Timing of mutation occurrence in inflammatory and sporadic colorectal carcinogenesis. LOH: Loss of heterozygosis; MSI: Microsatellite instability;
COX-2: Cyclooxygenase-2; APC: Antigen-presenting cell.

in patients with UC and dysplasia[28,29]. Furthermore, the
severity of colitis inflammation has been associated with
high levels of reactive oxygen species (ROS) and reduced
defenses to oxidative stress. Both of these mechanisms
might contribute to oxidative DNA damage[25,30-36]. ROS
induce genetic damage either as base alterations, “abasic”
sites, or as strand breaks, and each of these damage types
could cause genomic instability. Therefore, an interesting hypothesis is that in a subgroup of UC patients who
could be defined as “progressors”, the mucosal epithelium is damaged by ROS, producing genomic instability
and eventually carcinogenesis initiation and progression.
This hypothesis is supported by the observation of
chromosomal instability and MSI in the non-dysplastic
mucosa of UC patients with dysplasia and cancer[25,37,38].
Genomic instability occurs with the same frequency
(10%) throughout the whole neoplastic progression in
UC. Therefore, genomic instability does not accumulate
as the neoplasia progresses, but rather occurs very early
and persists at a steady level. The constant presence of
instability may be linked to the maximal tolerated degree
of genetic damage and the dynamic rate of cell turnover
in the inflamed colon.
Genomic instability rate in the colonic mucosa without dysplasia from patients with UC and dysplasia is
significantly higher than that of UC patients who are
completely dysplasia/cancer-free. On the other hand, in
normal mucosa from patients with sporadic colon cancers and adenomas, genomic instability is not observed[39].
On the contrary, in patients with widespread UC, ge-
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nomic instability precedes neoplastic transformation, and
may be related to the extension of chronic inflammation.
These observations suggest once again the peculiarity of
the pathogenesis of UC CRC, and can in part explain the
difference from sporadic cancers: in fact, UC neoplasia
is frequently multifocal, widespread, and may occur in
flat mucosa. The differences in UC-related and sporadic
colorectal carcinogenesis is shown in Figure 1.
On the other hand, non-progressor patients may be
exposed to a lower oxidative stress in their colon than
progressors, or may present a lower susceptibility for
genomic instability after oxidative stress because of better protective mechanisms. For example, glutathione and
glutathione S-transferase levels vary among UC patients
and may influence ROS levels[40]. Nevertheless, a small
amount of heterogeneity was also observed in the nonprogressor group: 20% of patients demonstrated increased genomic instability in the colon without any trace
of dysplasia or cancer at the optimized combination of
sensitivity and specificity. Curiously enough, the genomic
instability rate approximates the percentage of patients
with no dysplasia or cancer that one might expect to
develop a cancer in the following 20 to 30 years[41]. Nevertheless, the question as to why some UC patients have
a mutator phenotype, while others do not, still remains
open[42].
Role of MSI
UC-related colonic carcinogenesis can also be associated
with MSI. In fact, it was demonstrated that MSI can be
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caused by ROS[43]. Microsatellites are short repetitive sequences (1- to 5-nucleotide) of DNA that are randomly
distributed throughout the whole genome. The stability of these sequences is a good measure of the general
integrity of the genome. MSI reflects a gain or loss of
repeat units in a germline microsatellite allele, suggesting the clonal expansion that is typical of a cancer. A
high rate of MSI in severe long standing UC is probably
related to the genomic instability produced by repeated
inflammatory insults. Therefore, the influence of inflammation should be considered when estimating MSI in
UC[44]. Indeed, although the great number of molecular
mechanisms involved in the increased risk of CRC in
UC is still unclear, it appears to be related to MSI[25,45].
The prevailing hypothesis is that overproduction of free
radicals saturates the ability of the cell to repair oxidative
DNA damage prior to replication[25,46]. Another hypothesis is that prolonged and repeated oxidative insults directly inactivate DNA MMR genes[47]. One study reported
half of UC mucosal samples with high MSI as having
MLH1 hypermethylation[48]. However, differently from
what is observed in hereditary non-polyposis colon cancer, other studies found little evidence for MMR defects
as a cause of MSI in UC[49,50]. These data suggest the possibility that mechanisms other than MMR defects exist.
Recently, adaptive increased activity of 3-methyladenine
DNA glycosylase (AAG) and apurinic endonuclease
(APE1) in areas of UC colon undergoing active inflammation was observed[51]. Interestingly, this imbalanced increase appeared to be associated with the MSI observed
in UC. These data were consistent with a possible novel
mechanism by which patients with chronic colonic inflammation acquire MSI. UC patients were demonstrated
to have increased AAG and APE1 enzyme activity in
epithelial areas of their colon with active inflammation,
and those with MSI have the largest increase and imbalance in the levels of AAG and APE1 in inflamed areas
of their colons. These observations showed that the
adaptive imbalanced increase of these enzymes may have
DNA-damaging effects and contribute to carcinogenesis
in chronic colonic inflammation[51].

DNA damage, and thus they can activate oncogenes
and inactivate oncosuppressors[34,53]. Therefore, oxidative
injury to mitochondria in a chronic inflammation situation may contribute to the early stages of carcinogenesis.
Human cancers are characterized by mutations of mtDNA[54-56] and, curiously enough, accumulation of mtDNA
mutations in cancerous tissue seems to be related to the
grading of malignancy. An interesting hypothesis is that
genetic instability in the process of carcinogenesis results
in the high rate of mtDNA mutation in the colorectal
mucosa of individuals with UC, and the increased instability of genes in mtDNA are consistent with the high
incidence of CRC in individuals with UC.
Recently, Nishikawa et al[54,57] observed that the number of mtDNA mutations in the colonic mucosa in UC
patients is significantly higher than that found in other
types of malignancies. Moreover, the rate and the timing of genetic mutations underlying sporadic cancer
(adenoma-carcinoma sequence) and UC-associated
carcinogenesis seem to be different. Although the definite mechanism of these differences is still unknown,
increased oxidative stress in the UC colon[58,59] appears
to be a major cause of DNA damage[60]. Thus, the high
mtDNA mutation rate in the colonic epithelial cells of
UC patients is associated with mutation of nuclear DNA
in long-lasting inflammation. The observation that the
great majority of mtDNA mutations in UC patients were
homoplasmic in nature suggests that these mutations had
become dominant in their mucosa. Mitochondrial DNA
with certain types of mutations are characterized by the
generation of abnormal proteins and increased electron
leakage from the electron transport chain, and therefore
the amounts of endogenously produced free radicals may
be increased in these cells. Finally, in tissues with chronic
inflammation, the resulting increase in oxidative stress
acts to enhance the mutation of either mtDNA or, probably, nuclear DNA, thereby promoting the early stage of
tumorigenesis. Given its clonal nature and the large number of mtDNA copies, mutation of the mitochondrial
genome in the colonic mucosa of UC patients is suggestive of genomic instability that enhances carcinogenesis.
The high incidence of mtDNA mutation in the colonic
mucosa of subjects with UC indicates that the DNA
mutation rate is enhanced in their epithelial cells by the
oxidative stress produced by chronic inflammation and,
hence, malignant transformation can occur more easily
than in normal subjects[57].

Role of mitochondrial DNA damage
In inflammatory conditions, ROS induce DNA damage[31], and since mitochondrial DNA (mtDNA) lacks
histones and related protective systems, mutations accumulate there more than in nuclear DNA[52]. The human
mitochondrial genome includes a 16.5-kb circular doublestranded DNA molecule encoding 13 polypeptides of
the respiratory chain, 22 transfer RNAs, and 2 ribosomal
RNAs necessary for protein synthesis. Since the correct
expression of the complete mitochondrial genome is
necessary for the maintenance of mitochondrial functions, including electron transport, even small changes in
the mtDNA sequence can cause profound functional impairment that enhances generation of free radicals, which
in turn increase the extent of DNA mutation. Free radicals can act as initiators and/or promoters that can cause
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Role of epigenetic mutations
Finally, DNA hypermethylation may play a role in UC
carcinogenesis. Altered genomic methylation is a wellrecognized characteristic of tumor cells, and specific
aberrant methylation events occur in the early steps of
colorectal carcinogenesis, leading to profound modifications in gene expression[61]. In fact, the aberrant methylation of H-cadherin (CDH13) beginning at an early stage
of colorectal tumorigenesis frequently silences the expression of this tumor suppressor gene in colorectal ad-
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enomas and cancers[62]. Moreover, besides germ-line mutations associated with hereditary familial adenomatous
polyposis and somatic mutations in sporadic colorectal
tumors, hypermethylation provides an important mechanism for impairing APC function[63]. Furthermore, hypermethylation of the CpG island in the cellular DNA-repair protein O-6-methylguanine-DNA-methyltransferase
(MGMT) gene[64] and in the MLH1 gene is associated
with the reduced gene expression observed in the majority of sporadic primary CRCs with MSI[65]. Finally, in gastrointestinal cancer RUNX3 hypermethylation decreases
transforming growth factor-β (TGF-β)/BMP signaling[66].
In our series, the methylation of these genes occurred in
more than half of the patients (data not yet published).
Garrity-Park et al[67] evaluated the methylation status of 10
genes [p16, p14, runt-related transcript factor-3 (RUNX3),
COX-2, E-cadherin, methylated-in-tumor-1 (MINT1),
MINT31, HPP1, estrogen receptor, and SLC5A8] in mucosal samples from UC-CRC tumors and non-neoplastic
colonic tissue from both UC-CRC cases and UC controls.
Methylated promoters of RUNX3, MINT1, and COX-2
resulted in potential biomarkers of the presence of CRC
in patients with UC, and so these genes might also be
used as biomarkers for colorectal dysplasia.
Furthermore, in UC-associated carcinogenesis, hypermethylation of the promoter of Death-Associated Protein Kinase (DAPK) was observed in long-standing UC
patients[68]. DAPK is a pro-apoptotic protein implied in
various apoptotic cascades. Kuester et al[68] observed that
DAPK is overexpressed in inflamed colonic epithelium,
suggesting a protective role of this molecule. Therefore,
its inactivation mediated by promoter hypermethylation
might be critical for the accumulation of epithelial cells
with genomic damage in inflamed epithelium of UC, and
might contribute to the initiation of the neoplastic process and development of UC-associated carcinoma. Increased expression of DNA methyltransferase (DNMT)-1
in non-neoplastic mucosa may either precede or be a
relatively early event in UC-related carcinogenesis, and
may be useful to predict the risk of colorectal neoplasia
in UC[69]. In fact, in our series of UC patients DNMT1,
DNMT3a, and DNMT3b, mRNA expression resulted
in being significantly higher than in patients without an
inflammatory condition (data not yet published).

HOW IT GROWS: ONCOGENE
INVOLVEMENT IN INFLAMMATORY
COLONIC CARCINOGENESIS
UC-associated cancer vs sporadic cancer
Preneoplastic lesions and invasive cancers associated with
UC usually develop as multiple and superficially extended
lesions called DALMs (dysplasia-associated lesion or
mass)[71-74]. DALMs are frequent in the most inflamed
colonic areas. Thus, a chronic inflammation - dysplasia carcinoma sequence has been suggested[75]. Comparisons
of the molecular alteration profiles between sporadic
and UC-associated CRCs have shown clear differences.
The timing and frequency of the gene alterations in UCrelated cancers appear to be unique. Mutations of APC
and of K-ras genes are less frequent[76,77] in UC-related
cancer than sporadic ones. LOH at the APC loci in UC
was noted in dysplasia with associated carcinoma, but
LOH of APC was not present either in cases of nondysplastic epithelium or in high grade dysplasia alone.
Conversely, LOH of APC is present in 20% of colonic
adenomas[78,79]. In contrast, p53 is frequently mutated at
the early stages of UC-related carcinogenesis; 33%-67%
in dysplasia and 83%-95% in UC-related cancer[20,80].
Moreover, loss of heterozygosity (LOH) of the p53 gene
and src activation occur in UC non-dysplastic epithelium,
UC-associated dysplasia, and in UC-associated carcinoma,
whereas there is an absence of LOH of p53 in regions
with negative, indefinite, or low grade dysplastic histology[81]. Mutations in the ras proto-oncogene are present
in 40%-60% of sporadic colon cancers and are probably an early event; in contrast, these mutations are less
frequently seen in UC-related cancer, and are probably a
late event[22,82,83]. Finally, network analysis discovered that
Sp1 and c-myc proteins may play roles in UC in the early
and late stages of carcinogenesis, respectively. Two overexpressed proteins in the non-dysplastic tissue of UC
progressors, CPS1 and S100P, were further confirmed by
IHC analysis[84]. Finally, telomerase and ILK activation
occurs during the later stages of carcinoma progression,
whereas upregulation of survivin, c-MYB, and Tcf-4 is
a feature of the early stage development of neoplasia,
and thus they might serve as early indicators for UCassociated colorectal carcinogenesis[85]. These distinctive
molecular patterns seem to result from different aetiological factors and microenvironments that characterize
the adenoma-carcinoma sequence or UC-associated carcinogenesis[75].

Role of aneuploidy
Aneuploidy is an independent risk factor for tumorigenesis in UC. A less favorable prognosis in patients with UCrelated CRC compared with those with sporadic CRC has
been reported. UC-related neoplasms presented a significantly higher rate of aneuploidy than sporadic CRC. UCrelated CRC and aneuploid sporadic CRC have a similarly
lower than that of diploid sporadic CRC. Aneuploidy
resulted in being the strongest independent prognostic
marker for R0-resected CRC patients[70].
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Role of apoptosis related genes
Recently, van der Woude et al[86] observed that Bcl-xl was
not expressed in chronic UC, but was clearly present in
UC-related cancer tumor cells. Furthermore, they found
interesting differences in the expression of Fas and Bcl-xl
between UC-related cancer and sporadic carcinoma. Fas
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UC-related neoplasms occurs at the early stages, beginning in mucosa that is only diploid and still negative for
dysplasia, and in mucosa that is not yet inflamed. Moreover, they showed that COX-2 protein overexpression
detected by immunohistochemistry in mucosal samples
occurs early on in UC-related neoplastic progression.
Two potential mechanisms may be involved in the relationship between COX-2 overexpression and neoplastic
progression in UC: one related to malondialdehyde levels,
and one related to the up-regulation of bcl-2[84]. The first
hypothesis suggests that increased COX-2 activity, in part
related to the normal physiological response to injury
and inflammation, may induce DNA damage through increased production of malondialdehyde, a mutagenic byproduct of COX-mediated prostaglandin synthesis and
lipid peroxidation[40,95]. This malondialdehyde production
would be in addition to that produced by the constitutive
activity of COX-1, which is thought to be important in
sporadic colorectal neoplasia[90]. In support of this hypothesis, elevated levels of malondialdehyde have been
observed both in sporadic colon cancer and in IBD[96-99].
After tumor initiation, COX-2 may promote its progression by increasing expression of bcl-2[100,101]. In fact,
bcl-2 mediates the resistance to apoptosis, and bcl-2 upregulation was also observed in UC-associated neoplasia.
Moreover, overexpression of bcl-2 is reversible by both
nonspecific COX inhibitors[101] and by highly selective
COX-2 inhibitors[102]. Genes involved in UC-related carcinogenesis are shown in Table 1.

Table 1 Altered genes in ulcerative colitis-associated
carcinogenesis
Gene

Function

Mutation/overexpression
Apc
Wnt signaling pathway inhibition
Bcl-xl
Apoptosis suppression
Ptgs2
Inflammation promotion and
apoptosis inhibition
iNos
Apoptosis inhibition through NO
production
Kras
Cell survival promotion and
apoptosis suppression
Tp53
Cell-cycle regulation
Tnfrsf6
Apoptosis promotion
Smad3
Wnt signaling pathway component
Aberrant methylation
p16
Cell-cycle regulation
Mlh1
DNA mismatch repair
Runx3
Transcription factor
Dapk
Induction of cell death

Ref.
23,80,81,88,89
90
26
90
22,80,81,84-86
20,82,83,87
90
121
71
69
71
72

expression was strong in most UC-related dysplasia and
tumor cells, whereas it was weak in sporadic carcinoma
tumor cells. Moreover, Bcl-xl expression was important
in chronic UC tumor cells, but was only weak in sporadic
colon cancer cells[86]. However, the different expression
patterns of proapoptotic and anti-apoptotic proteins did
not result in actual differences in apoptosis[85]. Activated
caspase 3 staining, used as a marker of apoptosis, was
weakly represented in both chronic UC-associated colon
cancer and sporadic colon cancer, and may be the result
of the decreased apoptosis rate in the presence of increased cell proliferation[86].
The inflammation process leads to the activation of
the transcription factor NF- κB, which stimulates the
expression of many genes promoting cell survival, including anti-apoptotic genes[12,85,87]. NF-κB regulation of
inducible nitric oxide synthase (iNOS) and COX-2 in the
gastritis-metaplasia-gastric cancer sequence and in the
metaplasia-dysplasia-adenocarcinoma sequence in Barrett’s esophagus have been extensively assessed[88]. Nitric
oxide, produced by iNOS, was demonstrated to inhibit
apoptosis by downregulating caspase activity[89]. In a paper by Watson et al[90], increased expression of iNOS in
UC-associated dysplasia was described, whereas iNOS
expression was absent in UC-associated carcinoma.
COX-2 is an inducible cyclooxygenase whose production is stimulated by IL-1, TNF, and many other inflammatory mediators[90,91]. COX-2 was demonstrated to play
a role in the reparative process after mucosal injury in
the gastrointestinal tract[90,91]. Multiple studies reported
COX-2 overexpression (either protein or mRNA levels)
in colonic adenomas and carcinomas, suggesting that
this enzyme is definitely involved in sporadic colorectal
carcinogenesis[92-94]. In a study by Agoff et al[26], COX-2
expression was examined at protein and mRNA levels
on several mucosal samples in total colectomy specimens
from UC patients who had developed dysplasia or carcinoma, which they showed that COX-2 overexpression in
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Role of inflammatory cytokines
The importance of IL6/p-STAT3 in patients with
inflammation-induced CRC has recently been demonstrated[103]. In fact, IL-6 is a critical tumor promoter during early CAC tumorigenesis. In addition to enhancing
proliferation of tumor-initiating cells, IL-6 produced by
lamina propria myeloid cells protects normal and premalignant intestinal epithelial cells from apoptosis. By binding to its gp130-associated receptor, IL-6 activates three
separate signaling pathways, namely Shp2-Ras-ERK,
JAK1/2-Stat3, and PI3K-Akt-mTOR[104] and, according
to their results, Grivennikov concluded that among these,
Stat3 is a critical IL-6 effector in colitis-associated cancer
induction[103]. In fact, Stat3 has the capacity to mediate
IL-6- and IL-11-dependent IEC survival and to promote
proliferation through G1 and G2/M cell-cycle progression as the common tumor cell-autonomous mechanism
that bridges chronic inflammation to tumor promotion[105]. Moreover, IL-6 signaling also seems to affect tumor growth during later stages of CAC[106]. IL-6 signaling
during that stage increases TNF-α production, and its
interference with TNF-α signaling inhibits tumor growth
and reduces IL-6 production. Such cross-regulation was
also observed in the case of IL1 and IL-6; IL-1 can induce IL-6 production in colon cancer cell lines[107]. The
role for suppressor cytokines is more controversial. In
fact, TGF-β signaling in colonic myeloid cells is significantly involved in the development of colitis-associated
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cancer[108]. In fact, Suppressor of Cytokine Signaling 3
(SOCS3) seems to be involved in UC pathogenesis, and
its absence seems critical for CRC progression[109]. Oncogenic Smad3 signaling, altered by chronic inflammatory
conditions and eventual somatic mutations, promotes
UC-associated neoplastic progression through the upregulation of growth-related proteins[110].

antigen presenting cells infiltrating colorectal carcinoma
express MHC molecules, but do not express CD80 or
CD86[124]. In vitro, the observation of CD80 and CD86
expression by human carcinoma cells lines up well with
the regulation by IFN that was attributed to the early
stage of carcinogenesis when they were selected[125]. In
fact, the role of co-stimulatory molecules in the immune
response to tumor initiation and progression has already
been suggested by Antonia et al[126], who showed in 1995
that surface CD80 expression can be induced by an oncogenic insult, and its downregulation at a later stage in
the carcinogenesis process may lead to their escape from
immunosurveillance mechanisms. In previous work by
our group, we showed that there is significant and specific CD80 overexpression in the colon mucosa of patients
with UC and dysplasia that is downregulated at later stages in carcinogenesis. On the other hand, in the non-inflammatory carcinogenesis pathway, CD80 is significantly
less expressed[127,128]. Our more recent data show that the
proportion of epithelial cells acting as antigen presenting cells peaks in the dysplastic colonic mucosa of UC
patients, and that the activation of CD8+ T cells can be
mediated by epithelial cells through a CD80-dependent
mechanism. Moreover, in a murine model of inflammatory colonic carcinogenesis, we demonstrated that CD80
inhibition significantly increased the high grade dysplasia
rate and extension, whereas enhancing CD80 signaling
with anti-CTLA4 antibody significantly decreased these
lesions (data not yet published). These data suggest that,
in UC-associated carcinogenesis, the progression from
dysplasia to invasive cancer is controlled not by a mere
immunoediting process, such as that observed in sporadic invasive cancer by Galon et al[129], but a truly effective immunosurveillance mechanism mediated by CD80
expression on epithelial cells (data not yet published).
Immune surveillance mechanisms in UC-related carcinogenesis are shown in Figure 2.

HOW WE DEFEND OURSELVES: IMMUNE
SURVEILLANCE IN INFLAMMATORY
COLONIC CARCINOGENESIS
The inconsistencies between the high frequency of
colonic dysplasia and the much lower incidence of invasive cancer suggests the presence of mechanisms of
surveillance that may prevent malignant progression
of neoplasms in the colon in most cases. Observations
that proctocolectomy specimens with preoperative UC
and dysplasia showed cancer or dysplasia only in 64%
cases[111] and, that 64% of UC patients with low grade
dysplasia (LGD) had indefinite or no dysplasia after 4-year
follow-up[16], suggest the presence of an efficient immune
surveillance mechanism based on T-lymphocytes activation, ensuring the elimination of developing tumor cells.
Tumor cell escape from immunosurveillance enables
unrestrained neoplastic cell growth and metastatic diffusion. The immune escape is thought to be facilitated
both by active defense of tumor cells and by defects in
function of the immune system[112,113]. Both CD4 and
CD8 T lymphocytes are responsible for anti-tumor immunity[114,115]. The effective activation of naive T lymphocytes implies the engagement of the T cell receptor (TCR)
with the major histocompatibility complex (MHC)antigen-complex in the presence of co-stimulation molecules that promote an effective interaction of APC and
T cells[116-118]. The presentation of MHC-antigen-complex
without co-stimulatory signals leads to T-cell energy[119].
These co-stimulatory signals are provided by the interaction of CD80 or CD86 on APC surface, with their receptors expressed by T-cells[120,121]. CD80 or CD86 binding to CD28 induces tyrosine phosphorylation of several
substrates and enhances T cell activation promoted by
the MHC-TCR interaction[122]. An increase in CD4/CD8
ratio was observed in sentinel lymph nodes draining
dysplastic epithelium compared to normal mucosa. The
increase in CD4(+) T cells in relation to CD8(+) T cells
correlated with the degree of dysplasia reflected by a significant increase in the ratio against low-grade dysplasia
compared to indefinite dysplastic lesions. The T-cell response was specific to antigens from dysplastic epithelial
lining, as seen in proliferation assays. This observation
suggests an important surveillance role for the immune
system against premalignant intestinal lesions in patients
with long-standing UC[123]. The products of oncogenes
or oncosuppressor mutated proteins can act as potentially immunogenic proteins, and are expressed by CRC cells
without any rejection by the immune system. Moreover,
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CONCLUSION
Patients with UC undergo repeated episodes of colonic
inflammation that are associated with various tumorigenic events, and the sequence of these events is different from that which contributes to the development of
sporadic CRC. In fact, in UC, early events are represented
by DNA methylation that produces inhibition of oncosuppressor genes, mutation of p53, aneuploidy, and MSI.
Hypermethylation of tumor suppressor and DNA MMR
gene promoter regions is an epigenetic mechanism of
gene silencing that can be involved in tumorigenesis and
may also represent the first step in inflammatory carcinogenesis. Moreover, p53 is frequently mutated in the early
stages of UC-associated carcinogenesis. Aneuploidy is an
independent risk factor for forthcoming carcinogenesis
in UC. Epithelial cell-T-cell cross-talk mediated by CD80
is a key factor in controlling the progression from LGD
to HGD in UC-associated carcinogenesis.
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Figure 2 Mucosal microenvironment providing immune surveillance against carcinogenesis in ulcerative colitis. MHC: Major histocompatibility complex; NK:
Natural killer; CTL: Cytotoxic T lymphocyte.
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and an increase of 80% in deaths from CRC by 2030.
The incidence of CRC can benefit from different strategies depending on its stage: health promotion through
health education campaigns (when the disease is not
yet present), the implementation of screening programs (for detection of the disease in its early stages),
and the development of nearly personalized treatments
according to both patient characteristics (age, sex) and
the cancer itself (gene expression). Although there
are different strategies for screening and although the
number of such strategies is increasing due to the potential of emerging technologies in molecular marker
application, not all strategies meet the criteria required
for screening tests in population programs; the three
most accepted tests are the fecal occult blood test
(FOBT), colonoscopy and sigmoidoscopy. FOBT is the
most used method for CRC screening worldwide and
is also the primary choice in most population-based
screening programs in Europe. Due to its non-invasive
nature and low cost, it is one of the most accepted
techniques by population. CRC is a very heterogeneous
disease, and with a few exceptions (APC , p53 , KRAS ),
most of the genes involved in CRC are observed in a
small percentage of cases. The design of genetic and
epigenetic marker panels that are able to provide maximum coverage in the diagnosis of colorectal neoplasia
seems a reasonable strategy. In recent years, the use
of DNA, RNA and protein markers in different biological samples has been explored as strategies for CRC
diagnosis. Although there is not yet sufficient evidence
to recommend the analysis of biomarkers such as DNA,
RNA or proteins in the blood or stool, it is likely that
given the quick progression of technology tools in molecular biology, increasingly sensitive and less expensive, these tools will gradually be employed in clinical
practice and will likely be developed in mass.
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Abstract
Colorectal cancer (CRC) is a very heterogeneous disease that is caused by the interaction of genetic and
environmental factors. CRC develops through a gradual
accumulation of genetic and epigenetic changes, leading to the transformation of normal colonic mucosa into
invasive cancer. CRC is one of the most prevalent and
incident cancers worldwide, as well as one of the most
deadly. Approximately 1235108 people are diagnosed
annually with CRC, and 609051 die from CRC annually.
The World Health Organization estimates an increase of
77% in the number of newly diagnosed cases of CRC
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in older women and locations proximal to the splenic
angle[6]. These tumors are histologically characterized by
an increased lymphocyte infiltration (Crohn-like) and as
being mucinous and poorly differentiated tumors[7].
Finally, a third route of carcinogenesis has been
recently identified in the field of epigenetics: aberrant
hypermethylation, a mechanism to silence gene function. Dinucleotide methylation in the promoter region of
many genes has been referred to as the CpG island methylator phenotype (CIMP). The CIMP is responsible for
15%-20% of sporadic CRC. A tumor is considered to be
CIMP-positive if it exhibits methylation of at least 3 of
the following markers: CACNA1G, IGF2, NEUROG1,
RUNX3 and SOCS1[8]. Methylating pathway tumors occur more frequently in women and elderly people, are
preferably located in the right colon and do not benefit
from treatment with 5-fluorouracil (5-FU). These tumors
are histologically poorly differentiated tumors with mucinous differentiation or signet rings, exhibit microsatellite
instability and are BRAF mutation carriers. The precursor lesions of these CIMP tumors are sessile serrated
adenomas[9]. A better understanding of carcinogenesis
pathways has allowed the development of diagnostic and
prognostic markers as well as the investigation of new
therapeutic targets and predictors of response to cancer
treatments.

ing; Biological markers; Drug therapy
Core tip: Although there are different strategies for
screening, the number of which is increasing due to the
potential of emerging technologies in molecular marker
application, not all strategies meet the criteria required
for screening tests in population programs; the three
most accepted tests are fecal occult blood test, colonoscopy and sigmoidoscopy.
Original sources: Binefa G, Rodríguez-Moranta F, Teule À,
Medina-Hayas M. Colorectal cancer: From prevention to personalized medicine. World J Gastroenterol 2014; 20(22): 6786-6808
Available from: URL: http://www.wjgnet.com/1007-9327/full/v20/
i22/6786.htm DOI: http://dx.doi.org/10.3748/wjg.v20.i22.6786

COLORECTAL CANCER PATHOGENESIS
Colorectal cancer (CRC) is a very heterogeneous disease
that is caused by the interaction of genetic and environmental factors and can be classified based on the importance of each of these factors. The majority of CRCs are
sporadic (70%-80%), with age being the most important
risk factor. Only a small proportion of cases are due to
inherited forms, either familial adenomatous polyposis
(less than 1%), non-polyposis hereditary CRC or Lynch
syndrome (2%-5%) or MYH-gene associated polyposis (<
1%)[1]. An additional 20%-25% of cases are estimated to
have an associated hereditary component, which has not
yet been well established and is known as familial CRC[2].
CRC develops through a gradual accumulation of
genetic and epigenetic changes, leading to the transformation of normal colonic mucosa into invasive cancer.
Most CRC develops from adenomas (adenoma-carcinoma
sequence), and the neoplastic transformation time is
considered approximately 10-15 years, which represents
the available time to detect and remove these adenomas
before their progression to invasive carcinoma.
Three main routes of CRC carcinogenesis are currently considered. The first known was proposed by
Fearon et al[3] and is called the suppressor pathway or
pathway of chromosomal instability. This route involves
the accumulation of mutations that leads to oncogene activation (KRAS) and suppressor gene inactivation (DCC,
APC, SMAD4, TP53). The accumulation of these molecular alterations, regardless of the order in which they are
acquired, is responsible for neoplastic transformation[4].
A second mechanism involves the accumulation of errors
during DNA replication due to the presence of mutations in genes responsible for its repair (MSH2, MLH1,
MSH6, PMS2, MLH3, MSH3, PMS1 and Exo1)[5]. These
errors accumulate predominantly in repetitive DNA fragments (microsatellites) scattered throughout the genome,
resulting in mutations in various target genes. This mutator pathway or microsatellite instability is involved in
Lynch syndrome and in 15%-20% of sporadic CRCs[4].
The mutator pathway tumors occur more frequently

WCGO|www.wjgnet.com

EPIDEMIOLOGY
CRC is one of the most prevalent and incident cancers
worldwide, along with lung and breast cancers, and is one
of the most deadly. Approximately 1235108 people are
diagnosed annually with CRC, and approximately 609051
die from CRC annually[10].
CRC is more frequent and causes more deaths in men
than in women worldwide, except in the Caribbean. CRC
is the third most common cancer in men (663000 cases/
year) and the second most common cancer in women,
after breast cancer, with 571000 cases a year.
Approximately 60% of CRC cases are diagnosed in
developed countries, and after Japan, Europe represents
one of the regions with the highest rates both in incidence and mortality.
Japan is one of the countries with the highest incidence rate, especially in men (41.7 cases per 100000);
despite this fact, CRC mortality rates are below those of
Europe[10]. This low mortality rate is due, in part, to the
effect of the screening program implemented since 1992,
one of the first in the world, along with Italy and Israel[11].
In Europe, CRC is the third most common cancer
and is one of the leading causes of cancer death. An estimated 432414 new cases and 212219 deaths occur each
year due to CRC, which represents an age-standardized
rate of 29.6 and 13.3 per 100000, respectively[12].
Although historically the incidence and mortality rates
in the US have remained above those in Europe, this
relationship has recently changed. According to the latest GLOBOCAN data[10], the standardized incidence rate
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PREVENTION

Subclinical or unapparent

Symptoms
Apparent disease
signs

PRIMARY

TREATMENT
SECONDARY
(SCREENING)

DIAGNOSTIC AND SURVEILLANCE
Death
CRC
Adenomas
FAP
HNPCC
Other lesions

↓ Red meat/Fat
↑ Vegetables/Fruit/Fiber
↑ Exercise
↓ Obesity
No tobacco
↓ Alcohol

FINAL STATE

Prognostic biomarkers
(KRAS , BRAF , IMS )

FOBT (guayac/immunochemical)
Sigmoidoscopy
FOBT + sigmoidoscopy
Colonoscopy
Double-contrast barium enema
Virtual colonoscopy
DNA in stool (Kras , p53 , APC )
DNA methylation (septin 9 )

Chronicity

Residual disability

Cure

Illness/disease (CRC)
Symptoms/signs

Figure 1 Colorectal cancer: From prevention to treatment. The figure shows the different alternatives to prevent and treat colorectal cancer (CRC). When the
disease is not present, the best alternative is to have a healthy lifestyle (primary prevention). To detect CRC in its early stages without symptoms, screening programs
are the paramount option (secondary prevention); and finally, when symptoms appear, the treatment to be considered will depend to the existence of prognostic biomarkers and the personal or family history. All these factors will be decisive in the evolution of the disease. FOBT: Fecal occult blood test; FAP: Familial adenomatous
polyposis; HNPCC: Hereditary nonpolyposis colorectal cancer.

by age in the US stands at 29.2 cases per 100000, with a
mortality rate of 8.8. It has been estimated that Europe is
undergoing a minimum annual increase of 0.5% in CRC
incidence.
The European countries with the highest incidence
rates of CRC in men are Slovakia, Hungary and Czech
Republic, all with results greater than 50 cases per 100000.
In women, the highest rates (> 30 cases per 100000) are
observed in Norway, Denmark and the Netherlands[12,13].
Within Europe, Spain is positioned slightly above the
European average in terms of incidence rate (30.4 cases
per 100000)[12,14], although the mortality rate is average
(13.3 per 100000). CRC is the most common tumor in
Spain when considering both sexes together and is the
second leading cause of cancer death in both men and
women. Estimations for next year predict a pattern similar to the present one, with increased mortality in men
and a stabilization in women[15]. There is a marked geographic variation in CRC rates, with Catalonia presenting
the highest incidence of this tumor, with an adjusted rate
above the European average in men[16].
Based on current incidence and mortality rates as
well as on projected demographic changes in the world
population for the coming decades, the World Health
Organization (WHO) estimates an increase of 77% in
the number of newly diagnosed CRC cases and an increase of 80% in deaths from CRC by 2030[13,17]. Most of
the additional incidence and mortality would occur in the
world’s less developed regions. This estimation could be
higher if developing countries continue with an increasingly Westernized lifestyle[18].
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Since the 1990s, there has been an improvement in
CRC relative survival at 5 years in both sexes that can be
explained by an early diagnosis at initial stages, a breakthrough in the treatment of stage Ⅱ and Ⅲ disease and
also a decrease in postoperative mortality. Different
theories have been proposed to explain the difference in
the CRC mortality rate between men and women, one of
which is that the use of hormone replacement treatment
in women may be a protective factor[19]. Other factors
that could explain the different patterns of mortality are
an increased access to health care and the adoption of
healthier lifestyles by women.
Current data confirm the need to urgently incorporate
measures to improve the situation, taking into account
both the accelerated aging process and estimates of an increase in incidence rates. As shown in Figure 1, CRC can
benefit from different strategies depending on its stage:
health promotion through health education campaigns
(when the disease is not yet present), the implementation
of screening programs (for the detection of the disease
in its early stages), and the development of nearly personalized treatments according to both patient characteristics
(age, sex) and the cancer itself (gene expression).

PRIMARY PREVENTION (RISK FACTORS)
As previously mentioned, over 70% of CRC cases are
sporadic and thus related to lifestyle. Despite being one
of the most common cancers, CRC is also one that could
benefit most from prevention through primary and secondary prevention strategies, and it is estimated that be-
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tween 66% and 75% of CRC cases could be avoided with
a healthy lifestyle[20].
The known risk factors for CRC are as follows: a diet
low in fruit and vegetables, excessive intake of red meat
and saturated fat, alcohol intake, a sedentary lifestyle,
tobacco and being overweight[21]. However, the main risk
factor is age. From 50 onwards, CRC is much more frequent, and the incidence increases exponentially with age.
Primary prevention is the best strategy to avoid CRC,
but health promotion programs, aimed at changing
dietary and hygiene habits, have long-term results and
should therefore be complemented by other more immediate impact strategies such as secondary prevention.

low cost. In this sense, the three most accepted tests are
the fecal occult blood test (FOBT), colonoscopy and sigmoidoscopy.
European population screening programs typically
use the biennial FOBT as a screening test and colonoscopy as a confirmatory exploration (in positive FOBT
cases)[26]. In contrast, in Japan, the interval is an annual
FOBT. In the US, recommendations are either of one
annual FOBT, sigmoidoscopy, double-contrast barium
enema (DCBE) or CT colonography every 5 years or
colonoscopy every 10 years. Among the various implemented programs, there are other differences in addition
to the screening intervals, such as the target population
to which they are addressed or the type of test used[27,28]
(Table 1).
However, there are many other techniques that,
although far from being incorporated into screening
programs, are extremely useful for the early diagnosis of
CRC and for determining the course of treatment.
All tests or techniques (screening or not) can be divided into two groups as detailed below: (1) explorations to
visualize the large intestine; and (2) analyses of biological
samples.

SECONDARY PREVENTION OR
SCREENING
Among the different CRC prevention options, secondary
prevention is considered one of the most appropriate, as
it can detect cancer precursor lesions (reducing incidence
and mortality) and/or early-stage disease, when treatment
is more effective (also reducing mortality).
Due to its high morbidity and mortality, its wellknown natural history, the diagnostic methods to detect
the disease in early stages or as even precursor lesions,
and treatments that can improve survival if implemented
in early stages, CRC meets the main requirements established by the WHO to be screened[22].
It is well known that the main CRC prognostic factor
is the stage at diagnosis. CRC survival at 5 years is between 50% and 60%[23] and is higher in the initial stages
(75%-90%) than in advanced stages (< 15%)[24]. Many
CRCs are detected from the presence of signs or symptoms, which typically appear in advanced phases; in these
cases, a quick diagnosis does not ensure a better prognosis, as the presentation of any symptoms may indicate
the presence of advanced CRC. Thus, early detection and
implementation, ideally, of CRC population-screening
programs is of paramount importance. However, not
everyone is likely to benefit from the programs; target
population are men and women over 50 years (as this is
the age from which developing CRC is more common)
who are asymptomatic and lack a personal or family history of CRC, the so called average risk population. There
are rapid diagnostic circuits for cases with symptoms or a
high suspicion diagnosis and genetic counseling units or
high risk clinics for cases with a family history.
In 2000, the Advisory Committee on Cancer Prevention recommended to European Union member states
the use of CRC screening in the asymptomatic population from 50 years of age[25].
Although there are different strategies for screening,
the number of which is increasing due to the potential of
emerging technologies in molecular marker application,
not all strategies meet the criteria required for screening
tests in population programs: (1) acceptable sensitivity and specificity; (2) a demonstrated reduction in CRC
mortality; (3) acceptable by the target population; and (4)
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EXPLORATIONS TO VISUALIZE THE
LARGE INTESTINE
Colonoscopy
Colonoscopy is considered the gold standard of excellence for the diagnosis of colorectal pathologies.
Although its use is clearly associated with a reduction
in CRC-related deaths, there are no results from randomized controlled clinical trials demonstrating its effectiveness. However, other studies (prospective observational,
case-control) have reported a significant reduction in
CRC mortality and incidence, reaching, in some cases, up
to 65% and 67%, respectively[29,30], some of them highlighting the differences according to the lesion location,
being more favorable for the left colon[31,32].
Two major multicenter randomized clinical trials are
currently being conducted in Europe to assess colonoscopy effectiveness. The NordICC study is being conducted
in the Nordic countries, the Netherlands and Poland and
compares colonoscopy (22000 people between 55 and 64
years old are invited to undergo once-only colonoscopy)
with no screening (44000 people of the same age)[33].
The COLONPREV is a Spanish study in which over 8
regions collaborate and in which the performance of a
once-only colonoscopy (group of 26703 subjects from
50 to 69 years old) is compared with a biennial immunological fecal occult blood test (FIT) (26599 subjects)[34].
The final results of both studies are expected in 2026 and
2021, respectively.
However, colonoscopy has some disadvantages. Because it is an invasive test, the procedure is not exempt
of complications, with perforation and post-polypectomy
bleeding being the most serious. According to the European Guidelines for quality assurance in CRC screening
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Table 1 Characteristics of some colorectal cancer screening programs worldwide
Country
Germany

1

Italy
Israel
Japan
United States1

Taiwan
Spain
Poland1
Czech Republic1
France
Finland
South Korea
Latvia1
Australia
England
The Netherlands
Canada
Ontario
Manitoba
Croatia
Scotland
Sweden

2

Test

Periodicity

Target population (age)

Year

FOBT
FOBT or CS
FOBT
FS
FOBT
FOBT
FOBT
FS/FOBT
CS
FOBT
FOBT
CS
FOBT
FOBT/CS
FOBT
FOBT
FOBT
FOBT
FOBT
FOBT
FOBT

Annual
Biennial/Every 10 yr
Biennial
Once-only
Annual
Annual
Annual
Every 5/Every 3 yr
Every 10 yr
Biennial
Biennial
Periodic
Annual
Biennial/Every 10 yr
Biennial
Biennial
Annual
Annual
Biennial
Biennial
Biennial

50-54
≥ 55
50-69/74
58-60
50-74
≥ 40
50-75

1971

FOBT
FOBT
FOBT
FOBT
FOBT

Biennial
Biennial
Biennial
Biennial
Biennial

≥ 50
50-74
50-74
50-74
60-69

50-69
50-69
50-66
50-54
≥ 55
50-74
60-69
≥ 50
≥ 50
55-74
50-74
60-69

1982
early 1990s
1992
1994

1995
2000
2000
2000
2002
2004
2004
2005
2002
2006
2006
2007

2007
2007
2008

1

Most countries have population-based screening programs (national or regional) except Czech Republic, Germany, Latvia, Poland and United States (which
all have opportunistic screening). 2It refers to the year which some kind of screening began (pilot, population-based or opportunistic). FOBT: Fecal occult
blood test; FS: Flexible Sigmoidoscopy; CS: Colonoscopy.

and diagnosis[28], major complications occur in 3‰ to
16‰ of examinations, depending on whether the colonoscopy is chosen as a screening test or as a confirmatory
test after a positive FOBT.
Furthermore, a lesion miss rate ranging between 6%
and 12% for large polyps and 5% for cancers has been
described[35-38]. Thus, it is important to ensure good colonic cleansing and to use experienced endoscopists with
an extensive history of examinations performed over his
or her career and a minimum of annual procedures[28,39,40].
Other limitations of the use of colonoscopy as a
screening test are its cost and its lower acceptance by the
population (because of the requirement of a specific diet
and the intake of a bowel cleansing preparation, the fear
of anesthesia and the exploration itself or shame)[41-44].
In the COLONPREV study previously mentioned[34], the
participation rate was higher in the FIT group than in the
colonoscopy group (34.2% vs 24.6%). In an Italian trial
in 2007, the results were very similar, with an attendance
rate of 32.3% for FIT and 26.5% for colonoscopy[44].
These data demonstrate the clear preference of the population.
As the gold standard test for the detection of colorectal pathology, colonoscopy exhibits the best results, exceeding 98% sensitivity and 99% specificity for lesions >
6 mm[45-47].
Assuming an exploration under perfect conditions
(excellent or good colonic cleansing that allows a view of
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> 90% of the mucosa and cecal intubation) and taking
into account the natural history of CRC, the different
guidelines currently available recommend a colonoscopy
every 10 years for an average-risk population starting at
an age of 50 years[28,48,49]. The cases with family or personal history with a high risk of developing CRC must
follow different controls to the average-risk population,
usually by reducing the interval between surveillance
colonoscopies.
Sigmoidoscopy
With respect to colonoscopy, sigmoidoscopy has the
advantage of requiring less preparation and is typically
performed without sedation. However, sigmoidoscopy
has the great disadvantage of only detecting distal colon
neoplasms.
The decision to perform a colonoscopy if a neoplasia
is detected with sigmoidoscopy is controversial and must
be individualized. Factors associated with an increased
risk of proximal neoplasia include age > 65 years, villous
histology in the distal lesion, distal adenoma ≥ 1 cm or
multiple adenomas in the distal colon, and family history
of CRC[50,51]. Several studies demonstrate that the prevalence of advanced adenomas in the proximal colon in
patients without distal lesions is only 2%-5%. Moreover,
evidence also suggests that the risk of proximal advanced
neoplasia in individuals with only hyperplastic polyps in
the distal colon is comparable to the risk of people with-
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out distal polyps[52].
Unlike colonoscopy, there are results from randomized clinical trials assessing sigmoidoscopy. The most
favorable results are those of a US study[53], in which a
33% reduction in CRC incidence and a 43% reduction
in mortality were obtained. United Kingdom[54] and Italy
(SCORE)[55] trials also achieved satisfactory results (decreased incidence and mortality of 21% and 26%). In
contrast, in the Norwegian study, there was no benefit
after 7 years of follow-up[56].
The sensitivity for detecting advanced neoplasia is
lower than that of colonoscopy. Results between 78%
and 83% have been reported[50-52].
A sigmoidoscopy is recommended every five years in
an average-risk population. Sigmoidoscopy can be performed alone or combined with an FOBT annually or
biennially[28,48,49].

autofluorescence imaging system, etc.), still under development but very promising for CRC screening, with the
goal of increasing population acceptance as well as the
detection rate of neoplasia, especially in the proximal colon. It will be necessary to wait a few years to understand
the results of the different ongoing studies[65,66].

BIOLOGICAL SAMPLE ANALYSIS
Feces
Fecal hemoglobin: Most cases of CRCs develop in advanced adenomatous polyps (AA) (greater than 10 mm
in diameter, with high-grade dysplasia or with more than
20% villous component). These preneoplastic lesions and
CRC are characterized by presenting intermittently inappreciable blood loss in stool, which can be detected by
FOBT before becoming clinically visible.
FOBT is the most used method for CRC screening
worldwide and it is also the choice in most populationbased screening programs in Europe. Due to its noninvasive nature and low cost, FOBT is one of the most
accepted techniques by the population.
There are two basic types of FOBT: those based on
guaiac resin (mostly biochemical qualitative) and those that
are immunologically based (qualitative or quantitative).
The guaiac test (gFOBT) is the most studied by randomized clinical trials, demonstrating its effectiveness in
reducing both CRC incidence and mortality[67-71]. These
studies demonstrate a reduction in mortality between
15% and 33%, primarily due to the higher proportion
of early-stage diagnoses; a decreased incidence is also
confirmed thanks to preneoplastic lesion (adenomas)
detection and their removal to avoid CRC progression.
The largest reduction is observed when offering the test
annually (33% after 13-years follow-up). A biennial test
obtained a reduction between 15%-21% after 8-years
follow-up and between 18%-21% after 10 years[67-71].
In gFOBT, peroxidase activity in the hemoglobin
heme subunit is detected. These tests are not specific to
human hemoglobin and can react with blood in the diet
(e.g., from red meat) and with the presence of peroxidase
in some vegetables. Therefore, and to avoid false positives, dietary restriction few days before the test is recommended[72]. In addition, gFOBT are not specific for lower
gastrointestinal bleeding and may give false positives
secondary to a bleeding pathology in the upper digestive
tract. The test is performed by collecting two small stool
samples from three separate bowel movements.
The two main types of gFOBT are the standard and
the sensitive methods, differing by their ability to detect
peroxidase activity (being better for the sensitive test).
The tests are qualitative tests, whose results are obtained using a reagent that changes the color of the stool
sample; therefore, the result is exposed to a subjective assessment by the lab technician.
gFOBT sensitivity for neoplasia is very wide, from
6.2% to 83.3%, depending on the test used. Specificity is
more constant, exceeding 80% in all cases and reaching

DCBE
There is little evidence regarding DCBE, and the existing few results do not belong to randomized trials. In a
case-control study, a reduction in CRC mortality of 33%
was detected[57]. In a substudy of the popular National
Polyp Study, DCBE detected 53% of polyps between 6
and 10 mm, 48% of polyps larger than 10 mm and 32%
of those under 6 mm[58]. In a non-randomized study
conducted in general clinical practice, the sensitivity for
detecting adenomas > 7 mm and CRC with DCBE was
73% and 85%, respectively[59].
DCBE is not a very frequently used first choice test
for screening due to its cost and its low acceptance by the
population. DCBE is often used as a complementary test
to endoscopic techniques.
CT colonography
Although CT colonography exhibits superior patient acceptability than colonoscopy in symptomatic patients[60],
this method is very recent and remains little explored for
screening. No sedation is required, but as in conventional
colonoscopy, preparation is needed, and in the case of
finding lesions, an additional exploration has to be performed to resect or biopsy the lesions.
Two meta-analyses[61,62] have reached the same conclusion regarding the use of CT colonography: its sensitivity
and specificity are high for the identification of polyps >
10 mm (82%) but not for smaller polyps (56% for polyps
< 5 mm and 63% for lesions between 6 and 10 mm).
One of the disadvantages described is the high percentage of extracolonic lesions detected (to 66%), nearly
a third of them requiring further testing and monitoring,
generating an unexpected additional cost[63,64].
Although its use as a first choice for CRC screening is
unclear, the American Association of Gastroenterologists
recommends CT colonography every five years[48].
Other exploratory techniques
There are some new endoscopic techniques (wide angle
colonoscopy, endoscopy capsule, narrow band imaging,
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Table 2 Main colorectal cancer screening tools
Test

Sensitivity

Colonoscopy
Adenoma ≤ 5 mm
Adenoma 6-9 mm
Adenoma ≥ 10 mm
CRC
Sigmoidoscopy1
Adenoma ≤ 5 mm
Adenoma 6-9 mm
Adenoma ≥ 10 mm
CRC
gFOBT standard
Adenoma ≤ 5 mm
Adenoma 6-9 mm
Adenoma ≥ 10 mm
CRC
gFOBT sensitive
Adenoma ≤ 5 mm
Adenoma 6-9 mm
Adenoma ≥ 10 mm
CRC
FIT
Adenoma ≤ 5 mm
Adenoma 6-9 mm
Adenoma ≥ 10 mm
CRC

Specificity

Considerations

90%

It requires a bowel cleansing preparation and sedation.
Risk of severe complications.
Not well accepted by population.

92%

It requires less preparation.
Sedation it is not necessary.
Proximal lesions are not detected

95%-99%

Dietary and pharmacological interactions.
3 samples

90%-95%

Dietary and pharmacological interactions.
3 samples

92.5%-98%

The sample needs to be refrigerated.

70%-79%
80%-92%
92%-99%
92%-99%
70%-79%
80%-92%
92%-99%
90%-92%
1%-5%
5%-13.7%
8.9%-27.5%
25%-50%
5%-10%
10%-26.2%
17.7%-49.4%
50%-87%
2%-7.5%
7.5%-24.0%
16%-48%
50%-87%

1

Sensitivity and specificity only for distal lesions. Data based on the report “Evaluating test strategies for colorectal cancer screening: a decision analysis
for the US Preventive Services Task Force”. Available from: URL: http://www.uspreventiveservicestaskforce.org/uspstf08/colocancer/cartzaubtab2.htm.
DCBE: Double-contrast barium enema; gFOBT: Guayac fecal occult blood test; FIT: Immunochemical fecal occult blood test; CRC: Colorectal cancer.

98.4% in some cases[73-75].
FITs are based on the use of monoclonal or polyclonal antibodies specific for human hemoglobin. The
tests detect the presence of globin through immunochemical reactions[76]. The most commonly used methods
are latex agglutination (turbidimetry), enzyme immunoassay (ELISA) and immunochromatography.
FITs do not require dietary restriction, as they are specific for human hemoglobin. The tests are also specific for
lower gastrointestinal bleeding. The tests can be qualitative
and semi-quantitative, being able to set the cutoff point at
convenience. These features make it increasingly often the
chosen test in screening programs across Europe (such as
Italy, France, Holland, Spain, Slovenia), Japan, New Zealand and Australia. The United Kingdom, a faithful user
of gFOBT, is considering changing to FIT shortly.
FIT is better accepted by the population because it
does not require a special diet, is easier to perform and
requires fewer samples than gFOBT. However, it has the
disadvantage that samples should be stored in a refrigerator, as high temperatures can alter the outcome, increasing the number of false negatives[77].
Results from the literature regarding FIT sensitivity
are highly variable, including tests with very little sensitivity (5.4%) and those that reach nearly 98%. Specificity
ranges from 77% to 99%[73,78]. Significant differences
were reported according to the lesion location, with higher sensitivity for distal colon neoplasms[79].
Several studies have demonstrated the superiority of
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FIT to gFOBT in AA and CRC detection rates as well as
a higher participation rate[80-83].
Regardless of the FOBT used (gFOBT, FIT), a colonoscopy should be performed in all patients with a positive FOBT.
One of the main disadvantages of FOBT is its false
positive and negative results. False positives lead to unnecessary explorations (with their associated complications), and false negatives give a false tranquility[84-86].
Currently, a test can be chosen from a vast variety in the
market (over 70 tests)[87].
Thus far, we have seen CRC early detection techniques most frequently used in the context of population
programs. Table 2 summarizes their main characteristics.
Fecal DNA and RNA: The spectacular improvement in
the knowledge of the genome[88-90], methylome[91], transcriptome[92,93] and proteonome[94] has led to the exploration of new methods for CRC diagnosis.
CRC is a very heterogeneous disease, and with a few
exceptions (APC, p53, KRAS) most genes involved are
observed in a small percentage of cases[89,90]. Furthermore, hypermethylation of suppressor gene promoters
is an early event in carcinogenesis[95] detectable in the
majority of CRCs, although this phenomenon is not
universal[96]. Therefore, the design of genetic and epigenetic marker panels able to give maximum coverage
in the diagnosis of colorectal neoplasia seems a reasonable strategy. In recent years, the use of DNA, RNA and
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Table 3 Fecal DNA markers for advanced adenoma and colorectal cancer n (%)
Marker

Study

Meth vimentin

Meth SFRP2
Meth TFPI2
Meth ITGH4
Meth Spastic paraplegia-20
Meth PHACTR3
Meth TFPI2, long DNA
APC, KRAS, p53, long DNA
APC, KRAS, p53, long DNA
APC, KRAS, Meth vimentin
Meth SFRP2, HPPI, MGMT
Meth APC, ATM, hMLH1, sFRP2, HLTF, MGMT, and GSTP1
Meth vimentin, long DNA
Meth RASSF2 or SFRP2
Meth BMP3, hDNA, KRAS, APC
Meth vimentin, MLH1, MGMT
Meth RARB2, p16INK4a, MGMT, APC
KRAS, a actina Meth NDRG4, BMP3, vimentin, TFPI2
β-actin, KRAS, meth BMP3 and NDRG4, fecal hemoglobin

Sensitivity

Chen et al[166]
Itzkowitz et al[167]
Li et al[168]
Huang et al[169]
Wang et al[170]
Glöckner et al[171]
Ausch et al[172]
Zhang et al[173]
Bosch et al[174]
Zhang et al[175]
Imperiale et al[102]
Alhquist et al[103]
Alhquist et al[103]
Huang et al[169]
Leung et al[176]
Itzkowitz et al[167]
Nagasaka et al[177]
Zou et al[100]
Baek et al[178]
Azuara et al[179]
Ahlquist et al[107]
Lidgard et al[105]

Specificity

CRC

Adenoma > 1 cm

43 (46)
29 (73)
9 (41)
49 (94)
60 (87)
36 (76)
77 (80)
(50-60)
52 (87)
16 (52)
3 (25)
11 (58)
50 (96)
15 (75)
68 (83)
63 (75)
67 (91)
45 (75)
16 (62)
214 (85)
91 (98)

9 (45)
11 (53)
21 (62)
4 (21)
9 (69)
(17-29)
4 (44)
84 (12)
47 (8)
55 (45)
15 (71)
17 (68)
6 (86)
25 (44)
21 (78)
31 (60)
8 (40)
72 (54)
48 (57)

178 (90)
106 (89)
63 (95)
23 (96)
28 (93)
22 (79)
30 (100)
(92-98)
25 (83)
1344 (94)
2246 (96)
63 (84)
23 (96)
27 (90)
298 (82)
101 (89)
85 (85)
32 (87)
20 (100)
264 (90)
139 (90)

Meth: Methylation; CRC: Colorectal cancer; APC: Adenomatous polyposis coli gene.

previous sDNA techniques[100]. A trial comparing sDNA
testing with gFOBT[102] obtained a sensitivity for AA of
46% and 16%, respectively.
Although APC and p53 are mutated in the majority
of CRCs, mutations are distributed through hundreds
of positions, making mutational analysis non-viable for
trials in clinical practice. Abnormal methylation of specific suppressor gene promoters is an early event in CRC
carcinogenesis[95], thus making it an attractive target for
the identification of biomarkers. The methylation status
of various genes has exhibited remarkable diagnostic accuracy for CRC and AA, which has been improved by
analyzing multimarker panels (Table 3). Sensitivity for adenoma detection increases with the size of the lesion[104].
Serrated lesions may also be detected by these sDNA
marker panels[105].
One limitation of FOBT is its lower sensitivity for
proximal lesions[78]. In addition, colonoscopy has been recently questioned in the detection of proximal lesions[106].
sDNA tests may not be affected by the neoplasia location[106]. Ahlquist et al[107] evaluated a panel of markers that
identified 85% of patients with CRC and 54% with AA,
without sensitivity differences depending on the location.
A recent technique is fluorescent long DNA (FLDNA), which allows the identification of tumor DNA
fragments > 150-200 base pairs. Neoplastic cells are
characterized by not undergoing apoptosis, unlike normal
cells that typically initiate cleavage and degradation of
DNA, producing small identifiable fragments. FL-DNA
has exhibited a sensitivity of 80% in the detection of
CRC[108].
The major disadvantage of sDNA tests is their cost.
Song et al[109] concluded, from a Markov model, that

protein markers in different biological samples has been
explored[92,94] as strategies for CRC diagnosis.
These tests have been the non-invasive molecular
tests most extensively evaluated. CRC cells exhibit a high
mitotic index and a low adhesion to the basal membrane,
which facilitates their continuous exfoliation into the intestinal lumen[97], unlike intermittent blood loss detected
by FOBT. This constant exfoliation may be used for molecular analysis.
Only 0.01% of total fecal DNA tests (sDNA) is human; the rest comes from diet and bacterial flora[98].
Furthermore, the tumor sDNA is a small percentage of
all human sDNA[99,100] and is even smaller in the case of
AA. This implies that marker detection techniques must
exhibit high sensitivity (Table 3).
The first sDNA tests investigated mutations in KRAS[101]
in CRC patients. Imperiale et al[102] assessed a populationbased cohort comparing a gFOBT with an sDNA panel
that analyzed 21 mutations. The sensitivity for CRC was
13% and 53%, respectively (P = 0.003). First-generation
sDNA tests did not incorporate stabilizing buffers, and
so studies using stool samples sent by mail[102,103] exhibited
a low sensitivity but one far superior to gFOBT. Stabilizing buffers were subsequently incorporated[100,104], avoiding marker degradation during transport and storage, as
well as new, more sensitive detection techniques such as
the digital melt curve method[100] and beads, emulsion,
amplification, and magnetics (BEAMing)[99], enabling the
detection of < 0.1% of mutated copies (the first generation detection threshold was > 1%). A technique called
allele-specific quantitative real-time target and signal amplification (QuARTS) detected less frequent mutations
significantly improving sensitivity for AA compared with
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Table 4 Fecal RNA markers for colorectal adenoma and colorectal cancer n (%)
Marker

Sample

CDA, MGC20553, BANK1, BCNP1, MS4A1
ANXA3, CLEC4D, LMNB1, PRRG4, TNFAIP6, VNN1, IL2RB
ANXA3, CLEC4D, TNFAIP6, LMNB1, PRRG4, VNN1, IL2RB
MicroRNA (miRNA-21, miRNA-106a)
MicroRNA-L6
MicroRNA (miRNA-92)
MicroRNA (miRNA-92a, miRNA-21)
ANXA3, CLEC4D, LMNB1, PRRG4, TNFAIP6, VNN1, IL2RB
COX2, matrix metalloproteinase 7

Blood
Plasma
Plasma
Fecal
Plasma
Plasma
Fecal
Plasma
Fecal

Han et al[138]
Marshall et al[180]
Yip et al[181]
Link et al[113]
Schiedeck et al[182]
Ng et al[142]
Wu et al[183]
Chao et al[184]
Takai et al[111]

Sensitivity

Specificity

CRC

Adenoma

30 (88)
145 (72)
60 (61)
(74)
145 (79)
80 (89)
63 (72)
215 (78)
56 (90)

32 (56)
-

27 (64)
146 (70)
85 (77)
(79)
45 (100)
35 (70)
74 (73)
215 (66)
29 (100)

calcium binding protein A12 and metallopeptidase inhibitor
1. The latter exhibits a sensitivity for CRC of 85% and a
specificity of 95% compared with controls[120].

FOBT and colonoscopy were more cost-effective than
fecal sDNA analysis. In the future, the use of new generation sDNA platforms with fewer markers could reduce
costs and improve their viability in clinical practice[110].
RNA expression levels in stool can also be quantified to identify CRC patients[111]. An mRNA analysis of
COX-2 in feces yielded a sensitivity of 87% for CRC with
a specificity of 100%. mRNA of matrix-7 metalloproteinase
detected 65% of CRC cases. The combination of these
two markers reached a sensitivity of 90%. However,
mRNA levels in stool exhibited a very low sensitivity for
AA (4%)[111] (Table 4).
MicroRNAs (miRNAs or miR) are small non-coding
RNA molecules of 18-22 nucleotides that regulate gene
expression at a posttranscriptional level. CRC exhibits a
unique and identifiable pattern of miRNA expression[112]
that can be detected in feces. A pilot study assessed an
miRNA expression profile, detecting overexpression of
miR21 and miR106 with a sensitivity and specificity of
74.1% and 79.0%, respectively[113]. Koga et al[114] observed
clusters miR17-92 and miR-135 overexpressed but could
not confirm miR21 overexpression. Kanaoka et al[115]
evaluated prostaglandin-synthase 2 in a small group of patients and reported a sensitivity between 50% to 90% and
a specificity of 93% in the CRC diagnosis.

Blood and plasma
Unlike stool, all of the blood/plasma DNA proceeds
from the host, but the number of altered DNA copies in
early CRC or preneoplastic lesions may be absent or at
levels below the detection limit[121]. Some plasma enzymes
could affect the marker stability[122]. Therefore, a processing optimization of the sample to remove PCR inhibitors
will be required to improve its sensitivity[121].
Tumor cells can get into the blood through blood
vessel invasion[123,124], where they then circulate in the
blood and release detectable markers in plasma samples
or circulating phagocytes. However, such vessel invasion
occurs more frequently in advanced stages of the disease
and is absent in AA[125-127]; thus, the detection of circulating tumor cells could be of prognostic value but would
not be useful in the context of CRC screening. Moreover,
the presence of free nucleic acids of tumor origin in
plasma has been documented, and although these nucleic
acids exhibit a small representation in plasma[128,129], their
use as biomarkers could be possible[130]. However, certain
tumor markers could be phagocytosed by inflammatory
cells, allowing their detection in blood at any disease
stage.

Protein in feces: Some plasma protein markers (albumin,
lactoferrin, calprotectin, haptoglobin)[116] are detectable
in feces, although with a very low sensitivity for AA.
However, detection of proteins derived from CRC and
AA could have a greater discriminant value. A pilot study
employing magnetic resonance spectroscopy used feces
from patients with CRC exhibiting a sensitivity and specificity of 92%[117].
Pyruvate kinase isoenzyme type M2 (M2-PK) is the
dimeric form of pyruvate kinase isoenzyme glycolysis.
M2-PK is overexpressed in all proliferating cells[118,119] and
is measurable in feces. A meta-analysis evaluated the concentration of M2-PK in stool samples from 704 patients
with CRC and 11412 healthy controls from 17 independent studies. The sensitivity for CRC and adenomas > 1
cm was 80% and 44%, respectively, with a specificity of
95%.
Other mutated proteins detected in feces include S100
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Study

DNA in plasma: A variety of DNA markers have been
assessed in plasma (Table 5). With respect to the detection of mutations, by BEAMing assay (Beads, Emulsification, Amplification, and Magnetics), APC mutations
in tumor tissue and plasma samples were detected with a
sensitivity of 73%, but the sensitivity was only 9% in the
case of AA[121].
As an alternative to mutation analysis, the accuracy
of detecting epigenetic changes in plasma was assessed.
Specifically, hypermethylation of Septine 9 (a gene belonging to a guanosine triphosphatase class) is associated with
CRC[131,132]. Methylation analysis of Septin 9 in plasma
detected between 58% and 96% of CRC patients and
18% of AA, with specificities of 86%-100%[131-134]. Its low
sensitivity for AA would force patients to take the test
annually or biennially. A multicenter trial included 7941
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Table 5 Serum DNA markers for adenoma and colorectal cancer n (%)
Marker

Study

APC, KRAS, p53
APC mutation
APC, MLH1, HLTF
Meth SEPT9

TMEF2, NGFR, SEPT9
Meth on 10 genes
Meth Vimentin

Wang et al[185]
Diehl et al[121]
Leung et al[186]
Lofton-Day et al[134]
Grützmann et al[133]
deVos et al[131]
Tóth et al[187]
Lofton-Day et al[134]
Lee et al[188]
Li et al[168]

Sensitivity

Specificity

CRC

Adenoma

36 (46)
16 (73)
3-28 (6-57)
92 (69)
73 (58)
62 (69)
88 (96)
40-69 (30-52)
210 (87)
48 (59)

1 (9)
3 (18)
48 (75)
-

50 (100)
33 (100)
37-41 (90-100)
154 (86)
165 (90)
132 (89)
78 (85)
170 (95)
254 (92)
102 (93)

TMEF2: Transmembrane protein with EGF–like and follistatin–like and two follistatin-like domains 2; SEPT9: Septin 9; Meth: Methylation; CRC: Colorectal
cancer; APC: Adenomatous polyposis coli gene; MLH1: MutL homolog 1; HLTF: Helicase-like transcription factor.

individuals ≥ 50 years with an average CRC risk. A sensitivity of 48% and a specificity of 91% were observed.
However, the sensitivity for AA was low (11%)[135]. There
is currently an automated test available on the market (Epi
proColon Early Detection Assay Kit®)[132]. The addition
of new markers to this detection blood test could optimize its performance in the future[136]. Nevertheless, its
high cost compared with FOBT could limit its use.

allows the analysis of large-scale protein patterns, including chromatographic techniques based on mass
spectrometry (MS) assays, surface-enhanced laser desorption/ionization time-of-flight (SELDI-TOF)-MS and
matrix-assisted laser desorption/ionization time-of-flight
(MALDI-TOF) MS, that identify peptide patterns that
discriminate CRC patients from healthy individuals with
a sensitivity and specificity of over 90%[150]. The application of these profiles has to be defined, as most of these
studies are conducted in a small number of cases, and in
some of them, the identified biomarkers are not CRCspecific[151,152] but part of larger serum protein degradation products.
Circulating lymphocytes may contain traces of dysplastic lesions[153]. A pilot study examined the possibility
of detecting CD24 in circulating leukocytes, demonstrating the ability to detect CRC and AA[154].
Another area of research is the identification of
tumor-associated autoantibodies (epithelial cell adhesion
molecule, p53, p62, CEA, HER-2/neu, Ras, topoisomerase Ⅱ-alpha, histone deacetylase 3 and 5, ubiquitin L3, tyrosinase, tropomyosin, cyclin B1) as CRC markers[155-157].
These markers are absent in healthy individuals, and because they are very stable molecules and can be detected
by immunoassays, they suggest a promising avenue for
research.
Babel et al[158] used a microarray platform evaluating
8000 proteins. The authors identified 43 proteins capable
of discriminating tumor serum from normal serum. The
combined ELISA analysis of two of the markers (MAPKAPK3 and ACVR2B) in a CRC population and in a
healthy population obtained a sensitivity of 83% and a
specificity of 74%[156]. The accuracy of these proteins was
enhanced through the incorporation of two new proteins
to the panel (MST1/STK4 and SULF1)[159].
This research field, still in the experimental stage, is
very interesting because it uses immunoassay techniques
characterized by low cost, robustness and applicability.

RNA in plasma: The transcriptome of peripheral blood
and plasma provides a source of potential diagnostic
markers[137]. Han et al[138] designed a plasmatic marker
panel (BANK1, BCNP1, CDA, MGC20553 and MS4A1)
as a result of mRNA leukocyte microarray expression
profiling, capable of discriminating a CRC patient from
a healthy individual. An independent analysis revealed a
sensitivity and specificity of 88% and 64%, respectively.
miRNAs have been demonstrated to be stable plasma
markers, reproducible and consistent[139-141]. High miR92
levels have been identified in CRC patient plasma compared with healthy control samples[142], and significantly
elevated miR92a and miR29a levels were detected in AA
and CRC patients compared with controls[143].
Proteins in plasma: Carcinoembryonic antigen (CEA)
is the most investigated protein but is not useful in CRC
screening due to its low sensitivity (43% to 69%) in early
CRC. Other antigens, such as CA 19.9, CA 50, CA 72.4,
CO 29.11, have been studied without demonstrating acceptable diagnostic performance[144]. Furthermore, the
performance of some proteins analyzed as single markers has demonstrating promising results in a small group
of patients, thus they must be validated. Among these
proteins, the most prominent include CD26 (sensitivity
90%, specificity 90%)[145], alpha-defensin 1 (sensitivity
69%, specificity 100%)[146], colon cancer-specific antigen (CCSA)-3 and CCSA-4 (for CRC sensitivity 100%,
specificity 96%; for AA sensitivity 78%)[147], CCSA-2 (for
CRC sensitivity 89%, specificity 84%; for AA sensitivity 20%)[148]; and TIMP-1 (sensitivity 60%, specificity
98%)[149] (Table 5).
The incorporation of new technologies in proteomics
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Urine
Tumor markers can access urine through blood circulation. The markers are metabolized in small fragments and
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COLORECTAL CANCER TREATMENT

Table 6 TNM classification of colorectal cancer

Colorectal locoregional non-metastatic cancer treatment
Surgery: Surgical treatment for non-metastatic rectal
cancer should include total mesorectal excision (TME),
which consists of the total excision of the rectum vascular pedicle along fascia anatomic planes[189] with adequate
distal and circumferential margins and inferior mesenteric lymphadenectomy[190]. Sphincter-sparing surgery is
possible in most cases of middle or lower rectal tumors
as long as there is a distal margin at least of 1 cm. In
very low tumors, an abdominoperineal resection may be
required[191].
Local excision by transanal endoscopic microsurgery
is also an option in tumors that do not exceed the upper
third of the submucosa if a complete excision with adequate margins is obtained[192].
Likewise, it has been postulated that in colon cancer,
surgery should be based on colectomy and bloc resection of lymph nodes[193]. In most cases, a laparoscopic
intervention is possible[194]. The evaluation of a minimum
of 12 lymph nodes is considered a measure of surgery
quality[195,196]. Resection must be complete to be curative,
so other atypical nodes or ganglions outside the resection
field should be biopsied or resected whenever possible.

T = Primary tumor
TX = Primary tumor cannot be assessed
T0 = No evidence of primary tumor
Tis = Carcinoma in situ: intraepithelial or invasion of lamina propria
T1 = Tumor invades submucosa
T2 = Tumor invades muscularis propria
T3 = Tumor invades through the muscularis propia into subserosa or
into nonperitonealized pericolic or perirectal tissues
T4a = Tumor penetrates to the surface of the visceral peritoneum
T4b = Tumor directly invades or is adherent to other organs or
structures
N = Regional lymph nodes
NX = Regional lymph nodes cannot be assessed
N0 = No regional lymph node metastasis
N1a = Metastasis in one regional lymph node
N1b = Metastasis in two to three regional lymph nodes
N1c = Tumor deposit(s) in the subserosa, mesentery, or
nonperitonealized pericolic or perirectal tissues without regional
nodal metastasis
N2a = Metastasis in four to six regional lymph nodes
N2b = Metastasis in seven or more regional lymph nodes
M = Distant metastasis
MX = Distant metastasis cannot be assessed
M0 = No distant metastasis
M1a = Distant metastasis to one organ or site
M1b = Distant metastasis to more than one organ/site or the
peritoneum
Staging
Stage Ⅰ (T1-T2, N0, M0)
Stage ⅡA (T3, N0, M0)
Stage ⅡB (T4a, N0, M0)
Stage ⅡC (T4b, N0, M0)
Stage ⅢA (T1-T2, N1, M0 and T1, N2a, M0)
Stage ⅢB (T1-T2, N2b, M0; T2-T3, N2a, M0 and T3-T4a, N1, M0)
Stage ⅢC (T3-T4a, N2b, M0 and T4b, N1-N2, M0 and T4a, N2a, M0)
Stage ⅣA (any T, any N and M1a)
Stage ⅣB (any T, any N and M1b)

Adjuvant chemoradiotherapy: The anatomic complexity of the pelvis adds complication to rectal cancer
treatment. The locoregional recurrence risk is higher in
rectal than in colon cancer and is associated with a worse
prognosis. This risk is due to the absence of serosa in
the rectum and its proximity to other pelvic organs and
structures, making it difficult to obtain wide surgical
margins[197]. The treatment of choice for stage Ⅱ and Ⅲ
rectal cancer, clinically T3, T4 or ganglionar affectation
(Table 6)[198], includes preoperative chemoradiotherapy
with conventional radiotherapy fractionation of 50.4 Gy
in 28 fractions. Performing this treatment preoperatively
reduces the incidence of local recurrence and toxicity,
also allowing greater sphincter preservation, compared
with its postoperative administration[199]. In those patients
not treated with preoperative chemoradiotherapy, postoperative administration is recommended, exhibiting no
differences in 10-year overall survival (OS), in 10-year
cumulative incidence for distant metastasis, or in 10-year
progression-free survival (PFS)[200].
The addition of concomitant chemotherapy to radiotherapy in locoregional rectal cancer treatment, both
preoperatively and postoperatively, is due to its sensitizing effect in irradiated tissues, increasing the complete
pathological responses percentage, along with its micrometastases potential eradication, improving disease systemic control[201]. To date, conventional chemotherapeutic
treatment concomitant with radiation includes 5-FU
continuous infusion or, more recently, capecitabine (one
fluorouracil oral prodrug), with both drugs being equivalent[202]. The use of short hypofractionated radiotherapy

cross glomerular filtration[160]. Urine sample collection is
easy and non-invasive, and DNA isolation is easier than
in the feces, due to its low content in foreign proteins.
Urine contains products that have been excreted over a
period of time; therefore, urine may be less vulnerable to
the intermittent release of markers in the blood[160,161].
Nucleosides that can accurately discriminate CRC
patients from healthy controls have been identified in
urine[162]. One study evaluated mutated KRAS sequences
in the tissue and urine of a small number of CRC
patients and healthy controls, reporting an 83% concordance between the mutated DNA in tissue and the
corresponding urine sample[161]. This concordance of
results between urine and tissue could be higher than that
observed between plasma and tumor tissue[163].
Hypermethylation detection of the vimentin gene
in urine samples was significantly associated with CRC
compared with controls[164]. The use of SELDI-TOF MS
and MALDI-TOF MS platforms to identify protein profiles in the urine of CRC patients have been evaluated by
Ward et al[165], with a sensitivity of 78% and a specificity
of 87%.
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with 5-FU-based schemes[214].
No survival benefit has been reported for CRC adjuvant treatment using irinotecan[215,216] or new drugs such
as bevacizumab [humanized monoclonal vascular endothelial growth factor (VEGF) antibody][217] or cetuximab
(murine monoclonal antibody directed against epidermal
growth factor receptor, EGFR), regardless of tumor
KRAS status[218].
There is no evidence for the benefit of adjuvant chemotherapy in stage Ⅰ CRC[205].

(25 Gy for 5 d) has also exhibited a decreased local recurrence rate and improved survival compared with surgery
alone[203,204] and is currently considered an alternative to
conventional chemoradiotherapy treatment in elderly patients or with higher comorbidity.
Unlike rectal cancer, adjuvant treatment of CRC
is more aimed at the prevention of distant metastases
because the local recurrence rates are lower. Therefore,
treatment with perioperative chemoradiotherapy is administered only in selected cases of T4 tumors with fixed
structures impairment or recurrent disease[205].

Colorectal metastatic cancer treatment
Approximately half of the patients diagnosed with CRC
eventually develop metastases, mainly those of metachronic presentation. The most common site for metastases occurrence is the liver. Approximately 20% of
patients are diagnosed with synchronous liver metastases.
However, resection of hepatic metastatic disease may
achieve healing in a group of patients, with 5-year DFS
of 20% in those patients where liver metastases resection
was achieved. For this reason, it is essential to select those
patients with resectable or potentially resectable disease.
In addition, some patients with extrahepatic metastases
may also benefit from their resection[219]. This has made
the metastatic CRC therapeutic approach more complex,
with multiple treatment options that increasingly require
a multidisciplinary medical team, which can combine
locoregional treatment of metastases with systemic treatment to obtain disease resectability[220].

Adjuvant chemotherapy: Surgery is the main treatment
for CRC cure, but in cases with ganglionar involvement
(stage Ⅲ), the administration of adjuvant chemotherapy
is the treatment of choice for optimizing the chances
of healing. The administration of 5-FU and folinic acid
(Leucovorin) for 6 mo improves survival by approximately 10%-15%[206]. The oral capecitabine monotherapy
scheme has been shown to be equivalent to that of 5-FU
with a lower percentage of adverse effects[207]. Despite
this, the treatment of choice in stage Ⅲ after MOSAIC
results[208] is the scheme that uses oxaliplatin with 5-FU
and Leucovorin (FOLFOX), adding a 7% 3-year diseasefree survival (DFS) with respect to the scheme without
oxaliplatin. Similarly, the scheme combining capecitabine
with oxaliplatin (CapeOx) also proved to be superior to
the traditional scheme of 5-FU and Leucovorin, increasing the 3-year DFS in 4.4%[209]. Both schemes with oxaliplatin are considered of choice in stage Ⅲ, reserving
schemes without oxaliplatin for patients where this drug
is considered contraindicated.
The use of adjuvant chemotherapy in stage Ⅱ colon
cancer is more controversial. There is a subgroup of patients at this stage with increased risk of recurrence [T4,
inadequate nodal surgery (< 12 nodes removed), lymphovascular invasion, visceral peritoneum affectation, bowel
obstruction or poorly differentiated histology] in which
the use of adjuvant chemotherapy with the previous
schemes discussed can be considered[210]. In these cases, it
is recommended to discuss with the patient the pros and
cons of using chemotherapy, as the survival benefit is
unclear[211,212]. However, there are good prognostic markers, such as high microsatellite instability (H-MSI), to be
taken into account when assessing the use of adjuvant
chemotherapy in stage Ⅱ disease because there are studies reporting little benefit or even a negative impact of
5-FU adjuvant chemotherapy without oxaliplatin in these
cases[213]. On this basis, the generalized use of adjuvant
chemotherapy in stage Ⅱ tumors with H-MSI is not recommended.
With regard to rectum cancer, the use of adjuvant
chemotherapy is recommended in both stages Ⅱ and Ⅲ
disease, although its effectiveness in many cases is extrapolated from colon cancer studies. A meta-analysis published in 2012 and based on 21 randomized clinical trials
in rectal cancer patients reported an increase in OS and
PFS in patients receiving postoperative chemotherapy
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Surgery: Good prognostic factors in liver metastases resection have been postulated, including the presence of a
low number of metastases, lesions smaller than 5 cm, no
major vasculature affectation, absence or a low volume
of extrahepatic disease, sufficient liver reserves and the
presence of negative margins in liver resection[221,222]. Furthermore, although the presence of extrahepatic disease
is a poor prognostic factor, the possibility of extrahepatic
disease resection in selected patients may increase the
DFS median[219]. Resection of lung metastases in punctual
cases could have an impact on survival[223].
The surgical approach to peritoneal carcinomatosis
along with hyperthermic intraperitoneal chemotherapy
and perioperative systemic chemotherapy are considered
palliative, although with encouraging results in terms of
survival[224].
Local liver treatments: In daily clinical practice, other
techniques (radiofrequency ablation [225], hepatic arterial chemotherapy[226] administered directly to the liver,
radioembolization with yttrium-90 microspheres[227] and
stereotactic radiotherapy[228]) have been incorporated in
the treatment of selected patients with few liver metastases or as a complement to surgery to achieve resectability.
The role of such treatments is not fully defined in the
absence, in most cases, of randomized trials. Stereotactic
radiotherapy and radiofrequency are also being evaluated
for the treatment of pulmonary metastases in selected
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patients[229].

or BRAF from being sensitive to cetuximab treatment,
being effective only in tumors with unmutated KRAS.
Cetuximab and FOLFIRI combination increases PFS and
OS[242]. In contrast, in first-line therapy, there is no benefit
in statistically and clinically significant survival after the
addition of cetuximab to FOLFOX[243]. Cetuximab has
been shown to reverse resistance to irinotecan after progression to schemes containing the drug[244].
Panitumumab is a completely humanized monoclonal
antibody against EGFR that is effective as monotherapy
in patients in chemotherapy progression[245] or in combination. Its mechanism of action is similar to that of
cetuximab; thus, the presence of KRAS mutations should
also be considered. The addition of panitumumab to
chemotherapy has demonstrated efficacy in PFS in combination with FOLFOX[246] in first-line therapy and in
combination with FOLFIRI[247] in second-line therapy.
Aflibercept is a new molecule targeting against VEGF.
The addition of aflibercept to FOLFIRI in second-line
therapy increases PFS and OS[248] compared with chemotherapy alone.
The combination of chemotherapy with more than
one biological agent (anti-EGFR and anti-VEGF) does
not provide benefits but increases toxicity; therefore, it is
contraindicated[249,250].
In Table 7, a summary of the different systematic
treatments available for CRC is presented.

Chemotherapy: In metastatic CRC treatment, chemotherapy can be used as a complement to metastases potentially curative by surgery as neoadjuvant treatment to
achieve resectability of initially unresectable disease or as
palliative therapy.
As adjuvant treatment, the administration of chemotherapy with 5-FU for 6 mo (Mayo scheme, which to date
is considered suboptimal) has resulted in improvements
in 5-year DFS[230]. Another study has compared the use
of perioperative FOLFOX for 6 mo with surgical treatment alone in patients with up to 4 resectable liver metastases, demonstrating a better 3-year PFS. This scheme
is currently considered first choice as adjuvant to surgery
for liver metastases[231].
Regarding neoadjuvant treatment for potentially resectable liver disease, FOLFOX and FOLFIRI have exhibited similar response rates of approximately 30%[232],
whereas the combination of oxaliplatin, irinotecan and
5-FU (FOLFOXIRI) exhibit higher reported response
rates (66%), achieving a higher rate of resectability than
FOLFIRI[233].
Palliative therapy with chemotherapy increases survival, can reduce the symptomatology and can improve
quality of life. The treatment length may be 6 mo or until
disease progression[234], depending mainly on toxicity.
The choice of both first-line and subsequent treatments
depends on previous treatments, the administration and
toxicity profiles as well as the objectives to be achieved
with the treatment. The use of 5-FU results in approximately 12-mo survival[235], being equivalent to Capecitabine treatment[236]. FOLFOX and FOLFIRI exhibit similar
survival outcomes in first-line metastatic disease[232], with
15 mo OS, being also equivalent in oxaliplatin schemes
the substitution of 5-FU by capecitabine[237].

CONCLUSION
CRC is one of the most common cancers worldwide.
Today, various techniques are available to detect CRC in
its early stages or as precursor lesions, thereby preventing
aggressive treatment.
Screening programs have helped make these techniques more accessible to the population, with FOBT,
sigmoidoscopy and colonoscopy representing the most
used. FIT is emerging as the best test for screening due
to its better acceptance among populations. However, its
sensitivity, yet distant from the gold standard (colonoscopy), requires further research.
The enormous work of basic and translational research in recent times has identified a large number of
potential biomarkers. Although there is not sufficient
evidence yet to recommend the analysis of biomarkers
such as DNA, RNA or proteins in the blood or stool, it
is likely that given the quick progression of technological
tools in molecular biology, increasingly sensitive and less
expensive, they will gradually be implemented in clinical
practice and will most likely be developed in mass.
Chemotherapy remains the cornerstone of systemic
treatment today, but several new targeted drugs have
emerged in this filed in the last decade, improving the
management of metastatic disease. The recent advances
in molecular biology and the genetic classification of
CRC are essential to individualize these therapies and will
be basic for improving the treatment in the next years.

New drugs: The addition of new drugs to the traditional chemotherapy schemes has not demonstrated efficacy
as a complementary treatment in the resection of liver
metastases.
Bevacizumab is a partially humanized monoclonal antibody against VEGF. Several studies have demonstrated
the benefit of adding bevacizumab to oxaliplatin and irinotecan chemotherapy schemes. In first line therapy, the
addition of bevacizumab to IFL scheme with irinotecan
resulted in a statistically significant increase of both, PFS
and OS[238]. Its combination with oxaliplatin schemes has
resulted in an increased PFS but not OS[239,240].
The effectiveness of adding bevacizumab to chemotherapy is independent of the KRAS status[241]. Although
the response rate with bevacizumab is approximately
50%[239], its role as neoadjuvant treatment with respectability intention is not clearly defined.
Cetuximab is a partially humanized monoclonal antibody against EGFR (epidermal growth factor receptor).
Mutations in KRAS or BRAF in the signaling pathway
downstream EGFR prevent tumors with mutated KRAS
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Adjuvant therapy (stage Ⅲ and stage Ⅱ with high-risk features for
systemic recurrence)
FOLFOX
CapeOx
If oxaliplatin is contraindicated or elderly patients
Capecitabine
5-FU/Leucovorin
Metastatic disease (stage Ⅳ)
Resectable disease (lung, hepatic or peritoneal metastasis)
Consider surgery and/or locoregional treatment (radiofrequency,
stereotactic radiotherapy) and 6 mo of perioperative chemotherapy
(FOLFOX, CapeOx preferred)
Potentially resectable
FOLFOX
FOLFIRI
FOLFOXIRI
Cetuximab + FOLFIRI (only KRAS wild type)
Panitumumab + FOLFOX (only KRAS wild type)
Bevacizumab + FOLFOX
Unresectable (palliative)
FOLFOX
CapeOx
FOLFIRI
FOLFOX + Bevacizumab
CapeOx + Bevacizumab
FOLFOX + Panitumumab (only KRAS wild type)
FOLFIRI + Panitumumab (only KRAS wild type)
FOLFIRI + Cetuximab (only KRAS wild type)
FOLFIRI + Aflibercept
Capecitabine
5-FU/Leucovorin
Cetuximab + Irinotecan (only KRAS wild type)
Cetuximab monotherapy (only KRAS wild type)
Panitumumab monotherapy (only KRAS wild type)
Regorafenib

7
8

9

10

11
12

13

FOLFOX: 5-fluorouracil (5-FU), leucovorin, and oxaliplatin; FOLFIRI: 5-FU,
folinic acid, irinotecan; FOLFOXIRI: 5-FU, folinic acid oxaliplatin irinotecan; CapeOx: Capecitabine together with oxaliplatin.
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hypothetical predictive role of MSI regarding its response to 5-fluorouracil-based adjuvant chemotherapy
has proven a much more difficult issue to address.
Almost every possible relation between MSI and chemotherapy outcome has been described in the adjuvant colon cancer setting in the international literature,
and the matter is far from being settled. In this current
report we critically evaluate the prognostic and predictive impact of MSI status in patients with stage Ⅱ and
stage Ⅲ colon cancer patients.
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Core tip: Adjuvant chemotherapy in patients with stage
Ⅱ colon cancer is still a subject of controversy. Stage
Ⅱ tumors are highly heterogeneous, with five-year
relative overall survival rates ranging from 58.4% to
87.5%. Recently reported European Society for Medical
Oncology guidelines suggest that microsatellite instability (MSI) should be evaluated in stage Ⅱ colorectal
cancer patients in order to contribute in treatment
decision-making regarding chemotherapy administration. The current report critically evaluates the prognostic and predictive impact of MSI status in patients with
stage Ⅱ and stage Ⅲ colon cancer.

Abstract
In colon cancer, classic disease staging remains the key
prognosis and treatment determinant. Although adjuvant chemotherapy has an established role in stage Ⅲ
colon cancer patients, in stage Ⅱ it is still a subject of
controversy due to its restriction to a small subgroup
of patients with high-risk histopathologic features.
Patients with stage Ⅱ tumors form a highly heterogeneous group, with five-year relative overall survival
rates ranging from 87.5% (ⅡA) to 58.4% (ⅡC). Identifying those for whom adjuvant chemotherapy would
be appropriate and necessary has been challenging,
and prognostic markers which could serve in the selection of patients more likely to recur or benefit from
adjuvant chemotherapy are eagerly needed. The stronger candidate in this category seems to be microsatellite instability (MSI). The recently reported European
Society for Medical Oncology guidelines suggest that
MSI should be evaluated in stage Ⅱ colorectal cancer
patients in order to contribute in treatment decisionmaking regarding chemotherapy administration. The
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INTRODUCTION
Colorectal cancer (CRC) remains a major public health
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problem in the western world, with an estimated 143397
new cases and 51690 deaths occurring in 2012 in the
United States alone[1].
In the adjuvant setting, after the oxaliplatin/fluorouracil (5-FU)/leucovorin (LV) era[2,3] we have reached a deadlock. Up until now, classic disease staging remained the
key prognosis and treatment determinant. Based on that,
adjuvant chemotherapy has an established role in stage Ⅲ
patients, where it is restricted to a small subgroup of patients with high-risk histopathologic features and stage Ⅱ
disease[4,5]. Adjuvant chemotherapy in patients with stage
Ⅱ colon cancer is still a subject of controversy. Stage Ⅱ
tumors are highly heterogeneous, with five-year relative
overall survival (OS) rates ranging from 87.5% (ⅡA) to
58.4% (ⅡC). Several data suggest that chemotherapy is
not mandatory for low risk stage Ⅱ tumors (T3N0 without risk factors), while FOLFOX or XELOX should be
considered as candidates for adjuvant treatment for stage
Ⅱ tumors with high risk factors (T4 or bowel obstruction, perforation, poorly differentiated tumor, < 10 or 12
examined lymph nodes, and/or histological signs of vascular, lymphatic, or perineural invasion).
Nevertheless, it is fair to admit that a significant percentage of adjuvant patients receive chemotherapy in
vain. Identifying those for whom adjuvant chemotherapy
would be appropriate and necessary has been challenging, and prognostic markers which could serve in the
selection of patients more likely to recur or benefit from
adjuvant chemotherapy are eagerly needed. Microsatellite
instability (MSI), alongside 18q loss of heterozygosity[6],
KRAS, BRAF, and TP53, are among the most investigated parameters[7-11]. While awaiting the fruits of considerable efforts being undertaken regarding the evaluation
of the above mentioned markers in large prospective
series, as well as the evaluation of multigene signatures
on prognosis and prediction, the stronger candidate
seems to be MSI. Nevertheless, it is worth noting that it
has not yet found its place as a robust parameter, and it is
only in the guidelines of the European Society for Medical Oncology[12] where MSI is advised to be evaluated in
stage Ⅱ CRC patients in order to contribute in treatment
decision-making regarding chemotherapy administration.
The current review concerns the prognostic and predictive significance of MSI status in patients with stage
Ⅱ colon cancer.

flects the absence of protein expression encoded by the
corresponding MMR genes (hMLH1, hMSH2, hMSH6,
or PMS2)[13,16,17]. It has also been shown that the incidence
of MSI differs between stage Ⅱ and stage Ⅲ disease,
and that its prognostic impact seems to be significantly
stronger in stage Ⅱ than in stage Ⅲ. In its familial form,
the genetic basis of instability is largely due to inherited
germline mutations of the MMR genes (notably hMLH1
and hMSH2)[18,19], whereas, in its sporadic form, this is
due to hMLH1 inactivation by epigenetic hypermethylation of the promoter, and less frequently due to genetic
alterations of hMSH2 and hMSH6 genes[16,20-22].
Since 1998, microsatellite genotyping of CRC patients
for clinically applicable diagnosis is based on panels of
specific microsatellite markers (loci containing mono- or
di-nucleotide repeated sequences) and standard criteria,
as published by Boland et al[23]. Usually the panels used
consist of the five markers from the Bethesda reference
panel, as well as some additional markers from the alternative panel suggested during the International Workshop on HNPCC in 1997[23]. Based on that, a locus is
called unstable if unequivocal instabilities are seen in the
tumor sample in comparison to the paired normal DNA
in a given patient. MSI is graded as high (MSI-H) when
30% or more of the markers used are unstable, low when
10%-20% of the markers used are unstable, and stable
(MSS) when all the markers used are stable.

CLINICAL VALIDITY OF MSI IN STAGE Ⅱ
AND Ⅲ COLON CANCER PATIENTS
Prognostic value of MSI in stage Ⅱ colon cancer
Since approximately 1998, we have known that the majority of MSI-H CRC patients form a unique subset
characterized by a differential, less aggressive clinical behavior and a favorable prognosis compared to MSS CRC
patients[24,25]. Recent large trials[26-32], a meta-analysis[17], as
well as a number of earlier reported retrospective studies[13,33-44], support the favorable stage-adjusted prognosis
of MSI-H compared to MSS CRC patients.
Initially, it was the study by Ribic et al[39] which described that patients with MSI-H tumors have a modestly better prognosis than those with MSS tumors.
These findings were confirmed five years later when, in
a pooled population of more than 500 untreated stage
Ⅱ and Ⅲ patients, a clear improvement in 5-year disease
free survival (DFS) rate was observed in favor of MSI-H
patients. Nevertheless, in this report containing a respective number of 5-FU adjuvantly treated stage Ⅱ and Ⅲ
patients, no significant differences were found between
MSI and MSS[27]. Somewhat opposing this finding is the
control 5-FU treated arm of the PETACC3 trial, where
over 600 stage Ⅱ and Ⅲ patients displayed a significant
difference in 5-year DFS between MSI and MSS (P =
0.0077), suggesting that MSI improved prognosis can be
maintained under 5-FU[31,45].
A 2011 study by Sinicrope et al[28] had the impressive
inclusion of 2141 CRC patients and specimens from

BIOLOGY BEHIND THE MSI
PHENOMENON
MSI in hereditary and sporadic colon cancer
The abnormal shortening or lengthening of DNA by 1-6
repeating base pair units is a phenomenon caused by the
inactivation of the DNA mismatch repair (MMR) system,
and leads to the MSI phenotype[13]. Nearly all patients
suffering from hereditary non-polyposis colon cancer
(HNPCC) or Lynch Syndrome[13-15], as well as approximately 15%-20% of patients with sporadic early CRC[15],
are identified as having the MSI phenotype, which re-
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various adjuvant trials randomized between 5-FU and no
treatment or no 5-FU treatment. Of these, 344 patients
had MSI tumors (164 stage Ⅱ and 180 stage Ⅲ tumors),
and had an overall better prognosis compared to MSS
tumor patients[28]. In the multivariate analysis of this
article, MSI status was shown to be a statistically significant independent prognostic variable granting MSI CRC
patients an improved TTR (P = 0.005), DFS (P = 0.035)
and OS (P = 0.031) compared to MSS patients. Similarly
to the PETACC3 authors[31], this improved prognosis was
shown in both treated and untreated patients with stage
Ⅱ and stage Ⅲ MSI CRC tumors, as it was highlighted
by a statistically significant improved time to recurrence (P
< 0.001), DFS, and OS (P = 0.004) compared to patients
with MSS tumors. Similarly, a retrospective analysis of
MSI status was reported from the QUASAR study[46], in
which 1913 patients with stage Ⅱ colon or rectal cancer
were randomly assigned to receive or not receive 6 mo
adjuvant treatment with 5FU/LV. The recurrence rate
for dMMR tumors was significantly lower in comparison with that for MMR-proficient tumors [11% (25 of
218) vs 26% (438 of 1695) recurred; RR = 0.53; 95%CI:
0.40-0.70; P = 0.001]. Recently, Sinicrope et al[32] introduced primary tumor site as another parameter in the
MSI equation; supporting the observation that MSI was
found to be prognostic and conferring a favorable outcome only in patients with proximal primary tumors.

the second largest publication on the matter, where in
a pooled analysis by Sargent et al[27] including a total of
1027 patients, no difference in 5-year DFS rate in favor
of MSI patients was observed in the 512 treated stage Ⅱ
and stage Ⅲ patients (contrary to what was observed in
the untreated patient group), suggesting that the survival
benefit of MSI patients was abolished by 5-FU treatment. In this article, a statistically significant improved
DFS (P = 0.001) was observed in patients with stage Ⅲ
MSS tumors receiving adjuvant 5-FU chemotherapy, but
no treatment effect was observed in patients with stage
Ⅲ MSI tumors. A non-statistically significant benefit of
adjuvant therapy was observed in patients with stage Ⅱ
MSS tumors, whereas a trend towards worse outcome
was observed in patients with stage Ⅱ MSI tumors[27,45].
However, the authors of the original article, as well as
those of the two accompanying editorials[52,53], were extremely careful in the interpretation of the results and
did not suggest that stage Ⅲ MSI CRC patients should
thereafter be excluded from standard 5-FU-based chemotherapy. Nevertheless this issue was still evident.
Interestingly, in a 2011 article by Sinicrope et al[28] concerning 2141 CRC patients, a benefit of 5-FU treatment
for stage Ⅲ MSI CRC patients was observed, contrary
to what was previously reported[27,39]. In addition, the
authors went further, and added the germline vs sporadic
MSI origin parameter, stating that the beneficial treatment outcome in stage Ⅲ MSI CRC patients seemed
to be restricted to tumors where MSI originated from a
germline defect[28]. Unfortunately, Sinicrope et al[32] did not
formally compare the predictive value of MSI status for
DFS or survival in patients treated in adjuvant 5-FU-based
clinical trials compared to untreated control groups in the
available cohorts, nor did they perform a formal analysis
of the treatment effect in stage Ⅱ MSI CRC patients[45].
Another pending question open for debate is “which
kind of adjuvant chemotherapy should be used in MSI
CRC patients?” A trial by Bertagnolli et al[54] was suggestive of a positive effect of irinotecan-based adjuvant chemotherapy (CALGB 89803) in favor of MSI patients[54],
which became only marginally significant in the updated
trial[26] and was not replicated in PETACC-3[31].

Predictive value of MSI in stage Ⅱ and Ⅲ colon cancer
patients
The hypothetical predictive role of MSI regarding response to 5-FU-based adjuvant chemotherapy has been
proven a much more difficult issue to address. Almost
every possible relation between MSI and chemotherapy
outcome has been described in the international literature. Before going into this subject in more detail and in
an attempt to explain the controversies, we could hypothesize that among the reported articles are some based
on older studies, with small patient populations and no
randomization between treatment vs control, allowing for
potential selection bias and other inherent pitfalls of nonrandomized comparisons to occur. Although, as will be
described, despite this not being the case with the newer
larger series, contradictory results were still documented,
stressing the possibility that such findings could occur by
chance and thus need careful interpretation and validation before unwarranted restriction of chemotherapy in
adjuvant stage Ⅲ MSI-H patients is advocate[45].
As noted above, we have reports highlighting increased
sensitivity of MSI patients to 5-FU treatment[47-50], while
others are suggestive of no differential response related
to MMR proficiency or deficiency [51]. Subsequently, a
stronger and larger publication by Ribic et al[39], which
incorporated data from randomized clinical trials of
surgery only vs 5-FU-based treatment, showed that MSI
patients not only did not seem to benefit from adjuvant
chemotherapy, but were in fact possibly harmed by it
in terms of OS. This notion seemed to be replicated in
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CONCLUSION: ISSUES FOR FUTURE
ELABORATION
We believe the prognostic value of MSI to be clearer than
its predictive value. According to our opinion, MSI status
should be evaluated in all stage Ⅱ CRC patients in order
to contribute in treatment decision-making regarding
chemotherapy administration; indeed MSI-H patients can
be spared adjuvant chemotherapy.
Although undoubtedly much progress has been made,
pending questions, such as the differential impact of MSI
status between stage Ⅱ and stage Ⅲ CRC patients and
the potential harm of 5-FU treatment in stage Ⅱ CRC
MSI patients, still exist and remain largely unanswered[45].
A possible method of moving forward and resolving
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the prognostic and predictive validity of such an easy to
perform and relatively cheap biomarker in the controversial area of stage Ⅱ colon cancer disease is to combine
efforts. Patient series from large databases from Europe
and the United States analyzed together and preferably
having in their included trials patients randomized between treatment and no treatment, could allow a per stage
stratification and open the field for strong and unambiguous answers regarding prognosis and prediction[30,45].
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a higher proportion of microsatellite instability cancer
than patients with a solitary colorectal carcinoma. Also,
limited data have revealed that in many synchronous
colorectal carcinomas, carcinomas in the same patient
have different patterns of microsatellite instability status, p53 mutation and K-ras mutation. Overall, the
prognosis of patients with synchronous colorectal carcinoma is not significantly different from that in patients
with solitary colorectal carcinoma, although a marginally better prognosis has been reported in patients with
synchronous colorectal carcinoma in some series. A
different management approach and long-term clinical follow-up are recommended for some patients with
synchronous colorectal cancer.

Abstract

© 2015 Baishideng Publishing Group Inc. All rights reserved.

Synchronous colorectal carcinoma refers to more than
one primary colorectal carcinoma detected in a single
patient at initial presentation. A literature review has
shown that the prevalence of the disease is approximately 3.5% of all colorectal carcinomas. This disease
has a male to female ratio of 1.8:1. The mean age at
presentation of patients with synchronous colorectal
cancer is in the early half of the seventh decade. Patients with inflammatory bowel diseases (ulcerative
colitis and Crohn’s disease), hereditary non-polyposis
colorectal cancer, familial adenomatous polyposis and
serrated polyps/hyperplastic polyposis are known to
have a higher risk of synchronous colorectal carcinoma.
These predisposing factors account for slightly more
than 10% of synchronous colorectal carcinomas. Synchronous colorectal carcinoma is more common in the
right colon when compared to solitary colorectal cancer. On pathological examination, some synchronous
colorectal carcinomas are mucinous adenocarcinomas.
They are usually associated with adenomas and metachronous colorectal carcinomas. Most of the patients
with synchronous colorectal cancer have two carcinomas but up to six have been reported in one patient.
Patients with synchronous colorectal carcinoma have
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Core tip: Synchronous colorectal carcinoma accounts for
approximately 3.5% of colorectal carcinoma. This type
of carcinoma has different clinical, pathological and
molecular features from solitary colorectal carcinoma.
There has been a lack of comprehensive reviews of this
entity in recent years.
Original sources: Lam AKY, Chan SSY, Leung M. Synchronous
colorectal cancer: Clinical, pathological and molecular implications. World J Gastroenterol 2014; 20(22): 6815-6820 Available from: URL: http://www.wjgnet.com/1007-9327/full/v20/
i22/6815.htm DOI: http://dx.doi.org/10.3748/wjg.v20.i22.6815

INTRODUCTION
Synchronous colorectal carcinoma denotes more than
one primary colorectal carcinoma detected in a single patient. Metachronous colorectal carcinoma is the presence
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men. In the majority of the series analyzed, the male
to female ratio of patients with synchronous colorectal
cancer was > 1. By pooling the data from the 38 series with the sex of the patients mentioned, the male
to female ratio was 1.8 : 1.0 (2260 men vs 1241 women)[1-14,16-19,23,24,26-33,38-40,43,46-48,52-54]. It has also been shown
that when compared to solitary colorectal carcinoma,
synchronous colorectal carcinoma had a higher male to
female ratio[46]. There is no obvious reason for the higher
male predominance for this entity. Investigations may
help to detect if any genetic and environmental factors
can contribute to the sex difference in prevalence.

Table 1 Characteristics of synchronous colorectal cancer as
compared to solitary colorectal cancer
Higher male to female ratio
More likely to be associated with precursor lesions such as adenoma,
and in the settings of inflammatory bowel diseases, hereditary nonpolyposis colorectal cancer and familial adenomatous polyposis
More noted in the proximal portion of the colon
Higher incidence of mucinous adenocarcinoma
Higher likelihood of having microsatellite instability

of more than one primary colorectal carcinoma detected
consecutively in a single person after a set time interval.
In the literature, many studies have mixed these two entities together in their analysis.

AGE AT PRESENTATION
There is no common consensus on whether synchronous colorectal carcinoma occurs in a different age range
when compared to solitary colorectal carcinoma. In the
literature, the mean age at presentation of synchronous
colorectal carcinoma ranged from 47 to 79 years[27,31]. By
pooling the data from 32 series in the analysis, the mean
age at presentation of patients with synchronous colorectal carcinoma was 63[4,6-14,16,18,19,23,24,26-34,37,40,43,46,48,52-54]. In
many of the series, the mean age at presentation for
synchronous colorectal cancer was higher than solitary
colorectal cancer. However, in a large series such as that
presented by Latourniere and colleagues, the age at diagnosis for solitary colorectal and synchronous colorectal
carcinoma was similar[38].

DATA COLLECTION
The literature between 1981 and 2013 recorded in
PubMed was searched for research papers on synchronous colorectal carcinoma. Keywords included “synchronous”, “colorectal”, “colon”, “rectum”, “cancer”, and
“carcinoma”. Only original full-text publications were
reviewed. The eligibility criteria included articles in English, with adequate sample numbers and description of
the cases. Case reports were excluded. The demographic
details were entered into a computer database. If the
same cases were reported more than once, only one entry
was entered. The data were analyzed by SPSS version 22.0
(IMB SPSS Inc., New York, United States). Overall, 51 series were selected with sufficient data for review[1-54]. The
characteristics of the selected series are shown in Table
1. This is to ensure comprehensive understanding of the
characteristics of the disease entity in recent decades.

PREDISPOSING CONDITIONS
Patients with inflammatory bowel diseases, hereditary
non-polyposis colorectal cancer and familial adenomatous
polyposis are known to have higher risk of synchronous
colorectal cancer[5,45,46,51]. The reason behind this is obvious and related to a multiple field of dysplasia (adenomas) that can occur in these patients. Also, synchronous
colorectal carcinoma is associated with more adenomas
than solitary colorectal cancer[4,7,9,10,14,18]. In recent years,
precursor multiple serrated sessile serrated adenoma/hyperplastic polyposis were more commonly noted in synchronous colorectal cancer[46,49].
Synchronous colorectal carcinoma is often reported in
patients with ulcerative colitis. Liu et al[51] reported a series
of 108 patients with cancer associated with inflammatory bowel disease (95 with ulcerative colitis and 13 with
Crohn’s disease), and 22 (20%) had synchronous colorectal carcinoma. All synchronous carcinoma was noted in
the patients with ulcerative colitis. In another large series
of 240 patients with colorectal carcinoma associated with
inflammatory bowel diseases (176 with ulcerative colitis
and 64 with Crohn’s disease), synchronous colorectal
carcinoma occurred in both types of inflammatory bowel
diseases. Similarly, patients with ulcerative colitis had
a significantly higher risk of developing synchronous
colorectal cancer than patients with Crohn’s disease[45].
A study performed by Greenstein and colleagues reported that synchronous carcinoma accounted for 2.5%

PREVALENCE
The prevalence of synchronous colorectal carcinoma
ranged from 1.1% to 8.1%[1-54]. In some series, the number of cases analyzed was small and the figures quoted
are unlikely to be representative. In contrast, in large
population studies, many clinical and pathological characteristics of synchronous colorectal carcinoma were
not analyzed. Differences in the range of prevalence of
synchronous colorectal carcinoma were obtained from
studies in Europe, Asia and America (Europe 1.1%-8.1%,
Asia 1.1%-8.1%, and America 1.2%-7.0%). There were
three large studies with > 10000 colorectal cancers analyzed. The prevalence of synchronous colorectal carcinoma in these three series was 3.1%, 3.7% and 3.9%,
respectively[2,38,47]. Also, pooling the data from 39 series in
which the prevalence of synchronous colorectal cancer
could be found, the overall prevalence of synchronous
colorectal carcinoma was 3.5% (3667 of 105686) of
colorectal cancers[1-13,15,16,18,19,24,26-35,37-40,43,46-48,52-54].

GENDER PREFERENCE
Synchronous colorectal cancer is more often seen in
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of de novo colorectal carcinoma, 18% of ulcerative colitisrelated carcinoma, and 21% of familial adenomatosis
polyposis-related carcinoma [5]. However, the relative
prevalence of these predisposing factors in synchronous
colorectal carcinoma was rarely documented. One of the
reasons is that in many studies on synchronous colorectal carcinoma, patients with these predisposing lesions
were excluded. Nevertheless, in a series obtained from a
general population of colorectal carcinoma, patients with
known predisposing conditions may account for slightly
more than 10% of synchronous colorectal cancer[46].
Thus, other unknown factors may be the cause of the
synchronous colorectal carcinoma.

carcinoma reported in the literature had only two carcinomas in the large intestine. In some cases, more than
two colorectal cancers were found in each patient. The
percentages of patients with synchronous colorectal carcinomas with three or more cancers ranged from 1.8% to
16.7%[13,38]. Up to six synchronous carcinomas have been
reported in the large intestine of a single patient[10,46].

MOLECULAR BIOLOGY
The majority of research in molecular biology on synchronous colorectal carcinoma has focused on analysis
of microsatellite instability (MSI)[41,43,52]. Microsatellites
are simple repetitive DNA sequences scattered throughout the genome. Due to their repetitive nature, they are
susceptible to errors during DNA replication, which are
usually corrected by mismatch repair genes. Failure of the
mismatch repair system results in accumulation of alterations in microsatellite lengths; a process described as MSI.
MSI-positive colorectal carcinoma can occur in familial
settings known as HNPCC[57-59]. Patients with HNPCC
inherit a germline mutation in one of the mismatch repair genes. However, many of the MSI-positive colorectal
carcinomas are sporadic, resulting from methylation of
mismatch repair genes, rather than by germline mutation
as in HNPCC. Sporadic MSI cancers show methylation
of MLH1 promoters; a condition which is strongly correlated to the V600E mutation of human gene braf (v-Raf
murine sarcoma viral oncogene homolog B1).
Some studies have shown that patients with synchronous colorectal carcinoma have a higher proportion of
MSI-positive cancers than patients with solitary colorectal
carcinoma. Also, methylation of multiple genes or braf
mutation status in these cancers suggests that many of
these cancers are sporadic rather than familial[27,36,42,43]. It
is likely that the higher portion of MSI cancers in synchronous colorectal cancer is sporadic and may be due to
the local carcinogenic environment in the large intestine.
Patients with individual cancers discordant for MSI
status have the worst clinical outcome, whereas those
with individual cancers concordant for MSI-deficient
status have the best outcome[50]. This result concurs with
the fact patients with MSI-positive colorectal carcinoma
have better prognosis than those with MSI-negative carcinoma[60].
Other than MSI, K-ras and p53 mutations are commonly studied in colorectal carcinoma[57-61]. K-ras mutations are predictive markers of resistance to monoclonal
antibody therapies for metastatic colorectal carcinoma,
which targets the epidermal growth factor receptor. p53
mutations are common in human cancer and are often
found in more aggressive cancer. In many studies, there
is a portion of synchronous colorectal carcinoma with
discordant MSI status, p53 mutation and K-ras mutation
between the synchronous colorectal carcinomas in a given
individual[14,17,23,40,41]. These findings suggest that the mechanism of formation of synchronous colorectal carcinoma
is complex and is unlikely to be linked to known genetic

LOCATION OF SYNCHRONOUS CANCER
Common sites of synchronous colorectal cancer are the
sigmoid colon or rectum. The relative frequencies of
carcinoma in a different portion of the large intestine differ for synchronous and solitary colorectal carcinoma[46].
When compared to solitary colorectal carcinoma, synchronous carcinoma appears to more often involve the
proximal portion of the colon; in particular the ascending
colon. These findings were in concurrence with the rightside predominance of some genetic predisposing factors.
Some authors have reported that many synchronous
colorectal carcinomas occurred in the same segment of
the large intestine or close to each other[2,12,38]. In contrast,
there a large proportion of cancers are noted in different
segments of the large intestine. This stresses the importance of thorough preoperative examination of synchronous colorectal cancer.

PATHOLOGY
Mucinous adenocarcinoma is a type of colorectal adenocarcinoma and accounts for approximately 14% of
colorectal carcinomas[55]. Mucinous adenocarcinoma is
reported to be slightly more common in patients with
synchronous colorectal adenocarcinoma[9]. It is worth
noting that mucinous adenocarcinoma is a pathological
feature of colorectal carcinoma in the setting of hereditary nonpolyposis colorectal cancer (HNPCC), which can
predispose to synchronous or metachronous colorectal
carcinoma. In a large series of 102 patients with synchronous colorectal carcinoma and 56 with metachronous
colorectal carcinoma, mucinous adenocarcinoma was not
more common in synchronous colorectal carcinoma when
compared to solitary colorectal carcinoma[56]. In contrast,
this type of carcinoma is more common in the metachronous (subsequent) carcinoma[56]. In some cases, cancers
in the same patient can be mucinous adenocarcinoma[45].
The other cancers detected in the patients with synchronous colorectal carcinomas are usually smaller, with lower
pathological grade and T staging than the index cancer[45].
Also, metachronous carcinoma can also occur in some
patients with synchronous colorectal carcinoma[45].
The majority of patients with colorectal synchronous
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mutations commonly found in colorectal carcinoma.
Lastly, genetic polymorphism of glutathione S-transferases
(null GSRM1 phenotype) is associated with synchronous
colorectal carcinoma[54]. The glutathione S-transferases
form a group of multi-gene isoenzymes involved in the
cellular detoxification of both xenobiotic and endobiotic
compounds[62]. They are related to cancer risk characterization and chemotherapy resistance. This result needs to
be confirmed in future studies.

Complete colonoscopy may not be possible in all patients to detect synchronous colorectal carcinoma before
an operation due to the presence of synchronous carcinoma proximal to a stenosing colorectal carcinoma[46]. Even
with complete colonoscopy, synchronous carcinoma may
also be missed as a result of its small size or being close
to the main cancer. Computed tomography colonography
has been used to detect synchronous cancers proximal to
stenosing colorectal cancers[63]. Nevertheless, it has limited capability in differentiating advanced adenoma from
colorectal carcinoma.

PROGNOSTIC IMPACT
The prognosis of patients with synchronous carcinoma
has been documented to be better, the same or worse
than those with solitary colorectal carcinoma[2,19,20]. The
variation is likely due to the differences in the sample size
and length of clinical follow-up and needs to be interpreted with caution. The first prospective study on the
effect of synchronous colorectal carcinoma on survival
as compared to solitary colorectal cancer was presented
by Nosho and colleagues in the United States in 2009[43].
The study showed that synchronous colorectal carcinoma
was significantly associated with poor prognosis. The reasons proposed are more related to the predicted clinical
effects of the higher chance of complications and metastases in multiple colorectal carcinomas. However, in the
majority of the studies and many of the recent studies involving a larger number of cases, the survival of patients
with synchronous colorectal carcinoma was reported
to be no different from that of solitary colorectal carcinoma. In the studies by Hu and co-authors in 2012[52]
and also from our group in 2011 and 2012[46,56], marginal
survival benefits of patients with synchronous colorectal
carcinoma were noted. Hu and co-authors have proposed
that the reason for the better survival rates in this type
of carcinoma may be related to the genetic difference in
a portion of cancers[52]. Nevertheless, it is likely that the
prognosis of patients with colorectal carcinoma depends
on many factors, and the occurrence of synchronous
colorectal carcinoma is not strong enough as an independent predictive factor for survival rates.

CONCLUSION
Synchronous colorectal cancer is different from solitary
colorectal cancer in many aspects. The features are summarized in Table 1. It is likely that both environmental
and genetic factors account for the presence of synchronous colorectal carcinoma. These factors may lead to a
higher risk of further cancer in this group of patients.
However, there is yet no strong predictive parameter for
the presence of synchronous cancer or metachronous
cancer. The molecular biology of the tumors is complex.
Long-term clinical follow-up is recommended for patients with synchronous colorectal cancers.

ACKNOWLEDGMENTS
The authors would like to thank Ms Sharon Philips for
her help in editing the manuscript.

REFERENCES
1
2

3

MANAGEMENT

4

Extensive surgery is needed for patients with synchronous colorectal cancer with known predisposing factors such as familial adenomatous polyposis, ulcerative
colitis or HNPCC. For other cases, appropriate surgical
resection with colonoscopic examination of follow-up
is recommended. If one of the synchronous cancers is
early-stage colorectal cancer, colonoscopic resection (endoscopic mucosal resection or endoscopic submucosal
resection) may be used. Otherwise, dual colon resection
may be needed if the synchronous cancers are a large distance apart and at an advanced stage. Depending on the
resources available, life-long clinical follow-up of some
patients with synchronous colorectal carcinoma may be
recommended.

WCGO|www.wjgnet.com

5

6

7
8

1825

Welch JP. Multiple colorectal tumors. An appraisal of natural history and therapeutic options. Am J Surg 1981; 142:
274-280 [PMID: 7258541 DOI: 10.1016/0002-9610(81)90292-0]
Kaibara N, Koga S, Jinnai D. Synchronous and metachronous malignancies of the colon and rectum in Japan with
special reference to a coexisting early cancer. Cancer 1984;
54: 1870-1874 [PMID: 6478423 DOI: 10.1002/1097-0142(1984
1101)54:9<1870::AID-CNCR2820540917>3.0.CO;2-5]
Cunliffe WJ, Hasleton PS, Tweedle DE, Schofield PF. Incidence of synchronous and metachronous colorectal carcinoma. Br J Surg 1984; 71: 941-943 [PMID: 6498470 DOI:
10.1002/bjs.1800711210]
Langevin JM, Nivatvongs S. The true incidence of synchronous cancer of the large bowel. A prospective study. Am J
Surg 1984; 147: 330-333 [PMID: 6703204 DOI: 10.1016/00029610(84)90161-2]
Greenstein AJ, Slater G, Heimann TM, Sachar DB, Aufses
AH. A comparison of multiple synchronous colorectal cancer in ulcerative colitis, familial polyposis coli, and de novo
cancer. Ann Surg 1986; 203: 123-128 [PMID: 3947149 DOI:
10.1097/00000658-198602000-00002]
Finan PJ, Ritchie JK, Hawley PR. Synchronous and ‘early’
metachronous carcinomas of the colon and rectum. Br
J Surg 1987; 74: 945-947 [PMID: 3664228 DOI: 10.1002/
bjs.1800741021]
Wagner HE, Barbier PA, Luder PJ, Niederhäuser U. Prognosis in synchronous colorectal carcinomas. Z Gastroenterol
1988; 26: 117-120 [PMID: 2577928]
Evers BM, Mullins RJ, Matthews TH, Broghamer WL, Polk
HC. Multiple adenocarcinomas of the colon and rectum. An

February 8, 2015|First Edition|

Lam AKY et al . Synchronous colorectal cancer

9

10

11
12
13
14

15

16

17

18

19
20

21

22

23

24

25

analysis of incidences and current trends. Dis Colon Rectum
1988; 31: 518-522 [PMID: 3391060 DOI: 10.1007/BF02553724]
Adloff M, Arnaud JP, Bergamaschi R, Schloegel M. Synchronous carcinoma of the colon and rectum: prognostic
and therapeutic implications. Am J Surg 1989; 157: 299-302
[PMID: 2537586 DOI: 10.1016/0002-9610(89)90555-2]
Fegiz G, Ramacciato G, Indinnimeo M, Gozzo P, Valabrega
S, De Angelis R, Barillari P. Synchronous large bowel cancer: a series of 47 cases. Ital J Surg Sci 1989; 19: 23-28 [PMID:
2787303]
Greig JD, Miller DF. Synchronous and early metachronous
carcinomas of the colon and rectum. Acta Chir Scand 1989;
155: 287-289 [PMID: 2800878]
Eu KW, Seow-Choen F, Goh HS. Synchronous colorectal
cancer in an Oriental population. Int J Colorectal Dis 1993; 8:
193-196 [PMID: 8163891 DOI: 10.1007/BF00290304]
Kimura T, Iwagaki H, Fuchimoto S, Hizuta A, Orita K. Synchronous colorectal carcinomas. Hepatogastroenterology 1994;
41: 409-412 [PMID: 7851846]
Hayakumo T, Cho E, Nakajima M, Kato G, Kawai K,
Azuma T. Point mutations in the c-K-ras 2 gene in multiple
colorectal carcinomas. J Gastroenterol Hepatol 1995; 10: 70-75
[PMID: 7620111 DOI: 10.1111/j.1440-1746.1995.tb01051.x]
Fante R, Roncucci L, Di GregorioC MG, Losi L, Benatti P,
Pedroni M, Percesepe A, De Pietri S, Ponz de Leon M. Frequency and clinical features of multiple tumors of the large
bowel in the general population and in patients with hereditary colorectal carcinoma. Cancer 1996; 77: 2013-2021 [PMID:
8640664]
Passman MA, Pommier RF, Vetto JT. Synchronous colon
primaries have the same prognosis as solitary colon cancers.
Dis Colon Rectum 1996; 39: 329-334 [PMID: 8603557 DOI:
10.1007/BF02049477]
Koness RJ, King TC, Schechter S, McLean SF, Lodowsky
C, Wanebo HJ. Synchronous colon carcinomas: moleculargenetic evidence for multicentricity. Ann Surg Oncol 1996; 3:
136-143 [PMID: 8646513 DOI: 10.1007/BF02305792]
Takeuchi H, Toda T, Nagasaki S, Kawano T, Minamisono
Y, Maehara Y, Sugimachi K. Synchronous multiple colorectal adenocarcinomas. J Surg Oncol 1997; 64: 304-307 [PMID:
9142187 DOI: 10.1002/(SICI)1096-9098(199704)64:4<304::
AID-JSO10>3.0.CO;2-2]
Bekdash B, Harris S, Broughton CI, Caffarey SM, Marks CG.
Outcome after multiple colorectal tumours. Br J Surg 1997;
84: 1442-1444 [PMID: 9361609 DOI: 10.1002/bjs.1800841028]
Pedroni M, Tamassia MG, Percesepe A, Roncucci L, Benatti
P, Lanza G, Gafà R, Di Gregorio C, Fante R, Losi L, Gallinari
L, Scorcioni F, Vaccina F, Rossi G, Cesinaro AM, Ponz de
Leon M. Microsatellite instability in multiple colorectal tumors. Int J Cancer 1999; 81: 1-5 [PMID: 10077143 DOI: 10.100
2/(SICI)1097-0215(19990331)81:1<1::AID-IJC1>3.0.CO;2-K]
Box JC, Rodriguez-Bigas MA, Weber TK, Petrelli NJ. Clinical
implications of multiple colorectal carcinomas in hereditary
nonpolyposis colorectal carcinoma. Dis Colon Rectum 1999;
42: 717-721 [PMID: 10378594 DOI: 10.1007/BF02236924]
Brueckl WM, Limmert T, Brabletz T, Guenther K, Jung A,
Hermann K, Wiest GH, Kirchner T, Hohenberger W, Hahn
EG, Wein A. Mismatch repair deficiency in sporadic synchronous colorectal cancer. Anticancer Res 2000; 20: 4727-4732
[PMID: 11205208]
Eguchi K, Yao T, Konomoto T, Hayashi K, Fujishima M,
Tsuneyoshi M. Discordance of p53 mutations of synchronous colorectal carcinomas. Mod Pathol 2000; 13: 131-139
[PMID: 10697269 DOI: 10.1038/modpathol.3880024]
Chen HS, Sheen-Chen SM. Synchronous and “early” metachronous colorectal adenocarcinoma: analysis of prognosis
and current trends. Dis Colon Rectum 2000; 43: 1093-1099
[PMID: 10950007 DOI: 10.1007/BF02236556]
Abe Y, Masuda H, Okubo R. Microsatellite instability of
each tumor in sporadic synchronous multiple colorectal

WCGO|www.wjgnet.com

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40
41

1826

cancers. Oncol Rep 2001; 8: 299-304 [PMID: 11182044]
Chirila DN, Popp RA, Balacescu O, Turdeanu NA, Constantea NA, Pop TR, Vesa SC, Ciuce C. GST gene variants in
synchronous colorectal cancers and synchronous association
of colorectal cancers with other cancers. Chirurgia (Bucur)
2013; 108: 365-371 [PMID: 23790786]
Norrie MW, Hawkins NJ, Todd AV, Meagher AP, O’Connor TW, Ward RL. The role of hMLH1 methylation in the
development of synchronous sporadic colorectal carcinomas. Dis Colon Rectum 2002; 45: 674-680 [PMID: 12004219
DOI: 10.1007/s10350-004-6266-1]
Oya M, Takahashi S, Okuyama T, Yamaguchi M, Ueda Y.
Synchronous colorectal carcinoma: clinico-pathological features and prognosis. Jpn J Clin Oncol 2003; 33: 38-43 [PMID:
12604723 DOI: 10.1093/jjco/hyg010]
Ueno M, Muto T, Oya M, Ota H, Azekura K, Yamaguchi T.
Multiple primary cancer: an experience at the Cancer Institute Hospital with special reference to colorectal cancer. Int
J Clin Oncol 2003; 8: 162-167 [PMID: 12851840 DOI: 10.1007/
s10147-003-0322-z]
Dykes SL, Qui H, Rothenberger DA, García-Aguilar J. Evidence of a preferred molecular pathway in patients with
synchronous colorectal cancer. Cancer 2003; 98: 48-54 [PMID:
12833454 DOI: 10.1002/cncr.11445]
Wang HZ, Huang XF, Wang Y, Ji JF, Gu J. Clinical features, diagnosis, treatment and prognosis of multiple primary colorectal carcinoma. World J Gastroenterol 2004; 10:
2136-2139 [PMID: 15237453]
Nikoloudis N, Saliangas K, Economou A, Andreadis E,
Siminou S, Manna I, Georgakis K, Chrissidis T. Synchronous
colorectal cancer. Tech Coloproctol 2004; 8 Suppl 1: s177-s179
[PMID: 15655614 DOI: 10.1007/s10151-004-0149-2]
Papadopoulos V, Michalopoulos A, Basdanis G, Papapolychroniadis K, Paramythiotis D, Fotiadis P, Berovalis
P, Harlaftis N. Synchronous and metachronous colorectal
carcinoma. Tech Coloproctol 2004; 8 Suppl 1: s97-s100 [PMID:
15655657 DOI: 10.1007/s10151-004-0124-y]
Ikeda Y, Saku M, Kawanaka H, Muranaka T, Takeshita M,
Watanabe J, Yoshida K, Sugimachi K. Distribution of synchronous and metachronous multiple colorectal cancers.
Hepatogastroenterology 2004; 51: 443-446 [PMID: 15086178]
Piñol V, Andreu M, Castells A, Payá A, Bessa X, Jover R.
Synchronous colorectal neoplasms in patients with colorectal cancer: predisposing individual and familial factors. Dis
Colon Rectum 2004; 47: 1192-1200 [PMID: 15164252 DOI:
10.1007/s10350-004-0562-7]
Velayos FS, Lee SH, Qiu H, Dykes S, Yiu R, Terdiman JP,
Garcia-Aguilar J. The mechanism of microsatellite instability is different in synchronous and metachronous colorectal
cancer. J Gastrointest Surg 2005; 9: 329-335 [PMID: 15749592
DOI: 10.1016/j.gassur.2004.05.007]
Fukatsu H, Kato J, Nasu JI, Kawamoto H, Okada H, Yamamoto H, Sakaguchi K, Shiratori Y. Clinical characteristics of
synchronous colorectal cancer are different according to tumour location. Dig Liver Dis 2007; 39: 40-46 [PMID: 16996329
DOI: 10.1016/j.dld.2006.07.015]
Latournerie M, Jooste V, Cottet V, Lepage C, Faivre J, Bouvier AM. Epidemiology and prognosis of synchronous colorectal cancers. Br J Surg 2008; 95: 1528-1533 [PMID: 18991301
DOI: 10.1002/bjs.6382]
Tziris N, Dokmetzioglou J, Giannoulis K, Kesisoglou I,
Sapalidis K, Kotidis E, Gambros O. Synchronous and metachronous adenocarcinomas of the large intestine. Hippokratia
2008; 12: 150-152 [PMID: 18923668]
Yalcinkaya U, Ozturk E, Ozgur T, Yerci O, Yilmazlar T. P53
expression in synchronous colorectal cancer. Saudi Med J
2008; 29: 826-831 [PMID: 18521459]
Aslanian HR, Burgart LJ, Harrington JJ, Mahoney DW,
Zinsmeister AR, Thibodeau SN, Ahlquist DA. Altered DNA
mismatch repair expression in synchronous and metachro-

February 8, 2015|First Edition|

Lam AKY et al . Synchronous colorectal cancer

42

43

44

45

46

47

48

49

50

51

nous colorectal cancers. Clin Gastroenterol Hepatol 2008; 6:
1385-1388 [PMID: 18639494 DOI: 10.1016/j.cgh.2008.04.027]
Konishi K, Shen L, Jelinek J, Watanabe Y, Ahmed S, Kaneko
K, Kogo M, Takano T, Imawari M, Hamilton SR, Issa JP.
Concordant DNA methylation in synchronous colorectal
carcinomas. Cancer Prev Res (Phila) 2009; 2: 814-822 [PMID:
19737982 DOI: 10.1158/1940-6207.CAPR-09-0054]
Nosho K, Kure S, Irahara N, Shima K, Baba Y, Spiegelman
D, Meyerhardt JA, Giovannucci EL, Fuchs CS, Ogino S. A
prospective cohort study shows unique epigenetic, genetic,
and prognostic features of synchronous colorectal cancers.
Gastroenterology 2009; 137: 1609-20.e1-3 [PMID: 19686742]
Gonzalo V, Lozano JJ, Muñoz J, Balaguer F, Pellisé M, Rodríguez de Miguel C, Andreu M, Jover R, Llor X, Giráldez
MD, Ocaña T, Serradesanferm A, Alonso-Espinaco V, Jimeno M, Cuatrecasas M, Sendino O, Castellví-Bel S, Castells
A. Aberrant gene promoter methylation associated with
sporadic multiple colorectal cancer. PLoS One 2010; 5: e8777
[PMID: 20098741 DOI: 10.1371/journal.pone.0008777]
Kiran RP, Khoury W, Church JM, Lavery IC, Fazio VW,
Remzi FH. Colorectal cancer complicating inflammatory
bowel disease: similarities and differences between Crohn’s
and ulcerative colitis based on three decades of experience.
Ann Surg 2010; 252: 330-335 [PMID: 20622662 DOI: 10.1097/
SLA.0b013e3181e61e69]
Lam AK, Carmichael R, Gertraud Buettner P, Gopalan V,
Ho YH, Siu S. Clinicopathological significance of synchronous carcinoma in colorectal cancer. Am J Surg 2011; 202:
39-44 [PMID: 21600553 DOI: 10.1016/j.amjsurg.2010.05.012]
Mulder SA, Kranse R, Damhuis RA, de Wilt JH, Ouwendijk
RJ, Kuipers EJ, van Leerdam ME. Prevalence and prognosis
of synchronous colorectal cancer: a Dutch population-based
study. Cancer Epidemiol 2011; 35: 442-447 [PMID: 21470938
DOI: 10.1016/j.canep.2010.12.007]
Derwinger K, Gustavsson B. A study of aspects on gender
and prognosis in synchronous colorectal cancer. Clin Med Insights Oncol 2011; 5: 259-264 [PMID: 21912492 DOI: 10.4137/
CMO.S7871]
Mohammadi M, Kristensen MH, Nielsen HJ, Bonde JH,
Holck S. Qualities of sessile serrated adenoma/polyp/lesion and its borderline variant in the context of synchronous
colorectal carcinoma. J Clin Pathol 2012; 65: 924-927 [PMID:
22782936 DOI: 10.1136/jclinpath-2012-200803]
Bae JM, Cho NY, Kim TY, Kang GH. Clinicopathologic and
molecular characteristics of synchronous colorectal cancers:
heterogeneity of clinical outcome depending on microsatellite instability status of individual tumors. Dis Colon
Rectum 2012; 55: 181-190 [PMID: 22228162 DOI: 10.1097/
DCR.0b013e31823c46ce]
Liu X, Goldblum JR, Zhao Z, Landau M, Heald B, Pai R,
Lin J. Distinct clinicohistologic features of inflammatory
bowel disease-associated colorectal adenocarcinoma: in
comparison with sporadic microsatellite-stable and Lynch

52

53

54

55

56

57

58
59
60

61

62

63

syndrome-related colorectal adenocarcinoma. Am J Surg
Pathol 2012; 36: 1228-1233 [PMID: 22790862 DOI: 10.1097/
PAS.0b013e318253645a]
Hu H, Chang DT, Nikiforova MN, Kuan SF, Pai RK. Clinicopathologic features of synchronous colorectal carcinoma: A
distinct subset arising from multiple sessile serrated adenomas
and associated with high levels of microsatellite instability
and favorable prognosis. Am J Surg Pathol 2013; 37: 1660-1670
[PMID: 23887157 DOI: 10.1097/PAS.0b013e31829623b8]
Şavlovschi C, Comandaşu M, Şerban D. Specifics of diagnosis and treatment in synchronous colorectal cancers (SCC).
Chirurgia (Bucur) 2013; 108: 43-45 [PMID: 23464768]
Ueda E, Watanabe T, Umetani N, Ishigami H, Sasaki S, Nagawa H. Microsatellite instability of cancers and concomitant adenomas in synchronous multiple colorectal cancer
patients. J Exp Clin Cancer Res 2002; 21: 149-154 [PMID:
12148569]
Lam AK, Gopalan V, Carmichael R, Buettner PG, Leung M,
Smith R, Lu CT, Ho YH, Siu S. Metachronous carcinomas
in colorectum and its clinicopathological significance. Int
J Colorectal Dis 2012; 27: 1303-1310 [PMID: 22828957 DOI:
10.1007/s00384-012-1474-y]
King-Yin Lam A, Ong K, Ho YH. Colorectal mucinous
adenocarcinoma: the clinicopathologic features and significance of p16 and p53 expression. Dis Colon Rectum 2006; 49:
1275-1283 [PMID: 16912910]
Pakneshan S, Salajegheh A, Smith RA, Lam AK. Clinicopathological relevance of BRAF mutations in human cancer.
Pathology 2013; 45: 346-356 [PMID: 23594689 DOI: 10.1097/
PAT.0b013e328360b61d]
Pritchard CC, Grady WM. Colorectal cancer molecular biology moves into clinical practice. Gut 2011; 60: 116-129 [PMID:
20921207 DOI: 10.1136/gut.2009.206250]
Ogino S, Goel A. Molecular classification and correlates
in colorectal cancer. J Mol Diagn 2008; 10: 13-27 [PMID:
18165277 DOI: 10.2353/jmoldx.2008.070082]
Weekes J, Lam AK, Sebesan S, Ho YH. Irinotecan therapy
and molecular targets in colorectal cancer: a systemic review.
World J Gastroenterol 2009; 15: 3597-3602 [PMID: 19653336
DOI: 10.3748/wjg.15.3597]
Lam AK, Ong K, Ho YH. hTERT expression in colorectal
adenocarcinoma: correlations with p21, p53 expressions
and clinicopathological features. Int J Colorectal Dis 2008; 23:
587-594 [PMID: 18322660 DOI: 10.1007/s00384-008-0455-7]
Di Pietro G, Magno LA, Rios-Santos F. Glutathione S-transferases: an overview in cancer research. Expert Opin Drug
Metab Toxicol 2010; 6: 153-170 [PMID: 20078251 DOI: 10.1517
/17425250903427980]
Park SH, Lee JH, Lee SS, Kim JC, Yu CS, Kim HC, Ye BD,
Kim MJ, Kim AY, Ha HK. CT colonography for detection
and characterisation of synchronous proximal colonic lesions
in patients with stenosing colorectal cancer. Gut 2012; 61:
1716-1722 [PMID: 22115824 DOI: 10.1136/gutjnl-2011-301135]
P- Reviewers: Ghosn M, Morini S, Park SH, Quigley EMM
S- Editor: Qi Y L- Editor: Kerr C E- Editor: Ma S

WCGO|www.wjgnet.com

1827

February 8, 2015|First Edition|

WCGO

World Clinical
Gastrointestinal Oncology

2015 First Edition
bpgoffice@wjgnet.com

ISBN 978-0-9914430-2-4
© 2015 Baishideng Publishing Group Inc. All rights reserved.

2014 ADVANCES IN COLORECTAL
BRIEF ARTICLE
CANCER

Input of microenvironmental regulation on colorectal
cancer: Role of the CCN family
Cheng-Chi Chang, Been-Ren Lin, Tai-Sheng Wu, Yung-Ming Jeng, Min-Liang Kuo
cancer cells. The CCN family proteins share a uniform
modular structure, mediating a variety of physiological
functions, including proliferation, apoptosis, migration,
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CCN proteins are also involved in CRC initiation and
development. Many studies have shown that CCN
members, such as CCN1, CCN2, CCN3, Wnt-induced
secreted protein (WISP)-1, WISP-2, and WISP-3, are
dysregulated in CRC, which implies potential diagnostic
markers or therapeutic targets clinically. In this review,
we summarize the research findings on the role of CCN
family proteins in CRC initiation, development, and
progression, highlighting their potential for diagnosis,
prognosis, and therapeutic application.
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Core tip: Colorectal cancer (CRC) is a major health
problem causing significant morbidity and mortality.
Many studies have revealed that CCN members, such
as CCN1, CCN2, CCN3, Wnt-induced secreted protein
(WISP)-1, WISP-2, and WISP-3, are dysregulated in
CRC, which implied potential diagnostic markers or
therapeutic targets clinically. In this review, we summarize the research findings on the role of CCN family
proteins in CRC initiation, development, and progression, highlighting their potential for diagnosis, prognosis, and therapeutic application, as well as discussing
future perspectives.

Abstract
Colorectal cancer (CRC) is a major health problem
causing significant morbidity and mortality. Previous results from various studies indicate that CRC tumorigenicity encompasses tumor microenvironment, emphasizing the complex interacting network between cancer
cells and nearby host cells, which triggers diverse signaling pathways to promote the growth and spread of
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organs[13-20]. Moreover, signaling activates not only tumor
cells, but also normal cells in the immediate environment
such as TAMs, fibroblasts, and endothelial cells.
Since IBD is a paradigm of cancer-related inflammation, patients affected by IBD are at an increased risk of
developing neoplasia. Transformed epithelial cells are able
to secrete various inflammatory mediators, such as interleukin (IL)-1, IL-6, COX-2, and TNF-α, to affect proinflammatory leukocytes, endothelial cells, and fibroblasts
to further establish a tumor-promoting microenvironment[11]. Therefore, some studies indicated that massive
macrophage infiltration is correlated with CRC growth
and progression. These TAMs resemble M2-polarized
macrophages and have been shown to promote tissue
remodeling and angiogenesis to secrete cytokines[21].
CRC cells create or modify a microenvironment that is
conducive to metastasis colonization and angiogenesis,
which provides a rationale for efforts to enhance cancer
progression. Chemokines, cytokines, growth factors,
and inflammatory mediators confer the infrastructures
of CRC microenvironment, and their concentrations
decide the cellular and molecular signaling transduction
and functional outcome[22,23]. Thus, these small molecules
orchestrate the responses to stimuli and help regulate this
unique fine-tuned system.

INTRODUCTION
Both mortality and morbidity associated with colorectal
cancer (CRC) have been increasing exponentially over
the past several decades, and this disease is a major health
problem worldwide[1-3]. Although the regulatory events
in CRC progression are diverse, microenvironment plays
crucial roles in controlling CRC cell proliferation, apoptosis, replication, motility, angiogenesis, and metastasis[4-6].
Though our knowledge about the contents and interactions of the microenvironment in CRC is increasing,
the cytokines within this compartment are still not wellunderstood. Chronic inflammation is also a key predisposing factor in CRC[7], especially inflammatory bowel
disease (IBD)-related CRC. The inflammatory-related
cytokines secreted from surrounding active stromal cells,
immune cells, even tumor cells may stimulate the activation of more inflammation-associated molecules, such
as transcription factors or microRNAs which could promote advanced colon carcinogenesis process[7,8]. Furthermore, many studies recently have shown that cancer and
host cell-derived cytokines or chemokines drive the transition of tumor-associated macrophages (TAMs) towards
an M2 phenotype from M1[9], which exert immnunosuppressive activity and induce cancer proliferation, apoptosis, autophagy, angiogenesis, and distal metastasis[10,11].
These signaling molecules also function to manipulate
epigenetic modifications, such as DNA methylation and
acetylation, which regulate post-transcriptional activities
of possible downstream gene(s) in CRC initiation and
progression[12]. The functions and underlying mechanisms
of these cytokines are still to be clarified.
The effects of these cytokines in microenvironment
are being studied including identification of the targeted and executioner cells of the cytokine, regulatory
mechanism(s) of the secreted protein, and protein(s) that
are involved in the process. As the understanding of the
components and their interactions in microenvironment
is important, we aimed to summarize the recent advances
in the understanding of the molecular basis of CRC in
this review.

CCN PROTEINS IN CRC
MICROENVIRONMENT
The CCN family was firstly described by P. Bork in 1993,
and contains connective tissue growth factor/CCN2,
cysteine-rich 61 (Cyr61/CCN1), and nephroblastoma
overexpressed/CCN3, as well as Wisp-1/elm1 (CCN4),
Wisp-2/rCop1 (CCN5), and Wisp-3 (CCN6). The CCN
proteins all show a common multimodular organization,
and contain an N-terminal signal peptide followed by
four structural domains resembling insulin-like growth
factor binding proteins, Von Willebrand factor, thrombospondin, and cysteine knot containing family of growth
regulator-like module (CT) (Figure 1). They are involved
in various physiological and pathological events, including
proliferation, apoptosis, migration, adhesion, differentiation, and survival[24,25]. They also participate in the development of connective tissue such as cartilage and bone,
nervous system, muscle, kidney, and bone marrow. Moreover, wound healing, bone fracture repair, pathological
fibrosis, and tumorigenesis are all regulated by CCN proteins[26-28]. Recently, many studies have shown that these
proteins play crucial roles in CRC progression, including
cell migration, invasion, adhesion, and distal metastasis.
In this paper we review the current knowledge regarding
the implication of CCN proteins in CRC.

MICROENVIRONMENT IN CRC
The characters in microenvironment include cancer cells
and host cells, for example, fibroblasts, TAMs, dendritic
cells, lymphocytes, monocytes, endothelial and lymphatic
cells. The interacting network between cancer cells and
host cells is highly regulated, and is not completely defined. Receptors present within cells specifically respond
to cytokines and act to form the unique microenvironment. Signaling pathways driven by growth factors,
including epidermal growth factor, hepatocyte growth
factor, or c-Met, and signaling proteins, such as transforming growth factor (TGF)-α, Wnt, sonic hedgehog,
Notch, insulin, integrins, Src, and Ras, can significantly
promote the transformation. The transformation process
from single crypt lesions through colorectal adenomas
to CRC can promote the spread of cancer cells to distal
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CORRELATION OF CCN PROTEIN WITH
ADVANCED CRC PROGRESSION
CCN proteins are believed to be multifunctional signaling
molecules, and have been found to be involved in a va-
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SP

IGFBP

VWC

Variable

TSP1

CT

CCN1/CYR61
CCN2/CTGF
CCN3/NOV
CCN4/WISP-1
CCN5/WISP-2
CCN6/WISP-3

Figure 1 CCN proteins share a conserved multimodular organization. WISP: Wnt-induced secreted protein; Cyr-61: Cysteine-rich 61; NOV: Nephroblastoma
overexpressed; CTGF: Connective tissue growth factor; IGFBP: Insulin-like growth factor-binding proteins; VWC: Von Willebrand factor; TSP: Thrombospondin; CT:
Cysteine knots.

riety of CRC initiation and development events. Experimental data indicated that CCN1 (also known as Cyr61)
overexpression increased Matrigel invasion in vitro, which
required integrin αvβ5, and promoted lung metastasis
formation in vivo[29]. Moreover, local recurrence after radiotherapy in CRC often occurs within preirradiated stroma, and CCN1 has been found to be overexpressed in
these areas and correlated with invasion and metastasis[29].
However, CCN1 is not highly expressed in advanced
stages of CRC, and one may suggest that CCN1 may be
crucial in the early stage of CRC development and play a
role as an early prognostic biomarker[30,31]. CCN1 is an angiogenic factor, and may function through the ability of
CCN1 to bind and activate cell surface integrins[32]. Using SW620, H460, and TE-7 cell lines and their isogenic
variants with altered CCN1 expression, Jandova et al[33] in
2012 had proved that migration of CRC cells is CCN1and αώβ5-dependent.
CCN2 (also named CTGF), a 36-38 kD cysteine-rich
peptide containing 349 amino acids, is predominantly
identified in fibroblasts, endothelial cells, smooth muscle
cells, and cartilaginous cells[34]. TGF-β enhances CCN2
synthesis, and CCN2 is a typical downstream mediator
of this major inflammatory mediator[34,35]. Although these
two proteins share many functions in common, there are
still many aspects of tumor regulation which are different. We have found that CCN2 inhibits CRC metastasis
and acts as an independent prognostic marker. Mechanistically, CCN2 could inhibit the β-catenin/TCF signaling
pathway and cause matrix metalloproteinase 7 downregulation[36].
Clinically, peritoneal carcinomatosis (PC) has a very
poor prognosis and is treated palliatively. CCN2 has been
suggested to be a therapeutic agent, and can be used as
a predictor of PC in CRC[37]. Low CCN2 expression in
tumor samples was associated with an 8-fold increase
in the peritoneal recurrence rate compared with tumors
with high levels of CCN2 expression[37]. CCN2 alters cellular function, including adhesion which is the first and
most crucial step of PC. CCN2 treatment could enhance
cell adhesion in normal fibroblast 293T cells, but significantly decreased CRC adhesion ability[37] in vitro and in
vivo. Although high expression of CCN2 is the hallmark
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of good prognosis of CRC, its roles in CRC cell differentiation and proliferation are still under investigation. In
previous studies, Cunningham et al[38] showed that CCN2
expression was positively correlated with α -smooth
muscle actin expression, which in turn indicated a potential role for CCN2 in myofibroblast-mediated fibrosis associated with ileal carcinoids. Moreover, Kaltsas et al[39] in
2010 demonstrated that CCN2 involved in the neoplastic
transformation into ileal carcinoids is positively correlated with tumours larger than 1 cm. Jacobson et al[40] in
2012 also indicated that CCN2 expression is the hallmark
of ileal carcinoids, and potentially is highly related to several functions including cell migration and anti-apoptosis,
which proposes an oncogenic role of CCN2 in the progression of well-differentiated CRC and other tumors.
Wnt-induced secreted protein (WISP)-1 is the fourth
member of CCN family, which was identified to be a
Wnt-1- and β-catenin-regulated protein [41-44]. WISP-1
transcript was reported to be overexpressed in 80 % of
human colon carcinomas[43], and immunohistochemistry
studies of WISP-1 further supported this result. A comparative study of 47 CRCs exhibited positive interplays
between Wnt-1, WISP-1, survivin, and cyclin-D1 proteins
in CRC tumorigenicity[41]. Furthermore, WISP-1 may
be used as a specific diagnostic and prognostic marker
in CRC[42]. However, the precise underlying mechanism
is still lacking and needs further investigations. WISP-2
and WISP-3 are parts of the CCN family, and have been
showed to play crucial roles in angiogenesis and carcinogenesis[32]. The mRNA expression of WISP-2, but not
WISP-1, was significantly decreased in CRC, compared
to normal colonic mucosa[43]. Davies et al[44] in 2010 also
showed that WISP-2 demonstrated the opposite pattern
with lower levels of expression in CRC cancer cells compared to normal controls. The WISP-2 gene is considered
a tumor suppressor gene, however, the molecular mechanism is not defined. The WISP-3 gene is located on 6q226q23, and its cellular function is linked to chondrocyte
growth and cartilage integrity[45]. Previous studies showed
that WISP-3 could be an oncogene in CRC[43,44], especially
microsatellite instability subtype of CRC[25]. However,
WISP-3 transcript levels showed no significant differences between cancer and normal groups[44]. According to
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Table 1 Expression of CCN family members in colorectal cancer
Capital member

Model

Effects

Ref.

CCN1
CCN1
CCN1
CCN2

Periradiated stroma
Clinical sample
Cultured cancer cells
Clinical sample

[29]
[30,31]
[33]
[36,37,40]

WISP-1

Clinical sample

WISP-2
WISP-3

Clinical sample
Clinical sample

Positively correlated with metastasis
Positively correlated with early stage of tumor development
Promoting cancer cell migration
Positively correlated with early stage of tumor development
Negatively correlated with prevalence of peritoneal carcinomatosis
Inhibiting invasion and metastasis
Negatively correlated with metastasis and patient survival
Promoting cell cycle checkpoint progression, accelerating cell growth and inhibiting apoptosis
Positively correlated with tumor grade
Negatively correlated with tumor grade
Positively correlated with tumor grade

[41-45]
[43,44]
[43,44]

WISP: Wnt-induced secreted protein.

the findings, WISPs may play crucial but contrasting roles
in CRC, which demonstrated that WISP-1 could be an
oncogene, but WISP-2 might tend to be a tumor suppressor gene and WISP-3 gene still needs further clarification
(Table 1).

5

CONCLUSION
Microenvironmental regulation is crucial in cancer biology. In this compartment, many effecter host cells,
immune cells, cytokines, chemokines, inflammatory proteins, besides intestinal microbiota (not discussed), are
orchestrated to form the infrastructure of CRC. The interaction is complicated and but has potential therapeutic
applications. In this review, we have extensively discussed
the secreted proteins called CCN family, which function
in many physiological and pathological processes, and
showed their important regulatory roles in CRC microenvironment. Although genetic and epigenetic alternations
drive the transformation of normal enterocytes into
neoplasia, CCN family proteins mediate significant communications between CRC and host cells.
Understanding the detailed mechanisms involved in
CCN-mediated regulation will provide further insight into
the progression and metastasis of CRC. Furthermore, the
utility of CCN family proteins to regulate metastasis and
invasion/angiogenesis suggests that these growth factors
may be relevant candidates or targets for CRC treatment.
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emerging role of the β-catenin-PPARγ axis in the
pathogenesis of colorectal cancer
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tor. In tumorigenesis it exerts a tumor suppressor role
and is potentially linked with the Wnt/β-catenin pathway. Based on these results, the identification of new
selective PPARγ modulators with inhibitory effects on
the Wnt/β-catenin pathway is becoming an interesting perspective. Should, in fact, these molecules display such properties, new research avenues would be
opened aimed at developing new molecular targeted
drugs. Herein, we review the basic principles and present new hypotheses underlying the crosstalk between
Wnt/β-catenin and PPARγ signaling. Furthermore, we
discuss the advances in our understanding as to how
their altered regulation can culminate in colon cancer
and the efforts aimed at designing novel PPARγ agonists endowed with Wnt/β-catenin inhibitory effects to
be used as therapeutic and/or preventive agents.
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ligands
Core tip: Genetic and epigenetic modifications of the
Wnt/β-catenin pathway play a fundamental role in the
initiation and progression of colorectal cancer (CRC).
The nuclear receptor peroxisome proliferator activated
receptor γ (PPARγ) acts as a differentiation-promoting
transcription factor with a potential link with Wnt/
β-catenin. In this review, we discuss the basic principles underlying the crosstalk between Wnt/β-catenin
and PPARγ signaling, present the most recent progress
in understanding as to how their alterations can culminate in CRC and, finally, suggest new hypotheses and
perspectives on the identification of selective PPARγ
modulators endowed with Wnt/β-catenin inhibitory effects to be used as molecular targeted drugs.

Abstract
Multiple lines of evidence indicate that Wnt/β-catenin
signaling plays a fundamental role in colorectal cancer
(CRC) initiation and progression. Recent genome-wide
data have confirmed that in CRC this pathway is one
of the most frequently modified by genetic or epigenetic alterations affecting almost 90% of Wnt/β-catenin
gene members. A major challenge is thus learning how
the corrupted coordination of this pathway is tied to
other signalings to enhance cell growth. Peroxisome
proliferator activated receptor γ (PPARγ) is emerging
as a growth-limiting and differentiation-promoting fac-
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ation of CpG islands at several genomic loci[2,6,7]. These
data suggest that CRC is a highly heterogeneous disease,
i.e., clinicopathologically similar tumors strikingly differ
as distinct biological subtypes and, consequently, in their
response to treatment and patient’s survival. Extensive
molecular profiling, genome-wide studies and the integrative analysis of genomic data support the notion
that clinically distinct subtypes exist and provide insights
into the pathways that are dysregulated in CRC[8,9]. Multiple lines of evidence indicate that Wnt signaling plays
a fundamental role in CRC development as it is altered
from the very early stages[10]. Consistently, almost 90%
of CRCs present genetic or epigenetic alterations of
Wnt players such as adenomatous polyposis coli (APC),
AXIN, β-catenin, sex determining region Y (SRY)-box
9 (SOX9), regardless of the CIN or MSI signature, according to the cancer genome atlas[11]. These observations support the hypothesis that mutationally corrupted
cancer (stem) cells, distributed among normal epithelial
colonic cells, are the driving force of initiation and progression. Along with driver genes mutations implicated
in tumor initiation, Wnt signaling alterations may influence the CRC course and prognosis and be instrumental
in determining the optimal patients’ treatment.
In this context, peroxisome proliferator-activated
receptor gamma (PPARγ) signaling is drawing increasing
attention because of its role in CRC pathogenesis and
because novel compounds identified as selective ligands
could be used as pharmaceutics to improve therapies’
efficacy [12,13]. A number of studies have shown that
PPARγ levels within primary tumors correlate with patients’ prognosis[14-16]. Evidence has also been provided
that PPARγ tumor suppressive activity can be altered at
multiple levels through aberrant phosphorylation, DNA
promoter hypermethylation and microRNAs modulation. Thus, modifications of PPARγ appropriate levels,
subcellular localization and activity presumably play a
key role in colorectal tumorigenesis[13-15].
In this review, we present recent evidence and new
hypotheses that underscore the growing impact of dysregulated Wnt and PPARγ signaling in CRC initiation
and progression. Furthermore, we discuss the advances
in our understanding as to how these pathways crosstalk
and impact colon cancer biology and response to the
therapy. Finally, we discuss new therapeutic perspectives of molecular target drugs represented by selective
PPARγ modulators endowed with Wnt/β-catenin inhibitory effects.

Original sources: Sabatino L, Pancione M, Votino C, Colangelo
T, Lupo A, Novellino E, Lavecchia A, Colantuoni V. emerging
role of the β-catenin-PPARγ axis in the pathogenesis of colorectal
cancer. World J Gastroenterol 2014; 20(23): 7137-7151 Available
from: URL: http://www.wjgnet.com/1007-9327/full/v20/i23/7137.
htm DOI: http://dx.doi.org/10.3748/wjg.v20.i23.7137

INTRODUCTION
More than 1.2 million colorectal cancers (CRC) are diagnosed every year, accounting for approximately 10%
of all cancers worldwide. Despite the progress made in
surgical and therapeutic management, still 600000 deaths
are caused every year by CRC representing over half of
all gastrointestinal cancer deaths. CRC survival is highly
dependent on the tumor stage at the time of diagnosis;
over one-third of patients die within five years from the
initial diagnosis and most of fatal outcomes result from
liver metastases[1,2].
Colorectal cancer can have a hereditary (10%) or sporadic (90%) origin; in both cases, environmental factors
contribute to its development. Interestingly, one third
of patients have an increased risk of developing a CRC
due to familial factors synthesized by yet unidentified
genes. It is well established that CRC results from the
cumulative effects of sequential genetic and epigenetic
alterations, leading to a progressive and irreversible loss
of cell growth and differentiation control[3]. In the last
decades, a large number of investigations have identified
several “driver genes” in CRC initiation and progression,
including wingless-type (WNT) MMTV integration site
family, RAS, mitogen-activated protein kinase (MAPK),
phosphatidyl-inositol3-kinase (PI3K), trasforming
growth factor β (TGF-β ), tumor protein p53 (TP53) and
DNA mismatch-repair genes. The various and sequential
pathways in which these genes are involved support the
theory that CRC is a heterogeneous, complex and multifactorial disease[3]. Indeed, at least three well-defined
pathways, the traditional (adenoma-carcinoma sequence
or Vogelstein’s model[4,5]), the alternative and the serrated
pathway underlie these malignancies, leading to genomic
instability that perpetuates a widespread loss of DNA
integrity. Thus, genomic instability is emerging as a hallmark of the carcinogenic process and at least three distinct types have been described: chromosomal instability
(CIN); microsatellite instability (MSI) and CpG island
methylator phenotype (CIMP). CIN is the most common type of genomic instability, occurs in 60%-80% of
CRCs and results in an imbalance of the chromosome
number “manifested as aneuploidy”. MSI is an alternative pathway that accounts for 15%-20% of sporadic
CRCs in which the characteristic signature is deletion of
repetitive regions of DNA that in most cases generates
frameshift mutations in the coding sequences of genes
leading to their inactivation. CIMP is a novel instability
pathway characterized by the widespread hypermethyl-
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Wnt/β-catenin pathway and CRC
initiation and progression
The epithelial cells of the intestine have a relatively
short life span compared to cells of other epithelial tissues. They, in fact, orchestrate a unique mechanism of
constant cell migration starting from the bottom of the
crypts and going upwards to the luminal surface. It is
well established that long-lived multipotent intestinal
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stem cells (ISCs) reside at the bottom of the intestinal
crypts and give rise to transit amplifying progenitors
that, upon constant upward migration, undergo cell cycle
arrest and terminally differentiate into the diverse intestinal cell lineages. Once a differentiated cell has reached
the villus tip or the colonic surface, it undergoes apoptosis and is shed into the lumen. The intestinal renewal
system is tightly controlled and depends on the spatial
organization of signals that emanate from supportive
mesenchymal as well as from differentiated epithelial
cells[17]. Until recently, ISCs were a rather elusive entity
at the bottom of the intestinal crypt; only in the last few
years, important efforts have been made in the stem cell
research field to characterize their existence, position
and function. In 2007 Van der Flier et al[18], through both
a Wnt transcriptome analysis and in situ studies, identified a panel of 17 putative stem cell markers expressed
at the crypt base[17]. Two genes displayed the strongest
relationship with the Wnt signaling: Leucine rich repeat
containing G protein coupled receptor 5 (Lrg5) and
achaete-scute like2 (Ascl2). Lgr5 was subsequently localized at the crypt base of the mouse small intestine and
positive cells were shown to be able to differentiate into
all epithelial cell lineages. These studies suggest that
Lgr5 and Ascl2 are intestinal-specific stem cell markers
and emphasize a “crucial role” of the Wnt cascade not
only during embryonic development but also in adult organs, particularly in tissue homeostasis, cell renewal and
ISC maintenance[18-20]. Wnt is the “fusion of two terms”
the segment polarity gene wingless (wg) discovered in
Drosophila and the proto-oncogene integration-1 (int-1).
The first direct connection of the Wnt pathway with
CRC came out in the early 1990s. The APC gene was
found to be involved in a hereditary cancer syndrome,
termed familial adenomatous polyposis (FAP) but also
in sporadic CRC[4,5]. Soon thereafter, the large “scaffold”
cytoplasmic APC protein was found to interact with
β-catenin providing the molecular basis of the seminal
work by Fearon and Vogelstein: CRC develops as a stepwise accumulation of genetic hits in specific genes and
pathways[4,5]. From that time, many additional components of the pathway and disease connections have been
identified so that the list of new target genes, as well as
new interacting pathways, constantly grows. Recent studies have disclosed that the interplay between Wnt and
Hippo signaling pathways is indispensable to coordinate
proliferation and differentiation during organ growth.
Interaction of Wnt ligands with their receptor complexes triggers two major intracellular signaling cascades that
are traditionally indicated according to the role played
by β-catenin[21,22]. The Wnt “canonical” signaling is “activated” upon the binding of one of multiple Wnt factors,
a family of soluble secreted proteins, to one of ten possible Frizzled receptors (Fzd) in the presence of a low
density lipoprotein receptor related co-receptor (LRP5 or
6). This interaction generates a cascade of events involving the cytosolic adapter protein, Disheveled (Dvl), that
promotes the dissociation of a multiprotein “destruction
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complex” resulting in the stabilization of β-catenin and
its translocation to the nucleus. Upon displacement of
the transcriptional repressor Groucho, β-catenin interacts with and activates members of the T cells factors
and lymphoid enhancing factors (TCF/LEF) to promote
the expression of target genes involved in cell differentiation and proliferation such as c-myc (MYC), cyclin D1
(CCND1), axin 2 (AXIN2), CD44 and Survivin (Figure
1A)[23]. When the Wnt pathway is “inactive”, β-catenin
binds to its destruction complex formed by the scaffold
proteins, APC and axin, and is phosphorylated by the
specific kinases glycogen synthase kinase 3β (GSK3β)
and casein kinase 1 (CK1)[23,24]. This leads to its ubiquitination and subsequent targeting to the proteasome for
degradation. β-catenin consists of three main domains:
the N-terminal region of 141 aminoacids, a central core
domain of 513 aminoacids, and a C-terminus of 107
aminoacids, which contains the transactivation domain.
Phosphorylation of β-catenin by GSK3β and CK1 occurs at aminoacids S33, S37, T41 and S45, generating a
recognition tag for ubiquitination and subsequent proteasomal degradation[25,26]. The central “core region” contains 12 imperfect armadillo repeats each formed by 42
aminoacids; the repeats consist of three α-helices and,
together, the twelve repeats form a superhelix containing
a long positively charged groove[27]. This structure appears to facilitate the binding to the negatively charged
[28,29]
β-catenin binding domains (CBD) within TCF/LEF
or other interacting proteins such as APC, axin, and cadherins. Recent studies have identified two lysines, K312
and K435, defined “charged buttons”, within the armadillo repeats 5 to 9 of β-catenin, that form salt bridges
with negatively charged glutamate or aspartate in the
CBD of the interacting proteins[28]. Mutations of one of
the components of the pathway (APC, axin, β-catenin)
or autocrine signaling due to constitutive Wnt production by tumor cells cause an “active” Wnt signaling. In
most cases, APC loss-of-function mutations result in a
truncated and inactive protein; in other cases, mutations
in β-catenin phosphoacceptor sites turn into an active
oncogene; for instance, S37A β-catenin is expressed at
high levels in several human carcinomas[30]. β-catenin
phosphorylation is also hampered through GSK3β sequestration into multivesicular compartments and/or
other still unknown mechanisms.
The critical step in the Wnt canonical pathway appears then to be the ratio of cytosolic and/or membrane-associated β-catenin levels vs its nuclear counterpart[30]. Consistently, nuclear β-catenin is an indicator of
an active Wnt signaling, likely operating in cancer initiating cells, and is a useful biomarker associated with CRC
disease progression and poor prognosis; more recently,
it has predominantly been observed at the invasive front
of CRC tissues. According to these data, a recent metaanalysis suggests that increased cytoplasmic expression
of β-catenin, not accompanied by nuclear accumulation,
has no relationship with the prognosis[31]. Finally, growing evidence indicates that aberrant activation of the
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Wnt cascade leads to stem cell expansion, proliferation
and disturbed tissue architecture (Figure 1A).
The so-called Wnt “non-canonical” signaling is independent of β-catenin function and is less characterized
than the “canonical” one. It is initiated by the binding
of Wnt5a to receptor tyrosine kinase-like orphan receptor 2 (ROR2), alone or in combination with a Frizzled
receptor, leading to the activation of the planar-cell
polarity (PCP) pathway through Rock2, RhoA, Rac or
JNK. Alternatively, Wnt11 can bind a Frizzled receptor alone and activate the Wnt/calcium pathway that
involves the calcium/calmodulin-dependent kinase Ⅱ
(CamKⅡ), protein-kinase-C (PKC) and nuclear factor
of activated T cells (NFAT) (Figure 1B)[32]. Importantly,
the Wnt “non-canonical” pathway inhibits the canonical one either impairing β-catenin accumulation in the
cytoplasm or the β-catenin/TCF/LEF complex formation. In this review, for space reasons, we will focus only
on the Wnt “canonical”, β-catenin-dependent signaling.
In epithelial cells, membrane-bound β-catenin interacts
with E-cadherin forming cell adhesion complexes that
anchor the extracellular matrix to the cytoskeleton [33].
Upon β-catenin nuclear translocation, the interactions
with E-cadherin are reduced, impairing cell-cell interactions and providing cells a migration and invasion potential into the neighbouring tissues and, eventually, into the
circulation. These events are the basis of the epithelial
mesenchymal transition (EMT), a process implicated
in tumor progression and metastasis[34]. Both activation
of the Wnt/β-catenin signaling and E-cadherin loss are
important effectors of EMT in CRC. β-catenin nuclear
accumulation at the invasive front of CRCs has been
associated with migrating cancer stem cells (MCSCs),
metastatic spreading and EMT. Conversely, the serrated
pathway has been associated with a lower frequency of
nuclear β-catenin localization or reduced membranebound β -catenin expression than the traditional one
(adenoma-carcinoma sequence), suggesting that the Wnt
“non-canonical” pathway may influence metastasis formation especially in right-sided tumors[6,14].

tor coactivator (SRC) family and histone acetyltransferases, such as p300/CBP (Figure 2)[12,35-37]. A variety
of endogenous and exogenous lipophilic molecules,
such as polyunsaturated fatty acids, prostaglandines,
leukotrienes and hypolipidemic drugs, have been identified as PPAR ligands. The structural heterogeneity of
these compounds seems to reflect the conformation of
the ligand binding domain (LBD), that forms a large
Y-shaped hydrophobic pocket with relatively low ligand
specificity (Figure 3A). Yet these compounds display
selective binding for each of the three PPAR isotypes
identified so far PPARα (NR1C1), PPARβ/δ (NR1C2)
and PPARγ (NR1C3) that, in addition to their ligand
specificity, display distinct tissue expression patterns.
PPAR γ , in particular, is expressed in adipose tissue,
muscle, gastrointestinal tract, blood cells, macrophages
and liver. PPARγ modulates cellular and whole-body
glucose and lipid homeostasis, increases insulin sensitivity in adipose and muscle tissues following activation by
the antidiabetic agents thiazolidinediones (TZDs)[12,35-37].
PPAR γ has also been implicated in the modulation
of immune and inflammatory processes, vascular homeostasis and cell differentiation both in normal and
neoplastic tissues [13,37,38]. In line with this, PPAR γ is
expressed in a variety of tumors and its role in cancer initiation/progression has been debated for long
time[13,37]. In vitro studies have shown that PPARγ activation induces growth arrest of epithelial-derived cancer
cell lines, including those from thyroid, lung, prostate,
breast, pituitary and colon[36]. Consistently, some PPARγ
downstream targets, such as p18, p21, and p27 are
induced, determining a cell cycle block [39,40]. PPAR γ dependent upregulation of the tumor suppressor gene
phosphatase and tensin homolog (PTEN) inhibits PI3kinase and AKT phosphorylation reducing cell migration and proliferation[41]. The anti-proliferative effects
are reinforced by downregulation of the anti-apoptotic
protein B-cell CLL/lymphoma 2 (Bcl-2)[42]. More recently, PPARγ has been endowed with anti-angiogenic
activity through inhibition of VEGF and its receptors
in various cells[43] and with anti-inflammatory activity
through inhibition of NFκB-mediated gene transcription[44]. Finally, PPARγ hampers the EMT and thus metastasis formation[45]. All these data strongly support for
PPARγ a role as a tumor suppressor; other studies, in
contrast, support a role as tumor promoter[46,47]. A more
recent work suggests for PPARγ a dual function as a tumor promoting factor in neuroblastoma cells and tumor
suppressor in breast cancer cells[48]. Also in vivo, contentious results have been reported: administration of
PPARγ ligands increases the incidence of colon tumors
in Apc+/Min mice[49,50]. In contrast, PPARγ has no effects on tumor incidence in Apc/1638N and 1309 mice,
using both genetic and pharmacological models[51,52]. Recently, exposure to pioglitazone, a TZD family member,
suppresses colon tumor growth in Apc+/Min mice[52].
Data obtained by a Pparg tissue-specific biallelic knockout in ApcMin/+ mice have apparently solved these

PPARγ signaling pathway in CRC
initiation and progression
PPARs are ligand-activated transcription factors belonging to the nuclear receptor superfamily. PPARs activate
transcription by recognizing specific sequence motifs,
defined PPRE (peroxisome proliferator response elements), located in the regulatory regions of target
genes as heterodimers with the retinoid X receptors
(RXR)[12,35-37]. In the absence of ligand, PPARs are complexed with corepressor proteins such as the nuclear
receptor corepressor (NCoR) or silencing mediator
of retinoid and thyroid receptors (SMRT) and act as
transcriptional repressors. Ligand binding induces conformational changes that allow displacement of the corepressor complexes and recruitment of transcriptional
coactivators, including members of the steroid recep-
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contraddictory observations. In this mouse strain, an
increased tumor incidence and tumor size is observed,
consistent with the in vitro data: PPARγ ligands inhibit
cell growth even in the presence of APC mutations[53].
In azoxymethane (AOM)-treated mice, the most widely
used preclinical model of sporadic CRC in rodents,
PPARγ inhibits colon carcinogenesis and TZDs act as
potent suppressors of tumor formation[54]. Of note,
some of the effects attributed to TZDs can be due to
PPARγ-independent effects[55]. A direct role of PPARγ
as tumor suppressor is confirmed by the observation
that hemizygous Pparg colon-specific knockout mice
display a significantly higher incidence of colon tumors
following AOM treatment[56]. Epidemiological studies in
humans have clearly established a link between chronic
inflammatory conditions, such as inflammatory bowel
diseases (IBD), and a higher risk of CRC[57]. In colitisassociated cancers (CAC), tumor promotion is mainly
due to the presence of a leucocyte infiltration and to
inflammatory mediators; moreover, administration of
nonsteroidal anti-inflammatory drugs to IBD patients
reduces the risk of CRC development[57,58]. In spite of
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the results obtained in murine models, evidence of a
PPARγ involvement in human colon carcinogenesis is
still circumstantial. PPARγ is expressed at high levels in
about 60% of sporadic human CRCs and specific lossof-function gene mutations have been reported in 8%
of primary CRCs[59]. Increasing evidence suggests that
PPARγ activity is attenuated during the transition from
adenoma to carcinoma, likely explaining why PPARγ
agonists can block the early stages of tumorigenesis,
inhibiting the aberrant crypt focus (ACF) formation
but with little or no effect on advanced tumor stages[36].
PPARγ phosphorylation operated by the mitogen activated kinases ERK1 and 2 and its ligand-independent
SUMOylation negatively regulate its function[44,60]. Both
loss-of-function mutations and the reduced activity due
to posttranslational modifications, however, do not fully
explain the low PPARγ levels found in 35%-40% of
sporadic CRCs[61]. Interestingly, they are associated with
a more aggressive course, EMT activation, and patients’
worse prognosis, suggesting that PPARγ can be considered an independent prognostic factor[16,62]. PPARG has
recently been shown to be post-transcriptionally modu-

1839

February 8, 2015|First Edition|

Sabatino L et al . Wnt/β-catenin-PPARγ interaction in colorectal cancer

A
PPARγ1

Catenin binding domain (CBD)

107

K

s

112

s
DNA-binding
domain (DBD)

A/B domain

NH2
1

110

Sumoylation
Phosphorylation

273

365

K

Hinge
175

241

Frequently mutated
in cancer
s

33,37,45

F

372

477
AF-2
(helix 12)

Receptor dimerization

312

435

K

141

K

664

771

NH2

CTD

GSK-3 beta and CKI
phosphorylation
sites
Ubiquitination
sites

Transactivation domain
E-cadherin

TCF
APC and AXIN

1.2

4.5

1.0

4.0

0.8

3.5

Drug 1

1.5

10

1.0

Dr

ug

1

0.5

ol

/L
ol

μm
5

ol

μm
1

μm
0.
8

/L

/L

/L
ol

ol

μm

/L
ol
μm

0.
2

0

b-actin

/L

0.0

b-catenin

0.
6

μm

RGZ

2.0

/L

ol

/L
μm
1

Dr

ug

1

10
RG
Z

1
Z
RG

ol

μm
ol
/L

/L
ol
μm

RL
CT

/L

0.0

2.5

ol

0.2

3.0

μm

0.4

0.
4

0.6

Luciferase activity

Protein level
(relative to control)

COOH

Armadillo repeats
a-catenin

μm

B

COOH

PPARγ binding domain (PBD)

41

T

367

Ligand-binding domain (LBD)

AF-1

b-catenin

E

Figure 3 Structural and functional domains of PPARγ and β-catenin. A: The mature PPARγ protein consists of four structural/functional domains: (1) the variable
A/B region at the N terminus contains the ligand-independent transactivation domain AF1 (residues 1–71 of PPARγ1); lysine 79 and serine 84 residues are targets of
SUMOylation and phosphorylation events, respectively; (2) the C region is the DNA binding domain, characterized by two C4 Zinc-finger motifs, that interact with the
major groove of the DNA; (3) the D or hinge region allows receptor dimerization and DNA binding; and (4) the E/F region is the ligand binding domain (LBD) constituted by 12 α-helices and 4 β-strands where the agonist accommodates. This region (helices 7 and 8) includes a β-catenin binding domain (CBD) essential for the interaction with β-catenin. The most important aminoacid residues implicated in PPARγ activity regulation are shown. The full length β-catenin is essentially composed by
three domains: (1) the N-terminal domain involved in the ubiquitin-mediated degradation; (2) the arm repeat domain, containing 12 armadillo repeats that mediate the
binding with cadherins, APC, TCF/LEF, CREB binding protein (CBP) and PPARγ; and (3) the carboxy terminal (CTD) or transactivating domain interacts with coactivators such as CBP or corepressors such as β-catenin inhibitor and TCF-4 (ICAT). The most important aminoacid residues implicated in β-catenin activity regulation are
shown; B: Luciferase activity from HEK293T cells transfected with a PPRE-driven luciferase reporter gene and exposed to the compound indicated as Drug1 is lower
than that obtained from cells exposed to rosiglitazone, indicating a reduced transactivation potential in line with the notion of a partial agonist. HT29 colon cancer cells
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lated by miRNAs[48,63].

interact with a variety of coactivators and transcription
factors, implying an even wider involvement in physiologic and pathologic processes[17,22]. Specific interactions
of β-catenin with nuclear receptors signaling pathways
seem to be fundamental in gut physiology. Such crossregulation, in addition, provides a molecular platform to
evaluate alterations in cell adhesion and transcription occurring during tumor progression[64]. All components of

WNT/β-CATENIN AND PPARγ SIGNALING
CROSSTALK IN CRC
Recent reports suggest that, in addition to members
of the canonical Wnt signaling pathway, β-catenin can
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the Wnt pathway can affect nuclear receptors functions
by events including transcriptional activation or repression and protein phosphorylation. Conversely, nuclear
receptors and their ligands confer a dynamic impact
upon Wnt functions as shown by the effects on their
target genes. In this context, liver receptor homologue
1 (LRH-1) is activated upon association with β-catenin,
promotes cyclin D1 and cyclin E transcriptional activation and governs the self-renewal of intestinal crypt
cells. Proliferation of epithelial cells is thus enhanced,
contributing to CRC development [65] . In contrast,
β-catenin activity is repressed by association with retinoic acid receptor, vitamin D receptor and androgen
receptor. Retinoic acid and its synthetic derivatives, 1α,
25-dihydroxyvitamin D3, the active form of vitamin D
and its synthetic derivatives, have shown chemopreventive effects in animal models of CRC and are employed
in cancer therapy[64]. Although the mechanism by which
these receptors inhibit the Wnt/β-catenin pathway is
not fully understood, several hypotheses have been
put forward. In the case of the androgen receptor, the
complex with β-catenin represses β-catenin activity and
tumor formation in some target tissues[66]. Molecular
interactions between components of the Wnt/β-catenin
and PPAR γ signalings have been reported in several
studies, suggesting the potential for cross-regulation at
different levels (Figure 3A). PPARγ protein is generally
elevated in human CRC specimens and altered in colon
tissues from the APC/Min mice; these results are correlated with and attributed to high β-catenin levels and
activation[25,56,67,68]. Girnun and collaborators provided
the first evidence that PPARγ is capable of inhibiting
colon carcinogenesis by suppressing β-catenin in cells
that express a functional Wnt/ β -catenin pathway [56].
Loss of one Pparg allele is sufficient to increase sensitivity to chemical carcinogenesis likely due to the higher
β-catenin levels that may prime the colonic epithelium to
respond more rapidly to a carcinogenic insult. Addition
of PPARγ selective ligands can alter the balance between
this nuclear receptor and β-catenin in preadipocytes by
activating PPARγ and inducing β-catenin proteasomal
degradation in a GSK3β-dependent manner[68]. Oncogenic β-catenin mutants in the phosphoacceptor sites at
residues S33, S37, T41 and S45 of the N terminal region
of the protein, escape phosphorylation by GSK3β and
proteasomal degradation by several hypothesized molecular routes[25] (Figure 3A). The accumulated protein can
translocate to the nucleus and suppress PPARγ activity
as assessed by lack of transcription of selected target
genes[25]. Interestingly, despite the reduced activity, the
total amount of PPARγ in these cells is higher likely due
to posttranscriptional and not transcriptional events[67].
The selective inhibition of target genes expression may
alternatively be ascribed to the interaction of β-catenin
with PPARγ-associated transcriptional complexes recruited on the DNA that results in transcription inhibition or squelching of critical PPARγ coactivators[25] (Figure 3A). Notably, β-catenin interaction with the PPARγ
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transcriptional complexes involves the same sequence
motifs of the central region that are required for binding to TCF/LEF without affecting the transcriptional
activation of the target genes of this latter complex[25].
TCF factors may form binary complexes with β-catenin
or ternary complexes including PPARγ. Indeed, ternary
complexes containing β -catenin/PPAR γ /TCF4 have
already been found in tumor tissues although their biological significance remains elusive[67]. In cells with an
intact form of APC or β-catenin, a dominant model can
be hypothesized whereby PPARγ suppresses tumorigenesis by activating transcription of its own target genes
but also facilitating the GSK3β-dependent degradation
of β-catenin. In CRC-derived HT29 cells, that harbor a
mutated APC and a wild type β-catenin, selective ligands
activate PPARγ stimulating not only target gene expression but also interaction with β-catenin leading to its
proteasomal degradation (our unpublished data). Given
the fact that the canonical Wnt signaling pathway may
be altered at multiple levels, PPARγ could exert its tumor suppressive activity in a context-dependent manner.
Data in the literature, in fact, suggest that the cellular response to extracellular effectors and intracellular signalings depends on the relative amounts of β-catenin and
PPARγ present in a given cell and on changes of this
ratio that can influence their crosstalk (Figure 4). Furthermore, the molecular mechanisms by which PPARγ
ligands can elicit transcription of different target genes
owing to the differential recruitment of co-activators
have not been completely elucidated and the reciprocal
effects of PPARγ activation on Wnt signaling pathway
are only at the beginning to emerge. We and others have
shown that the overall survival of CRC patients is markedly better when PPARγ expression in primary tumours
is detectable[14,16,61,62]. Notably, reduced PPARγ expression
is not correlated with “activated” β-catenin (i.e. nuclear
β-catenin) suggesting that these pathways signal differently in cancer and that there may be subtle tissue specific differences in their regulation. Defining how PPARγ
influences the Wnt/β-catenin activities will be important
to modulate downstream effectors as possible treatment
of intestinal diseases.

Old and new compounds
targeting both β-catenin and
PPARγ pathways
In this section we discuss how natural and synthetic
compounds can affect β-catenin and PPARγ activity. The
rationale for targeting β-catenin stems from the important functions that this protein serves in cell-adhesion
and in the Wnt signaling. Thus, drugs targeting aberrantly activated members of the pathway have the potential
as cancer therapeutics. In addition to the known mutations, the Cancer Genome Atlas Network has identified
mutations in other genes of the Wnt pathway such as
transcription factor 7-like 2 (TCF7L2; previously known
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Figure 4 Molecular interactions between Wnt/β-catenin and PPARγ signaling in colorectal cancer cells. The Wnt/β-catenin and PPARγ signal transduction
pathways likely act in a coordinated manner to ensure epithelial cells a balance between growth and differentiation. In this condition, β-catenin is targeted by PPARγ
for phosphorylation and subsequent degradation. In CRC, the Wnt pathway is generally overactive and β-catenin is stabilized and translocates to the nucleus to
activate Wnt target genes. In a “Wnt on” state, PPARγ protein is generally elevated likely due to high β-catenin levels. The selective inhibition of PPARγ target genes
expression may be ascribed to different mechanisms: interaction of β-catenin with PPARγ-associated transcriptional complexes recruited on the DNA that results in
transcription inhibition or in squelching of critical PPARγ coactivators through the alternative binding with β-catenin. Our data and those already published suggest a
hypothetical model whereby a ligand-bound PPARγ suppresses Wnt/β-catenin signaling in a cancer-cell context dependent manner by: (1) activating transcription of
its own target genes; (2) facilitating the GSK3β-dependent degradation of β-catenin; and (3) competing in the nucleus with transcription factors such as LEF/TCFs in
blocking prosurvival β-catenin target genes also in cells harboring a mutated APC.

as TCF4), SOX9, CTNNB1 and Wilms tumour gene on
the X chromosome (WTX; also known as FAM123B)
known to activate the Wnt/β-catenin signaling[11]. Furthermore, many of the cell surface markers (including
LGR5/GPR49, CD44, CD24 and Epcam) used to identify tumor stem cell populations are Wnt direct targets[17].
Similar considerations underlie PPARγ targeting. Given
that PPARγ acts as a tumor suppressor in CRC, attempts
have been made to identify and/or synthesize new molecules that can enhance this activity. The list of natural or
synthetic compounds able to interfere with either Wnt/
β-catenin and/or PPARγ signaling is long and constantly
growing (Table 1). Herein we will describe the effects of
only some of them.
A large number of natural compounds derived from
dietary intake, plants and marine organisms, fungi and
microrganisms, display chemopreventive and/or chemotherapeutic activity through modulation of the Wnt/
[69-71]
. Direct targeting of this pathway
β-catenin signaling
has been difficult, largely owing to the lack of pathway-
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specific targets and the potential redundancy of many
components; moreover, inhibition of β-catenin signaling could cause side effects in normal, adult cells. To
overcome these difficulties, it has been suggested to
specifically target Wnt factors and Wnt receptors as an
attractive cancer therapeutic strategy. Promising results
have been obtained with Wnt3A or FZD7-neutralizing
antibodies in vivo.
Among the small-molecule inhibitors, the non-steroidal anti-inflammatory drugs (NSAIDs) (indomethacin, sulindac, aspirin) and the selective COX-2 inhibitor
(celecoxib) prevent β-catenin-dependent transcription
in colorectal cells. Other existing drugs include molecular targeted agents such as the CBP/β-catenin antagonist ICG-001 [71]. The common mechanism by which
NSAIDs and their derivatives act is through inhibition
of β-catenin/TCF pathway transcriptional activity and,
consequently, down-regulation of target genes such as
cyclin D1.
Indomethacin is a COX-1 and COX-2 inhibitor and

1842

February 8, 2015|First Edition|

Sabatino L et al . Wnt/β-catenin-PPARγ interaction in colorectal cancer
Table 1 Natural and synthetic compounds targeting Wnt/β-catenin and PPARγ pathways
Subcategory
Natural
ligands

Synthetic
ligands

Drug

Pathways

Effects

Polyphenols

Quercetin EGCG Curβ-catenin/TCF
cumin Resveratrol DIF
WNT GSK-3β
Phytochemicals Capsaicin Cladosporol β-catenin GSK-3β
Thymoquinone
Vitamins
Retinoids 1α25,β-catenin Dab2
dihydroxy Vitamin D3
NSAIDs
Aspirin Sulindac
β-catenin, TCF,
Celecoxib Indometacin
PPARγ
Diclofenac NS398
Small Molecules PNU 74654 2,4-diamiβ-catenin/TCF
no-quinazoline ICG-001 CBP Dv1 Axin
FH535 Others
Tankyrase 1,2
PPARγ ligands
TZDs Lutein
β-catenin/TCF
Partial PPARγ
Agonists

Drug1

β-catenin/TCF

Target tissues

β-catenin, TCF, cMyc, cyclin D1, CRC, Adipose
survivin, conductin reduction Tissue, Kidney
CRC
β-catenin, cMyc reduction; GSK3β, PPARγ activation
CRC
β-catenin reduction

Ref.
[81,91-101]
[89,102-105]
[79,106-108]

β-catenin, TCF cMyc reduction;
PPARγ activation

CRC

[72-74,76,77,109-116]

Block Wnt Wnt/β-catenin suppression

CRC

[71-80]

β-catenin degradation; PPARγ
activation
β-catenin degradation; PPARγ
activation

CRC

[82-86,89]

CRC

[86-90]

NSAIDs: Non-steroidal anti-inflammatory drugs; CRC: Colorectal cancer.

exhibits anti-inflammatory and analgesic properties. In
addition to the more general inhibition of the β-catenin/
TCF pathway mentioned above, indomethacin impairs β-catenin gene expression itself at early times, as
shown by the significant reduction of the corresponding
mRNA. Furthermore, indomethacin stimulates β-catenin
degradation in an APC/GSK3β and proteasome-independent manner (Wnt “non-canonical” pathway) even in
cells bearing a mutated APC or β-catenin. These results
support the potential chemotherapeutic activity of the
molecule[71-73].
Sulindac inhibits β-catenin/TCF pathway and reduces β-catenin levels in human colon cancer cells. The
antiproliferative effects of sulindac and its derivatives are
confirmed in different mouse models of multiple intestinal adenomas and also in human colorectal adenomas.
Like indomethacin, also sulindac causes β-catenin degradation mainly through an APC/GSK3β-independent
mechanism, while the canonical pathway and, in turn,
the proteasomal degradation are activated at late times,
especially after induction of apoptosis[71,74]. Finally, a
third alternative degradation mechanism in CRC cells
is mediated by an increase of cGMP levels due to the
cGMP phosphodiesterase (PDE) inhibition. High cGMP
levels activate the cGMP-dependent kinase (PKG) that,
in turn, stimulates β-catenin phosphorylation reducing
its protein levels. It has been proposed that phosphorylation by PKG is an alternative way to induce proteasomalmediated β-catenin degradation in cells with an inactive
APC/GSK3β-destruction complex[75].
Aspirin also down-regulates the Wnt/β-catenin pathway in CRC cells leading to reduced transcription of
target genes. Unlike other NSAIDs, this effect seems to
be mediated by stabilization of β-catenin in its transcriptionally inactive form (i.e., phosphorylated form), hampering its activity as transcription factor[76].
All NSAIDs, in addition to their effects on β-catenin
and related pathway, act as PPARγ ligands[77]. As such,
they stimulate PPARγ-dependent effects as cell cycle
block, differentiation and apoptosis, adding to those reWCGO|www.wjgnet.com

ported on β-catenin and providing the basis of a double
benefit in cancer therapy.
The active form of vitamin D, 1α, 25-dihydroxyvitamin D3, plays a relevant role in chemoprevention in
animal models of colon cancer by targeting the Wnt/
β-catenin pathway. Although the molecular mechanisms
have not been elucidated yet, the vitamin D receptor
has been proposed to specifically interact with β-catenin
competing for TCFs binding. The resulting complex is
no longer able to activate transcription of β-catenin target genes. Indeed ternary complexes have been reported
and their putative functions suggested; in the case of
the vitamin D receptor, the active complex is no longer formed, the novel is not functional thus explaining
the negative results[78,79]. Also small molecules, such as
PKF115-584, CGP049090, PKF222-815, derived from
fungi, and PKF118-744, PKF222-310 from actinomycete
strains, inhibit colon cancer cell proliferation by blocking
β-catenin/TCF4 interaction and, subsequently, repressing their target genes[80].
Resveratrol, a polyphenol belonging to the stilbene
phytochemical family, is found in dark grapes, red wine,
peanuts and shown to block colon cancer cell proliferation through inhibition of the Wnt/β-catenin pathway.
Specifically, low (subapoptotic) concentrations of resveratrol reduce the expression of Bcl9, Pygo Ⅰ and Ⅱ and
interfere with β-catenin nuclear localization[81]. In addition, resveratrol displays a PPARγ agonist effect inducing
cell growth arrest and apoptosis doubling its beneficial
antitumor activity. The molecular mechanisms underlying these activities are currently under investigation.
Different classes of new molecules have been isolated and/or synthesized as putative PPAR γ ligands.
When administered to cells in culture they are assessed
for PPARγ-dependent effects and compared with full
agonists. Among all molecules tested, only TZDs can
interfere with the Wnt/β-catenin pathway, indicating
that they function not only as PPARγ transcriptional
activators[82]. Therefore, it would be useful to examine
whether other partial agonists could display such a
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February 8, 2015|First Edition|

Sabatino L et al . Wnt/β-catenin-PPARγ interaction in colorectal cancer

repressive effects on β-catenin signaling in order to establish a structure/function relationship. As mentioned,
PPARγ displays a Y shaped ligand binding domain in
which molecules with heterogeneous structures can accommodate. The aminoacid residues of the receptor
involved in the interactions with full agonists have been
identified as well as the conformational changes implicated[83-85]. The new partial agonists could accommodate
in a distinct binding pocket, induce different conformational changes of the LBD that, in turn, result in the
activation of only a subset of PPARγ target genes. Such
an alternative mode of action has been reported for
luteolin and appears to be carried out by an additional
ligand whereby only genes involved in lipid and glucose
metabolism are transcribed, through a differential recruitment of coactivators[86].
On the basis of these considerations, attempts are
currently made to synthesize or isolate novel molecules
able to act as PPARγ partial agonists[87,88]. These should
only partially transactivate the receptor, promote transcription of genes involved in cell growth arrest, differentiation and/or apoptosis and, additionally, exhibit inhibition of β-catenin at different levels. In line with this,
we have recently shown that cladosporol A, a secondary
metabolite from the fungus Cladosporium tenuissimum,
displays antiproliferative properties in human colorectal
cancer cells through up-regulation of p21waf1/cip1
and down-regulation of cyclin D1, cyclin E, CDK2 and
CDK4[89]. The effects observed are mediated through
activation of PPARγ as a partial agonist. Interestingly,
cladosporol A causes β-catenin nuclear export and its
proteasomal-mediated degradation. Consistently, also
cyclin D1 and c-Myc are reduced, indicating that the
β-catenin/TCF pathway is inhibited, further strenghtening the antiproliferative properties of this drug (Zurlo
et al[89] submitted for publication). We have also tested a
new compound belonging to the class of chiral phenoxyacetic acids for its ability to act as a PPARγ ligand
and activate downstream genes[90]. As shown in Figure
3B, Drug 1 acts as a partial agonist displaying a transactivation potential that is only 60% of that obtained with
rosiglitazone. Interestingly, when tested for the ability
to downregulate β-catenin, Drug 1 shows a 40% higher
ability than rosiglitazone, likely through the proteasomal
destruction machinery. These results suggest that it is
possible to design novel PPARγ partial agonists with
the ability to recruit selected coactivators and stimulate
transcription of a subset of genes. The possibility to
enhance β-catenin degradation and counteract an active and oncogenic Wnt signaling is an added value that
should further stimulate the search for such compounds
as novel drugs in cancer therapy.

volved in its initiation/development and the progress in
the treatment. Therefore, an interdisciplinary approach
that combines new techniques aimed at the identification
of novel biomarkers with the treatment of advanced
CRCs will aid in guiding future therapeutic interventions.
Recent genome-wide studies and the integrative analysis
of genomic data support the notion that clinically distinct CRC subtypes exist and provide insights into the
pathways that are dysregulated in this malignancy. The
Wnt/β-catenin signaling is one of the most frequently
modified pathways in CRC, suggestig that drugs targeting aberrantly activated members have the potential as
cancer therapeutics. PPARγ is emerging as a growthlimiting, differentiation-promoting signal with known
potential link with Wnt/β-catenin signaling. Accumulating evidence suggests that PPARγ overexpression has
prominent suppressive activities in CRC growth, acting
as an independent biomarker of good prognosis. Naturally occurring and novel synthetic agonists capable of
differently modulating PPARγ signaling and interfering
with related pathways show great promise in animal
models and in preclinical studies. Specifically, novel
PPARγ agonists, endowed with Wnt/β-catenin pathway
inhibitory activities, are currently designed and investigated to provide new molecular target therapies in CRC.
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palliative care and end-stage colorectal cancer
management: The surgeon meets the oncologist
Renato Costi, Francesco Leonardi, Daniele Zanoni, Vincenzo Violi, Luigi Roncoroni
mally symptomatic) and severely symptomatic patients
needing aggressive management, including emergency
cases. In asymptomatic patients, new CHT regimens
allow today long survival in selected patients, also exceeding two years. The role of colonic resection in this
group has been challenged in recent years, as it is not
clear whether the resection of primary CRC may imply
a further increase in survival, thus justifying surgeryrelated morbidity/mortality in such a class of shortliving patients. Secondary surgery of liver metastasis
is gaining acceptance since, under new generation
CHT regimens, an increasing amount of patients with
distant metastasis initially considered non resectable
become resectable, with a significant increase in long
term survival. The management of CRC emergency
patients still represents a major issue in Western countries, and is associated to high morbidity/mortality.
Obstruction is traditionally approached surgically by
colonic resection, stoma or internal by-pass, although
nowadays CRC stenting is a feasible option. Nevertheless, CRC stent has peculiar contraindications and complications, and its long-term cost-effectiveness is questionable, especially in the light of recently increased
survival. Perforation is associated with the highest
mortality and remains mostly matter for surgeons, by
abdominal lavage/drainage, colonic resection and/or
stoma. Bleeding and other CRC-related symptoms (pain,
tenesmus, etc. ) may be managed by several mini-invasive approaches, including radiotherapy, laser therapy
and other transanal procedures.
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Abstract
Colorectal cancer (CRC) is a common neoplasia in the
Western countries, with considerable morbidity and
mortality. Every fifth patient with CRC presents with
metastatic disease, which is not curable with radical intent in roughly 80% of cases. Traditionally approached
surgically, by resection of the primitive tumor or stoma,
the management to incurable stage Ⅳ CRC patients
has significantly changed over the last three decades
and is nowadays multidisciplinary, with a pivotal role
played by chemotherapy (CHT). This latter have allowed for a dramatic increase in survival, whereas the
role of colonic and liver surgery is nowadays matter
of debate. Although any generalization is difficult, two
main situations are considered, asymptomatic (or mini-

WCGO|www.wjgnet.com

© 2015 Baishideng Publishing Group Inc. All rights reserved.

Key words: Colorectal cancer; Palliative care; Multimodal treatment; Chemotherapy; Surgery; Stenting; Radiotherapy
Core tip: Colorectal cancer is a common neoplasia with
considerable morbidity/mortality. Every fifth patient
presents with metastatic disease, which is usually not
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the other main endpoint of management is the “quality of residual life”, which can be severely affected by
surgery, CHT, and any other palliative treatment. From
such a changed point of view, individual, psychological,
ethical issues gain importance in deciding for the best
management of any singular patient.

resectable. In asymptomatic patients, new chemotherapy regimens allow long survival and, potentially,
conversion of non resectable liver metastasis in resectable ones, with a significantly improved prognosis.
Obstruction is traditionally approached by colonic resection, stoma or internal by-pass, although nowadays
stenting is a feasible option. Perforation is associated
with the highest mortality and is mostly managed surgically, by lavage/drainage, colonic resection and/or
stoma. Bleeding and other symptoms (pain, tenesmus)
are managed mini-invasivally by radiotherapy, laser
therapy and other transanal procedures.

Evolving concepts and “gray zones” between curative
and palliative
Traditionally used to define the management of patients
with CRC disease not curable with radical intent and
inevitably leading the patient to death in a matter of
months/few years, the concept itself of “palliative” has
changed in recent years, following the progress of CHT
and surgery of CRC and distant metastasis.
The multimodal approach to initially non-resectable
liver metastasis, including systemic CHT[12,14,15], intraarterial CHT[16,17], portal embolization[18,19] and secondary
surgery[20,21], and its impact on survival[22], will be treated
in a dedicated paragraph.
Extrahepatic CRC metastasis do not systematically
imply a palliative management anymore, either. Synchronous/metachronous lung metastasis are nowadays
considered suitable of surgical resection[23-25]. The indication to resection of CRC liver metastasis with local
lymph node involvement is currently under debate[25],
but specialized centers report patients with liver pedicle
node involvement to have a 25%-5-year-survival after
surgery[26]. The indication to surgical resection of other
extrahepatic CRC disease, in particular peritoneal metastasis, is also matter of debate: peritoneal carcinomatosis,
once considered a prognostic criterion of dismal prognosis and a contraindication to surgery[27,28], may be nowadays managed by a multidisciplinary approach including
cytoreductive surgery and perioperative intraperitoneal
chemotherapy[29,30], thus achieving a 5-year-survival rate
of 10%-30%[30-32].
Significantly, the latest version of the National Comprehensive Cancer Group [33] and very recent guidelines[25,34], propose a systematic re-evaluation for “conversion to resectable” every 2 mo during CHT course
of patients with initially unresectable synchronous liver
and/or lung metastases. Although such new perspectives
and modalities of treatment have a potentially curative purpose and are not treated in the present paper,
nevertheless, they represent the paradigm of a “moving
frontier” between curative and palliative management of
advanced CRC patients.

Original sources: Costi R, Leonardi F, Zanoni D, Violi V,
Roncoroni L. palliative care and end-stage colorectal cancer management: The surgeon meets the oncologist. World J
Gastroenterol 2014; 20(24): 7602-7621 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v20/i24/7602.htm DOI:
http://dx.doi.org/10.3748/wjg.v20.i24.7602

INTRODUCTION
Epidemiology and background
Colorectal cancer (CRC) is the third most common cancer (estimated 1.23 million cases per year) and the fourth
cancer-related cause of death (609 thousands deaths per
year) in world population[1]. Ten-fold differences in incidence between the different regions of the world, being the highest in Australia, Western Europe and North
America, are reported[1].
Although death rates of CRC continue to decline
since the late eighties, approximately 18%-20% of patients affected by CRC present with distant metastasis[2,3],
with slight increase in the last two decades[3]; of them,
only 16%-21% are suitable for potentially curative management by resective surgery and neodjuvant/adjuvant
therapy[4,5].
Traditionally managed surgically, by resection of the
primitive tumor, intestinal bypass or stoma[6-8], the palliative approach to incurable stage Ⅳ CRC patients has
significantly changed over the last three decades and is
nowadays multidisciplinary, with a pivotal role played by
chemotherapy (CHT)[9-11]. Such a multimodal management of incurable CRC is responsible for a significant
increase in survival of patients affected by incurable
CRC in general, which has passed from 8 to 14 mo over
the last two decades[3], but has been reported to exceed
two years in selected populations following the sequential use of various lines of treatment including the newest chemotherapeutic agents[12,13].
Differently from potentially curable patients, where
overall survival and disease-free survival are the main
outcome and measured variable of any treatment, the
short residual life of these patients radically change the
perspective. Although the overall survival (or “quantity
of residual life”) is still one of the main endpoint of any
palliative treatment, indeed, it should be emphasized that
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Assessment of resectabilty (or palliation)
Although it is not among the aims of the present paper,
imaging modalities for resectability assessment are briefly summarized. Liver assessment is usually performed
by several examinations, including Magnetic Resonance
Imaging (MRI), computed tomography (CT), contrastenhanced ultrasounds (CEUS), 18F-fluorodeoxyglucose
Positron Emission Tomography (PET) and PET/
CT[35-38], as surgical decision-making requires informa-
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tion from multiple imaging modalities. MRI is reported
to be superior to CT in the preoperative evaluation of
colorectal metastasis both in normal liver[35], where it
has higher sensitivity (95.6% vs 74.8%) and specificity
(97.2% vs 81.1%), and in post-CHT liver[36], where MRI
is reported to have a sensitivity of 85.7% compared to
69.9% of CT. MRI also shows the best effectiveness in
nature characterization of hepatic lesions together with
CEUS[37]. PET, PET/CT and transparietal US are also
diffusely used for diagnosis, staging and follow up[35,36].
Usually diagnosed endoscopically, primary CRC resectability is normally assessed by CT[38], endoscopic ultrasound[39] and MRI[40], these two latter having a pivotal
role in defining the resectability of rectal cancer. Identifying peritoneal metastasis by imaging is one of the
major issues in advanced CRC. Although recent efforts
in defining new radiologic criteria for diagnosis[41], the
performance of CT scan[42,43] and PET/CT[43] is limited
in the absence of ascites and obvious supra-centimetric
tumor deposits on the peritoneum. Thus, peritoneal metastasis is still, often, an intraoperative diagnosis.
Other extrahepatic, extrapulmonary disease is normally diagnosed by organ-specific imaging modalities,
although whole-body CT[44], PET[44,45] and PET/CT[46]
have been proposed to systematically rule out distant
metastases.

sions concerning the best approach to incurable stage Ⅳ
patients, in particular concerning the role of palliative
resection of the primary CRC.
Clinical relevance and management of incurable CRC
Patients with incurable CRC may be asymptomatic or
present with a variety of symptoms and clinical scenarios
ranging from moderate anaemia to digestive troubles, to
lower gastrointestinal (GI) bleeding to life-threatening
conditions, including obstruction and perforation, needing emergency management.
In order to allow a rational and practical organisation of the present review, here we present two flow
charts (figures 1 and 2) based on clinical relevance of
CRC at presentation, since the approach to the patient
changes radically. In fact, in asymptomatic patients, the
management is aimed to slow down cancer progression, thus prolonging long-term survival and preventing
cancer-related complications. Differently, in emergency
and severely symptomatic patients, it is focused in solving cancer-related complications, which may be rapidly
fatal or imply intolerable symptoms. Obviously, the two
proposed managements are not indefinitely exclusive, as
an emergency patient may become asymptomatic after
a life-threatening condition has been treated, and, conversely, an asymptomatic patient may become severely
symptomatic under CHT.
This simplification does not to consider rarer, non
emergency symptoms that may become invalidating and
finally lead to surgery, including hyperpyrexia or pain due
to compression (“bulk-effect of tumor”) or infiltration
of nervous plexuses or contiguous organs (ureters etc.).
Moreover, this review does not consider comorbidities,
which can finally play a determinant role in deciding the
management, and does not consider that the majority of
patients presents with an intermediate clinical picture,
where often the greatest challenge is “to decide the right
timing” to turn to a more aggressive management, indeed. This paper is aimed to address the issue of “what”
to do according to a specific clinical situation, whereas
“when” to proceed is still (and probably will ever be) a
medical decision on a case by case basis.

Limits of past and present literature
First appeared in scientific literature in the mid-twentieth
century[46,47], the management of incurable metastatic
CRC still represent a matter of debate among oncologists, and surgeons. Through seven decades, several
“surgery-focused” papers addressed the issue of efficacy of primary CRC resection in prolonging survival.
Unfortunately, most of those papers were single-center,
small-sized, retrospective series, extremely heterogeneous concerning patients, clinical scenarios and setting,
metastatic pattern, primary tumor location, and management (surgery, CHT, stenting etc.)[27,47-53]. In the absence
of randomized trials, in recent years, the efficacy of
colonic resection has been assessed by larger retrospective series, metanalysis and literature reviews[54-56]. More
recently, since the late eighties, the introduction of new
chemotherapic agents in stage Ⅳ patients has given rise
to a prolific “CHT-focused” literature, evaluating CHT
regimens by high-quality, multi-centric, prospective randomized trials[9,11-13,57].
Interestingly, in “surgery-focused” papers, also owing
to the retrospective nature, CHT is often analysed as one
of the possible variables potentially affecting survival, but
it is usually considered as a whole (regardless of the CHT
regimen administered)[5,27,50,58-62]. On the contrary, “CHTfocused” articles do not even report whether patients
undergo surgery (resective or non-resective) of primary
CRC, and consequently do not evaluate surgical resection
as a parameter potentially prolonging survival[9-13].
As a matter of fact, such a various literature on the
subject, prevent even nowadays from definitive conclu-
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ASYMPTOMATIC (OR MINIMALLY
SYMPTOMATIC) PATIENTS
Role of surgery
In recent times, the main role in the management of
non-emergency patients affected by incurable CRC has
passed from surgery to CHT. Accordingly, international
guidelines suggest nowadays to avoid surgery in the case
of patients with incurable metastasis from CRC, unless
in the presence of (or in the imminent risk of) complications such as obstruction or significant bleeding[33].
Nevertheless, the approach to patients with incurable
CRC is extremely various, as two thirds of them undergo
surgery in United States[63], whereas they are mostly nonoperated on in the Netherlands[64]. Probably, several fac-
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Chemotherapy

If KRAS-MT

If KRAS-WT

1

First line

Second line

FOLFIRI ± Bevacizumab
or
FOLFOX ± Bevacizumab
or
FOLFOXIRI ± Bevacizumab

FOLFOX ± Bevacizumab
or
FOLFIRI ± Bevacizumab
or
FOLFIRI ± Aflibercept
or

1

Third line

Regorafenib ± other CHT
or
No standard option

(If KRAS-WT and NRAS-WT)
FOLFOX ± Panitumumab

FOLFIRI ± Cetuximab

Periodic multidisciplinary re-evaluation (2-3 mo)

Elective surgical resection (primary CRC and liver metastasis) if:
Response to treatment

Patient susceptible of conversion therapy (resectable CRC and liver metastasis)

(any time) Emergency management of primary CRC (see Figure 2) if:
Surgical complications of primary CRC due to:

Cancer progression
CHT-related complications: perforation/bleeding (Bevacizumab,..)

Figure 1 Algorithm for the management of incurable asymptomatic (or minimally symptomatic) stage Ⅳ colorectal cancer patients. 1depending on the regimen previously administered. KRAS-WT: KRAS-wild type; KRAS-MT: KRAS-mutation; FOLFOX: 5-Fluorouracil + Oxaliplatin; FOLFIRI: 5-Fluorouracil + Irinotecan;
NRAS-WT = NRAS-wild type; CRC: colorectal cancer; CHT: Chemotherapy.

tors play a role in deciding to explore surgically (and to
resect the tumor, if feasible) patients with such a dismal
prognosis, including the belief/perception of prolonging survival, preventing complications, improving quality
of life, and having a positive psychological effect on the
patient[27].
Although the purpose of the paper is not technical,
here we present a brief summary of the surgical procedures performed for palliation.

biopsy of primary CRC, nodes or carcinosis) aimed to
better define CRC stage/histology and further therapeutic strategy. Although, in these cases, laparotomy just addresses the first purpose of surgery (diagnosis/staging),
nevertheless, it generally implies a general anaesthesia
and an abdominal incision (port-site incisions for laparoscopy), which are not negligible acts in end-stage CRC
patients. Since healing process may be poor in end-stage
CRC, and neoplastic ascites may predispose to eventrations and early ventral hernias, the abdominal wall
should be accurately closed plane by plane. In general, it
should be reminded that any complication, even minor,
may significantly affect the short residual life. Laparoscopy may be as effective as laparotomy[65] with better
early outcome and less long-term complications[66,67].

Non-resective procedures
Non-resective procedures performed for advanced CRC
may be summarized in so-called “exploration” laparotomy/laparoscopy, stomas and internal by-passes.
Laparotomy/laparoscopy exploration: Usually performed in the midline, laparotomy is aimed to verify the
correctness of preoperative CRC diagnosis/staging and
to manage cancer. Not rarely, laparotomy is performed
as the last “diagnostic tool” before renouncing to any
other procedure[27,28] and eventually results in the only
surgical act performed (as the indication to surgery is
not confirmed intraoperatively). Laparotomy may allow
for intraoperative diagnostic procedures (such as US or

WCGO|www.wjgnet.com

Stomas: Stomas are usually fashioned as “loop stomas”
(one exception is after Hartmann procedure) by pulling
the ileum or the colon through a full-thickness incision
preferably passing through the rectum muscle. It is ideally placed at an adequate distance from the umbilicus,
the superior iliac spine and the 10th rib, where it carries
the lesser risk of parastomal hernia/prolapsus and allows for the best postoperative management.
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Stoma

Obstruction
Non-resective

Internal by-pass

Surgery
Resective (colectomy)
Stenting

Laser therapy

Perforation

Resective surgery (+ lavage/drainage)

Intra-abdominal,
“free”, high-flow
perforation

Stoma (+ lavage/drainage)
Extraperitoneal,
“covered”, low-flow
perforation

Bleeding
or other symptoms
(pain, tenesmus, etc .)

Observation (± transparietal drainage)

Radiotherapy (rectum)
Surgery

Colectomy
Transanal resection (rectum)

Laser therapy

Argon plasma coagulation

Figure 2 Algorithm for the management of severely symptomatic incurable stage Ⅳ colorectal cancer patients (including emergency cases).

Resective procedures
Resective surgery for palliation[27,47,70,71] include classic
procedures performed for CRC, such as right colectomy,
left colectomy, Hartmann procedure (left segmental
colectomy associated with proximal stump colostomy
and closure of the distal stump), proctocolectomy, low
anterior resection and abdominoperineal resection. Since
technical standards for palliative CRC resection are not
the same as for curative ones, limited colonic resections
(including ileocecal resection and segmental colectomy)
are generally accepted, being margin-free, R0 primary
CRC resection the main criterion to be respected. Moreover, D2 lymphadenectomy required for oncological
reasons and correct staging, including the dissection of
vascular pedicles at the origin and the total mesorectal
excision (for rectal tumors), is not needed in the case of
palliation.
Nevertheless, the “safety rules” to perform a leakagefree anastomosis have to be respected. The vascularisation of the colonic remnant must be respected, and any
manoeuvre aimed to avoid any tension at the anastomosis-site should be performed, including colonic dissection and inferior mesentery vein division, if needed.

Differently from ileal stomas, that present the main
drawback of high volume, very irritating, liquid stools,
colonic stomas have the advantage of lower-volume,
solid stools, are normally easier to manage postoperatively and have lower morbidity, thus representing the
ideal solution for palliation[68]. Normally performed in
the transverse colon or sigma, stoma fashioning may
be preceded by laparoscopic exploration, which can
facilitate the dissection of the chosen segment and the
identification of the colostomy placement[69]. Whenever
general anaesthesia is contraindicated, stomas may also
be performed under spinal or loco-regional anaesthesia
in the lower abdomen.
Internal by-passes: Internal by-passes are usually performed for colon cancer through laparotomy by manual
(or partially mechanical) latero-lateral anastomosis between the ileum/colon proximal to obstructing tumor
and the colon distal to tumor. Since colonic obstruction
is normally associated to ileal and/or colonic distension,
performing laparoscopically such an anastomosis should
be considered a very demanding procedure and reserved
to experienced laparoscopic surgeons[66].

WCGO|www.wjgnet.com
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The anastomosis should be performed avoiding any contamination of the abdomen and abdominal wall, which
should be adequately protected, since both neoplastic cell
dissemination and infectious complications may occur.
Extended resections for CRC infiltrating contiguous
organs, including anterior and posterior pelvic exenteration[72,73], and hemicorporectomy[74] are not indicated in a
palliative context anymore.
Transanal procedures are discussed in the paragraph
dedicated to bleeding and other symptoms.

ditions, the main question is whether they may benefit
from primary CRC resection or a less aggressive management should be preferred.
Since 1949[6], the debate as to the real effectiveness of
palliative resection of primary CRC in prolonging survival has not given a definitive answer. Although, in the
pre-CHT era, most authors[8,47,79,80] described a 10.6-15
mo and 3.4-7 mo mean survival after resective and nonresective management, respectively, selection biases challenge the validity of those results, since non-resective
procedures were mostly performed whenever resective
surgery was not technically feasible or contraindicated by
poor general conditions, thus resulting as being the only
option allowed[6,8,29,47,79-81]. In order to overcome such
bias and answer the question regarding the indication to
surgical resection when possible, our group selectively,
although retrospectively, compared the overall survival
of primitive CRC resection vs non-resective procedures
in resectable patients, finding that resection was related
to a 46% 1-year-survival (vs 17%)[28].
Since the nineties, the massive introduction of CHT
in this class of patients, and the development of more
and more effective CHT regimens, has rekindled the
debate regarding the indication to palliative surgery in patients already undergoing a potentially non-inferior, less
aggressive management. Significantly, in their systematic
review of papers comparing survival of patients undergoing the resection vs non-resection of the primary tumor,
Verhoef et al[82] found that the resection of primary CRC
was related to better prognosis in all papers including no
(or very few) patients undergoing CHT[27,47,79], whereas
results were more ambiguous in series including patients
undergoing CHT, where resective surgery resulted as being related to survival in some papers[50,83-85] but not in
others[48,52,53,61,70,86]. Since then, other papers specifically
addressing this issue (is CHT + resective surgery superior
to CHT alone?) somehow confirmed such an incertitude,
concluding in favour[5] or against[62] the use of surgery in
such a class of patients. In particular, our group[62] analysed the prognosis of four groups of patients selected
by coupling type of surgery (resective/non-resective) and
CHT policy (CHT/non-CHT); interestingly, resective
surgery associated to CHT did not show any advantage
over CHT alone in terms of survival. Since the results
were confirmed in “technically” resectable patients, we
concluded that, even when feasible, surgical resection is
not indicated in asymptomatic patients. An ongoing randomized controlled multicenter trial (SYNCHRONOUS
- ISRCTN30964555)[87] is now addressing the issue of
short- and long-term outcome after the resection of the
primary tumor vs no resection prior to systemic therapy
in patients with colon cancer and synchronous unresectable metastases (UICC stage Ⅳ).
Differently from procedures achieving an R0 resection (no residual neoplastic tissue left after resection),
leaving residual neoplastic tissue (R1, R2) is related to
the same dismal prognosis as no resection[5]. Since, in
this latter case, the patient should suffer the drawbacks

Strategy in surgical palliation: Several variables play a
role in deciding the procedure, including patient’s status,
clinical scenario and setting, need/availability/timing
of adjuvant treatments, R0 resectability of the primary
CRC, site of primary CRC, attitude and beliefs of medical team. Importantly, if the non-resectability is due to
distant metastasis, technical difficulty of resection is
comparable to curative surgery, whereas, if the reason
of non resectability is the primary, surgery may results
in a very challenging situation. CRC site also influences
the surgical strategy also concerning the type of surgery
(resective vs non-resective). In fact, clinical impact and
morbidity of CRC resection are generally considered to
increase from proximal to distal, being maximum for the
lower third of the rectum. Palliative ileocecal resection
is considered a low-complexity, short-lasting procedure
which may be accomplished even under spinal anaesthesia, thus reducing the stress of surgery. On the contrary,
left-sided procedures are more time-consuming and associated to higher morbidity[75], including leakage and
pelvic abscess[76].
Rectal cancer deserves a particular mention. Also owing
to intrinsic technical difficulty and morbidity of surgery,
and the fact that stoma is often necessary (thus cancelling one advantage of resection), deciding to perform
a palliative resection of low rectal tumors should be
carefully pondered. The resective options are: Hartmann procedure (HP), low anterior resection (LAR),
and abdomino-perineal resection (APR). Since APR
implies a perineal wound which is associated to healing
complications in roughly one half of the patients[77],
sphincter-preserving techniques are generally preferred.
Differently from HP and APR, which imply a colostomy,
this latter is not systematically performed after LAR
for cancer of the upper rectum, whereas it is preferably fashioned (with protective purpose) after high-risk,
“low” colorectal anastomosis. According to Fazio[78], in
any case stoma is not avoided, the indication to resection
should be carefully pondered against palliative stoma
(without resection) whenever patient’s supposed survival
is not superior to 6 mo. For all these reasons, the general
attitude is to be more aggressive for proximal tumors,
and more oriented towards non-resective procedures for
distal tumors.
CRC extirpation and survival: In patients presenting
without significant clinical symptoms or emergency con-
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of both major colonic resection (high morbidity) and
non-operative management (short survival), the abstention from CRC resection should be strongly recommended whenever an R0 resection may not be achieved.
Several others criteria have been found to be related
to a poor prognosis or poor surgical outcome, thus
being considered to be arguments against major surgical resection. Major liver involvement[5,8,50,86], otherwise
described as extensive (bilobar) liver involvement [27],
hepatic parenchymal replacement by tumor > 25%[88]
or > 50%[47], and old age, variously intended as ≥ 65
years[27,88], ≥ 70 years[3], ≥ 80 years[89], have been related
to a poor survival and are currently proposed as a strong
contraindication to major colonic surgery. Other parameters, including poor differentiation[5,25], high serum
levels of CEA[47,88] or lactic dehydrogenase[85,88] have been
also related to poor outcome.

CRC management.
Indeed, when deciding whether to resect or not, morbidity/mortality of surgery should be compared to the
complication-rate due to primary tumor progression in
patients not undergoing surgical resection as initial treatment (but just CHT). Interestingly, CRC-related morbidity results as being 11.7%-29% in patients not undergoing
surgery, intestinal obstruction being the most frequent
(range 8.7%-21.7%)[48,50,52,53,102], whereas there is obviously
no surgery-related mortality.
Moreover, it should be considered that surgical resection of the primary CRC may affect the following management by modifying CHT administration schedule: on
one hand, complications of surgery may lead to a delay
in CHT administration, in some cases out of the “therapeutic window” of CHT after surgery (usually 4 to 6
wk), with the consequent potential impact on survival;
on the other hand, in the case of an uneventful recovery
after surgery, the patient may be supposed to avoid any
primary CRC-related complication during CHT administration, when a suspension of CHT may lead to a reduced response and an emergency procedure may carry
the highest perioperative risk. Pros and cons of operative and non-operative attitudes are difficult to assess, as
they are likely to be related to the peculiar characteristics
of the patient, tumor, and planned surgery.
In general, from the comparison of those numbers,
it seems realistic to consider that the “price” of surgical
resection in patients with an incurable CRC is a death
every 15-20 patients and a morbidity not inferior to that
of a non-operative management. Although perioperative
morbidity of surgery and long-term morbidity of a conservative management are not homogeneous and therefore difficult to compare, nevertheless, we believe that
surgical resection is not systematically indicated in asymptomatic patients in general, and may be ideally proposed to selected patients, in particular those so-called
“long-term survivors”. Based on our and other authors’
experience[5,8,50,86,89], patients with old age and major liver
involvement, should be at least accurately evaluated before an elective primary tumor resection, since they are
“short-survivors”.

Perioperative mortality and morbidity: Higher perioperative mortality and morbidity of CRC resection represent the counterpart of a supposed longer survival. Such
an issue may be supposed as being even underestimated,
since an intrinsic distress due to major colonic surgery
with respect of clinical observation is undeniable (although
never measured) and may be supposed to significantly affect the residual life. Excluding emergency surgery, perioperative mortality for colonic resection for incurable CRC
is reported to vary widely, ranging from 0% to 14%[5,27,47,53
,59,79,90]
, and exceeding 8% in several studies[27,47,59,90,91]. Morbidity of elective resective surgery varies widely through
series, too, ranging from 18% to 50%[27,48,53,79,85,86].
Since 2000, laparoscopic surgery has been widely adopted in order to reduce the aggressiveness of surgery
in incurable CRC patients[92-99]. Although a minimally
invasive approach may seem intuitively not the main issue in patients with dismal prognosis, on the contrary,
a prompt recovery during the weeks following surgery
may significantly improve the quality of residual life. As
already observed in other fields of laparoscopy, a recent
systematic review [56] found that laparoscopy allowed,
in front of a prolonged operative time time (median
180.5 min vs 148 min), lesser blood loss (127.5 cc vs 180
cc) and a shorter hospital stay (9.3 d vs 15 d). Although
only two of reviewed papers[96,97] found a difference in
postoperative complication-rate, the pooled odd ratio allowed the authors to report a significantly lower morbidity after laparoscopy (19.5% vs 26.9%), whereas mortality
was the same[56]. Altered anatomy and tissues due to
advanced CRC disease (and intrinsic technical limits of
laparoscopy in dealing with them) represent a potential
critical issue of laparoscopy, potentially increasing the
rate of procedures “converted” to laparotomy, with the
following significant reduction in the benefits of a miniinvasive approach. Interestingly enough, although in
some cases it is reported to reach 26.5%[93], the median
13% conversion-to-laparotomy rate is consistent with
the 14%-17% reported for “curable patients”[100,101], thus
confirming that laparoscopy may have a role in advanced
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Secondary surgery after CHT-induced “conversion”
from non-resectable to resectable liver metastasis:
Although curative management is not the aim of this
review, nevertheless, the possibility to switch from a palliative context to a curative one is the most intriguing aspect of metastatic CRC management and will be briefly
treated. Since, in 2004, Adam et al[20] first showed that the
5-year-survival rate of patients undergoing secondary
resection was comparable to that of primary resection,
resectability of liver meatastasis has become one of the
purpose of new CHT agents. Since, liver metastasis resectability has been reported to increase to 30%-32% under doublet regimens (FOLFOX or FOLFIRI)[20,103], to
36% under FOLFOXIRI[14], to 40% when bevacizumab
is added to XELODA (oxaliplatin and capecitabine)[104].
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Conversion rate of non-resectable, non-WT-KRAS patients was retrospectively reported to be as high as 60%
when Cetuximab is added to FOLFIRI[105], but more
recent randomized trials have reported a more realistic
16%-27.9% when Cetuximab is associated to FOLFOX/
FOLFIRI/XELODA regimens[106,107].
Other than systemic CHT, also intraarterial CHT[16,17]
may allow reducing CRC metastasis in number and size,
thus allowing for downstaging, whereas portal vein
branch embolization/ligature of liver segments affected
by CRC metastasis may lead to hypertrophy of the remaining parenchyma whenever non-resectability is determined by a too small (< 25%-30%) liver remnant, thus
allowing delayed resection[18,19].
Finally, the improvement of liver surgery[20,21] has allowed a 20%-64% morbidity and 0%-2% mortality of
secondary resection of CRC metastasis on post-CHT
liver, which is comparable to those achieved after primary surgery. Significantly, 5-year-survival of patients
undergoing secondary liver surgery after downstaging is
comparable, although not the same, to that of primary
surgery of resectable disease (33% vs 46%) according to
an international database[22], although very wide ranges
of 5 years survival (33%-50%), disease-free survival
(8.7-17 mo) and overall survival (36-60 mo) are reported
in the literature following various CHT regimens[21].
Such a radical change of perspective on the subject
has evident implications in patients’ management and
expectations, as a 4.2%-22.5% of “supposed palliative”
patients may finally survive[21,22]. The price of such a
“never say never” attitude is a bi-monthly, multidisciplinary re-evaluation of liver metastasis under CHT by
CT scan, MRI or US[33,34], as resectability has become the
primary aim of treatment[34].

sidered as a palliative treatment and was administered
only when surgery was no longer possible due to the
presence of locally advanced or metastatic disease.
After years of attempts and modulation of approaches
with fluoropyrimidines, a turning point was determined by
the introduction of new drugs to be administered in association. The exploration of the activity of chemotherapeutic doublets with irinotecan and 5-FU was performed
since the early 2000s in large randomized phase Ⅲ trials[10,113-115], establishing a new survival standard for metastatic CRC. Douillard et al[113] and Saltz et al[10,114] showed
the superiority of FOLFIRI regimen compared to 5-FU
bolus plus FA[10,113] and to irinotecan alone[114] in terms of
PFS and OS. Saltz et al[114] reported a PFS of 7 mo and a
mOS of 14.8 mo (ORR = 39%), whereas, similarly, Douillard et al[113] obtained a TTP of 6.7 mo, an OS of 17.4 mo
and an ORR of 35% and Fuchs et al[115] reported a PFS of
7.6 mo and a mOS of 23.1 mo.
At the same time, de Gramont et al[11] compared the
association of oxaliplatin and fluoropyrimidines (oxaliplatin plus 5-FU/FA or FOLFOX) with 5-FU/FA
alone, showing a significant RR increase of 50.7% and
PFS prolonged to 9 mo, with a mOS of 16.2 mo (without reaching statistical significance on mOS endpoint).
Few years later, Goldberg et al[116] found a superiority of
FOLFOX regimen compared to irinotecan/oxaliplatin
and bolus Ⅳ 5-FU, both considering effectiveness and
safety. In more recent years, capecitabine was evaluated
in association with oxaliplatin (XELOX) as an orallyadministrated alternative to 5-FU in order to improve
patient’s compliance, showing similar effectiveness and
safety than FOLFOX regimen[117,118].
Through the first decade of 2000s, the choice concerning which one between oxaliplatin- or irinotecanbased regimens should have been employed as first or
second line became a matter of debate. Several studies
confirmed FOLFOX and FOLFIRI treatment as being
equally effective as first line treatment, with comparable
RRs and PFSs[57,119]. Colucci et al[119] compared FOLFIRI
with FOLFOX as first line, reporting no differences
in OS, ORR and toxicity; Tournigand et al[57] compared
FOLFIRI and FOLFOX regimens in first and second
line of treatment in order to identify the best sequence:
although no significant difference in effectiveness and
safety was recorded, the two regimens showed a different toxicity profile, FOLFOX being more often associated to neurotoxicity whereas FOLFIRI to mucositis,
alopecia and diarrhoea.
In 2007, Falcone et al[14] first compared the association of 5-FU, irinotecan and oxaliplatin (FOLFOXIRI)
with FOLFIRI, showing an increased RR (66% vs 41%),
PFS (9.8 mo vs 6.9 mo) and OS (22.6 mo vs 16.7 mo), in
spite of a slightly increased toxicity (mostly neurotoxicity, neutropenia and diarrhea). Interestingly, a significantly higher number of patients undergoing FOLFOXIRI regimen underwent secondary resection of pretreatment non-resectable liver metastasis (36% vs 12%).
Such a study represented a turning point, suggesting

Role of chemotherapy
Medical treatment for colon cancer has been radically
modified in its aims and modalities in the last 30 years:
the dramatic evolution of researches and discoveries in
this field led to significant improvements on overall survival (OS) (Figure 3) and strongly modified the concept
of curability of the disease.
From the eighties to the nineties, with studies on fluoropyrimidines, some steps have been made towards a
chemotherapeutic regimen active in advanced CRC[9,108-111].
These trials analyzed the use of infusional or bolus
5-fluorouracil (5-FU) combined with folinic acid (FA)
or levamisole, with different modulations; the results
showed an enhanced effectiveness of 5-FU when combined with high-dose folinic acid, finally identifying a
bimonthly schedule with continuous infusion of 5-FU
after bolus as the more effective and less toxic schedule[111]. The same trials showed an overall response rates
(RR) of 39%-54.1% with a median overall survival (mOS)
of 12-18 mo and a progression free survival (PFS) of
14.5 mo[9,108-111]. A further trial showed the equivalence
between oral 5-FU (capecitabine) and infusional 5-FU[112].
During this long period of time, chemotherapy was con-
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Figure 3 Improvement of survival after various chemotherapic regimens for incurable stade Ⅳ colorectal cancer patients through the last three decades.
BSC: best supportive care; 5-FU: 5-Fluorouracil; FOLFIRI: 5-Fluorouracil + Irinotecan; FOLFOX: 5-Fluorouracil + Oxaliplatin; IFL: 5-Fluorouracil bolus; CAPEOX:
Capecitabine + Oxaliplatin; FA: Folic acid (Leucovorin); OS: overall survival.

biomarker. This latter result was confirmed by a pooled
analysis[123], which also reported a significant improvement in OS (HR = 0.81; p = 0.0062), PFS (HR = 0.66;
p < 0.001) and ORR (OR = 2.16; p < 0.0001). Some
new evidence in favour of cetuximab in a prospectively
selected series of WT-KRAS patients emerged from a
very recent study presented at the American Society of
Clinical Oncology 2013 Annual Meeting[13]. From this
large trial, the combination of cetuximab and FOLFIRI
resulted more effective than the combination of bevacizumab and FOLFIRI in a population of WT-KRAS
metastatic colon cancer patients, both considering ORR
and OS (28.7 mo vs 25 mo).
An alternative agent proposed in the first line therapy
for WT-KRAS patients is panitumubab[107], which has
been observed to prolong overall survival from 20.2 mo
in the FOLFOX4-alone group to 26.0 mo in the panitumumab-FOLFOX4 group.

this regimen as a valid option to improve the outcome
of a selected group of patients with good performance
status, also by converting metastatic disease from nonoperable to operable.
From target to tailored therapy: In the last decade,
the intrinsic and acquired resistance of metastatic colon
cancer to chemotherapy, on one hand, and the evolution
of target identification through translational medicine, on
the other, are paving the road to patient-tailored therapy
for metastatic CRC, aiming to cure patients basing on the
complex interactions among patient’s characteristics, disease physiopathology and drugs’ metabolism.
The understanding of biological mechanisms at the
basis of the disease and the discovery of molecular
pathways leading to CRC progression have led to the
development of new targeted drugs against CRC. In
particular, bevacizumab (a humanized antibody anti-circulating vascular endothelial growth factor - VEGF-A)
and cetuximab (a recombinant antibody anti- epidermal
growth factor receptor - EGFR) have been introduced
in advanced CRC in association with poli-chemotherapic
regimens. The first performed trials evidenced statistically significant and clinically meaningful improvement
in terms of OS, PFS and RR, by adding bevacizumab to
oxaliplatin- or irinotecan-based regimens with an easily
manageable additional toxicity[15,120,121]. Hurwitz et al[15]
first studied the association of bevacizumab with 5-FU
bolus with FA (vs 5-FU bolus with FA alone), showing
an increase in RR (44.8% vs 34.8%), PFS (10.6 vs 6.2)
and mOS (20.3 mo vs 15.6 mo). Saltz et al[120] also showed
an increase of PFS following the administration of bevacizumab in patients receiving FOLFOX.
Since 2009, the association of cetuximab with FOLFIRI[12] or with FOLFOX regimens[122] was reported to
increase PFS whereas the increase of OS did not reach
statistical significance in metastatic colon cancer. More
recently, the OPUS study[106] showed that the benefit
was limited to patients with KRAS wild-type (WT) tumors, confirming KRAS mutation status as a predictive
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Future development and open issues: New agents
have already showed promising results after the failure
of conventional CHT. Aflibercept[124], a soluble fusion
protein with high affinity for VEGF-A, -B and PlGF, has
been associated to a 1.5-mo-increase of OS after first
line FOLFIRI. Regorafenib[125], a multi Tyrosin Kynase
Inhibitor (TKI), in association with FOLFIRI has been
found to prolong survival by 1.4 mo in heavily treated
patients: trials are ongoing to identify the best management of these drugs.
The extensive study of genoma in CRC is ongoing.
Several genes, including BRAF[101], NRAS[126], PI3K[126,127],
MEK 1/2 [127] and PTEN [128] are currently studied as
their mutation seems to be related to poor prognosis in
CRC patients undergoing CHT. New agents, including
pimasertib, have been evaluated by preclinical studies,
showing promising results[127].
As a natural consequence of the recent trend towards
multifaceted treatment and patient-tailoring, different
strategies and sequencing of chemotherapy have been
explored in the advanced disease. “Treatment until pro-
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gression or unacceptable toxicity” has been the standard
practice until now, but a new approach is challenging this
paradigm[129], proposing to temporarily quit CHT administration until clear progression, with no difference in
terms of OS and better quality of life.
The encouraging and continuously improving results of CHT in advanced CRC management has led to
extend its use to earlier CRC classes, including stage Ⅲ
[130]
and, more recently, stage Ⅱ[131,132], in accordance with
the hypothesis that recurrence was likely to be due to
residual cancer existing at microscopic stage. Since 1990,
Moertel et al[130] reported an overall recurrence rate reduction of 41%, establishing infusional 5-FU and FA as the
new standard of care for adjuvant CRC therapy, thus hypothesizing that CRC was a more chemosensitive disease
than previously thought. In 2004 the MOSAIC trial[131],
recently updated[132], showed an increase of 5-year DFS
rates (from 67.4% to 73.3%) and 6-year OS rates (from
76% to 78.5%) when oxaliplatin is added (bolus + infusional) to 5-FU (FOLFOX) in resected stage Ⅲ colon
cancer. Those encouraging results in stage Ⅲ CRC seem
to suggest a similar benefit of fluorouracil-based adjuvant chemotherapy in Stage Ⅱ, high risk patients (T4,
< 12 lymph nodes harvested, emergency setting)[132,133],
whereas targeted therapy seems useless in this setting[134].

proximal tumors, whereas other options are available
and may be preferred in the case of CRCs located in the
sigmoid or rectum[136], including stenting[137,138] and laser
ablation[139,140].
Surgery: Even more than in asymptomatic patients, the
main issue of incurable CRC resection performed for
colic obstruction, is not a complete lymphadenectomy,
but removing the obstruction as soon as possible not
causing any colonic leak in order to avoid any dissemination of neoplastic cells and infectious complications.
The choice of derivative surgery also depends on tumor
characteristics and location indeed, being any internal
by-pass non possible for tumors arising distally to the
sigmoid colon. Resective surgery is usually preferred in
proximal CRC, where colostomy is not an option and
internal by pass by ileo-colonic (transverse or sigmoid)
anastomosis is performed for locally infiltrating tumors
or carcinosis. For obstructing distal tumors, the choice
between CRC resection and stoma (usually in the sigmoid/transverse colon) is more challenging (see above).
In some cases, colonic obstruction distal to the cecum usually causes a distension of the cecum itself (according to the law of Laplace), which may be increased
by the continence of the ileo-cecal valve: in such a case,
a concomitant ischemia/perforation of the proximal
colon due to distension may occur and require multiple/
extensive colonic resections or stomas. Although CRC
palliative resection performed in such a setting implies
the highest mortality (up to 18%[47,51,59,79,90,91]), it is often
the option preferred by the surgeon especially in presence of a concomitant perforation and consequent pericolonic abscess/stercoral peritonitis (see below).

EMERGENCY/SEVERELY SYMPTOMATIC
CRC
The most commonly reported life-threatening complications of advanced CRC are obstruction and perforation[27,51], but also bleeding and other minor symptoms
will be discussed. Indeed, unless the patient presents the
typical features of acute obstruction or acute diffuse peritonitis by colonic perforation, it is often difficult to assess
the real threaten to life and consequently the real need
and timing of emergency surgery in the case of patients
with a very limited life expectancy. Therefore, it is difficult to make any generalization and any patient should
be evaluated on a case by case basis. Moreover, data from
literature are extremely debatable and non-concordant, as
study series are non-homogeneous concerning patients,
tumors and management; nevertheless, for practical reasons, those conditions are discussed separately.

Stenting: Since the mid-90s, self-expanding metallic stents have shown to be more effective than other
treatments (argon laser, plastic stent) and have been
proposed in the management of colorectal stenosis in
order to avoid emergency surgery[141]. Since then, stent
use has been proposed with three purposes: (1) allowing
a delayed, elective (rather than emergency) colonic resection in the case of “curable CRC patients”; (2) allowing a
definitive, palliative solution for “non-curable patients”;
and (3) avoiding a stoma. Modern self-expandable metallic stents are conceived to be incorporated into the
tumor by exercising a pressure and inducing a partial
necrosis in surrounding neoplastic tissue. In order to
anchor the stent and to prevent any migration, colonic
stents are usually clepsydra-shaped and may have various diameters and length in order to fit any neoplastic
stricture. The reported rate of successful positioning of
the stent is 75%-98%[137,142-146], being the main cause of
failure the impossibility to pass a guidewire through the
tumor, whereas the effectiveness in relieving a neoplastic
obstruction is as high as 93.1%-98.7%[143-145].
Short-term complications are reported up to 14.8%[143]
of cases, with a median perioperative perforation rate of
3.9%-4.5%[137,138]. Although not the most frequent, per-

Obstruction
Obstruction is the most frequent condition requiring an
aggressive management of patients with incurable CRC,
being reported in 10%-26% of metastatic CRC[27,51,135].
This complication is typical, albeit non exclusive, of leftsided CRC (sigmoid and rectum), both for the lesser
diameter of colon and different modality of growth of
tumors towards stenosis. Interestingly, obstruction is less
frequent in series reporting only rectum tumors[135], probably also owing to an easier access to clinical examination
and diagnostic tools allowing for an earlier diagnosis.
The management of obstructing CRCs varies according to site of primary, being mostly resective for
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foration is the most relevant, since it could give rise to a
life-threatening acute peritonitis, with a 20%-100% mortality[138,144]. Moreover, perforation may cause the transcelomatic diffusion of CRC by dissemination of neoplastic
cells[143]. According to clinical picture and entity of perforation, the management of such complication include
surgery (stoma, resection) unless contraindicated by prohibitive general conditions. Other common perioperative
complications are stent migration/occlusion (1.8%-9%),
and bleeding (0.5%-4%), normally managed endoscopically by stent replacement and hemostasis[138,143].
Long-term morbidity of palliative stents may exceed
40%[143,144,146], with a rehospitalisation rate of 34%, and include bleeding (21%[143]) stent migration (12.5%-22%[143,144])
or occlusion (9.4%-17%[137,143,144]), whereas perforation is
3%-7%[143,144]. Late stent occlusion is usually due to cancer
progression and colonization of stent neo-lumen, and
therefore is manageable endoscopically and suitable of restenting or laser ablation. Abdominal pain and tenesmus are
also observed both perioperatively and as a late complication, and are generally managed conservatively[138,143,144].
When compared to palliative, emergency surgery,
CRC stenting has showed a lesser perioperative mortality
(0%-4.2% vs 5%-10.5%), lower perioperative morbidity,
shorter hospital stay (9.5-10 d vs 15-18.8 d)[137,143,145] and
lower rate of stoma formation (54% vs 12.7%)[145]. Nevertheless, it should be remarked that every fifth patient
undergoing palliative stenting finally needs some other
reintervention, including re-stenting, laser ablation or colonic surgery[137,146]. Although encouraging, the retrospective nature of present literature on the subject prevents
from definitive conclusions. Significantly, a high rate of
severe complications following stage Ⅳ CRC stenting
led to the early closure of a multicenter trial[147].
Although it may be considered a fine mini-invasive,
low morbidity option for patients with limited life expectancy, nevertheless, stents’ use still has some open issues
to be addressed. First, the success rate and morbidity of
stenting seems to be different between the sigmoid-rectum and the remaining colon, where the intraperitoneal
location and anatomic variability may be supposed to
cause lower success rate and higher morbidity, including
perforation[143]. The fact that, in their extended review of
patients treated by stenting, Watt et al[137] found only 2%
and 1% with transverse and right-sided CRCs, somehow
confirms a more common use for left tumors. If we add
that, owing to technical reasons, it may be difficult or impossible to stent low rectum cancers approaching to the
anus, we can deduce that a not negligible part of CRCs
are not suitable for stenting. Second, the long-term effectiveness of CRC stenting still have to be confirmed on a
long-term basis. Stent-patency has generally been evaluated within few mo from positioning, whereas its median
duration is three and half mo (106 d)[137]. Indeed, in preCHT era, the short life expectancy of advanced CRC
led to consider stent positioning an effective, definitive
palliation[48], allowing the prompt start of CHT. Nowadays, the reported long survival associated to new CHT
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regimens, rekindle the debate about long-term effectiveness of stents, which are also associated with a high late
morbidity, also exceeding 40%[143] or even 50%[144]. Significantly, a recent meta-analysis[145] shows how the early
morbidity rate is significantly higher after surgery (13.7%
vs 33.7%) whereas late complications are more frequent
after stenting (32.35% vs 12.7%). Such long-term results
of stents prompt a double dilemma: (1) should palliative surgical resection to be preferred to stent, at least
in supposed long-survivors[146]? and (2) should elective
palliative surgery be considered after successful stenting,
or should simple observation be preferred? This latter
hypothesis may become even more interesting if we
consider that emergency (rather than elective) surgery
notably carries higher colostomy rates and that rates
of primary anastomosis after elective surgery following
stenting are at least twice that of those after emergency
surgery [137]. The recent development of a sequential
management of obstructing CRC by “bridge stenting”
followed by laparoscopic colonic resection[148,149] may be
considered as a feasible mini-invasive option somehow
fitting the need of advanced CRC patients.
Last but not least, the positive psychological effect
of not having a temporary or permanent colostomy is
another positive effect of stent positioning[150].
Laser therapy and endocavitary radiation: Initially
proposed for small polyps, bleeding[151] and palliation[152]
in the late 70s, Neodymium yttrium-aluminum-garnet
(Nd:YAG) laser therapy (also called high-powered diode
laser therapy) is decreasingly proposed for the palliative
treatment of obstructing rectal cancer (by vaporizing
neoplastic tissue) and bleeding (by inducing coagulative necrosis) in patients unfit for surgery. Laser therapy
normally needs up to 5 session to be effective and has
a 78%-91% success rate in treating obstruction[139,140]. A
2%-5.3%[138-140] morbidity and 1.8% mortality[140] have
been reported, being colonic perforation the most feared
complication. Somehow accordingly, lower morbidity
and no mortality are observed when only rectal tumors
are examined [139]. Some concern has been expressed
about long-term results of palliation, since obstruction is
reported to recur at a median of 24 wk after initial treatment, thus requiring delayed surgical palliation[139]. Such
a consideration may gain interest in the light of longsurvival recently observed with last generation CHT.
Endocavitary Ir-192 irradiation has been proposed
since the late 70s for the palliative management of
rectal cancer including obstruction[153]. During the 90s
such an approach has been associated to laser therapy
with 79%-100% success and 16%-44% total complications[154,155], including acute perianal pain, perianal abscess, rectovaginal fistula, suggesting that endocavitary
radiation may prolong rectal lumen patency when compared to laser therapy alone[154].
Perforation
Colonic perforation is mostly a potential life-threatening
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Bleeding and other invalidating symptoms (pain,
tenesmus)
Although usually it is not an emergency situation, bleeding may represent a major issue of advanced CRC, especially in patients needing anticoagulant/antiaggregant
therapy for any reason. Pain and tenesmus are typical
symptoms of rectal tumors but are rarely treated by
surgical resection, since they are usually associated to a
locally infiltrating, already non resectable rectal cancer.
If we consider that those symptoms are also reported to
reduce under CHT[160,161], we can understand why they
are usually managed conservatively by radiotherapy or
transanal procedures.

condition requiring emergency surgery. The mechanism
of perforation in advanced CRC includes tumor necrosis[48,156,157], colonic (usually cecum) distension secondary
to obstruction by distal CRC[156,157], other treatment complications, including stenting[143,144], laser therapy[139,140],
transanal resection[158,159]. Such a complication has a significant mortality rate[138,140,143,156,157]. Indeed, colonic perforation may present with a wide variety of clinical scenarios, ranging from ongoing acute stercoral peritonitis
to more ambiguous clinical pictures, whenever the perforation is limited or “covered”[156,157]. Although symptoms
and management vary widely, also owing to site and
mechanism of perforation, here we describe such two
extreme scenarios. In general, sudden onset abdominal
pain is a key-symptom, and should be investigated in
any patient with advanced CRC even in the absence of
signs of acute peritonitis or hyperpyrexia. CT scan is
mandatory, possibly associated with contrast mean rectal
administration, unless plane X-rays has already shown
“free” intra-abdominal air.

Surgery: Resective surgery, obviously allows definitively
treating chronic haemorrhage and other CRC -related
symptoms by extirpation of tumor. The pros, cons and
timing of resective surgery need to be discussed with the
patient and in multidisciplinary meeting. Surgery intrinsic
morbidity/mortality[27,47,59,90,91] and the possible spontaneous reduction of non-emergency symptoms owing
to CRC response to CHT[55,160,161] should be balanced
with the risk of performing a late, possibly emergency
procedure after CHT has started, when it may carry the
highest risk of complications. As reported before, resection is generally proposed for proximal tumors, whereas
it is attentively pondered for rectal tumors (see above for
surgical options).

Surgery: Colonic perforation may occur as “free” perforation causing an acute, diffuse stercoral peritonitis,
which is normally associated with symptoms of generalized sepsis. Such a picture needs emergency surgery by
laparotomy. Obviously, the main purpose of surgery for
colonic perforation is not avoiding colonic leak, since
stools have already diffused in the abdomen, nor performing an oncologically complete lymphadenectomy.
In the case of perforation, surgeon’s first concern is
removing the cause of acute peritonitis by resecting the
perforated segment and cleaning the abdomen by lavage.
It should not be forgotten that obstruction by CRC may
turn into acute peritonitis by perforation of proximal
colon (usually the caecum) following long-term distension[156,157]. Moreover, performing an anastomosis after
the resection of perforated CRC in a generalized peritonitis context carries a high risk of postoperative leakage,
and deciding to perform a temporary stoma is often the
preferred option. Alternatively, the anastomosis may be
fashioned together with a so-called “protective”, proximal loop stoma. As this option normally implies a second surgery in order to close the stoma, it is rarely performed in a palliative setting (potential “long-survivors”).
In some cases, colonic perforation is small-sized or
“covered” by other organs or perirectal fat, thus stools
spilling results as being limited. In such cases, signs/
symptoms of acute peritonitis may be localized, reduced
or even absent, if the perforation site is deep in the abdomen or in the under-peritoneal rectum. In the absence of
deteriorating septic state, perforation may be managed by
conservative treatment (including antibiotics) and/or derivative procedures (stomas) rather than major resections.
Perforations resulting in localized abscesses may also be
managed by surgical drainage of the collection or US- or
CT-scan guided procedure. Obviously, high ASA score
patients or short-survivors may be supposed to benefit
most by such a low mini-invasive attitude.
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Radiotherapy (RT): RT is one of the mostly adopted
treatment for rectal bleeding and other invalidating
symptoms. Although it is reported to relief in particular
pain and bleeding in 75%-80% of patients[162,163], unfortunately, the results of studies are difficult to compare,
as RT is often part of a multimodal treatment including
surgery and CHT, patients are heterogeneous as well as
administered RT doses, varying from 10 to 80 Gy[162,163].
Bae et al[162], analysing a series of patients with advanced
symptomatic (mostly pain and bleeding) CRC undergoing various managements, including surgery, CHT and
RT, found the association between CT and RT to be
significantly associated to symptoms’ control[162]. The
main limitations of RT is the recurrence of symptoms in
roughly one half of the patients within 6 mo[59,162]; thus,
it is best indicated in short survivors[59].
Laser therapy: Success rate of Nd:YAG laser (see above
for general principles of endoscopic laser treatment) in
managing rectal bleeding is 73%-97%[140,151,164]. Since the
median symptom-free survival after the procedure(s) is
10 mo[164], its effectiveness in long-survivors is also questionable.
Transanal resection techniques: Various techniques
for transanal resection have been proposed for the palliative treatment of symptomatic rectal cancer, including endoscopic transanal resection (ETAR)[156,165-167] and
transanal endoscopic microsurgery (TEM)[159].
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Performed since the early 1990s with various approaches, ETAR consists in the endorectal management
of rectal tumor complications by several manoeuvres,
including tumor resection/debulking and haemostasis.
ETAR is reported to have a 73%-87% overall success
rate in achieving symptoms relief[165,166], with a specific
50% success rate for incontinence, rectal pain and tenesmus, 66% for bleeding and 77% for diarrhoea[167].
Chen et al[156] found ETAR to be related to the same long
term outcome as traditional surgery (LAR/APR) with
lower morbidity (4% vs 24%), although others reported
an higher 8%-17% complication rate [165,166]. Such low
morbidity and a 15%-23% rate of colostomy finally performed[156,165,166] led to consider ETAR as a feasible option in palliative management of rectal cancer.
More recently introduced[168], TEM implies the fullthickness resection of the rectum including the perirectal mesorectum until reaching the recto-vaginal septum
or the prostate capsule (anteriorly) or the mesorectal
fascia posteriorly, followed by rectum closure. Although
it is nowadays mostly reported for the management of
T1-T2 rectal tumors[158,169], TEM has been also proposed
for the palliative management of advanced rectal tumors[159,170]. Overrall, a 6.3%-21% morbidity is reported
(mostly due to urinary retention) with a 2.3%-5% rate
of severe complications requiring management[158,159,170].

“curative” surgery may nowadays be planned after new
CHT regimens have converted irresectable liver metastasis into resectable ones.
Moreover, prolonging survival, CHT is somehow
changing the perspective concerning the best long-term
management of primary CRC complications, possibly
challenging the role of short-lasting, mini-invasive approaches (stenting, local treatments,...). Other than survival prolongation, disease control and better quality of
life are gaining importance as primary endpoints of palliative management of incurable CRC.
The so-called “small gray zone” between curable and
incurable management of patients affected by CRC, has
increased to “larger gray zone” through the last decades.
In such a rapidly changing evolution of standards of
care, oncologists, surgeons and other care-takers should
be aware of the necessity of patients’ multidisciplinary
discussion/management, the periodic re-evaluation of
any singular case, the timely information/implication of
the patient and his relatives in the treatment.
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Emerging roles of lactic acid bacteria in protection against
colorectal cancer
Li Zhong, Xufei Zhang, Mihai Covasa
disease. LAB also demonstrated a host of properties in
preventing colorectal cancer development by inhibiting
initiation or progression through multiple pathways.
In this review, we discuss recent insights into cellular
and molecular mechanisms of LAB in CRC prevention
including apoptosis, antioxidant DNA damages, immune
responses, and epigenetics. The emerging experimental findings from clinical trials as well as the proposed
mechanisms of gut microbiota in carcinogenesis will
also be briefly discussed.
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Core tip: The gastrointestinal tract inhabits trillions of
bacteria that interact with the host at multiple levels to
maintain its normal functions. Disruptions in this complex cross-talk ecosystem result in physiological changes associated with colorectal tumorigenesis, including
cell proliferation, immune responses and apoptosis.
This review summarizes the role of lactic acid bacteria
as anti-tumorigenic probiotics and suggests the possibility of altering gut microbiota to prevent or halt development of colorectal cancer.

Abstract
Colorectal cancer (CRC) is the third leading cause of
cancer deaths worldwide and the fourth most common cancer diagnosed among men and women in the
United States. Considering the risk factors of CRC, dietary therapy has become one of the most effective approaches in reducing CRC morbidity and mortality. The
use of probiotics is increasing in popularity for both the
prevention and treatment of a variety of diseases. As
the most common types of microbes used as probiotics,
lactic acid bacteria (LAB) are comprised of an ecologically diverse group of microorganisms united by formation of lactic acid as the primary metabolite of sugar
metabolism. LAB have been successfully used in managing diarrhea, food allergies, and inflammatory bowel
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INTRODUCTION
Colorectal cancer (CRC) is one of the major health challenges, representing the second cause of cancer deaths
and the fourth most common cancer diagnosed among
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Table 1 List of lactic acid bacterial strains and their functions
Prevention

LAB strains
Lactobacillus acidophilus

Apoptosis

L. reuteri

Antioxidant
DNA damage
Immune
response
improvement

L. acidophilus and L. rhamnosus
L. acidophilus and L. casei
Bifidobacterium longum and L. acidophilus
Streptococcus thermophilus
L. acidophilus
LTA-deficient L. acidophilus

L. acidophilus, L. casei and B. longum
L. casei Shirota (LcS)
B. adolescentis
Epigenetics
LTA-deficient L. acidophilus
New anticancer Pediococcus pentosaceus FP3
L. salivarius FP25
function
L. salivarius FP35
Enterococcus faecium FP51

Functions
Anti-cancer cell growth and differentiation
Direct induction of Beclin-1 and GRP78
Proliferation (Cox-2, cyclin D1) and cell survival (Bcl-2, Bcl-xL)
Enhances MAPK activities including c-Jun N-terminal kinase and p38 MAPK
Induce Beclin-1 and GRP78, as well as indirectly through the induction of Bcl-2 and Bak
5-fluorouracil apoptosis induction
Antioxidative activity, inhibiting linoleic acid peroxidation
Releasing ROS protective factors
Stimulates DCs to produce inflammatory cytokines IL-12 and regulatory IL-10
Induces IL-10 in DCs, down-regulates IL-12 levels
Increases densities of effector Foxp3+RORγt- Tregs
Enhance the total numbers of T cells, NK cells, MHC class II+ cells, and CD4-CD8+ T cells
Induces cytokines, such as IFN-γ, interleukin-β (IL-1β) and TNF-α
Increases the production of TNF-α
Enhances the expression of tumor suppressor genes
Adhere to colon cancer cells and trigger bioproduction of SCFA

LAB: Lactic acid bacteria; LTA: Lipoteichoic acid; SCFA: Short-chain fatty acid; DC: Dendritic cell; NK: Natural killer; IL: Interleukin; TNF: Tumor necrosis
factor.

men and women in the United States[1,2]. Like other types
of cancers, the resistance to programmed cell death
and uncontrolled proliferation of the cells are main features of CRC influencing therapeutic efficacy. Although
consequential progress in the treatment of cancers has
been made during the last few decades, there are still
many persistent issues chief among them the resistance
to chemotherapy which requires better clinical resolution[3]. Recently, it has become increasingly evident that
the large and complex bacterial population hosted by the
large intestine and known as “gut microbiota” plays an
critical role in colorectal carcinogenesis[4,5]. One group of
them is probiotics which are “live microorganisms which,
when administered in adequate amounts, confer a health
benefit to the host” (WHO[6]). In fact, it is not the general probiotic bacteria that have this biotherapeutic action
but those who have a particular anticancer activity well
beyond the activity of the usual probiotic bacteria[7]. The
most common group of this class of probiotics is lactic
acid bacteria (LAB). Accumulating recent evidence shows
that LAB inhibit initiation or progression of carcinogenesis through various pathways, thus paving the way for
potential therapeutic methods for colorectal cancer (Table
1). In this review, we will discuss emerging findings from
both experimental and clinical studies describing the latest developments of LAB’s role in CRC prevention and
their potential mechanisms of action.

bacterium and Leuconostoc[8]. Their beneficial effects were
initially revealed by E. Metchnikoff (1845-1919), a Russian scientist who proposed that extended longevity of
the people of Balkan could be attributed to their practice
of ingesting fermented milk products[9]. Recent studies
showed that LAB could be successfully used to manage
diarrhea[10,11], food allergies[12], and inflammatory bowel
disease (IBD)[13-15]. The potential role of LAB has been
extensively reviewed elsewhere[8,16], and their beneficial
effects include reinforcement of the natural defense
mechanisms and protection against gastrointestinal disorders[17]. Several publications have indicated that LAB play
an important role in prevention of CRC[16,18]. Although
there is no general consensus on the role of LAB in CRC
treatment, it is generally agreed that specific LAB strains
can beneficially activate anticancer mechanisms, thereby
regulating the host’s immune response[3,18].

APOPTOSIS INDUCTION BY LAB
Apoptosis is a form of genetically programmed cell
death, playing a key role in the regulation of cell numbers (Figure 1)[19,20]. An important pathogenetic event in
many types of cancers is the reduced ability to trigger
apoptosis associated with alteration of control processes
of cell proliferation[21]. The regulation of cell survival
and death at molecular level on the apoptotic process
can have a huge chemopreventive and therapeutic potential[22]. Several studies showed that LAB can play a role in
the regulation of cell apoptosis via intrinsic and extrinsic
pathways which are potentially critical mechanisms in the
prevention of CRC. Chen et al[23] analyzed the effect of
oral administration of Lactobacillus acidophilus (L. acidophilus) on colorectal cancer in mice. Their results indicated
that L. acidophilus reduced the severity of colorectal car-

AN OVERVIEW OF LAB IN DISEASES
As the most common types of microbes used as probiotics, LAB are comprised of an ecologically diverse group
of microorganisms united by formation of lactic acid as
the primary metabolite of sugar metabolism, including
Lactobacillus, Streptococcus, Enterococcus, Lactococcus, Bifido-
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Figure 1 Potential mechanisms of action of lactic acid bacteria via extrinsic and intrinsic pathways of apoptosis[19,20]. The apoptosis signaling pathways can
be activated by lactic acid bacteria (LAB) through the extrinsic and intrinsic pathways. The extrinsic pathway engages Fas/tumor necrosis factor receptors or other
factors to induce caspase related pathway. The intrinsic pathway requires mitochondrial localization and activation of Bax and Bak that can be prevented by anti-apoptotic Bcl-2 family proteins or pharmacologic inhibitors. LAB enhanced the apoptosis induction capacity of 5-fluorouracil (5-FU) and induced the activation of autophagic
cell death promoted directly by the induction of Beclin-1 and GRP78, as well as indirectly through the induction of Bcl-2 and Bak. LAB may act to prevent cancer via
downregulating nuclear factor-kappaB (NF-κB)-dependent gene products which regulate cell proliferation (Cox-2, cyclin D1) and survival (Bcl-2, Bcl-xL).

adjuvants in anticancer chemotherapy[26]. Therefore, an
improved understanding of probiotics-mediated effects
on apoptosis signaling pathways is critical for development of future LAB-based CRC treatments.

cinogenesis and enhanced apoptosis in treated mice. It
has been shown that Lactobacillus reuteri (L. reuteri) may
prevent colorectal cancer via downregulating nuclear
factor-kappaB (NF-κB)-dependent gene products which
regulate cell proliferation (Cox-2, cyclin D1) and survival
(Bcl-2, Bcl-xL)[24]. Furthermore, L. reuteri suppressed tumor necrosis factors (TNF)-induced NF-κB activation
including NF-κB-dependent reporter gene expression in
a dose- and time-dependent manner to slow down cancer
cell growth. Such activities of L. reuteri might be involved
in the extrinsic pathway of apoptosis by which LAB act
to protect against CRC (Figure 1). Other studies reported
that exopolysaccharides of L. acidophilus and L. rhamnosus
were antitumourigenic against HT-29 colon cancer cells
and that this activity was due to the activation of autophagic cell death promoted directly by the induction of Beclin-1 and GRP78, as well as indirectly through the induction of Bcl-2 and Bak[25]. Moreover, the combination of L.
acidophilus and L. casei enhanced the apoptosis-induction
capacity of 5-fluorouracil in colorectal carcinoma cell line
LS513, suggesting that these probiotics may be used as

WCGO|www.wjgnet.com

ANTIOXIDANT ACTIVITIES OF LAB
The metabolic antioxidant activities of LAB may be
assigned to reactive oxygen species (ROS) scavenging,
enzyme inhibition, and reduction activity or inhibition of
ascorbate autoxidation in the intestine by neutralizing free
radicals[27]. It is assumed that ROS play a key role in IBD
and CRC. Several in vitro studies showed that LAB strains
possess antioxidant properties and inactivate ROS via
enzymatic mechanisms such as coupled NADH oxidase/
peroxidase system and catalase[28-32]. Lin et al[33] showed
that a strain of Bifidobacterium longum (B. longum) and L.
acidophilus display antioxidative activity, inhibiting linoleic
acid peroxidation by 28%-48% which is dominant in lipid
peroxidation process. The heat-killed cells of L. acidophilus 606 and the soluble polysaccharide components of
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Figure 2 Immune responses induced by lactic acid bacteria. Lactic acid bacteria (LAB) can provoke immune responses via two main pathways: inflammation and
anticancer immune response. The inflammation pathways involve lipoteichoic acid (LTA) which can stimulate T cells to release interleukin (IL)-10, IL-12 and increase
effectors Foxp3+RORγt- Tregs. In the anticancer immune response pathway, LAB stimulate the immune cells, such as T cells, dendritic cell (DC), natural killer (NK)
and MHC class Ⅱ cells to induce IL-10, tumor necrosis factor (TNF)-α, interferon (IFN)-γ and IL-1β to inhibit tumor growth.

this strain exhibit potent antioxidative activity[34]. Several
recent studies revealed prevention of oxidative DNA
damage in human derived colon (HT29) cells by LAB[35].
These results indicate that the majority of strains including Streptococcus thermophilus have a protective effect against
oxidative damage by releasing ROS protective factors into
the medium. Furthermore, the obligatory homofermentative lactobacilli display high antioxidant activity whereas
this property is highly strain-dependent among facultative and obligate heterofermentative lactobacilli[36,37]. Taken
together, these studies implicate LAB as key molecules in
antioxidant activity which may prevent CRC.

defense is formed by innate immune cells that confer
protection against acute inflammation[41]. de Visser et al[42]
showed that intestinal inflammation parallels the development of CRC. Probiotics play an important role in this
process, with several studies showing their role in increasing the production of IL-10, an anti-inflammatory cytokine[43-45]. In fact, recent studies showed that L. acidophilus
stimulated innate cells to produce inflammatory and
regulatory cytokines by interacting surface layer proteins
with other cell surface components such as lipoteichoic
acid (LTA) which is a zwitterionic glycolipid found in the
cell wall of several Gram-positive bacterial strains[46-50].
LTA can stimulate DCs through Toll-like receptor 2,
resulting in cytokine release[51,52]. Some specific Lactobacillus species can stimulate DCs to produce IL-12 and
regulatory, inflammatory cytokine IL-10[46,47]. However,
disruption of LTA synthesis resulted in a L. acidophilus
derivative that acts on intestinal immune cells to augment production of IL-10 in DCs, down-regulate IL-12
levels, and significantly mitigate dextran sulfate sodiumand CD4+CD45RBhigh T cell-mediated colitis in mice[53].
These alterations of cell surface components of L.
acidophilus provide a potential strategy for the treatment
of inflammatory intestinal disorders and cancer therapy.
Reinforcing the role of LTA, studies using LTA-deficient
L. acidophilus (NCK2025) strain led to normalization of
innate and adaptive pathogenic immune responses and
caused regression of established colonic polyps. Not only
IL-12 and TNF-α were down-regulated by NCK2025,

IMMUNE RESPONSE IMPROVEMENT BY
LAB
The immune system plays a critical role in control of
tumor promotion and progression[38]. The interaction of
several elements of the immune system, such as antigenpresenting cells (APCs), different subsets of T cells, B
cells, natural killer (NK) cells, and dendritic cells (DCs), is
usually activated by damage, invasion or mutation[39]. Recent studies implicate LAB in immune responses critical
for colorectal cancer prevention and therapeutics[40].
LTA related protection against pro-inflammation during
tumor development
During tumor development, the first line of immune
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in the field of cancer biology, increasing attention has
been given to the role of epigenetic alterations in the
etiology of cancer. A particularly active area of research
involves histone deacetylase inhibitors (HDACi), a well
known class of epigenetic drugs, used not only for cancer
therapy but for cancer chemoprevention through strong
anti-proliferative effects on tumor cells[64-66]. Probiotic
metabolites such as butyrate, a short-chain fatty acid
(SCFA), are therefore an important class of therapeutic
compounds. Waldecker et al[67] reported that butyrate was
one of the most potent HDACi in human colon cancer
cell lines, suggesting an integral role of butyrate as an
anti-inflammatory derivative of microbial fermentation
in the colon. In studies using fecal fermentation, supernatants were found to be rich in butyrate and exhibited
strong HDAC inhibitory properties in several colon
cancer cell lines[68]. The ability of butyrate to de-repress
epigenetically silenced genes in cancer cells, such as cell
cycle inhibitor p21 and the pro-apoptotic protein Bcl-2
homologous antagonist/killer, and to activate these genes
in normal cells, has important implications for cancer
prevention and therapy[69]. It has been hypothesized that
increased colonic concentration of butyrate can be an
important mediator against CRC[70,71]. Recently, Lightfoot
et al[72,73] tested possible epigenetic modifications induced
by LTA-deficient L. acidophilus and found that oral NCK
2025 enhances the expression of tumor suppressor
genes. This indicates that differential epigenetic regulation of CRC-related genes by NCK2025 represents a
potential therapy against CRC.

but also IL-10 in DCs was significantly enhanced and
CD4+ T-cells were activated. The mice acquired significant protection from colitis with increased densities of
effector Foxp3+RORγt- Tregs in response to oral administration of L. acidophilus NCK2025[54] (Figure 2).
Anti-tumor immune effects induced by LAB
Under pathological states, such as colon cancer, probiotics may inhibit disease via modulation of the mucosal and
systemic immune response and by reduction of the inflammatory response to host microbiota[41]. Another possible anti-tumor mechanism is the activation of immunity
by immune cells to fight with the tumor cells, delay the
onset of tumor or increase the survival rate. Galdeano et
al[55] analyzed the profile of cytokines induced by some
LAB strains and observed that the most remarkable effect for all the probiotic strains tested is the increase in
TNF-α, interferon-γ (IFN-γ) and the regulatory cytokine
IL-10. LAB such as L. acidophilus, Lactobacillus casei (L.
casei) and B. longum have been shown to possess immunomodulatory and antitumor effects by suppressing the
proliferation of tumor cells and prolonging survival[56].
The increase in survival was correlated with an increase in
cellular immunity as reflected by the enhancement in the
total numbers of T cells, NK cells and MHC class Ⅱ+
cells, and CD4-CD8+ T cells in flow cytometry analysis.
Several strains of LAB have been shown to exert powerful anti-tumor effects. For example, L. casei Shirota (LcS)
has been shown to exert strong anti-metastatic effects on
transplantable tumor cells and to suppress chemicallyinduced carcinogenesis[57]. Intrapleural administration
of LcS into tumor-bearing mice induced production of
several cytokines, such as IFN-γ, interleukin-β (IL-1 β)
and TNF-α, inhibiting tumor growth and increasing survival[58,59]. Furthermore, oral feeding of LcS significantly
enhanced NK cell cytotoxicity which delayed tumor onset or suppressed tumor incidence[60]. Likewise, a butanol
extract of another LAB strain, B. adolescentis, significantly
increased the production of TNF- α and NO, which
regulate immune modulation and are cytotoxic to tumor
cells[61] (Figure 2). Taken together, these studies provide
convincing evidence demonstrating the important role of
LAB and their byproducts in the protection against carcinogenesis processes.

NEW LAB ANTICANCER DISCOVERIES
In addition to the anticancer properties of LAB discussed above, recent findings showed that LAB also
exerts antiproliferation activities of colon cancer cells
via synergistic actions between adherence to cancer cells
and SCFA bioproduction. To this end, Thirabunyanon
et al[74] investigated probiotic action of LAB in the prevention and biotherapy of colon cancer. Four probiotic
bacteria Pediococcus pentosaceus FP3, Lactobacillus salivarius (L.
salivarius) FP25, L. salivarius FP35, and Enterococcus faecium
FP51 showed antiproliferation properties at the rates of
17%-35%. The proposed mechanism of the proliferative inhibition was assigned to the synergic induction
by directly adhering to colon cancer cells and triggering
bioproduction of SCFA, mainly butyric and propionic
acids. Using cell-free supernatants from LAB L. caseiand L. rhamnosus-treated cells, Escamilla et al[75] showed a
decrease in colon cancer cell invasion in vitro by inducing
matrix metalloproteinase-9 activity and zona occludens-1.
These properties of L. casei and L. rhamnosus GG may
prove useful in designing strategies for CRC prevention
or treatment.

EPIGENETIC TARGETING PRODUCED BY
LAB
The term “epigenetics” is used to describe those mechanisms which are able to modify the expression levels of
selected genes without necessarily altering their DNA sequences, including DNA methylation, histone tail modifications, chromatin remodeling, as well as mechanisms
mediated by non-coding RNA molecules. Epigenetic
modifications are often induced by environmental factors[62]. It is now clear that epigenetic phenomena occur
together with gene mutation and contribute to the progression of normal colonic mucosa to CRC[63]. Recently,
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CLINICAL TRIALS, EMERGING FINDINGS
Clinical trials examining the effect of LAB or probiotics
on cancer are presently ongoing. The SYNCAN project
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funded by the European Union involving a 12-wk randomized, double blind trial of a food supplement containing Lactobacillus GG, Bifidobacterium Bb-12 in adenoma
patients aims at testing colon cancer risk biomarkers[76]. It
is hoped that the results of this study will provide muchneeded information on the cancer protective effects of
these bacterial strains. In randomized clinical trials, probiotics have been shown to decrease postoperative infectious complications in patients with CRC[77]. Similarly,
functional outcome and health-related quality of life were
significantly improved in patients who underwent surgical
resection of CRC following L. acidophilus and Bacillus natto
treatment[78]. Although there are no clinical studies in
which LAB or probiotics are shown to reduce recurrence
of CRC, L. casei has been shown to decrease significantly
the recurrence of other cancers such as superficial bladder cancer[79]. Thus, based on current evidence, the effects
of LAB in CRC are encouraging, although clinical as well
as mechanistic studies are needed to identify the bacterial
products and their interaction with the host in prevention
or treatment of CRC. It is worth mentioning that some
progress has been made in identification of “bacterial
biomarkers” for cancer detection. In this regard, Brim et
al[80] analyzed the SLC5A8 gene, which encodes a transporter of butyrate, in 50 colon adenomas from patients
and found that 82% of these patients displayed a high
level of methylation, pointing to its potential use as a
marker for early detection.
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Possible biological and translational significance of mast
cells density in colorectal cancer
Ilaria Marech, Michele Ammendola, Claudia Gadaleta, Nicola Zizzo, Caroline Oakley, Cosmo Damiano
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proteinase-activated receptor-2) take pivotal part in
tumor angiogenesis after the MCs activation, contributing to tumor cells invasion and metastasis. In this
review, we focused on crucial MCs density (MCD) role
in colorectal cancer (CRC) development and progression angiogenesis-mediated; then, we will analyze the
principal studies that have focused on MCD as possible
prognostic factor. Finally, we will consider a possible
role of MCD as novel therapeutic target mainly by c-KitR
tyrosine kinase inhibitors (imatinib, masitinib) and tryptase inhibitors (gabexate and nafamostat mesylate)
with the aim to prevent CRC progression.

Ilaria Marech, Caroline Oakley, Cosmo Damiano Gadaleta,
Girolamo Ranieri, Interventional Radiology Unit with Integrated
Section of Translational Medical Oncology, National Cancer Research Centre Istituto Tumori “Giovanni Paolo Ⅱ”, 70124 Bari,
Italy
Michele Ammendola, Department of Clinical Surgery, University of Catanzaro “Magna Graecia” Medical School, 88100 Catanzaro, Italy
Claudia Gadaleta, Nicola Zizzo, Department of Pathology, Veterinary Medical School, University of Bari, Valenzano, 70010
Bari, Italy
Author contributions: Marech I, Gadaleta CD and Ranieri G
ideated the manuscript and performed a critical review of the
literature; Ammendola M, Gadaleta C and Zizzo N contributed to
literature research and data analysis; Oakley C edited the manuscript; all authors wrote the manuscript.
Correspondence to: Girolamo Ranieri, MD, Interventional
Radiology Unit with Integrated Section of Translational Medical Oncology, National Cancer Research Centre Istituto Tumori
“Giovanni Paolo Ⅱ”, Via Orazio Flacco 65, 70124 Bari,
Italy. giroran@tiscalinet.it
Telephone: +39-80-5555561 Fax: +39-80-5555563
Received: September 23, 2013 Revised: January 24, 2014
Accepted: April 21, 2014
Published online: February 8, 2015

© 2015 Baishideng Publishing Group Inc. All rights reserved.

Key words: Tryptase; Mast cell density; Proteinase-activated receptor-2; c-Kit receptor; Vascular endothelial
growth factor; Angiogenesis; Colorectal cancer; Tumor
progression; Tryptase inhibitors; c-Kit receptor tyrosine
kinase inhibitors
Core tip: In several malignancies it has been well demonstrated that mast cell (MC), activated c-Kit receptor
(c-KitR) and tryptase secreted after MC degranulation
play a pivotal role in tumor angiogenesis, helping tumor
cell invasion and metastasis. The close relationship between MC density, angiogenesis and tumor progression
could suggest a role for MCs as a possible prognostic
factor in colorectal cancer (CRC). Moreover, considering
MC-mediated CRC development, c-KitR tyrosine kinase
inhibitors (imatinib, masitinib) and tryptase inhibitors
(gabexate and nafamostat mesylate) could be used to
block MC activation/degranulation and the tryptase/proteinase-activated receptor-2 axis respectively, and may
be evaluated in future clinical trials in CRC patients.

Abstract
Mast cells (MCs), located ubiquitously near blood ves+
sels, are descended from CD34 hematopoietic stem
cells. Initially, although their role has been well defined
in hypersensitivity reactions, the discovery of their
sharing in both innate and adaptive immunity has allowed to redefine their crucial interplay on the regulatory function between inflammatory and tumor cells
through the release of mediators granule-associated
(mainly tryptase and vascular endothelial growth factor). In particular, in several animal and human malignancies it has been well demonstrated that activated
c-Kit receptor (c-KitR) and tryptase (an agonist of the
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(e.g., histamine, tryptase) and synthesized de novo mediators
(i.e., leukotrienes, prostaglandins)[10,20]. Regarding innate
immunity, MCs express some receptors for components
of complement (CR3, CR4, CR5), and others belonging
to the Nod-like receptors family. The recognition of pathogens by the innate immune cells and the link between
innate and adaptive immunity however are via toll-like receptors (TLR type 1, 2, 3, 4, 6, 7 and 9)[21].
Many experimental studies have assessed MCs as protagonists both in inflammation and angiogenesis[20,22,23],
processes closely interconnected and related to tumor
development and progression[24-27]. Following the abovementioned synthetic review of the various functions of
MCs, in the upcoming sections we focus on the crucial
role of MCs in angiogenesis-mediated tumor development and progression and illustrate the most common
identification methods of MCs. In particular, as well as
playing a role in tumor angiogenesis, it has been demonstrated that the number of MCs, so-called MC density
(MCD), increases in several human and animal malignancies, and this increased MCD correlates with increased
angiogenesis. On this basis, we analyze the principal studies that have focused on MCD as a possible prognostic
factor, considering the MC as a possible novel therapeutic
target in colorectal cancer (CRC).

translational significance of mast cells density in colorectal
cancer. World J Gastroenterol 2014; 20(27): 8910-8920 Available from: URL: http://www.wjgnet.com/1007-9327/full/v20/
i27/8910.htm DOI: http://dx.doi.org/10.3748/wjg.v20.i27.8910

INTRODUCTION
In 1869 Nettleship and Tay[1] described a particular form
of pigmented rash (“urticaria pigmentosa”), which presented a dermographism entirely similar to some urticaria
forms. Mast cells (MCs) were identified by Ehrlich[2] in
1879 and named “mastzellen”(from the German mast =
well-fed) because it was believed that they were particularly numerous in overfed animals. It was subsequently
shown that cutaneous lesions observed in these animals
were characterized by a focal accumulation of some of
these mast cells[2]. In 1949 Ellis[3] described a form of
systemic mastocytosis characterized by an abnormal
infiltration of MCs into extracutaneous organs. Historically, “mastocytosis” is a morbid condition characterized
by a marked increase (usually about ten times compared
to normal) of the density of tissue MCs in specific anatomical sites[4]. Currently, “mastocytosis” includes a wide
spectrum of clinical disorders (with an extremely heterogeneous clinical course and prognosis) sharing particular
tyrosine kinase c-Kit receptor (c-KitR) mutations that
confer its increased activation, determining stem cell factor (SCF)-independent MC proliferation[5,6].
MCs are the progeny of CD34+ hematopoietic stem
cells and require SCF for their differentiation, activation and proliferation[7]. MCs are located throughout the
body; on the epithelial surface, in blood vessels, nerves
and glands [8]. Classically, MCs are divided into three
subgroups according to the protease expression in their
granules: the first type of MC contains only tryptase, the
second only chymase, and the third tryptase, chymase and
other proteases[8,9].
Although the role of mast cells has long been well
defined in hypersensitivity reactions, since 1990[10,11] it
has been discovered that they also have a role in both
innate and adaptive immunity. This has allowed us to
redefine their crucial interplay on the regulatory function
between inflammatory and tumor cells[12-15] by means of
the release of various granule-associated mediators [histamine, serotonin, heparin, tryptase, chymase, thymidine
phosphorylase, tumour necrosis factor, vascular endothelial growth factor (VEGF), fibroblast growth factor-2
(FGF-2), platelet-derived growth factor-β (PDGF-β),
epidermal growth factor (EGF)]; lipid-derived mediators
(leukotrienes, prostaglandins, platelet-activating factor);
cytokines (transforming growth factor-β, interleukins,
IL-6); and chemokines[16-19].
MCs express many types of receptors allowing them
to recognize different stimuli and to respond accordingly[8,9]. For the fragment crystallisable portion of Immunoglobulin (Ig)G and IgE, MCs express various receptors,
and in response to several antigens they release preformed
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INVOLVEMENT OF MAST CELLS IN
ANGIOGENESIS-MEDIATED TUMOR
DEVELOPMENT AND PROGRESSION
During inflammatory reactions, immune cells (MCs, macrophages, neutrophils, and lymphocytes) synthesize proangiogenic factors that induce first neovascularization,
then the further migration of inflammatory cells to the
site of inflammation, amplifying the process[25,28]. At the
same time, there is well-established evidence that tumor
cells are surrounded by an infiltrate of inflammatory
cells, which synergize with stromal cells and malignant
cells in a paracrine manner[29-31]. As a consequence, there
is a stimulation of endothelial cell proliferation and blood
vessel formation[32-34]. It is important to underline that
MCs are located near blood vessels and regulate many
functions of endothelial cells[35-37].
In particular, the c-KitR activated by SCF and tryptase after MC degranulation play pivotal part in tumor
angiogenesis[38,39].
The increased activation of the c-KitR pathway leads
to MC activation, which induces pro-angiogenic cytokines
(such as VEGF, PDGF, FGF-2) and tryptase degranulation[38,39]. MC c-KitR activation induces cross-talk between
MCs and the tumor cell microenvironment (endothelial
and other cells), leading consequentially to the strengthening of pro-angiogenic signaling[6].
Tryptase is also an agonist of proteinase-activated
receptor-2 (PAR-2)[40], which is expressed in epithelial and
endothelial cells with proteolytic activities. It belongs to
the unique superfamily of G-protein-coupled receptors
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Figure 1 Close relationship between mast cells and angiogenesis-mediated tumor progression. FGF-2: Fibroblast growth factor-2; VEGF: Vascular endothelial
growth factor; PDGF-β: Platelet-derived growth factor-β; EGF: Epidermal growth factor; IL: Interleukin; GM-CSF: Granulocyte/macrophage colony stimulating factor;
TNF-α: Tumor necrosis factor-α; ECM: Extracellular matrix; MMP: Matrix metalloproteinase.

and is activated by tryptase. Tryptase activation leads to
cell proliferation and the release of IL-6 and granulocytemacrophage colony-stimulating factor, which act as proangiogenic molecules[41]. Moreover, tryptase degrades
extracellular matrix components[42], activating in its stored
matrix metalloproteinases[43] and plasminogen activators
that together help the invasion and metastasis of tumor
cells[44] (Figure 1). In vitro studies on matrigel and in vivo
studies on the chick embryo chorioallantoic membrane
displayed the capillary growth induced by tryptase and,
conversely, suppressed by tryptase inhibitors[45,46].
Apart from the above biological background, the role
of MCs in tumor development has emerged from observation of a strong correlation between an increase of
MCD and an increase of microvascular density (MVD)
in many human and animal malignancies such as oral
squamous carcinoma[13,47], breast cancer[11,12,16], gastrointestinal cancer[26,48-50], hepatocarcinoma[51], pancreatic
adenocarcinoma[52], renal cell carcinoma[53], non-small
cell lung cancer[54,55], melanoma[56], endometrial carcinoma[27,57], non-Hodgkin’s lymphomas[58], and multiple
myeloma[59]. With particular reference to hematological
disorders, some evidence suggest that high MCD infiltration is directly correlated with tumor progression and
worse disease outcome[60-62].
Conversely, a few studies have shown that high MCD
is linked to good prognosis[63,64].
To further emphasize that MC activation plays a pivotal role in tumor progression, it was shown in breast
cancer that degranulated MCs (MCs-Try) are mainly present in peri-tumoral tissue (to strengthen the hypothesis
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that they are tumor-reactive), unlike those rich in granules
MCs (MCs-TB) which are especially present in tumor
infiltration and contribute to stromal remodeling and differentiation of myofibroblasts (through tryptase released
in stromal microenvironment)[11].
The close relationship between MCD, angiogenesis
and tumor progression could suggest a role for MCs and
the pro-angiogenic factors released from them as novel
therapeutic targets in cancer. In particular, it is possible to
block MC activation/degranulation by means of c-KitR
tyrosine kinase inhibitors (TKI) such as imatinib and masitinib, and also to block the tryptase released from MCs
by means of tryptase inhibitors (gabexate and nafamostat
mesylate)[12,65-67].

PRINCIPAL METHODS FOR
IDENTIFICATION OF TISSUE MAST
CELLS
MCs can be classically or conventionally identified by
means of histochemical methods. Among these, Toluidine blue histochemistry (Undritz Stain) metachromatically stains MC granules, making them appear red or
blue-red due to the presence of sulphated proteoglycans
(heparin)[68]. With the above histochemistry, MCs appear
as rather large oval or elongated cells (diameter of 20-30
μm) containing numerous basophilic granules in their cytoplasm that can hide the nucleus[12,69].
By immunohistochemistry MCs can be stained with
antibodies towards c-KitR (e.g., human-specific mono-
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Table 1 Principal studies correlating mast cell density with survival/stage in colorectal cancer patients
Ref.
Xia et al[83]
Xia et al[84]
Nielsen et al[85]
Tan et al[86]
Fisher et al[88]
Yodavudh et al[89]
Elezoğlu et al[87]
Acikalin et al[49]
Gulubova et al[50]

Disease stage/main
stages

Neoadjuvant
therapy

Patients
(n )/site

All TNM stages
(mainly Ⅱ-Ⅲ)
Stage ⅢB

No

All Dukes’ stage
(mainly B-C)
All TNM stages

No

155
CC
93
CC
584
CRC
60
CRC
331
RC
130
CRC
204
CRC
60
CRC
106
CRC

All Dukes’ stage
(mainly B-C)
All TNM stages
(mainly Ⅱ-Ⅲ)
All TNM stages
(mainly Ⅱ-Ⅲ)
All TNM stages
(mainly Ⅱ-Ⅲ)
All TNM stages
(mainly Ⅱ)

No

NR
No
No
NR
No
No

Methods of MCs identification

Correlation with
overall survival/stage

Immunohistochemistry
No with OS
primary anti-tryptase and anti-chymase abs
Immunohistochemistry
No with OS
primary anti-tryptase ab
Immunohistochemistry
Yes, high MCD with
primary anti-tryptase ab
high OS
Immunohistochemistry
Yes, high MCD with
primary anti-tryptase and anti-chymase abs
high OS
Giemsa method
Yes, high MCD with
low OS
Immunohistochemistry
Yes, high MCD with
primary anti-tryptase ab
low OS
Toluidine blue histochemistry
Yes, high MCD with
high OS
Giemsa method
Yes, high MCD with
low OS
Immunohistochemistry
Yes, high MCD with
primary anti-tryptase ab; toluidine blue
low OS
histochemistry

P value
NS
NS
0.02
< 0.01
NE
< 0.0001
0.035
0.0013
0.038

CC: Colon cancer; OS: Overall survival; NS: Not significant; CRC: Colorectal cancer; MCD: Mast cell density; NR: Not reported; MCs: Minimal consistent set.

pared to in that of IL-10-deficient mice without MCs.
Thus, this result emphasizes the protective role of MCs
within the colonic microenvironment by enhancing the
efficacy of the mucosal barrier. In reality, these data suggest that MCs can play a dual and opposite function, and
this is probably due to the presence in the intestinal tract
of different types of MCs, each with a specific role, with
specific granules, and expressing various receptors[74].
It is noted that patients affected by IBD have an increased cumulative incidence of CRC than the general
population and that this incidence increases with the duration of the bowel disease[78]. In particular, it was found
that high MCD in intestinal adenomatous polyps[75,79-81]
could drive a cascade of events to boost the progressive
growth of adenomatous polyps, the immediate precursors of CRC[75].
In this regard, Taweevisit, considering 192 CRC patients, displayed a direct correlation between MCD, tumor development and grading[82].
With the aim to find a correlation between MCD and
stage/prognosis in CRC patients, many studies (summarized in Table 1) have been conducted with mixed results.
One Author showed no correlation between MCD and
prognosis[83,84]. Other Authors have shown a direct and
significant correlation between high MCD and improved
prognosis[85-87]. The majority of studies however have
shown that high MCD is related to tumor aggressiveness[48-50] and reduced survival[88-90].
Xia et al[83] studied MCD in 39 patients with colon adenoma and in 155 colon cancer (CC) patients of all TNM
stages, evaluating a relationship between MCD (positive
to both tryptase and chymase) and tumor progression.
Interestingly, a significant increase of MCD localized in
adjacent normal colon mucosa in CC patients was noted
compared to those with colon adenomas (P < 0.05)[83].
Moreover, MCD located in adjacent normal colon mu-

clonal antibodies anti-CD117), towards the content of
their granules, i.e., tryptase or chymase[68]. With a primary
anti-c-KitR antibody, a membrane, cytoplasmic or mixed
staining is observed[68]. With primary anti-chymase and
anti-tryptase antibodies a diffuse cytoplasmic staining is
observed[68].
Under the electron microscope MCs present a small,
round nucleus, few mitochondria, some meandering tanks
of rough endoplasmic reticulum and a small Golgi complex. The numerous specific granules (some hundreds)
measure 0.3-0.8 μm in diameter and appear bordered by
a membrane showing a variable fine granular or lamellar
structure[70,71].
Following their activation, MCs degranulate and
exocytose the content into the surroundings. Piecemeal
degranulation is typified by variable losses of the granule
content[71-73].

MAST CELL DENSITY INVOLVEMENT
IN COLORECTAL CANCER AND ITS
POSSIBLE ROLE AS PROGNOSTIC
FACTOR
Normally, MCs are present in the mucosa and submucosa
of the gastrointestinal tract in humans and mice[74].
In a preclinical study in mice, MCs played a crucial
role in epithelial tumorigenesis, appearing in early dysplastic tissue and expanding in polyps[75]. However, when
analysing the potential role of MCs in tumor development in several mice studies, Heijmans et al[76] were unable
to draw certain conclusions due to a lack of a suitable animal model to study CRC. In fact, in IL-10-deficient mice
with MCs Chichlowski et al[77] showed a reduced risk of
development of inflammatory bowel disease (IBD) com-
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same way, hypovascular tumor tissue was related to highly
significantly longer survival than hypervascular tumor tissue (P < 0.0001)[50].
In a recent series of 41 gastrointestinal cancer patients (of whom 22 had CRC of TNM stage ⅢC), Ammendola et al[30] showed a significant correlation between
MCD positive to tryptase and the number of metastatic
lymph nodes harvested (P = 0.01), and between MCD in
primary tumor tissue and in metastatic lymph node tissue
(P = 0.02). These data suggest that MCD in primary tumor tissue could be a useful prognostic marker[30,49], surrogating the number of postoperative metastatic lymph
nodes after surgical treatment in gastrointestinal cancer
patients[91-94].
Even more recently, Malfettone et al[90] showed in 115
CRC patients of all TNM stages that high MCD positive
to tryptase correlates with the advanced stages of CRC
(P = 0.025). In particular, the expression of PAR-2 (especially at the sites most infiltrated by MCs) is related to
MCD expression[90]. Due to the pro-angiogenic activity
of tryptase, which stimulates PAR-2 on endothelial cells,
it is possible to suggest an involvement of tryptase in
CRC angiogenesis[90].

cosa in CC patients was significantly related to pathologic
classification (i.e., papillary plus tubular or other), depth
of penetration (i.e., high T according to TNM), distant
metastases (i.e., M1 according to TNM), and hepatic metastases (P = 0.029, P = 0.054, P = 0.008, P = 0.027)[83].
Instead, there is no correlation between MCD located in
the invasive margin or in adjacent normal colon mucosa
and survival (P = 0.092 and P = 0.003)[83]. Similarly, in 93
CC patients only in stage ⅢB (according to TNM staging), the same Author observed a higher MCD positive to
tryptase in non-metastatic regional-draining lymph nodes
than in metastatic lymph nodes (P = 0.000)[84].
In 1999, Nielsen et al[85] analysis in a large cohort of
CRC patients (n = 584) of all Dukes’ stages displayed
a significant correlation between high MCD positive to
tryptase and good prognosis (P = 0.02); 50% of all patients with high MCD positive to tryptase were still alive
at 3 years.
Subsequently, Tan et al[86] observed that high MCD
(positive to tryptase and chymase) is also related to a
significantly higher 5-year survival rate (SR). In their
study on 60 CRC patients of all TNM stages, a 59% SR
was recorded for patients with high MCD compared to
33.3% in those with low MCD (P < 0.01). Curiously, low
MCD was significantly related to deeper depth of invasion, but also to low rates of lymph node and distant
metastases[86].
Recently, Elezoğlu and Tolunay[87] displayed a significant correlation between MCD positive to tryptase,
MVD, and survival in 204 CRC patients of all TNM
stages. In the MC group, for values < 10, the five-year
SR was 48%, whereas for values > 10 it rose to 58% (P =
0.035). In the MVD arm for values < 10, the five-year SR
was 46%, while for values ≥ 10 it was 58% (P = 0.042)[87].
In 1989 Fisher et al[88] was one of the first researchers
to identify high MCD as an unfavorable prognostic factor
independent from disease stage or lymph nodal status in
331 rectal cancer patients of all Dukes’ stages.
In 60 patients with CRC of all TNM stages Acikalin
et al[49] showed that MCD (evaluated by means of the Giemsa stain) was higher in patients with disease recurrence
compared to those patients who had been disease free
for at least 24 mo (P < 0.001), and that it was correlated
to short disease-free survival (P = 0.0013), vascular invasion (P = 0.06), depth of penetration (P = 0.05), lymph
nodes metastases (P = 0.05), liver metastases (P = 0.05)
and high TNM stage (P = 0.05).
Yodavudh et al[89] confirmed Elezoğlu and Tolunay[87]’
s report of a strong correlation between MCD positive
to tryptase, MVD, and survival in 130 CRC patients of all
TNM stages. Contrarily however, they showed that low
MVD (hypovascular tumor tissue) and low MCD are related to significantly longer survival rates (P < 0.0001).
Gulubova and Vlaykova[50] also confirmed a significant
correlation between MCD positive to tryptase, MVD,
and survival in 106 CRC patients of all TNM stages. Patients with low MCD had a significantly better prognosis
compared to those with high MCD (P = 0.038)[50]. In the
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MAST CELLS, c-KIT RECEPTOR
AND PRO-ANGIOGENIC FACTORS
FROM MAST CELLS RELEASED AS
POSSIBLE THERAPEUTIC TARGETS IN
COLORECTAL CANCER
Ducroc et al[95] demonstrated a pivotal role of MC tryptase in inducing PAR-2 activation in several human CC
cell lines (T84, Caco-2, HT-29, Cl.19A), promoting their
proliferation.
Yoshii et al[96] investigated the distribution of MCD
(positive to tryptase) in 30 human CC, showing the prevalence of MCD in the invasive front rather than in either
the central tumor part or the normal tissue. In addition,
the Authors showed a higher density of PAR-2 in the tumor tissue compared to the normal tissue[96].
Interestingly, two Authors explored the tryptase/PAR-2
axis in one human colon carcinoma cell line (DLD-1)[96,97].
Specifically, the proliferation signal induced by tryptase
on DLD-1 cells is mediated by PAR-2, that in turn leads
to the increase of calcium[98] and transient phosphorylation of mitogen-activated protein kinase/extracellular
signal-related kinase (MEKK) and the mitogen-activated
protein kinase (MAPK) pathway[96]. In addition, the increase of calcium PAR-2/Phospholipase C-mediated led
to the activation of CycloOXygenase-2 (COX-2) and
prostaglandin E2 (PGE2) synthesis, suggesting that the
MEKK and MAPK pathway activation and PGE2 synthesis were together essential for DLD-1 proliferation[96]
(Figure 2).
Sodium-hydrogen antiporter 3 regulator 1 (NHERF-1)
is a cytoplasmic adaptor protein present in various cel-
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Protein kinase-A.

lular types (including intestinal cells). NHERF-1 regulates
several transmembrane receptors, transporters and other
proteins localized near the plasma membrane, and via the
Ezrin/protein kinase-A- mediated network seems to lead
to CRC progression[99,100].
Interestingly, Malfettone et al[90], having confirmed the
close interplay between MCD and PAR-2 in tumour progression and invasiveness, showed that the PAR-2(+)/cytoplasmic NHERF-1(+) expression immunophenotype
is an unfavourable prognostic factor in CRC patients,
as it is associated with the presence of lymph nodal and
distant metastasis, poor differentiation grade and lymphovascular invasion. If further studies conducted in
stage Ⅱ CRC patients should confirm the role of the
PAR-2(+)/cytoplasmic NHERF-1(+) expression immunophenotype as a negative prognostic biomarker, it will
become a prerequisite to the treatment of patients with
adjuvant chemotherapy.
Finally, if future studies demonstrate that high MCD
positive to tryptase is an independent unfavourable
prognostic factor[30,49,50,88,89] related to a significant and in-
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creased risk of tumor progression, this parameter could
be considered in the decision to give chemotherapy associated with tryptase inhibitors (gabexate and nafamostat
mesylate).
Clearly, before being able to use MC targeted agents,
a more in-depth knowledge of MC-mediated angiogenic
mechanisms and the complex hierarchical relationships
between the various angiogenesis signaling pathways will
be necessary[101-104].
In this regard, tryptase may induce angiogenesis
mainly by the increase of VEGF expression mediated
via PAR-2, which is expressed also on endothelial cells
as well as intestinal cells[12,27,45,54]. Moreover, VEGF and
its receptors are widely expressed in intestinal carcinoma
cells, and VEGF stimulates VEGFR-2-positive tumor,
mast and endothelial cells directly, leading to tumor
growth and angiogenesis by paracrine and autocrine
stimulation signals[26,105,106].
Considering the central role of MCs in the activation
of gastrointestinal and endothelial cells which contribute
to tumor angiogenesis and progression, c-KitR could
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also be a potential therapeutic target for inhibiting their
pro-angiogenic cytokine degranulation (VEGF, PDGF,
FGF, tryptase) and activation[6,38,67,107]. In fact, MC c-KitR
activation potentiates the cross-talk between MCs and endothelial cells (Figure 2), leading to the strengthening of
pro-angiogenic signaling. Therefore, MCs could represent
a possible therapeutic target through tryptase inhibitors
(gabexate and nafamostat mesylate) and c-KitR inhibitors
(imatinib, masitinib) to arrest angiogenesis-mediated tumor growth in gastrointestinal cancer[108-110].
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CONCLUSION
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Although the role of MCs was well defined in hypersensitivity reactions, the discovery of their regulatory function
in innate and adaptive immunity has allowed us to understand their complex interplay between inflammatory and
tumor cells. In fact, much evidence obtained from in vitro
and in vivo studies has demonstrated that common MCs
phenotypes, if adequately stimulated by various factors
(histamine, heparin, tryptase, chymase, VEGF, FGF-2,
PDGF-β, EGF), are able to interfere with tumor cells
and the tumor microenvironment inducing tumor angiogenesis and progression[10,12].
Although the majority of studies have reported that
several malignancies are associated with an increase of
MC infiltration, controversial data about the relationship between MCD and prognosis in CRC have been
reported. Considering these studies, conflicting conclusions[48-50], may in part depend on considerable bias
related to CRC disease (radical surgical treatment with
relative lymph node collection, type of resection, histology or stage tumor, colon plus rectal cancer, small sample
size)[83,85,86,88], and different methods of MC evaluation
(histochemistry with Toluidine blue, Giemsa stain, primary antibody anti-tryptase or anti-chymase for immunohistochemistry, standardization of MC counts with reference to magnification, MC location, microscopic field of
evaluation)[76,84,87,90]. Despite these biases, the majority of
the published studies suggest that high MCD in tumors
may play a role as an unfavourable prognostic marker.
Should this prognostic marker be validated in expected
future studies it would be intriguing to conduct clinical
trials employing chemotherapy plus tryptase inhibitors or
TK inhibitors MC c-KitR.

11

12

13

14

15

16

17
18

19

REFERENCES
1
2
3
4
5

Nettleship T, Tay W. Rare forms of urticaria. Brit Med J 1869;
2: 323-330
Ehrlich P. Beiträge zur Kenntniss der granulirten Bindegewebszellen und der eosinophilen Leukocythen. Arch Anat
Physiol (Leipzig) 1879; 3: 166-169
Ellis JM. Urticaria pigmentosa; a report of a case with autopsy. Arch Pathol (Chic) 1949; 48: 426-435 [PMID: 18149230]
Marone G, Spadaro G, Genovese A. Biology, diagnosis and
therapy of mastocytosis. Chem Immunol 1995; 62: 1-21 [PMID:
7546277 DOI: 10.1159/000319293]
Horny HP, Sotlar K, Valent P. Mastocytosis: state of the
art. Pathobiology 2007; 74: 121-132 [PMID: 17587883 DOI:
10.1159/000101711]

WCGO|www.wjgnet.com

20

21
22

1884

Orfao A, Garcia-Montero AC, Sanchez L, Escribano L. Recent advances in the understanding of mastocytosis: the
role of KIT mutations. Br J Haematol 2007; 138: 12-30 [PMID:
17555444 DOI: 10.1111/j.1365-2141.2007.06619.x]
Shea-Donohue T, Stiltz J, Zhao A, Notari L. Mast cells. Curr
Gastroenterol Rep 2010; 12: 349-357 [PMID: 20711694 DOI:
10.1007/s11894-010-0132-1]
Irani AM, Schwartz LB. Human mast cell heterogeneity. Allergy Proc 1994; 15: 303-308 [PMID: 7721078 DOI: 10.2500/10
8854194778816472]
Irani AA, Schechter NM, Craig SS, DeBlois G, Schwartz LB.
Two types of human mast cells that have distinct neutral
protease compositions. Proc Natl Acad Sci USA 1986; 83:
4464-4468 [PMID: 3520574 DOI: 10.1073/pnas.83.12.4464]
Marshall JS. Mast-cell responses to pathogens. Nat Rev
Immunol 2004; 4: 787-799 [PMID: 15459670 DOI: 10.1038/
nri1460]
Mangia A, Malfettone A, Rossi R, Paradiso A, Ranieri G,
Simone G, Resta L. Tissue remodelling in breast cancer: human mast cell tryptase as an initiator of myofibroblast differentiation. Histopathology 2011; 58: 1096-1106 [PMID: 21707711
DOI: 10.1111/j.1365-2559.2011.03842.x]
Ranieri G, Ammendola M, Patruno R, Celano G, Zito FA,
Montemurro S, Rella A, Di Lecce V, Gadaleta CD, Battista De
Sarro G, Ribatti D. Tryptase-positive mast cells correlate with
angiogenesis in early breast cancer patients. Int J Oncol 2009;
35: 115-120 [PMID: 19513558 DOI: 10.3892/ijo_00000319]
Ranieri G, Labriola A, Achille G, Florio G, Zito AF, Grammatica L, Paradiso A. Microvessel density, mast cell density
and thymidine phosphorylase expression in oral squamous
carcinoma. Int J Oncol 2002; 21: 1317-1323 [PMID: 12429983]
Ranieri G, Roccaro AM, Vacca A, Ribatti D. Thymidine
phosphorylase (platelet-derived endothelial cell growth factor) as a target for capecitabine: from biology to the bedside.
Recent Pat Anticancer Drug Discov 2006; 1: 171-183 [PMID:
18221035 DOI: 10.2174/157489206777442241]
Passantino L, Patruno R, Valerio P, Penna A, Mazzone F,
Zito AF, Catalano V, Pellecchia A, Jirillo E, Ranieri G. Thymidine phosphorylase profiles in nonmalignant and malignant
pancreatic tissue. Potential therapeutic role of capecitabine
on tumoral and endothelial cells and tumor-infiltrating macrophages. Immunopharmacol Immunotoxicol 2005; 27: 95-107
[PMID: 15803863 DOI: 10.1081/IPH-51753]
Raica M, Cimpean AM, Ceausu R, Ribatti D, Gaje P. Interplay between mast cells and lymphatic vessels in different
molecular types of breast cancer. Anticancer Res 2013; 33:
957-963 [PMID: 23482767]
Ribatti D, Nico B, Finato N, Crivellato E. Tryptase-positive
mast cells and CD8-positive T cells in human endometrial
cancer. Pathol Int 2011; 61: 442-444 [PMID: 21707849]
Nagata M, Shijubo N, Walls AF, Ichimiya S, Abe S, Sato
N. Chymase-positive mast cells in small sized adenocarcinoma of the lung. Virchows Arch 2003; 443: 565-573 [PMID:
12827514 DOI: 10.1007/s00428-003-0842-y]
Horny HP, Greschniok A, Jordan JH, Menke DM, Valent P.
Chymase expressing bone marrow mast cells in mastocytosis
and myelodysplastic syndromes: an immunohistochemical and morphometric study. J Clin Pathol 2003; 56: 103-106
[PMID: 12560387 DOI: 10.1136/jcp.56.2.103]
Galli SJ, Kalesnikoff J, Grimbaldeston MA, Piliponsky AM,
Williams CM, Tsai M. Mast cells as “tunable” effector and
immunoregulatory cells: recent advances. Annu Rev Immunol
2005; 23: 749-786 [PMID: 15771585 DOI: 10.1146/annurev.
immunol.21.120601.141025]
Oda K, Kitano H. A comprehensive map of the toll-like
receptor signaling network. Mol Syst Biol 2006; 2: 2006.0015
[PMID: 16738560]
Coussens LM, Raymond WW, Bergers G, Laig-Webster M,
Behrendtsen O, Werb Z, Caughey GH, Hanahan D. Inflammatory mast cells up-regulate angiogenesis during squa-

February 8, 2015|First Edition|

Marech I et al . Mast cells density in colorectal cancer

23

24
25
26

27

28
29

30

31

32

33

34

35

36

37

mous epithelial carcinogenesis. Genes Dev 1999; 13: 1382-1397
[PMID: 10364156 DOI: 10.1101/gad.13.11.1382]
Nakayama T, Yao L, Tosato G. Mast cell-derived angiopoietin-1 plays a critical role in the growth of plasma cell tumors. J Clin Invest 2004; 114: 1317-1325 [PMID: 15520864 DOI:
10.1172/JCI22089]
Theoharides TC, Conti P. Mast cells: the Jekyll and Hyde
of tumor growth. Trends Immunol 2004; 25: 235-241 [PMID:
15099563 DOI: 10.1016/j.it.2004.02.013]
Ribatti D, Crivellato E. Mast cells, angiogenesis and cancer.
Adv Exp Med Biol 2011; 716: 270-288 [PMID: 21713661 DOI:
10.1007/978-1-4419-9533-9_14]
Ribatti D, Guidolin D, Marzullo A, Nico B, Annese T, Benagiano V, Crivellato E. Mast cells and angiogenesis in gastric
carcinoma. Int J Exp Pathol 2010; 91: 350-356 [PMID: 20412338
DOI: 10.1111/j.1365-2613.2010.00714.x]
Ribatti D, Finato N, Crivellato E, Marzullo A, Mangieri D,
Nico B, Vacca A, Beltrami CA. Neovascularization and mast
cells with tryptase activity increase simultaneously with
pathologic progression in human endometrial cancer. Am J
Obstet Gynecol 2005; 193: 1961-1965 [PMID: 16325597 DOI:
10.1016/j.ajog.2005.04.055]
Ranieri G. Hot topic: targeting tumor angiogenesis: an update. Curr Med Chem 2012; 19: 937 [PMID: 22214460 DOI:
10.2174/092986712799320718]
Saponaro C, Malfettone A, Ranieri G, Danza K, Simone G,
Paradiso A, Mangia A. VEGF, HIF-1α expression and MVD
as an angiogenic network in familial breast cancer. PLoS
One 2013; 8: e53070 [PMID: 23326384 DOI: 10.1371/journal.
pone.0053070]
Ammendola M, Zuccalà V, Patruno R, Russo E, Luposella
M, Amorosi A, Vescio G, Sammarco G, Montemurro S, De
Sarro G, Sacco R, Ranieri G. Tryptase-positive mast cells and
angiogenesis in keloids: a new possible post-surgical target
for prevention. Updates Surg 2013; 65: 53-57 [PMID: 23117746
DOI: 10.1007/s13304-012-0183-y]
Ranieri G, Coviello M, Chiriatti A, Stea B, Montemurro S,
Quaranta M, Dittadi R, Paradiso A. Vascular endothelial
growth factor assessment in different blood fractions of gastrointestinal cancer patients and healthy controls. Oncol Rep
2004; 11: 435-439 [PMID: 14719080]
Ranieri G, Coviello M, Patruno R, Valerio P, Martino D,
Milella P, Catalano V, Scotto F, De Ceglie A, Quaranta M,
Ribatti D, Pellecchia A. Vascular endothelial growth factor
concentrations in the plasma-activated platelets rich (P-APR)
of healthy controls and colorectal cancer patients. Oncol Rep
2004; 12: 817-820 [PMID: 15375505]
Mangia A, Chiriatti A, Ranieri G, Abbate I, Coviello M, Simone G, Zito FA, Montemurro S, Rucci A, Di Leo A, Tommasi
S, Berloco P, Xu JM, Paradiso A. H pylori status and angiogenesis factors in human gastric carcinoma. World J Gastroenterol 2006; 12: 5465-5472 [PMID: 17006982]
Ranieri G, Patruno R, Ruggieri E, Montemurro S, Valerio
P, Ribatti D. Vascular endothelial growth factor (VEGF) as
a target of bevacizumab in cancer: from the biology to the
clinic. Curr Med Chem 2006; 13: 1845-1857 [PMID: 16842197
DOI: 10.2174/092986706777585059]
Miyazaki T, Okada N, Ishibashi K, Ogata K, Ohsawa T,
Ishiguro T, Nakada H, Yokoyama M, Matsuki M, Kato H,
Kuwano H, Ishida H. Clinical significance of plasma level
of vascular endothelial growth factor-C in patients with
colorectal cancer. Jpn J Clin Oncol 2008; 38: 839-843 [PMID:
18923001 DOI: 10.1093/jjco/hyn106]
Werther K, Christensen IJ, Nielsen HJ. The association between preoperative concentration of soluble vascular endothelial growth factor, perioperative blood transfusion, and
survival in patients with primary colorectal cancer. Eur J
Surg 2001; 167: 287-292 [PMID: 11354321 DOI: 10.1080/11024
1501300091480]
Ranieri G, Ruggieri E, Falco G, Zizzo N, Mattioli E, Zito AF,

WCGO|www.wjgnet.com

38

39

40
41

42

43

44
45

46

47

48

49

50

51

52

1885

Patruno R, Gasparini G. Drug targets to pro-angiogenetic
factors with special reference to primary peritoneal mesothelioma. Endocr Metab Immune Disord Drug Targets 2006; 6:
271-277 [PMID: 17017978 DOI: 10.2174/187153006778250028]
Hassan S, Kinoshita Y, Kawanami C, Kishi K, Matsushima Y,
Ohashi A, Funasaka Y, Okada A, Maekawa T, He-Yao W, Chiba T. Expression of protooncogene c-kit and its ligand stem
cell factor (SCF) in gastric carcinoma cell lines. Dig Dis Sci
1998; 43: 8-14 [PMID: 9508539 DOI: 10.1023/A:1018851415704]
Ribatti D, Ranieri G, Basile A, Azzariti A, Paradiso A, Vacca
A. Tumor endothelial markers as a target in cancer. Expert
Opin Ther Targets 2012; 16: 1215-1225 [PMID: 22978444 DOI:
10.1517/14728222.2012.725047]
Macfarlane SR, Seatter MJ, Kanke T, Hunter GD, Plevin
R. Proteinase-activated receptors. Pharmacol Rev 2001; 53:
245-282 [PMID: 11356985]
Liu Y, Mueller BM. Protease-activated receptor-2 regulates
vascular endothelial growth factor expression in MDAMB-231 cells via MAPK pathways. Biochem Biophys Res Commun 2006; 344: 1263-1270 [PMID: 16650817 DOI: 10.1016/
j.bbrc.2006.04.005]
Taipale J, Lohi J, Saarinen J, Kovanen PT, Keski-Oja J. Human mast cell chymase and leukocyte elastase release latent
transforming growth factor-beta 1 from the extracellular matrix of cultured human epithelial and endothelial cells. J Biol
Chem 1995; 270: 4689-4696 [PMID: 7876240 DOI: 10.1074/
jbc.270.9.4689]
Gruber BL, Marchese MJ, Suzuki K, Schwartz LB, Okada
Y, Nagase H, Ramamurthy NS. Synovial procollagenase
activation by human mast cell tryptase dependence upon
matrix metalloproteinase 3 activation. J Clin Invest 1989; 84:
1657-1662 [PMID: 2553780 DOI: 10.1172/JCI114344]
Stack MS, Johnson DA. Human mast cell tryptase activates
single-chain urinary-type plasminogen activator (pro-urokinase). J Biol Chem 1994; 269: 9416-9419 [PMID: 8144524]
Blair RJ, Meng H, Marchese MJ, Ren S, Schwartz LB, Tonnesen MG, Gruber BL. Human mast cells stimulate vascular
tube formation. Tryptase is a novel, potent angiogenic factor. J Clin Invest 1997; 99: 2691-2700 [PMID: 9169499 DOI:
10.1172/JCI119458]
Ribatti D, Ranieri G, Nico B, Benagiano V, Crivellato E.
Tryptase and chymase are angiogenic in vivo in the chorioallantoic membrane assay. Int J Dev Biol 2011; 55: 99-102 [PMID:
21425085 DOI: 10.1387/ijdb.103138dr]
Tomita M, Matsuzaki Y, Edagawa M, Shimizu T, Hara M,
Sekiya R, Onitsuka T. Association of mast cells with tumor
angiogenesis in esophageal squamous cell carcinoma. Dis
Esophagus 2001; 14: 135-138 [PMID: 11553224 DOI: 10.1046/
j.1442-2050.2001.00171.x]
Ammendola M, Sacco R, Donato G, Zuccalà V, Russo E,
Luposella M, Vescio G, Rizzuto A, Patruno R, De Sarro G,
Montemurro S, Sammarco G, Ranieri G. Mast cell positivity
to tryptase correlates with metastatic lymph nodes in gastrointestinal cancer patients treated surgically. Oncology 2013;
85: 111-116 [PMID: 23887206 DOI: 10.1159/000351145]
Acikalin MF, Oner U, Topçu I, Yaşar B, Kiper H, Colak E.
Tumour angiogenesis and mast cell density in the prognostic
assessment of colorectal carcinomas. Dig Liver Dis 2005; 37:
162-169 [PMID: 15888280 DOI: 10.1016/j.dld.2004.09.028]
Gulubova M, Vlaykova T. Prognostic significance of mast
cell number and microvascular density for the survival
of patients with primary colorectal cancer. J Gastroenterol
Hepatol 2009; 24: 1265-1275 [PMID: 17645466 DOI: 10.1111/
j.1440-1746.2007.05009.x]
Peng SH, Deng H, Yang JF, Xie PP, Li C, Li H, Feng DY. Significance and relationship between infiltrating inflammatory
cell and tumor angiogenesis in hepatocellular carcinoma
tissues. World J Gastroenterol 2005; 11: 6521-6524 [PMID:
16425427]
Esposito I, Menicagli M, Funel N, Bergmann F, Boggi U,

February 8, 2015|First Edition|

Marech I et al . Mast cells density in colorectal cancer

53

54

55

56

57

58

59

60

61

62

63

64
65

66

67

Mosca F, Bevilacqua G, Campani D. Inflammatory cells contribute to the generation of an angiogenic phenotype in pancreatic ductal adenocarcinoma. J Clin Pathol 2004; 57: 630-636
[PMID: 15166270 DOI: 10.1136/jcp.2003.014498]
Tuna B, Yorukoglu K, Unlu M, Mungan MU, Kirkali Z. Association of mast cells with microvessel density in renal cell
carcinomas. Eur Urol 2006; 50: 530-534 [PMID: 16426730 DOI:
10.1016/j.eururo.2005.12.040]
Ibaraki T, Muramatsu M, Takai S, Jin D, Maruyama H, Orino T, Katsumata T, Miyazaki M. The relationship of tryptase- and chymase-positive mast cells to angiogenesis in stage
I non-small cell lung cancer. Eur J Cardiothorac Surg 2005; 28:
617-621 [PMID: 16125954 DOI: 10.1016/j.ejcts.2005.06.020]
Carlini MJ, Dalurzo MC, Lastiri JM, Smith DE, Vasallo BC,
Puricelli LI, Lauría de Cidre LS. Mast cell phenotypes and
microvessels in non-small cell lung cancer and its prognostic
significance. Hum Pathol 2010; 41: 697-705 [PMID: 20040391
DOI: 10.1016/j.humpath.2009.04.029]
Ribatti D, Ennas MG, Vacca A, Ferreli F, Nico B, Orru S, Sirigu
P. Tumor vascularity and tryptase-positive mast cells correlate
with a poor prognosis in melanoma. Eur J Clin Invest 2003; 33:
420-425 [PMID: 12760367 DOI: 10.1046/j.1365-2362.2003.01152.
x]
Benítez-Bribiesca L, Wong A, Utrera D, Castellanos E. The
role of mast cell tryptase in neoangiogenesis of premalignant
and malignant lesions of the uterine cervix. J Histochem Cytochem 2001; 49: 1061-1062 [PMID: 11457936 DOI: 10.1177/0022
15540104900816]
Ranieri G, Patruno R, Lionetti A, Di Summa A, Mattioli E,
Bufo P, Pellecchia A, Ribatti D, Zizzo N. Endothelial area and
microvascular density in a canine non-Hodgkin’s lymphoma:
an interspecies model of tumor angiogenesis. Leuk Lymphoma
2005; 46: 1639-1643 [PMID: 16236617 DOI: 10.1080/104281905
00205150]
Nico B, Mangieri D, Crivellato E, Vacca A, Ribatti D. Mast
cells contribute to vasculogenic mimicry in multiple myeloma. Stem Cells Dev 2008; 17: 19-22 [PMID: 18205547 DOI:
10.1089/scd.2007.0132]
Ribatti D, Molica S, Vacca A, Nico B, Crivellato E, Roccaro
AM, Dammacco F. Tryptase-positive mast cells correlate
positively with bone marrow angiogenesis in B-cell chronic
lymphocytic leukemia. Leukemia 2003; 17: 1428-1430 [PMID:
12835741 DOI: 10.1038/sj.leu.2402970]
Ribatti D, Polimeno G, Vacca A, Marzullo A, Crivellato E,
Nico B, Lucarelli G, Dammacco F. Correlation of bone marrow angiogenesis and mast cells with tryptase activity in
myelodysplastic syndromes. Leukemia 2002; 16: 1680-1684
[PMID: 12200681 DOI: 10.1038/sj.leu.2402586]
Molica S, Vacca A, Crivellato E, Cuneo A, Ribatti D. Tryptasepositive mast cells predict clinical outcome of patients with early B-cell chronic lymphocytic leukemia. Eur J Haematol 2003; 71:
137-139 [PMID: 12890156 DOI: 10.1034/j.1600-0609.2003.00110.
x]
Tomita M, Matsuzaki Y, Onitsuka T. Correlation between
mast cells and survival rates in patients with pulmonary
adenocarcinoma. Lung Cancer 1999; 26: 103-108 [PMID:
10568681 DOI: 10.1016/S0169-5002(99)00076-8]
Norrby K. Mast cells and angiogenesis. APMIS 2002; 110:
355-371 [PMID: 12076253 DOI: 10.1034/j.1600-0463.2002.100501.
x]
Erba F, Fiorucci L, Pascarella S, Menegatti E, Ascenzi P,
Ascoli F. Selective inhibition of human mast cell tryptase
by gabexate mesylate, an antiproteinase drug. Biochem
Pharmacol 2001; 61: 271-276 [PMID: 11172730 DOI: 10.1016/
S0006-2952(00)00550-5]
Mori S, Itoh Y, Shinohata R, Sendo T, Oishi R, Nishibori
M. Nafamostat mesilate is an extremely potent inhibitor of
human tryptase. J Pharmacol Sci 2003; 92: 420-423 [PMID:
12939527 DOI: 10.1254/jphs.92.420]
Bai Y, Bandara G, Ching Chan E, Maric I, Simakova O, Ban-

WCGO|www.wjgnet.com

68

69

70

71

72

73

74
75

76

77

78
79

80

81

1886

dara SN, Lu WP, Wise SC, Flynn DL, Metcalfe DD, Gilfillan
AM, Wilson TM. Targeting the KIT activating switch control
pocket: a novel mechanism to inhibit neoplastic mast cell
proliferation and mast cell activation. Leukemia 2013; 27:
278-285 [PMID: 22907049 DOI: 10.1038/leu.2012.218]
Patruno R, Zizzo N, Zito AF, Catalano V, Valerio P, Pellecchia V, D’Errico E, Mazzone F, Ribatti D, Ranieri G. Microvascular density and endothelial area correlate with Ki-67
proliferative rate in the canine non-Hodgkin’s lymphoma
spontaneous model. Leuk Lymphoma 2006; 47: 1138-1143
[PMID: 16840207 DOI: 10.1080/10428190600565859]
Bloom HJ, Richardson WW. Histological grading and prognosis in breast cancer; a study of 1409 cases of which 359
have been followed for 15 years. Br J Cancer 1957; 11: 359-377
[PMID: 13499785 DOI: 10.1038/bjc.1957.43]
Crivellato E, Nico B, Vacca A, Ribatti D. Ultrastructural analysis of mast cell recovery after secretion by piecemeal degranulation in B-cell non-Hodgkin’s lymphoma. Leuk Lymphoma
2003; 44: 517-521 [PMID: 12688324 DOI: 10.1080/10428190210
00047001]
Crivellato E, Ribatti D, Mallardi F, Beltrami CA. Granule
changes of human and murine endocrine cells in the gastrointestinal epithelia are characteristic of piecemeal degranulation. Anat Rec 2002; 268: 353-359 [PMID: 12420282 DOI:
10.1002/ar.10149]
Ward SM, McLaren GJ, Sanders KM. Interstitial cells of Cajal
in the deep muscular plexus mediate enteric motor neurotransmission in the mouse small intestine. J Physiol 2006; 573:
147-159 [PMID: 16513671 DOI: 10.1113/jphysiol.2006.105189]
Mikkelsen HB. Interstitial cells of Cajal, macrophages and
mast cells in the gut musculature: morphology, distribution, spatial and possible functional interactions. J Cell
Mol Med 2010; 14: 818-832 [PMID: 20132411 DOI: 10.1111/
j.1582-4934.2010.01025.x]
Hiromatsu Y, Toda S. Mast cells and angiogenesis. Microsc
Res Tech 2003; 60: 64-69 [PMID: 12500262 DOI: 10.1002/
jemt.10244]
Gounaris E, Erdman SE, Restaino C, Gurish MF, Friend DS,
Gounari F, Lee DM, Zhang G, Glickman JN, Shin K, Rao VP,
Poutahidis T, Weissleder R, McNagny KM, Khazaie K. Mast
cells are an essential hematopoietic component for polyp
development. Proc Natl Acad Sci USA 2007; 104: 19977-19982
[PMID: 18077429 DOI: 10.1073/pnas.0704620104]
Heijmans J, Büller NV, Muncan V, van den Brink GR. Role
of mast cells in colorectal cancer development, the jury is still
out. Biochim Biophys Acta 2012; 1822: 9-13 [PMID: 21146606
DOI: 10.1016/j.bbadis.2010.12.001]
Chichlowski M, Westwood GS, Abraham SN, Hale LP. Role
of mast cells in inflammatory bowel disease and inflammation-associated colorectal neoplasia in IL-10-deficient mice.
PLoS One 2010; 5: e12220 [PMID: 20808919 DOI: 10.1371/
journal.pone.0012220]
Eaden JA, Abrams KR, Mayberry JF. The risk of colorectal
cancer in ulcerative colitis: a meta-analysis. Gut 2001; 48:
526-535 [PMID: 11247898 DOI: 10.1136/gut.48.4.526]
Lachter J, Stein M, Lichtig C, Eidelman S, Munichor M. Mast
cells in colorectal neoplasias and premalignant disorders.
Dis Colon Rectum 1995; 38: 290-293 [PMID: 7882795 DOI:
10.1007/BF02055605]
Ranieri G, Ria R, Roccaro AM, Vacca A, Ribatti D. Development of vasculature targeting strategies for the treatment of
chronic inflammatory diseases. Curr Drug Targets Inflamm
Allergy 2005; 4: 13-22 [PMID: 15720230 DOI: 10.2174/1568010
053622966]
Kashiwase Y, Inamura H, Morioka J, Igarashi Y, KawaiKowase K, Kurosawa M. Quantitative analysis of mast cells
in benign and malignant colonic lesions: immunohistochemical study on formalin-fixed, paraffin-embedded tissues. Allergol Immunopathol (Madr) 2008; 36: 271-276 [PMID:
19080799 DOI: 10.1016/S0301-0546(08)75222-4]

February 8, 2015|First Edition|

Marech I et al . Mast cells density in colorectal cancer
82
83

84

85

86

87

88

89

90

91

92

93

94

95

96

Taweevisit M. The association of stromal mast cell response
and tumor cell differentiation in colorectal cancer. J Med Assoc Thai 2006; 89 Suppl 3: S69-S73 [PMID: 17718271]
Xia Q, Ding Y, Wu XJ, Peng RQ, Zhou Q, Zeng J, Hou JH,
Zhang X, Zeng YX, Zhang XS, Chen YB. Mast Cells in Adjacent Normal Colon Mucosa rather than Those in Invasive
Margin are Related to Progression of Colon Cancer. Chin J
Cancer Res 2011; 23: 276-282 [PMID: 23358806 DOI: 10.1007/
s11670-011-0276-z]
Xia Q, Wu XJ, Zhou Q, Jing-Zeng JH, Pan ZZ, Zhang XS. No
relationship between the distribution of mast cells and the
survival of stage IIIB colon cancer patients. J Transl Med 2011;
9: 88 [PMID: 21651824 DOI: 10.1186/1479-5876-9-88]
Nielsen HJ, Hansen U, Christensen IJ, Reimert CM, Brünner
N, Moesgaard F. Independent prognostic value of eosinophil
and mast cell infiltration in colorectal cancer tissue. J Pathol
1999; 189: 487-495 [PMID: 10629548]
Tan SY, Fan Y, Luo HS, Shen ZX, Guo Y, Zhao LJ. Prognostic significance of cell infiltrations of immunosurveillance in
colorectal cancer. World J Gastroenterol 2005; 11: 1210-1214
[PMID: 15754407]
Elezoğlu B, Tolunay S. The relationship between the stromal
mast cell number, microvessel density, c-erbB-2 staining
and survival and prognostic factors in colorectal carcinoma.
Turk Patoloji Derg 2012; 28: 110-118 [PMID: 22627628 DOI:
10.5146/tjpath.2012.01109]
Fisher ER, Paik SM, Rockette H, Jones J, Caplan R, Fisher
B. Prognostic significance of eosinophils and mast cells in
rectal cancer: findings from the National Surgical Adjuvant
Breast and Bowel Project (protocol R-01). Hum Pathol 1989;
20: 159-163 [PMID: 2562788 DOI: 10.1016/0046-8177(89)9018
0-9]
Yodavudh S, Tangjitgamol S, Puangsa-art S. Prognostic significance of microvessel density and mast cell density for the
survival of Thai patients with primary colorectal cancer. J
Med Assoc Thai 2008; 91: 723-732 [PMID: 18672639]
Malfettone A, Silvestris N, Saponaro C, Ranieri G, Russo A,
Caruso S, Popescu O, Simone G, Paradiso A, Mangia A. High
density of tryptase-positive mast cells in human colorectal
cancer: a poor prognostic factor related to protease-activated
receptor 2 expression. J Cell Mol Med 2013; 17: 1025-1037
[PMID: 23991686 DOI: 10.1111/jcmm.12073]
Song YX, Gao P, Wang ZN, Liang JW, Sun Z, Wang MX,
Dong YL, Wang XF, Xu HM. Can the tumor deposits be
counted as metastatic lymph nodes in the UICC TNM staging system for colorectal cancer? PLoS One 2012; 7: e34087
[PMID: 22461900 DOI: 10.1371/journal.pone.0034087]
Morikawa T, Tanaka N, Kuchiba A, Nosho K, Yamauchi M,
Hornick JL, Swanson RS, Chan AT, Meyerhardt JA, Huttenhower C, Schrag D, Fuchs CS, Ogino S. Predictors of lymph
node count in colorectal cancer resections: data from US
nationwide prospective cohort studies. Arch Surg 2012; 147:
715-723 [PMID: 22508672 DOI: 10.1001/archsurg.2012.353]
Liu X, Cai H, Shi Y, Wang Y. Prognostic factors in patients
with node-negative gastric cancer: a single center experience
from China. J Gastrointest Surg 2012; 16: 1123-1127 [PMID:
22488657 DOI: 10.1007/s11605-012-1881-y]
Sjo OH, Merok MA, Svindland A, Nesbakken A. Prognostic
impact of lymph node harvest and lymph node ratio in patients with colon cancer. Dis Colon Rectum 2012; 55: 307-315
[PMID: 22469798 DOI: 10.1097/DCR.0b013e3182423f62]
Ducroc R, Bontemps C, Marazova K, Devaud H, Darmoul D,
Laburthe M. Trypsin is produced by and activates proteaseactivated receptor-2 in human cancer colon cells: evidence
for new autocrine loop. Life Sci 2002; 70: 1359-1367 [PMID:
11883712 DOI: 10.1016/S0024-3205(01)01519-3]
Yoshii M, Jikuhara A, Mori S, Iwagaki H, Takahashi HK,
Nishibori M, Tanaka N. Mast cell tryptase stimulates DLD-1
carcinoma through prostaglandin- and MAP kinase-dependent
manners. J Pharmacol Sci 2005; 98: 450-458 [PMID: 16093613

WCGO|www.wjgnet.com

97

98

99

100

101

102

103

104

105

106

107

108

109

1887

DOI: 10.1254/jphs.FPJ05002X]
Jikuhara A, Yoshii M, Iwagaki H, Mori S, Nishibori M,
Tanaka N. MAP kinase-mediated proliferation of DLD-1
carcinoma by the stimulation of protease-activated receptor
2. Life Sci 2003; 73: 2817-2829 [PMID: 14511767 DOI: 10.1016/
S0024-3205(03)00702-1]
Sendo T, Sumimura T, Itoh Y, Goromaru T, Aki K, Yano T,
Oike M, Ito Y, Mori S, Nishibori M, Oishi R. Involvement of
proteinase-activated receptor-2 in mast cell tryptase-induced
barrier dysfunction in bovine aortic endothelial cells. Cell
Signal 2003; 15: 773-781 [PMID: 12781870 DOI: 10.1016/
S0898-6568(03)00014-7]
Voltz JW, Weinman EJ, Shenolikar S. Expanding the role
of NHERF, a PDZ-domain containing protein adapter, to
growth regulation. Oncogene 2001; 20: 6309-6314 [PMID:
11607833 DOI: 10.1038/sj.onc.1204774]
Mangia A, Saponaro C, Malfettone A, Bisceglie D, Bellizzi
A, Asselti M, Popescu O, Reshkin SJ, Paradiso A, Simone G.
Involvement of nuclear NHERF1 in colorectal cancer progression. Oncol Rep 2012; 28: 889-894 [PMID: 22766563 DOI:
10.3892/or.2012.1895]
De Luisi A, Ferrucci A, Coluccia AM, Ria R, Moschetta M,
de Luca E, Pieroni L, Maffia M, Urbani A, Di Pietro G, Guarini A, Ranieri G, Ditonno P, Berardi S, Caivano A, Basile A,
Cascavilla N, Capalbo S, Quarta G, Dammacco F, Ribatti D,
Vacca A. Lenalidomide restrains motility and overangiogenic potential of bone marrow endothelial cells in patients with
active multiple myeloma. Clin Cancer Res 2011; 17: 1935-1946
[PMID: 21307145 DOI: 10.1158/1078-0432.CCR-10-2381]
Basile A, Moschetta M, Ditonno P, Ria R, Marech I, De Luisi
A, Berardi S, Frassanito MA, Angelucci E, Derudas D, Specchia G, Curci P, Pavone V, Rossini B, Ribatti D, Bottazzi B,
Mantovani A, Presta M, Dammacco F, Vacca A. Pentraxin
3 (PTX3) inhibits plasma cell/stromal cell cross-talk in the
bone marrow of multiple myeloma patients. J Pathol 2013;
229: 87-98 [PMID: 22847671 DOI: 10.1002/path.4081]
Ranieri G, Mammì M, Donato Di Paola E, Russo E, Gallelli L,
Citraro R, Gadaleta CD, Marech I, Ammendola M, De Sarro
G. Pazopanib a tyrosine kinase inhibitor with strong antiangiogenetic activity: a new treatment for metastatic soft tissue sarcoma. Crit Rev Oncol Hematol 2014; 89: 322-329 [PMID:
24041629]
Gnoni A, Marech I, Silvestris N, Vacca A, Lorusso V. Dasatinib: an anti-tumour agent via Src inhibition. Curr Drug
Targets 2011; 12: 563-578 [PMID: 21226671 DOI: 10.2174/1389
45011794751591]
Yang XP, Li Y, Wang Y, Wang Y, Wang P. beta-Tryptase upregulates vascular endothelial growth factor expression via
proteinase-activated receptor-2 and mitogen-activated protein kinase pathways in bone marrow stromal cells in acute
myeloid leukemia. Leuk Lymphoma 2010; 51: 1550-1558 [PMID:
20578818 DOI: 10.3109/10428194.2010.496013]
Zhang H, Wu J, Meng L, Shou CC. Expression of vascular
endothelial growth factor and its receptors KDR and Flt-1
in gastric cancer cells. World J Gastroenterol 2002; 8: 994-998
[PMID: 12439912]
Passantino L, Passantino G, Cianciotta A, Ribaud MR, Lo
Presti G, Ranieri G, Perillo A. Expression of proto-oncogene
C-kit and correlation with morphological evaluations in
canine cutaneous mast cell tumors. Immunopharmacol Immunotoxicol 2008; 30: 609-621 [PMID: 18608529 DOI: 10.1080/08
923970801949265]
Ranieri G, Gadaleta CD, Patruno R, Zizzo N, Daidone MG,
Hansson MG, Paradiso A, Ribatti D. A model of study for
human cancer: Spontaneous occurring tumors in dogs. Biological features and translation for new anticancer therapies.
Crit Rev Oncol Hematol 2013; 88: 187-197 [PMID: 23561333
DOI: 10.1016/j.critrevonc.2013.03.005]
Ranieri G, Passantino L, Patruno R, Passantino G, Jirillo F,
Catino A, Mattioli V, Gadaleta C, Ribatti D. The dog mast

February 8, 2015|First Edition|

Marech I et al . Mast cells density in colorectal cancer
cell tumour as a model to study the relationship between angiogenesis, mast cell density and tumour malignancy. Oncol
Rep 2003; 10: 1189-1193 [PMID: 12883679]
110 Ranieri G, Pantaleo M, Piccinno M, Roncetti M, Mutinati M,

Marech I, Patruno R, Rizzo A, Sciorsci RL. Tyrosine kinase
inhibitors (TKIs) in human and pet tumours with special reference to breast cancer: a comparative review. Crit Rev Oncol
Hematol 2013; 88: 293-308 [PMID: 23768779]
P- Reviewers: Chen JL, Huang ZH, Stanojevic GZ
S- Editor: Gou SX L- Editor: A E- Editor: Wang CH

WCGO|www.wjgnet.com

1888

February 8, 2015|First Edition|

WCGO

World Clinical
Gastrointestinal Oncology

2015 First Edition
bpgoffice@wjgnet.com

ISBN 978-0-9914430-2-4
© 2015 Baishideng Publishing Group Inc. All rights reserved.

2014 ADVANCES IN COLORECTAL CANCER
WJG 20th Anniversary Special Issues (5): Colorectal cancer

Which strategy after first-line therapy in advanced
colorectal cancer?
Coinu Andrea, Petrelli Fausto, Borgonovo Karen Francesca, Cabiddu Mary, Ghilardi Mara, Lonati Veronica,
Barni Sandro
growth factor-targeting agents (bevacizumab, aflibercept), with the possibility of bevacizumab use even beyond first progression. The purpose of this review is to
summarize the most important scientific data supporting
the use of chemotherapy and the new biologic agents in
the second-line setting in advanced colorectal cancer.

Coinu Andrea, Petrelli Fausto, Borgonovo Karen Francesca,
Cabiddu Mary, Ghilardi Mara, Lonati Veronica, Barni Sandro,
Medical Oncology Unit, Oncology Department, Azienda Ospedaliera di Treviglio, Treviglio, 24047 BG, Italy
Author contributions: All authors contributed equally to the
acquisition of data, drafting of the article and final approval of
the version to be published.
Correspondence to: Coinu Andrea, MD, Medical Oncology
Unit, Oncology Department, Azienda Ospedaliera di Treviglio,
Piazzale Ospedale 1, Treviglio, 24047 BG,
Italy. artefice2003@hotmail.com
Telephone: +39-363-424303 Fax: +39-363-424380
Received: September 29, 2013 Revised: December 31, 2013
Accepted: April 1, 2014
Published online: February 8, 2015

© 2015 Baishideng Publishing Group Inc. All rights reserved.

Key words: Advanced colorectal cancer; Second-line;
Targeted agents; Polychemotherapy; Overall survival
Core tip: This is a review of the current literature on
second-line options in advanced colorectal cancer. This
review was performed to analyse the different possible
choices in this setting and the best strategies to treat
patients with all available active drugs.

Abstract
Second-line therapy for advanced colorectal cancer is
an integral part of the treatment strategy that needs to
be set from the beginning for each patient, bearing in
mind the expected toxicities of chosen treatments, the
patient's clinical condition, comorbidities, preferences,
the aims of the treatment and the molecular status.
Furthermore, the distinction between lines of therapy is
no longer absolute. The perspective of “continuum of
care” includes switching chemotherapy prior to disease
progression, maintenance therapy, drug "holidays" if
needed, surgical resection of metastases in selected patients, and seems to allow a tailored treatment, in which
patients are more likely to benefit from exposure to all
active agents, which is known to correlate with overall survival. The scenario of second-line treatment has
changed dramatically over the years and could currently
benefit from several options including chemotherapy
with a single agent or in combination and the addition
of molecular-targeted agents developed in the last decade, such as epidermal growth factor receptor antibodies (cetuximab, panitumumab) and vascular endothelial
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INTRODUCTION
Second-line therapy is an integral part of the treatment
strategy for advanced colorectal cancer (aCRC). The
availability of all active agents has been beneficial in patients with this disease, with an overall survival (OS) rate
directly correlated to the number of agents the patients
are exposed to[1]. Recently, the introduction of agents
targeting the angiogenic and epidermal growth factor
receptor (EGFR) pathways, including bevacizumab,
aflibercept, regorafenib, cetuximab and panitumumab,
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have expanded treatment options, particularly for pretreated diseases and upfront treatment[2-8]. The correct
course of treatment, from the first-line to later lines of
treatment, has yet to be validated, but the prudent application of all active drugs in the treatment strategy
should be designed for each patient with advanced CRC.
The strategy should be modified according to the site of
disease, endpoint of cure, age, performance status and
comorbidities.
Treatment options in pretreated patients depend on
different parameters. First, the choice of second-line
therapy is linked to the first-line agents the patients have
been exposed to. If irinotecan was the agent of choice
(e.g. FOLEIRI alone or in combination), oxaliplatin +
5-fluorouracil (e.g. FOLFOX) will be the cornerstone of
treatment for the second-line.
Toxicity parameters, patient condition and preferences are alternative modes of choosing treatments. In the
presence of disseminated disease, in poor performance
status patients, and where palliation of symptoms and
prolongation of progression-free survival (PFS) are the
main endpoints, a sequence of single agents is a concrete
alternative to second-line poly-chemotherapy. Two trials
addressed this issue: the FOCUS and CAIRO trials. In
both trials, the OS was similar in both study groups (upfront and second-line combinations vs single agents in
both the first- and second-lines). However, in both studies, the median OS in the single agent groups was lower
than expected (13.9 and 16.3 mo, respectively) with the
modern agents now available. Conversely, a more intensive schedule, including biologic agents, has shown
a benefit when adopted in combination with standard
doublets. For example, the addition of panitumumab
and aflibercept to FOLFIRI improved the outcomes in
the oxaliplatin-pretreated population[3,7]. In second- or
further lines of treatment, the influence of subsequent
therapies is less pronounced; therefore, an OS benefit is
more likely to be demonstrated. This is the reason why
first-line agents confer little or nonsignificant gains in
median OS. In this trial, the post-progression survival,
that is the survival after first progression until death, has
an enormous influence on the OS with first-line treatment[9]. This confirms that second-lines and beyond have
increasing relevance on the overall treatment strategy.
With the current state-of-the-art CRC treatments, the
advent of new agents, and the different treatment options that are now available, we have performed a review
of the current literature to discuss the different options
for patients with metastatic CRC who have failed firstline treatment.

5-fluorouracil (5-FU) was the only active agent. Furthermore, the model of distinct lines of chemotherapy, in
which regimens containing non cross-resistant drugs are
used in progressive disease, is debated. A continuum of
care approach has been proposed, and seems to allow a
more tailored treatment. This approach includes switching chemotherapy prior to disease progression, maintenance therapy, drug holidays, and surgical resection of
metastases in selected patients. With this approach, the
distinction between lines of therapy is no longer absolute. This model emphasizes the importance of an individualized treatment strategy in aCRC, in which patients
are given the opportunity to benefit from exposure to all
active agents that correlate with OS[10].
Regardless of age, patients with a poor performance
status (PS) (e.g. Eastern Cooperative Oncology Group
PS ≥ 2 or Karnofsky PS < 60) usually tolerate chemotherapy poorly and have a poor short-term prognosis.
Some patients, especially those whose PS decline is
not cancer related, will be treated with monotherapy, often with LV-modulated 5-FU or capecitabine.
As a single agent, irinotecan has shown clinical benefits after 5-FU failure in patients with aCRC. In a randomized trial, 279 patients with 5-FU-refractory disease
were randomly assigned, with a 2:1 ratio, to irinotecan
with best supportive care (BSC) (189 patients) or to BSC
alone (90 patients)[11]. The OS rate was significantly better in the irinotecan group (p = 0.0001), with a 1-year
survival of 36.2% vs 13.8% in the BSC group. The
quality-of-life analysis (except the diarrhoea score) also
favoured irinotecan.
Conversely, oxaliplatin alone in the second-line setting has shown a low level of activity. In a randomized
phase Ⅲ trial, 423 patients with metastatic colorectal
cancer who progressed after IFL (irinotecan, fluorouracil, and leucovorin) therapy were randomly assigned
to bolus and infusional FU and leucovorin (LV5FU2),
single-agent oxaliplatin, or the combination (FOLFOX4).
FOLFOX4 proved to be superior to LV5FU2 in all measures of clinical efficacy (objective response rate, time to
tumour progression, and alleviation of tumour-related
symptoms); however, single-agent oxaliplatin was not
superior to LV5FU2 in any measure of efficacy, with an
objective response rate of 0%[12].
The sequential use of active single agents, rather than
combination regimens, has been proposed to reduce the
overall toxicity of therapy, maintaining the same outcome in terms of survival.
The European FOCUS and CAIRO trials addressed
the issue of initial combination vs single agent therapy.
In the FOCUS trial, 2135 non-pretreated patients
were randomly assigned to three treatment strategies in
the ratio of 1:1:1. Strategy A was single-agent fluorouracil until failure, then single-agent irinotecan. Strategy B
was fluorouracil until failure, then combination chemotherapy (FOLFOX or FOLFIRI). Strategy C was upfront combination therapy. The OS (primary endpoint)
of the patients allocated to Strategy A was 13.9 mo. The

SECOND-LINE TREATMENT: CHOICE OF
CHEMOTHERAPY
The treatment strategy in advanced colorectal cancer has
changed over the years, due (especially) to the availability
of several new drugs which are able to double the average median survival rate, compared to the era in which
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median survival for each of the other groups was longer
(15 mo for Strategy B, 16.4 mo for Strategy C). Only the
comparison of initial FOLFIRI vs sequential single agent
therapy was statistically significant (median survival: 16.7
vs 13.9 mo). This trial showed that sequential single agent
therapy did not compromise overall survival, and initial
single-agent treatment upgraded to combination when
required was not worse than the first-line combination,
and could be an option to consider.
The trial allowed the use of FOLFOX or FOLFIRI
as the third-line treatment, but only 23% of all patients
received all three active agents, with a higher rate for patients allocated to Strategy C than for Strategy A (33% vs
16%)[13].
In the CAIRO trial, 820 patients with aCRC were
randomized to receive either first-line treatment with
capecitabine, second-line irinotecan, or third-line capecitabine plus oxaliplatin (sequential treatment; n = 410), or firstline treatment with capecitabine plus irinotecan and
second-line treatment with capecitabine plus oxaliplatin
(combination treatment; n = 410). The median OS (primary endpoint) was similar for the sequential vs initial
combination therapy (16.3 vs 17.4 mo) and PFS was superior with combination therapy. The XELIRI regimen
was affected by a higher rate of grade 3-4 diarrhoea, and
almost half of the patients starting with this combination did not receive second-line chemotherapy[14].
As in the FOCUS trial, in the CAIRO study the
proportion of patients treated with a sequential strategy
who eventually received all three drugs (19% in FOCUS
and 36% in CAIRO) was lower when compared with
patients treated with a combination regimen (33% in
FOCUS and 55% in CAIRO). These data support the
hypothesis that patients receiving first-line combination
therapy are more likely to receive all three active agents
during the course of their disease than those who initiate
treatment with a single agent[15].
Thus, in fit patients, a reasonable first-line with a
combination doublet (FOLFOX, XELOX, or FOLFIRI), and the choice of chemotherapy regimen, will be
driven by the expected toxicity profile and by the patient’
s preference. The second-line treatment should be linked
with the first-line choice, and FOLFIRI (or irinotecan
alone) will follow a first-line with an oxaliplatin-based
regimen. Conversely, it seems logical to use FOLFOX in
the second-line treatment if the irinotecan-based regimen has been previously chosen.

were randomly assigned to cetuximab plus irinotecan,
or irinotecan alone. The median OS (primary endpoint)
was similar between the two arms of the study: 10.7 mo
(95%CI: 9.6-11.3) with cetuximab/irinotecan and 10.0
mo (95%CI: 9.1-11.3) with irinotecan alone (HR = 0.975;
95%CI: 0.854-1.114; P = 0.71).
However, cetuximab combined with irinotecan significantly improved the PFS (median, 4.0 vs 2.6 mo; HR =
0.692; 95%CI: 0.617-0.776; P ≤ 0.0001) and RR (16.4%
vs 4.2%; P < 0.0001), and was associated with better
scores in the QOL analysis of global health status (P =
0.047). The lack of difference in terms of survival could
be explained by the fact that almost 47% of the patients
assigned to irinotecan eventually received cetuximab.
The addition of cetuximab to irinotecan did not result
in meaningful increases in toxicity, with the exception of
acneiform rash, diarrhoea, and electrolyte imbalances[16].
The KRAS mutation status was retrospectively obtained in only 23% of the randomized patients. In the
small subset of patients with wild-type KRAS tumours
(15% of the whole population), the PFS was longer
when cetuximab was added to irinotecan, but the RR
and OS were similar[17].
The activity of cetuximab + chemotherapy has been
reported in a pooled analysis by Barni et al[18], which
included 1712 KRAS wild-type patients. The overall
response rate was 31.9%, with similar response rates of
28.7% for the second-line treatment and 31.1% for the
third- or further lines. The overall weighted median OS
and PFS were 12.5 and 6 mo, with a weighted OS of
11.56 and 12.2 mo for the second- and further line CRC
settings, respectively.
Panitumumab is a fully human monoclonal antibody
directed against the EGFR gene. As a single agent, it has
been shown to prolong PFS in patients who had progressed after standard chemotherapy (5-FU, irinotecan
and oxaliplatin)[2].
In the second-line setting, the efficacy of the combination panitumumab-FOLFIRI was evaluated in a phase
Ⅲ trial, in which 1186 patients were randomly assigned
to receive panitumumab plus FOLFIRI, vs FOLFIRI
alone. The patient subgroups on the basis of KRAS
status were considered. In the wild-type KRAS subpopulation, the combination FOLFIRI-panitumumab
resulted in a significant improvement in PFS (5.9 mo for
panitumumab-FOLFIRI vs 3.9 mo for FOLFIRI, HR
= 0.73; 95%CI: 0.59-0.90; P = 0.004). A non-significant
trend toward increased OS was observed, and the median OS was 14.5 mo vs 12.5 mo, respectively (HR = 0.85,
95%CI: 0.70-1.04; P = 0.12). One acceptable hypothesis
to explain the discrepancy between the PFS and OS is
crossover in the chemotherapy alone study groups. The
response rate was improved from 10% to 35% with
the addition of panitumumab. In patients with mutated
KRAS, there was no difference in efficacy. In terms of
safety, there were differences in the incidence of skin
toxicity and hypomagnesaemia between the panitumumab and the control arms of the study (37% vs 2% and

Anti-EGFR in the second-line setting
Cetuximab is a mouse/human chimeric monoclonal
antibody, which binds the EGFR, competitively inhibiting ligand binding, and inducing receptor dimerization
and internalization. In combination with irinotecan, after first-line fluoropyrimidine and oxaliplatin treatment
failure, it was shown to improve the PFS and response
rates in the multicentre, open-label, phase Ⅲ EPIC trial.
In this study, 1298 patients, previously treated during
first-line therapy with a fluoropyrimidine and oxaliplatin,
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3% vs < 1%, respectively), and a 4% increase in grade
3 to 4 events such as diarrhoea, due to the overlapping
toxicities between the EGFR inhibitor and irinotecan
regimen[3].
The phase Ⅲ PICCOLO trial investigated the potential benefits of adding panitumumab to irinotecan in
patients with aCRC, progressing after fluoropyrimidine
treatment with or without oxaliplatin. Four hundred and
sixty patients, including KRAS wild-type and those who
had not been treated previously with EGFR targeting
agents, were randomized to irinotecan alone or irinotecan-panitumumab (IrPan group). There was no difference in OS between the groups (HR = 1.01; 95%CI:
0.83-1.23; P = 0.91), but the patients in the IrPan group
had longer PFS rates (HR = 0.78; 95%CI: 0.64-0.95; P
= 0.015) and a greater response rate (34% vs 12%; p <
0.0001) than patients in the irinotecan group[19].
In KRAS wild-type patients who had not previously
been exposed to a first-line treatment with a combination containing an anti-EGFR, or who had been treated
with chemotherapy plus bevacizumab, an option is to
add an anti-EGFR to chemotherapy (with panitumumab,
in second-line, which is only approved in combination
with FOLFIRI).

KRAS mutation could, therefore, benefit from bevacizumab in second-line therapy.
For patients treated with a first-line bevacizumabcontaining chemotherapy regimen, the continuation
of bevacizumab beyond the first progression with a
second-line fluoropyrimidine-based chemotherapy can
be considered, particularly for those with a KRAS mutation, who would not benefit from the use of an EGFRtargeted therapy.
The Bevacizumab Regimens' Investigation of Treatment Effects (BRiTE) study was a large, observational,
bevacizumab treatment study in which baseline characteristics, bevacizumab-related adverse events, and effectiveness data were collected from 1953 metastatic colorectal
cancer (mCRC) patients who were receiving first-line
treatment including bevacizumab. One-thousand fourhundred and forty-five of the 1953 patients with mCRC
who were enrolled in the BRiTE study, and who experienced disease progression, were classified into three
groups: no post-progression treatment (n = 253), postprogression treatment without bevacizumab (n = 531),
and post-progression treatment with bevacizumab (n =
642). The median OS was 25.1 mo (95%CI: 23.4-27.5
mo), and median PFS was 10.0 mo in the overall BRiTE
population. In multivariate analyses, the use of bevacizumab beyond progression, compared with a second-line
treatment not containing bevacizumab, was strongly and
independently associated with improved survival (HR =
0.48; P < .001) with a median OS of 31.8 mo. Hypertension that required medication was the only bevacizumabrelated side effect that occurred more frequently in the
group of patients treated with a bevacizumab-containing
regimen beyond progression (24.6% vs 19.2%)[21].
Other data supporting the use of bevacizumab beyond progression came from the ARIES study, a community-based observational cohort study that evaluated
the effectiveness and safety of first-line treatment patterns. An analysis of 1074 patients, who progressed after
first-line bevacizumab-containing treatments, evaluated
390 patients who were treated in second-line with an
irinotecan-based regimen ± bevacizumab, and 114 patients treated with an oxaliplatin-based therapy, (always
as second-line) ± bevacizumab. In patients receiving
second-line irinotecan or oxaliplatin-based chemotherapy, the post-progression survival in the bevacizumabtreated patients was longer when compared to those not
on bevacizumab (HR = 0.52, 0.40-0.67, for irinotecanbased + bevacizumab; HR = 0.5, 0.23-1.14, for oxaliplatin-based + bevacizumab)[22].
In a more recent, open-label phase 3 study, 409 patients affected by mCRC, progressing up to 3 mo after
discontinuing first-line bevacizumab plus chemotherapy,
were randomly assigned in a 1:1 ratio to second-line
chemotherapy with or without bevacizumab at 2.5
mg/kg per week. The median OS was 11.2 mo (95%CI:
10.4-12.2) for bevacizumab plus chemotherapy and
9.8 mo (8.9-10.7) for chemotherapy alone (HR = 0.81;
95%CI: 0.69-0.94; unstratified log-rank test, P = 0.0062),

Anti-VEGF in the second-line setting
The efficacy of bevacizumab, in combination with the
FOLFOX4 regimen in previously treated aCRC patients,
was proven in a randomized phase Ⅲ trial in which 829
patients pretreated with fluoropyrimidine and irinotecan
were randomly assigned to receive oxaliplatin, fluorouracil, and leucovorin (FOLFOX4) with or without bevacizumab, or bevacizumab alone.
The median OS (primary endpoint) for the group
treated with FOLFOX4 and bevacizumab was 12.9
mo, compared with 10.8 mo for the group treated with
FOLFOX4 alone (HR for death = 0.75; P < 0.0011),
and 10.2 mo for those treated with bevacizumab alone.
Furthermore, the combination of bevacizumab and
FOLFOX4 resulted in a statistically significant improvement in PFS, when compared with those treated with
chemotherapy alone (7.3 vs 4.7 mo; HR for progression
= 0.61, P < 0.0001). FOLFOX4 plus bevacizumab was
associated with a higher incidence of hypertension,
bleeding, vomiting and neuropathy when compared with
the doublet alone[8].
There are no randomized trials comparing irinotecanbased chemotherapy (FOLFIRI), with or without bevacizumab, as a second-line therapy in patients pretreated
with first-line FOLFOX. A pooled analysis of published
trials (11 publications, 435 patients) showed a pooled
response rate of 26%, with median PFS and OS of 8.3
and 17.2 mo, respectively. This analysis shows that FOLFIRI-bevacizumab is a reasonable and effective option
for aCRC pretreated with oxaliplatin, and not exposed to
bevacizumab in first-line therapy[20].
Patients treated in the first-line with a chemotherapy
regimen including an anti-EGFR, or patients with a
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showing that continuing VEGF inhibition with bevacizumab, plus standard second-line chemotherapy beyond
disease progression, has clinical benefits in patients with
mCRC[23].
Additional data supporting the use of bevacizumab
beyond progression comes from the phase Ⅲ BEBYP
trial by the Gruppo Oncologico Nord Ovest. In this
study (results presented at ASCO 2013), 184 patients
with aCRC treated in the first-line with bevacizumab plus
fluoropyrimidine, FOLFIRI, FOLFOX or FOLFOXIRI
were randomized to receive FOLFOX6 or FOLFIRI in
the second-line, with or without bevacizumab. After a
median follow-up of 22 mo, an improvement in the PFS
for the study arm with bevacizumab was confirmed (5.2
mo vs 6.7 mo; HR = 0.66; 95%CI: 0.49-0.90; unstratified
P = 0.0072). The benefit in terms of PFS was consistent
in all subgroups considered[24].
An alternative option in the second-line for patients
with mCRC, which is resistant to or has progressed following an oxaliplatin-containing regimen, is the combination of aflibercept and FOLFIRI. Aflibercept is a
fusion protein with key domains for human VEGF receptors 1 and 2 with human IgG Fc[25] that blocks all human VEGF-A isoforms, VEGF-B and placental growth
factor[26].
The approval of aflibercept in combination with
FOLFIRI in this setting of patients was based on the
placebo-controlled VELOUR trial, in which 1226 patients with mCRC that had progressed during or within
six mo of receiving oxaliplatin-containing chemotherapy,
with or without bevacizumab, were randomized to FOLFIRI with aflibercept (4 mg/kg Ⅳ) or placebo every two
weeks until progression. Median OS was significantly
longer in patients treated with aflibercept (13.5 vs 12.1
mo) as was the median PFS (6.9 vs 4.7 mo)[7]. The improvement in OS was consistent, regardless of prior
treatments with bevacizumab.

even beyond the first progression following a previous
bevacizumab-containing therapy; additionally, aflibercept is a new option in combination with FOLFIRI. In
KRAS patients, panitumumab can be used in the secondline in combination with FOLFIRI with patients who
have received first-line fluoropyrimidine-based chemotherapy (excluding irinotecan). Cetuximab is indicated in
combination with irinotecan-based chemotherapy, and in
combination with irinotecan alone in those patients who
have failed a previous treatment with an irinotecan-based
regimen. No clear superiority between targeted agents
in the second-line has been shown, as reported by the
SPIRITT trial. This was a randomized phase Ⅱ study,
evaluating panitumumab + FOLFIRI vs bevacizumab +
FOLFIRI in patients with wild-type KRAS mCRC previously treated with a bevacizumab + oxaliplatin-based
chemotherapy in the first-line. In this trial there was no
difference in the OS and PFS between the 2 treatment
arms[27].
With so many options to consider, one cannot definitively state which is the best second-line treatment
choice. The ongoing COMETS study, a GISCAD trial, is
attempting to clarify this point by comparing two different sequences of therapy, irinotecan/cetuximab followed
by FOLFOX-4 vs FOLFOX-4 followed by irinotecan/
cetuximab, in mCRC patients treated with FOLFIRI/bevacizumab as the first-line chemotherapy.
The best strategy is presently unknown. A tailored
sequence of treatments should be planned and proposed
to patients by the beginning of the first-line therapy.
With this in mind, the COMETS trial was designed.
From the discussions between patients and physicians,
bearing in mind the objective of the treatment and patient performance status and preference, the choice of
second-line therapy will be decided, as in other phases
of the disease history.
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Core tip: We focus on methods of the detection of molecular changes in metastatic colorectal cancer cells,
and describe the characteristics for the methods, such
as DNA methylation, mRNA, microRNA, immunomagnetic separation, protein and cancer-associated mutations. Moreover, we review the clinical significance
according to the type of samples, such as blood,
lymph node, bone marrow and peritoneal lavage fluid.
At present, it is difficult to conclude that one specific
molecular marker is superior to others. Comparative
analyses are recommended to assess the prognostic
impact of molecular analyses in the same patient and
determine the biomarkers that provide the most accurate prognostic information.

Abstract

Original sources: Kamiyama H, Noda H, Konishi F, Rikiyama
T. Molecular biomarkers for the detection of metastatic colorectal cancer cells. World J Gastroenterol 2014; 20(27): 8928-8938
Available from: URL: http://www.wjgnet.com/1007-9327/full/v20/
i27/8928.htm DOI: http://dx.doi.org/10.3748/wjg.v20.i27.8928

Approximately half of all patients with colorectal cancer develop local recurrence or distant metastasis during the course of their illness. Recently, the molecular
detection of metastatic cancer cells in various types
of clinical samples, such as lymph nodes, bone marrow, peripheral blood, and peritoneal lavage fluid, has
been investigated as a potential prognostic marker.
The prognostic value of molecular tumor cell detection was independent of the type of detection method
used. As assays become more sensitive and quantitative, a more thorough assessment of the cancer status
of patients will be based on molecular markers alone.
At present, it is difficult to conclude that one specific
molecular marker is superior to others. Comparative
analyses are recommended to assess the prognostic
impact of molecular analyses in the same patient and
determine the biomarkers that provide the most accurate prognostic information.

INTRODUCTION
Colorectal cancer (CRC) is a common cause of morbidity and mortality[1]. The 5-year survival rate of this disease
is approximately 90% for patients with localized disease
and approximately 66% for patients with regional disease, as determined at diagnosis[2,3]. The incidence of disease recurrence is 25% in the absence of regional node
involvement, suggesting that conventional pathology
may fail to detect occult nodal metastasis[2,4]. Most deaths
from cancer are caused by metastatic disease, and the
prevention of subsequent metastasis is now the focus of
clinical research in this field[5]. The early spread of tumor

© 2015 Baishideng Publishing Group Inc. All rights reserved.
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protein structure or function can be used as molecular
biomarkers to detect cancers at an early stage, determine
prognosis, and monitor disease progression or therapeutic response[6]. Molecular biomarkers are defined as
markers detected using molecular detection techniques
such as immunohistochemistry or polymerase chain reaction (PCR).
Molecular tests usually begin with the preparation of
a DNA, RNA, or protein extract from a clinical sample.
The ratio of neoplastic cells to normal cells varies considerably from one clinical sample to another. It is difficult to isolate specifically neoplastic cells on the basis
of clinical sample analysis, considering that samples are
often composed primarily of cellular debris and free
substrates (such as DNA, RNA, and protein). Therefore,
clinical samples are frequently a heterogeneous mix of
normal and cancer cells, DNA, RNA, and protein[15].
Two of the most important factors in determining the
efficiency of a molecular marker assay are sensitivity
(i.e., the minimal amount of the substrate that can be
detected) and specificity (i.e., the percentage of assays
that correctly distinguish normal from cancer-containing
samples). The sensitivities and specificities reported in
various studies that used molecular methods to analyze
blood samples are shown in Table 1. In general, there is
a trade-off between sensitivity and specificity[6,15].

Table 1 Sensitivities and specificities of various studies that
took blood samples n (%)
Source

Method

Marker

Sensitivity

Specificity

Serum
MSP
CDKN2A (p16)
14/52 (27)
44/44 (100)
Serum RT-PCR
CEA
51/121 (42)
27/33 (82)
Serum RT-PCR
CK20
22/99 (22) 150/150 (100)
Serum
qPCR
miR-92
80/90 (89)
35/50 (70)
Serum CellSearch
EpCAM
20/74 (27) 228/246 (93)
Serum
CLIA
CEA
188/429 (44) 184/201 (92)

Ref.
[32]
[56]
[38]
[84]
[88]
[112]

MSP: Methylation-specific polymerase chain reaction; qPCR: Quantitative
reverse transcription polymerase chain reaction (RT-PCR); CLIA: Chemiluminescence immunoassay; CEA: Carcinoembryonic antigen; CK20:
Cytokeratin 20; EpCAM: Epithelial cell adhesion molecule.

cells is usually not detected by the imaging technologies
currently available. Metastasis-specific markers are also
urgently required to help in delineating the spread of
disease to neighboring tissues, lymph nodes (LNs), and
distant parts of the body[6].
Molecular biomarkers have also been used to detect
metastatic cancer cells in peripheral blood samples, bone
marrow (BM), LNs, or peritoneal fluid[6,7]. Tumor cells
detected in the peripheral blood are called circulating
tumor cells (CTCs). The precise role of CTCs detected
in patients with metastases remains unknown. Some of
these CTCs may be transiting from the primary tumor to
sites of future metastasis, indicating that metastasis is in
progress. Alternatively, the detected CTCs may primarily
be innocent bystanders that simply reflect a high metastatic burden or aggressive disease. The latter theory
would explain the fact that the detection of CTCs is associated with poor outcome in patients with metastatic
CRC[8]. Tumor cells located in the BM are termed disseminated tumor cells (DTCs). Evidence indicates that
the BM is the common organ to which tumor cells from
many types of carcinomas migrate. It can be speculated
that the BM also forms an important reservoir of tumor
cells, from which these cells may recirculate into other
distant organs where better growth conditions may exist (such as the liver or lungs)[9,10]. The pivotal roles of
biomarkers of LNs may help in identifying patients with
node-negative CRC who are at a high risk of tumor recurrence and who may benefit from adjuvant therapy[11].
Peritoneal dissemination in patients with CRC is less
frequent; therefore, from a prognostic perspective, it is
considered less important compared with LN and liver
metastasis[12]. However, the incidence of peritoneal seeding during potentially curative surgery for primary CRC
reported in a series of 12 patients varied widely from 3%
to 28%, which may be explained by differences in the
methods used for tumor cell detection[13,14].
In this review, we will focus on the different types of
molecular biomarkers of CRC that can be used for the
detection of metastatic cancer cells and discuss their potential as prognostic markers of CRC.

METHODS OF DETECTION OF
MOLECULAR CHANGES IN METASTATIC
CRC CELLS AND THEIR CLINICAL
SIGNIFICANCE
DNA methylation
One of the most promising types of markers is based on
the detection of hypermethylation of promoter regions
of cancer-associated genes[6,16-18]. Many types of cancer
cells use this mechanism to inactivate tumor suppressor
genes[16,19-22]. This assay can detect approximately one
cancer cell among 1000 normal cells, a sensitivity that is
sufficient to detect tumor DNA in most body fluids[23,24].
DNA methylation profiles represent a more chemically
and biologically stable source of molecular diagnostic
information compared with RNA or most proteins[16,25].
Cancer-specific DNA methylation patterns can be found
in detached tumor cells in bodily fluids and biopsies
and in free-floating DNA released from cancer cells[6,16].
The methylation biomarker studies performed till date
varied in methylation targets, source of DNA, and type
of tumor[15-17]. If a patient with CRC tests negative for
a methylation marker in a tumor as well as in a remote
sample, the result is classified as false-negative for disease
detection. Therefore, researchers need to choose multiple
target genes that are reportedly methylated with different
frequencies in tumors and rarely in normal tissues[18,26].

MOLECULAR BIOMARKERS OF CANCER

Serum (peripheral blood): Cancer patients exhibit elevated levels of free DNA in their blood because of a high

Alteration in gene sequence and expression levels and

WCGO|www.wjgnet.com

1897

February 8, 2015|First Edition|

Kamiyama H et al . Molecular biomarkers for metastatic CRC cells
50 mL of saline were introduced into the peritoneal cavity and aspirated
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Figure 1 Outline of quantitative methylation-specific polymerase chain reaction analysis in peritoneal lavage. The depth of invasion and subsequent increased likelihood of tumor cells exfoliated from colonic serosa is reflected in the presence of tumor-related methylated DNA in peritoneal cavity. In quantitative
methylation-specific polymerase chain reaction (PCR) step, the DNA polymerase cleaves only probes that are hybridized to the target. Cleavage separates the reporter dye (R) from the quencher dye (Q); resulting in increased fluorescence by the reporter. The increase in fluorescence signal occurs only if the target sequence is
complementary to the probe and is amplified during PCR.

cellular turnover[25,27]. The circulatory DNA from blood or
other body fluids can be captured easily, and the status of
DNA methylation at various gene promoters can be determined using various methods[16,21,25]. Nakayama et al[28] demonstrated that methylated p16 is detectable in the serum
of 69% patients with recurrent CRC. Several studies have
addressed whether gene promoter methylation can be used
to detect prevalent CRC using DNA recovered from the
plasma or serum[19,29-32]. The presence of detectable tumor
DNA in the plasma or serum is generally associated with
a poor prognosis[26,28,29,32]. Wallner et al[26] identified HPP1,
HLTF, and hMLH1 as promising methylation markers in
the serum of patients with CRC because these genes are
not methylated in the serum of healthy controls and are
methylated more frequently in metastatic disease than in
local disease.

and the corresponding matched PLF DNA. The relative
methylation levels of these genes in primary CRC tissues
and paired PLF samples were assessed by quantitative
methylation-specific PCR. An aberrant methylation of
at least one gene was found in 45 out of the 51 (88%)
primary tumors. In the PLF, the frequencies of aberrant
promoter methylation were 16% for CDH1, 2% for p16,
4% for MGMT, and 24% for APC. Patients with PLF
samples that exhibited methylation of more than one of
these four target genes had a significantly shorter relapsefree survival[34].
mRNA (cDNA)
CRC cells show marked changes in the expression of
many genes at the mRNA level[6]. One of the most common approaches used to identify and quantify mRNA
levels in clinical samples is reverse transcription PCR
(RT-PCR)[7,35]. Cytokeratin (CK) mRNA is a common
marker of epithelial cells[36]. Many target genes have been
previously used to detect micrometastasis from CRC, including carcinoembryonic antigen (CEA), MUC1, CK-8,
CK18, CK19, and CK20. There is no specific marker of
CRC, and the detection of disseminated neoplastic cells
is based on epithelial markers such as CK20 and CEA.
CK20 mRNA is considered to be a reliable target for the
detection of disseminated CRC cells, and the frequency

Peritoneal lavage fluid: Few studies have addressed gene
methylation for the detection of micrometastasis to the
peritoneal fluid in patients with gastrointestinal cancer[33].
We first reported the prognostic relevance of the detection of methylation of tumor-related genes in the peritoneal lavage fluid (PLF) of patients undergoing resection of CRC (Figure 1). The methylation pattern of the
promoter of four target genes, CDH1, CDKN2A (p16),
MGMT, and APC, was examined in 51 primary CRCs
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than 100, with DTC detection rates of 11%-35%[73,75-77].
The CK20 detection rate in healthy controls ranged between 0% and 10%. Four groups found an association
between the presence of CK20 transcripts and poor
overall survival (OS)[78].

of false-positive results is reportedly lower (0%-8%)
for CK20 mRNA than for CEA mRNA (0%-33%)[37].
It is important to remember that the altered expression of some of these genes has also been reported in
normal cells, leading to false-positive results[2,7]. To solve
this problem, more quantitative analysis may eventually
determine a cut-off level for differentiating between
cancer and normal cells[38]. Although the isolation of
intact RNA from bodily fluids and tissue samples is also
possible, it generally requires cumbersome efforts to
neutralize ubiquitous RNase enzymes[6].

PLF: Guller et al[37] evaluated the clinical relevance of real-time quantitative PCR (qPCR) detection of CEA and
CK20 transcripts in the PLF and blood from patients
undergoing surgery for CRC and found that it was potentially related to tumor-cell dissemination. Among 39
patients with CRC, 11 had at least one sample that was
positive for CEA or CK20. Six patients had evidence
of disseminated CRCs before resection, whereas 10 had
evidence of disseminated CRCs after resection. CEA
qPCR amplification was detected in eight patients, and
CK20 qPCR amplification was detected in 10 patients.
Nine of the 11 PCR-positive patients developed recurrence (five distal metastases and four local metastases)
after an average follow-up of 12 mo, whereas only two
of the 28 qPCR-negative patients developed recurrence.
In seven patients, disseminated CRCs were found in the
PLF but not in the blood; five of these patients (71%)
developed recurrence.

Serum (peripheral blood): A meta-analysis of nine studies performed between 1998 and 2006 showed that patients
with CTC positivity detected using RT-PCR of blood
samples collected from the tumors’ drainage veins correlated more with LN positivity (50%) than with LN negativity (21%). Furthermore, hepatic metastasis was found
more often in CTC-positive patients (21%) than in CTCnegative patients (8%)[39,40]. A systematic review that evaluated CTCs after surgical resection of CRC and summarized its characteristics found that 14 reports fulfilled the
inclusion criteria[7,36,41-53]. The mean CTC detection rate
was 33.4%. Moreover, there were no differences among
studies that obtained perioperative, early postoperative,
and late postoperative samples or among studies that
included patients with early-stage disease only, curative
patients only, and patients with disease in all stages. The
reported studies showed that perioperative CTC levels
were not useful for predicting CRC recurrence[7]. The
presence of CTCs in the peripheral blood at least 24 h
after CRC resection is an independent prognostic marker
of recurrence[7]. The sensitivity and specificity of target
PCR amplification in CRC patients and control subjects
were 22%-83% and 76%-100%, respectively[38,54-61].

MicroRNAs
MicroRNAs (miRNAs) are small (18-24 nucleotides)
RNAs that regulate the translation and stability of specific target mRNAs[79]. The deregulation of specific miRNAs contributes to a variety of diseases, most notably
the development and progression of cancer, including
CRC[80]. Once thought to be unstable RNA molecules,
miRNAs are now known to be stably expressed in serum,
plasma, urine, saliva, and other body fluids[81]. Biochemical analyses indicate that miRNAs are resistant to RNase
activity as well as extreme pH and temperature[81-83]. The
enormous potential of circulating miRNAs as an ideal
class of cancer biomarkers is based on certain facts. First,
they are remarkably stable molecules, well-preserved in
harsh conditions, and resistant to RNase activity. Second,
their expression profiles are specifically correlated with
certain types of cancer or pathognomonic conditions.
Third, they are easily accessible and can be sampled in a
relatively noninvasive manner and readily detected using
various techniques[81].

LNs: To determine the spread of disease, many studies have attempted to detect CK mRNA in the LNs of
patients with cancer using RT-PCR[2,62-66]. Isolated tumor
cells or micrometastases within regional LNs that are not
detected via conventional histopathological examination
(hematoxylin and eosin staining) have been suspected
to be markers of systemic tumor spread in these patients[11,67]. Tumor-specific changes in mRNA expression
were detected in one or more LNs in 20%-54% patients
with node-negative tumors that could potentially be
upstaged to Dukes’ grade C[2,15,62-66,68]. The detection of
mRNA transcripts encoding CEA in the LNs of patients
with stage Ⅱ CRC has been reported to predict outcome; the adjusted 5-year survival rate was 41% lower
in the group with nodal micrometastases[62]. Micrometastatic LNs metastases identified by RT-PCR were consistently found to be prognostically significant[69].

Serum (peripheral blood): Circulating miRNAs can be
detected in the serum[79-81]. Ng et al[84] were the first to
report that circulating miRNA levels in plasma are different between CRC patients and controls. In a population of 90 patients and 50 controls, the authors found
that miR-92 was expressed at higher levels in the plasma
of patients and that it could distinguish patients from
healthy controls with 70% specificity and 89% sensitivity[79,84]. The expression of miR-92 decreased after surgical tumor resection, suggesting that the circulating levels
of miRNAs may be a useful marker of disease recurrence[84]. A similar study found that the circulating levels

BM: CK20 is the most commonly used marker in RTPCR analyses of BM samples from CRC patients, with
six studies published till date[46,70-74]. In three of those
studies, the number of patients investigated was more
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of miR-141 were elevated in metastatic CRC and that its
expression was associated with poor prognosis, suggesting that this miRNA may be used in conjunction with
CEA to detect CRC with distant metastasis[85].

disease, precluding their use as individual agents for cancer screening[6].
Serum (peripheral blood): CEA is a high molecularweight glycoprotein that belongs to the immunoglobulin
superfamily[89]. The carboxy terminal of CEA contains
a hydrophobic region that is modified to provide a glycosyl phosphatidylinositol link to the cell membrane.
Although its presence can be determined in biopsy samples, it is usually identified in the serum. Specifically, high
CEA levels are associated with cancer progression, and
the levels of this marker are expected to fall after cancer
surgery[89,91]. However, in the absence of cancer, high
CEA levels may also be observed in response to other
conditions such as hepatitis, inflammatory bowel disease,
pancreatitis, and obstructive pulmonary disease. Clinically, the potential value of the CEA test lies in its use
as a prognostic marker that can be used to measure the
course of cancer progression after diagnosis, with higher
CEA levels being indicative of greater disease severity
and poorer prognosis[89,92].

Immunomagnetic separation
The immunomagnetic separation method using the
CellSearch® System (Veridex LLC, Raritan, NJ, United
States) gained approval from the United States Food and
Drug Administration in 2004 for application in cases of
metastatic breast cancer, and it has now been approved
for application in cases of metastatic prostate cancer and
CRC[85-87]. The CellSearch system detects CTCs according to the presence of the following characteristics: a
round-to-oval shape by light scatter; an evident nucleus
by 4′,6-diamidino-2-phenylindole staining; epithelial cell
adhesion molecule positivity (EpCAM +); and CK8 +,
CK18+, CK19+, and CD45- status by immunofluorescence. This method is more efficient in terms of sample
size and processing time compared with other CTC enrichment methods. However, it is limited by its requirement of EpCAM expression; therefore, it potentiates
false-negative results[39].

LNs: The choice of antibody used for IHC is an important factor for the accurate identification of occult
disease. AE1/AE3 (DAKO, Carpinteria, CA, United
States) is the most widely used antibody for IHC analysis
of LNs from CRC patients[69]. This polyclonal antibody
is raised against several CKs, including CK19[69]. Studies
that used IHC to detect occult disease reported diverse
methodologies and design. The sample size included in
these studies ranged from 32 to 147 patients; therefore,
none were well powered to detect smaller but potentially
significant metastases[69].

Plasma (peripheral blood): The CellSearch® system
is the most advanced commercially available technology[9,39]. Cohen et al[88] published one of the largest studies of CTCs in metastatic CRC (mCRC). This study
included 430 patients with mCRC who were recruited at
55 clinical centers in the United Kingdom, Netherlands,
and United States, and it was performed using the CellSearch® system[88]. Patients were eligible to participate in
the study if they were being administered a new first-,
second-, or third-line systemic chemotherapy regimen.
The peripheral blood of patients was collected before
treatment initiation and at four time points after treatment initiation. For analysis, patients were categorized
into favorable (< 3 CTCs/7.5 mL of blood) or unfavorable (> 3 CTCs/7.5 mL of blood) groups[39,88]. The study
showed that, relative to the baseline values, the median
progression-free survival (PFS) and OS rates of patients
in the favorable group (PFS = 7.9 mo; OS = 18.5 mo)
were approximately twice those of patients in the unfavorable group (PFS = 4.5 mo; OS = 9.4 mo)[39].

BM: Most studies describing ICC for the detection of
DTCs in CRC patients have either used the monoclonal
antibody CK2 against CK18 or the pancytokeratin antibody A45-B/B3[93-95]. The DTC detection rate in studies
that used CK2 was between 16% and 32%[96-100], whereas
the detection rate was higher (24%-55%) in studies that
used the A45-B/B3 antibody [101-104]. Both antibodies
rarely detected CK-positive cells in the BM of noncancer controls (0%-5.5%)[78]. Flatmark et al[75] reported the
detection of DTCs in 41 (17%) and 28 (12%) of the 235
BM samples examined by immunomagnetic selection
and ICC, respectively.

Protein
Several protein-based assays have also been developed to
detect cancer cells[89,90]. Most of these are antibody-based
assays, although many new approaches are being developed. Protein-based assays typically detect proteins that
are overexpressed or structurally altered in cancer cells
compared with those in normal cells. These approaches
are generally used in research settings and are not yet applicable to larger clinical studies. The expression levels
of CEA are commonly used to monitor colon cancer
progression[6]. The expression of protein markers for
CRC is increased in the serum of patients with other
cancers and is occasionally increased in patients without
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PLF: A variety of monoclonal antibodies have been used
for the detection of disseminated single CRCs in the
peritoneal cavity, including Ber-Ep4, CA19-9, CAM5.2,
CIP83, Ra96, and C54-0. Bosch et al[105] used a combination of three monoclonal antibodies (Ks20.8, Lu5, and
Ber-Ep4) to perform ICC. The rate of detection of disseminated CRCs in the PLF ranges from 10% to 67%
and from 17% to 29% using ICC alone or in combination with CYT, respectively. Bosch et al[105] showed that
15% and 11% washing samples taken before and after
resection, respectively, tested positive by CYT, and that

1900

February 8, 2015|First Edition|

Kamiyama H et al . Molecular biomarkers for metastatic CRC cells
Table 2 Comparison of biomarkers for detection of metastatic colorectal cancer cells
Marker
DNA methylation
mRNA
Micro RNA
CellSearch (EpCAM)
Genetic mutation

Stable

Amplifiable

●

●
●
●

●
●
●

Widely reported

FDA approval

False negative

False positive

●
●

●
●

●

●
●

Ref.
[16]
[7]
[81]
[39]
[15]

EpCAM: Epithelial cell adhesion molecule; FDA: Food and Drug Administration.

remains a subject of additional investigation[11].
CTC detection may be useful for CRC patients receiving chemotherapy. Sequential peripheral blood analyses are more acceptable compared with other resources,
and many research groups are currently assessing the
clinical value of CTC analyses for therapy monitoring in
clinical studies[10]. Monitoring of peripheral blood during
and after systemic adjuvant therapy for CTCs may provide unique information for the clinical management of
individual cancer patients and allow an early change in
therapy, years before the appearance of overt metastasis
signals that are incurable[10]. That is, if CTC levels do not
drop, systemic treatment may not be effective[8].
The molecular detection of tumor cells in regional
LNs is associated with an increased risk of disease recurrence and poor survival in patients with node-negative
CRC[11]. These data may favor molecular or cellular biomarkers to tailor adjuvant chemotherapy in patients with
node-negative disease[11].
In patients with breast cancer, the clinical significance
of CTCs in the peripheral blood is less clear than that of
DTCs in BM[10]. Conversely, a meta-analysis that targeted
CRC patients showed that the significance of CTCs in
the peripheral blood is much clearer than that of DTCs
in BM[109]. The aspiration of BM is invasive, time consuming, uncomfortable for the patient, and difficult to
standardize in terms of sample quality. Another major
limitation is that BM aspiration is not easy to perform
during control visits at outpatient centers, which hampers repeated analyses[10]. The use of DTCs in patients
with CRC may provide limited information for their
clinical management.
The potential of peritoneal lavage to improve outcomes is most important for the selection of patients
for adjuvant chemotherapy who present with seemingly
early-stage disease and who would not otherwise receive
chemotherapy. Second, intraperitoneal chemotherapy
may be advantageous as a prophylactic therapy for patients with positive peritoneal micrometastases[110].
The existence of cancer stem cells in CRC has been
convincingly demonstrated on a functional level. In accordance with this hypothesis, it has been shown that the
number of tumor cells located at the invasive front that
express high amounts of nuclear beta-catenin, which is a
sign of aberrant Wnt signaling activation associated with
ongoing epithelial-mesenchymal transition and stemcell formation, is strongly correlated with metastasis and
poor survival in patients with rectal cancer[11,111].

17% and 13% samples, respectively, tested positive by
the combined method[105]. The best monoclonal antibody
(or combination of antibodies) for the detection of disseminated CRCs has not been defined.
Cancer-associated mutations
Genetic mutation analysis is useful not only for detecting cancer in patients but also for monitoring disease
spread and determining prognosis. In 1995, it was first
reported that TP53 mutations could be used to follow
tumor spread into margins and the draining LNs of
patients with head and neck cancer[6]. K-RAS and TP53
mutations are detected in the LNs of CRC patients without histological evidence of nodal metastasis. Mutations
in K-RAS are observed in approximately 40% patients
with colon tumors. Currently, mutations in K-RAS are
not being used for the early detection of metastatic cancer cells; however, they have significant implications in
predicting the likelihood of response to antibody-based
EGFR inhibitor therapy[90,106].
LNs: Studies performed on patients with CRC showed
that the presence of a tumor-specific KRAS or TP53
mutation in LN samples predicted poor outcome [5].
Hayashi et al[107,108] screened the LNs of patients without
histological evidence of nodal metastasis for KRAS and
p53 mutations[15].

DISCUSSION
Once primary tumors are resected, metachronous metastases must arise from tumor cells that disseminate to
ectopic sites before surgery. Systemic therapy primarily
targets tumor cells that have detached from the primary lesion, have lodged elsewhere, are undetectable
by clinical imaging, and are inaccessible to excision[5].
Therefore, metastasis-specific markers are required to
accurately diagnose the existence of metastatic cancer
cells. Numerous studies have demonstrated a more accurate prediction of the prognosis of patients using
various immunological and PCR-based assays[109]. Each
molecular method has advantages and disadvantages
(Table 2). At present, it is difficult to conclude that one
specific method is superior to others. Assessment of the
independent prognostic impact of molecular analyses
in different compartments within the same populations
using comparative analyses to determine the biomarkers
that provide the most accurate prognostic information
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CONCLUSION

12

The ideal biomarker is one that is found in readily available biological samples and can be noninvasively detected. More reliable molecular markers are required to accurately diagnose the existence of metastatic cancer cells.
Although thousands of papers describing genetic mutations or alterations in gene expression levels associated
with various types of cancers are published each year,
very few of these are translated into reliable molecular
markers that can be used routinely in clinical settings. At
present, it is difficult to conclude that one specific molecular marker is superior to others. Comparative analyses are recommended to assess the prognostic impact of
molecular analyses in the same patient and determine the
biomarkers that provide the most accurate prognostic
information.
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Chemoprevention of colorectal cancer by targeting
obesity-related metabolic abnormalities
Yohei Shirakami, Masahito Shimizu, Masaya Kubota, Hiroshi Araki, Takuji Tanaka, Hisataka Moriwaki,
Mitsuru Seishima
of colonic preneoplastic lesions in obese and diabetic
mice. In addition, several phytochemicals, including
green tea catechins, have been reported to improve
metabolic disorders and prevent the development of
various cancers, including CRC. Moreover, the administration of branched-chain amino acids, which improves
protein malnutrition and prevents the progression of
hepatic failure, is effective for suppressing obesityrelated colon carcinogenesis, which is thought to be associated with improvements in insulin resistance. In the
present article, we summarize the detailed relationship
between metabolic abnormalities and the development
of CRC. This review also outlines recent evidence, in
particular drawing from basic and clinical examinations
using either pharmaceutical or nutritional intervention
that suggests that targeting metabolic alterations may
be an effective strategy for preventing the development
of CRC in obese individuals.
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Abstract

Core tip: Obesity and its related metabolic disorders
increase the risk of colorectal cancer (CRC). Many studies using obese animal models have been conducted
to investigate the chemoprevention of CRC using pharmaceutical or nutritional interventions. Lipid-lowering
and anti-hypertensive medicines suppress the development of colonic preneoplastic lesions in obese mice.
Green tea catechins improve metabolic disorders and
prevent the development of CRC. The administration of
branched-chain amino acids may be effective for suppressing obesity-related CRC. This review summarizes
recent evidence that suggests that targeting metabolic
alterations may be an effective strategy for preventing
the development of CRC in obese individuals.

Obesity and its related metabolic disorders, including
insulin resistance and chronic inflammation, increase
the risk of colorectal cancer (CRC). This observation
suggests that the metabolic abnormalities associated
with obesity can be effective targets for preventing the
development of CRC in obese individuals. In recent
years, many studies using obese and diabetic animal
models have been conducted to investigate the chemoprevention of CRC using pharmaceutical or nutritional
interventions. Pitavastatin, a medicine used to treat
hyperlipidemia, prevents the development of obesityrelated colorectal carcinogenesis by attenuating chronic
inflammation. Anti-hypertensive medicines, such as
captopril and telmisartan, also suppress the formation
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on the emergence of insulin resistance and the subsequent inflammatory cascade. This article also aims to
review the possibility that nutritional or pharmaceutical approaches targeting pathophysiological conditions
caused by obesity is effective in preventing obesityrelated colorectal carcinogenesis.

INTRODUCTION

POTENTIAL PATHOPHYSIOLOGICAL
MECHANISMS CORRELATING OBESITY
TO THE DEVELOPMENT OF CRC

Obesity is recognized to be a serious health problem that
is becoming more prevalent worldwide[1]. It frequently
causes a number of medical problems, including type 2
diabetes mellitus, cardiovascular diseases, hypertension,
and dyslipidemia[2]. In addition, recent epidemiological
and experimental evidence indicates that obesity and its
related metabolic abnormalities, especially diabetes mellitus, are associated with the development of certain types
of epithelial malignancies, including colorectal cancer
(CRC)[2-6]. Renehan et al[7] revealed in a large-scale metaanalysis that the magnitude of the risk of CRC is greater
in obese males than in non-obese males.
Several pathophysiological mechanisms that correlate
obesity with colorectal carcinogenesis have been demonstrated, including the occurrence of insulin resistance
and adipocytokine imbalances, alterations in the insulinlike growth factor-1 (IGF-1)/IGF-1 receptor (IGF-1R)
axis, chronic inflammation, and the induction of oxidative stress[2-6,8]. These findings also suggest that targeting
obesity-associated pathophysiological disorders using
nutritional or pharmaceutical interventions is a promising strategy for suppressing obesity-related colorectal
carcinogenesis. For example, pitavastatin, a 3-hydroxy3-methylglutaryl coenzyme A (HMG-CoA) reductase
inhibitor, suppresses the development of colonic preneoplastic lesions by attenuating chronic inflammation in
obese and diabetic mice[9]. Anti-hypertensive medicines,
such as captopril and telmisartan, also prevent obesityrelated colorectal carcinogenesis, and this suppressive
effect appears to be associated with the reduction of
oxidative stress and chronic inflammation[10].
Recently, green tea catechins (GTCs) have received
significant attention due to their beneficial impact on
health, as they are reported to improve metabolic abnormalities and prevent cancer[11-15]. Another phytochemical,
curcumin, a component of turmeric, also demonstrates
suppressive effects against colorectal carcinogenesis in
obese mice[16]. Supplementation with branched-chain
amino acids (BCAA: leucine, isoleucine, and valine),
which can inhibit the progression of hepatic failure in
patients with chronic liver disease[17-19], suppresses obesity-related colorectal carcinogenesis by improving insulin
resistance in obese and diabetic mice[20].
The present review summarizes multiple mechanisms
by which obesity and its related metabolic alterations
influence the development of CRC, particularly focusing
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Among the various obesity-related metabolic disorders,
insulin resistance and hyperinsulinemia are considered to
be pivotal risk factors for the development of CRC[21].
Insulin itself and the insulin-regulated signal transduction
network play important roles in oncogenesis[22-24]. Insulin stimulates the growth of CRC cells[25] and promotes
colorectal tumor growth in animal models[26]. In addition,
IGF-1, an important endocrine and paracrine regulator
of tissue growth and metabolism, is biologically activated by insulin resistance[27,28]. A number of studies have
shown that the IGF-1/IGF-1R axis plays a significant
role in the carcinogenesis of various cancers, including
CRC[22-24]. Insulin resistance alters the IGF/IGF-1R axis,
which contributes to the development of CRC[29,30]. The
binding of insulin and IGF-1 to their respective receptors on cancer and/or precancerous cells activates the
phosphatidylinositol 3-kinase (PI3K)/Akt pathway, which
is responsible for cellular processes, such as growth,
proliferation, and survival[22,23]. Moreover, insulin resistance and an increased fat mass create an oxidative stress
environment in tissues and increase the expression of
various pro-inflammatory cytokines, including tumor necrosis factor-α (TNF-α) and interleukin-6 (IL-6), which
stimulate tumor growth and progression[31-35]. Increased
oxidative stress promotes DNA damage and activates
the PI3K/Akt signaling pathway, both of which play essential roles in cancer development[36,37]. Hence, insulin
resistance and subsequent inflammatory cascades involving increased oxidative stress are thought to be significant
factors in the development of obesity-related CRC.
The overproduction of fat storage causes an imbalance in adipocytokines, increasing the levels of leptin
and decreasing the levels of adiponectin in the serum.
This imbalance also contributes to obesity-associated
carcinogenesis[38,39]. Leptin induces the production of
pro-inflammatory cytokines TNF-α and IL-6[40,41], which
may lead to tumor growth and progression as stated
above. With respect to CRC, leptin is reported to stimulate CRC cell growth[42]. In addition, a positive association between the circulating leptin levels and the development of CRC has been indicated in an epidemiological study[43]. These findings suggest that obesity-induced
abnormalities cooperatively increase the risk of cancer,
including CRC, in obese individuals (Figure 1).
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Figure 1 Proposed mechanisms linking obesity and its related metabolic abnormalities to the development of colorectal cancer. CRC: Colorectal cancer;
TNF-α: Tumor necrosis factor-α; IL-6: Interleukin-6; IGF-1: Insulin-like growth factor-1; IGFBP-3: IGF-binding protein-3.

tive evidence for the chemopreventive effects of tea preparations against premalignant lesions has been provided in
human intervention studies. Li et al[52] reported the preventive effects of tea on human oral precancerous mucosal
lesion leukoplakia. Clinical efficacy of green tea extract
in patients with human papilloma virus infected cervical
lesions was demonstrated by Ahn et al[53]. The inhibitory effect of GTCs on the development of high-grade
prostate intraepithelial neoplasia was also reported[54,55].
Moreover, a pilot study showed that the administration
of GTCs successfully prevents the development of
colorectal adenomas, which are considered to be precancerous lesions of CRC[56].
Several properties of GTCs are responsible for their
anti-cancer and cancer prevention effects, including
their antioxidant and anti-inflammatory actions[15,57]. A
number of reported studies have indicated that GTCs,
especially the major biologically active component epigallocatechin gallate (EGCG), inhibit proliferation and
induce apoptosis in cancer cells by modulating the activities of diverse receptor tyrosine kinases (RTKs) and
their downstream signaling pathways, such as the Ras/
extracellular signal-regulated kinase and PI3K/Akt signaling pathways[12-14,58-61]. EGCG suppresses cell growth
by inhibiting the activation of IGF-1R, a member of the
RTK family, in human CRC cell lines. This inhibition is
associated with a decrease in the expression of IGF-1/2
and an increase in the expression of IGF-binding protein-3 (IGFBP-3), which negatively controls the function of the IGF/IGF-1R axis[62,63]. Taken together, these

CHEMOPREVENTIVE EFFECTS OF GREEN
TEA CATECHINS ON THE DEVELOPMENT
OF METABOLIC ABNORMALITIES AND
CRC
In recent years, GTCs have received considerable attention due to their salutary influence on health. Several
studies have indicated that GTCs possess various useful properties, such as anti-obesity effects[11]. A recent
meta-analysis of clinical trials demonstrated that GTCs
appear to reduce body weight and fat[44]. Rains et al[45]
reported several potential mechanisms whereby GTCs
may affect body weight: GTCs may increase energy expenditures, promote lipid oxidation, and decrease nutrient absorption. Laboratory, epidemiological, and human
interventional investigations have also shown the effects
of GTCs in ameliorating metabolic syndrome[46,47]. In rodent models of obesity and diabetes, the administration
of green tea or its constituents results in the significant
reduction of body weight and improvements in hyperglycemia, hyperinsulinemia, hyperleptinemia, hepatic steatosis, and liver dysfunction[48-50]. Treatment with GTCs
also decreases the plasma levels of insulin, TNF-α, and
IL-6 in a rat model of insulin resistance[51]. These observations suggest that long-term supplementation of
GTCs may be useful for preventing the progression of
obesity-related metabolic abnormalities. In addition to
their anti-obesity effects, GTCs are known to possess
anti-cancer and cancer prevention properties[12-15]. Posi-
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COX-2, and cyclin D1 on the colonic mucosa[73]. EGCG
also decreased the serum levels of IGF-1, insulin, triglycerides, total cholesterol, and leptin, while increasing
the serum level of IGFBP-3[73]. In accordance with the
results of this study, another study showed that supplementation with BCAA markedly decreased the number
of ACF and BCAC compared with that observed in the
control diet-fed groups by inhibiting the phosphorylation of IGF-1R, GSK-3β, and Akt in the colonic mucosa[20]. In that study, the serum levels of insulin, IGF-1,
IGF-2, triglycerides, total cholesterol, and leptin were
also decreased in the BCAA-treated mice[20].
Taken together, these findings suggest that both
EGCG and BCAA successfully suppress the development of preneoplastic lesions of obesity-related CRC
via diverse mechanisms, including the suppression of
the IGF/IGF-1R axis and improvements in hyperlipidemia, hyperinsulinemia, and hyperleptinemia. Therefore,
nutraceutical approaches, for example, the administration of EGCG or BCAA, may be useful for use in the
chemoprevention of colorectal tumorigenesis in obese
individuals (Figure 2).

reports indicate that the IGF/IGF-1R axis, which plays
a critical role in both the development of cancer and occurrence of obesity-induced pathological events[22,23], is a
critical target of GTCs.

PREVENTION OF OBESITY-RELATED CRC
VIA A NUTRACEUTICAL APPROACH
Recent investigations have shown that an increased amount
of body fat and high body mass index are associated with
an increased risk of colorectal malignancy[2,5-7]. While the
prolonged high consumption of red and processed meat
may also increase the risk of CRC[64], there is persuasive
evidence that positive dietary habits, especially a high level
of consumption of fruits and vegetables, can reduce the
risk of this malignancy[65]. C57BLKS/J- +Leprdb/+Leprdb
(db/db) mice, which are genetically altered and those
leptin receptors are mutated, express phenotypes of
obesity and having type 2 diabetes mellitus in addition to
hyperlipidemia, hyperinsulinemia, and hyperleptinemia[66].
A preclinical animal model using db/db mice was established by Hirose et al[67] in which the intraperitoneal administration of colonic carcinogen azoxymethane (AOM)
is thought to be markedly useful for determining the
underlying mechanisms of how specific agents prevent
the development of obesity-related CRC. Furthermore,
db/db mice are susceptible to AOM, as AOM-induced
colonic precancerous lesions, aberrant crypt foci (ACF)
and β-catenin accumulated crypts (BCAC) develop to
an obviously greater extent in these mice than in control
mice[67].
Diets supplemented with certain types of flavonoids,
including citrus compounds, suppress the development
of premalignant lesions of CRC in db/db mice[68,69]. We
also used this experimental rodent model to examine
the obesity-related cancer chemopreventive effects of
curcumin, a yellow pigment found in the rhizome of
the spice turmeric, which is known to possess both antiinflammatory and cancer prevention properties[70-72]. A
report by Kubota et al[16] revealed that supplementation
with curcumin effectively prevents the development of
colonic preneoplastic lesions in db/db mice treated with
AOM injections in association with the inhibition of the
NF-κB activity and the TNF-α, IL-6, and cyclooxygenase-2 (COX-2) expression in the colonic mucosa and
improvements in adipocytokine imbalances.
In the same manner, we employed a rodent model
to investigate in detail the effects of EGCG and BCAA
on the prevention of obesity-related colorectal carcinogenesis. The mucosa in the db/db mice colon expresses
increased levels of IGF-1R, the phosphorylated form
of IGF-1R (p-IGF-1R), β-catenin, and COX-2[73]. We
observed that drinking water containing EGCG caused a
significant reduction in the number of ACF and BCAC,
which accumulate IGF-1R proteins, and this decreasing
effect was associated with the inhibition of the expression of IGF-1R, p-IGF-1R, the phosphorylated form
of glycogen synthase kinase-3β (GSK-3β), β-catenin,
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PREVENTION OF OBESITY-RELATED CRC
VIA A PHARMACEUTICAL APPROACH
Obesity often leads to various medical problems, including hypertension and dyslipidemia[2]. Hyperactivity of
the renin-angiotensin system (RAS) has been shown to
be involved in the etiology of high blood pressure, obesity, and metabolic syndrome[74]. There is convincing evidence that the RAS is frequently upregulated in human
malignancies due to systemic oxidative stress and hypoxia, which trigger a state of chronic inflammation[75].
We investigated the effects of an angiotensin-converting
enzyme inhibitor, captopril, and an angiotensin-Ⅱ type 1
receptor blocker, telmisartan, both of which can inhibit
the RAS, on the development of colonic preneoplastic
lesions in an obesity-related CRC model[10]. The administration of either captopril or telmisartan significantly
reduced the number of ACF and BCAC and decreased
the expression of TNF-α in the colonic mucosa. Oxidative stress throughout the body is also decreased by the
administration of either captopril or telmisartan[10].
Statins, HMG-CoA reductase inhibitors, are widely
used for the treatment of dyslipidemia. In addition to
their lipid-lowering effects, statins have been shown to
possess anti-cancer properties[76,77]. Statins induce apoptosis in human CRC cells and attenuate inflammationrelated colon carcinogenesis in mice [78,79]. Moreover,
epidemiological studies have indicated the chemopreventive effects of statins on various types of cancer, including CRC[76,77,80]. We conducted a study using a lipophilic
statin, pitavastatin, to examine the cancer prevention effects of such drugs on obesity-related colon carcinogenesis in db/db obese mice treated with AOM injection[9].
Pitavastatin treatment achieved a marked reduction in
the number of BCAC by inhibiting proliferation and
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surrounding inflammation, in which the expression levels of TNF-α, IL-6, and COX-2 in the colonic mucosa
were decreased. In addition, pitavastatin also decreased
the serum levels of total cholesterol, TNF-α, IL-6, and
leptin, while increasing the serum level of adiponectin[9].
These observations suggest that both anti-hypertensive and lipid-lowering agents suppress obesity-related
colorectal carcinogenesis. The potential mechanisms
involve improving dyslipidemia and hyperleptinemia and
attenuating chronic inflammation in the colonic mucosa
by decreasing the expression of pro-inflammatory cytokines. Therefore, the pharmaceutical approach described
above appears to be a feasible strategy for the chemoprevention of obesity-related CRC, as these medicines exert
an original pharmacological effect against the development of obesity-related metabolic disorders in addition
to their cancer prevention effects.

ficacy of nutraceutical and pharmaceutical approaches
for targeting obesity-related metabolic alterations. Restoring such abnormalities to a regular state is a promising strategy for preventing the development of obesityrelated CRC. Tea catechins, especially GTCs and its active
constituent EGCG, can be considered feasible agents
for preventing carcinogenesis, as several human interventional trials have demonstrated the efficacy of GTCs
as chemopreventive agents without serious adverse effects[54,56,61]. BCAA and certain types of statins and antihypertensive medicines are also thought to be potential
agents because they are widely used in clinical practice
and their safety has been adequately proven. Moreover,
a randomized controlled trial demonstrated that BCAA
supplementation can prevent liver cancer in obese individuals[19,81]. Therefore, further advanced translational
research should be conducted to examine whether active
interventions using these agents can prevent the development and recurrence of CRC in patients with obesity.

CONCLUSION
Obesity and its related metabolic disorders, which are associated with an increased risk of several life-threatening
diseases, including cancer, are critical health problems
that must be addressed. Among human cancers, CRC is
one of the most representative malignancies influenced
by obesity. In this review, we reported the potential ef-
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metastases may not be so effectively treated. There
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Core tip: The prevention of a disease process has always been superior to the treatment of the same disease throughout the history of medicine and surgery.
Local recurrence and peritoneal metastases occur in
approximately 8% of colon cancer patients and 25% of
rectal cancer patients and should be prevented. If peritoneal metastases are treated along with the primary
colon resection, improved 5-year survival was seen.
These results are superior to the results of treatment
after peritoneal metastases developed as recurrence. A
second-look in selected patients has been shown to be
effective.

Abstract
The prevention of a disease process has always been
superior to the treatment of the same disease throughout the history of medicine and surgery. Local recurrence and peritoneal metastases occur in approximately
8% of colon cancer patients and 25% of rectal cancer
patients and should be prevented. Strategies to prevent
colon or rectal cancer local recurrence and peritoneal
metastases include cytoreductive surgery and hyperthermic perioperative chemotherapy (HIPEC). These
strategies can be used at the time of primary colon or
rectal cancer resection if the HIPEC is available. At institutions where HIPEC is not available with the treatment
of primary malignancy, a proactive second-look surgery
is recommended. Several phase Ⅱ studies strongly support the proactive approach. If peritoneal metastases
were treated along with the primary colon resection,
5-year survival was seen and these results were superior to the results of treatment after peritoneal metastases had developed as recurrence. Also, prophylactic
HIPEC improved survival with T3/T4 mucinous or signet
ring colon cancers. A second-look has been shown to
be effective in two published manuscripts. Unpublished
data from MedStar Washington Cancer Institute also
produced favorable date. Rectal cancer with peritoneal
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INTRODUCTION
Common sense values prevention over treatment. Benjamin Franklin said, “An ounce of prevention is worth
a pound of cure.” Also, it is self evident that the most
remarkable improvements in healthcare have come about
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Colon cancer recurrence

Table 1 National Institutes of Health randomized study:
Long-term intraperitoneal 5-fluorouracil can prevent the
occurrence of peritoneal metastases n (%)

Low density

Sites of treatment failure for IV or IP 5-FU

Nodular

Primary
cancer
Single cells

IP 5-FU
IV 5-FU
Statistical analysis P2

Fusiform

No. of
patients

No. of
recurrences

Peritoneal
surface

Liver

36
30

13 (36)
11 (37)

2/10
10/11
0.003

3/11
4/11
1.000

From ref. [11] with permission. 5-FU: 5-fluorouracil.

frequently seen with recurrence of a primary colon cancer of the splenic flexure.

High density

PERITONEAL METASTASES WITH
PRIMARY COLON AND RECTAL CANCER

Figure 1 Local-regional treatment failure with colorectal cancer resection may present as local recurrence and/or peritoneal metastases. Free
cancer cells or tiny nodules disseminated from the primary cancer may implant
and grow at high density at the resection site as a local recurrence. Low density
cancer implants at a distance will become peritoneal metastases.

When patients present with primary colon cancer there is
an approximate 8.5% incidence of peritoneal metastases
observed at the time of diagnosis or at the time of colon
cancer resection[1,2]. The incidence of involvement of the
peritoneum is higher with rectal cancer and estimated at
about 25%[3,4]. These poor prognosis patients are usually
not approached with a curative treatment option. They
are given a palliative surgical procedure and then systemic
chemotherapy. Their survival is very limited and consistently less than one year.
At a few peritoneal surface oncology centers around
the world, an individualized management plan that includes cytoreductive surgery and hyperthermic perioperative chemotherapy may be initiated with the primary
cancer resection. An individualized treatment plan for
this group of patients will be defined at a later time.
Realizing that the first and foremost goal of cancer
surgery is to provide local control, it is appropriate that
we would survey the incidence of local recurrence and
peritoneal metastases observed at the time of colon or
rectal cancer resection. It is important to note that local
control has improved greatly for colon and rectal cancer
in recent years as a result of total mesocolic resection
and total mesorectal resection. Currently, local recurrence
rates are approximately 20% for colon malignancy and
10% for rectal cancer. Although this is a great improvement over previous statistics, there is still a group of patients that may greatly profit from individualized management strategies.
It has been established that local control can be improved by the use of intraperitoneal cytotoxic agents
used either at the time of or soon after the performance
of a colon or rectal cancer resection. Sugarbaker presented data suggesting that peritoneal metastases can be
prevented with intraperitoneal 5-fluorouracil treatment.
Randomized patients who received the intravenous 5-fluorouracil had a statistically significant higher incidence
of local recurrence or peritoneal metastases than those
patients treated with the intraperitoneal 5-fluorouracil[5].
The data are presented in Table 1.

as a result of prevention. Sanitation, vaccination, behavior modification such as smoking cessation, reduction in
incidence of stroke through the use of antihypertensive
medicines, and endoscopic screening are examples. Colonoscopy has been successful in preventing colon cancer in
the West and esophagogastroduodenoscopy effective preventing esophagus cancer and gastric cancer in Japan and
Korea. This manuscript attempts to establish that hyperthermic perioperative chemotherapy (HIPEC) in properly
selected primary and colon rectal cancer patients can prevent local recurrence and peritoneal metastases that would
otherwise develop in the follow-up of these patients.

PATTERNS OF SPREAD OF PRIMARY
COLORECTAL CANCER
An important concept concerns the fact that local recurrence and peritoneal metastases have the same natural
history (Figure 1). Free cancer cells or tiny nodules that
are disseminated from the primary colorectal malignancy
will enter the free peritoneal space. At low density, these
cancer cells will implant at a distance from the primary
malignancy and develop into peritoneal metastases. At
higher density within the resection site, these free cancer
cells or tiny nodules will implant and grow within the
colon or rectal resection site. This high density seeding
near the primary cancer resection will result in a fusiform
distribution of metastases. In rectal cancer, this fusiform
distribution of metastases will most likely occur on the
hollow of the sacrum. In right colon cancer, the local
recurrence will be on the second portion of the duodenum, and along the right ureter. In left colon cancer, the
disease recurrence is seen in the left paracolic sulcus and
in and around the first portion of the jejunum. Cancer
trapped above or below the duodenal mesocolic fold is
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Primary colorectal
cancer at high risk

PROMAC-PM
second-look + HIPEC

PROMAC-PM up
front HIPEC

Colorectal cancer resection

Primary colorectal cancer
resection, cytoreductive surgery
and HIPEC

FOLFOX chemotherapy × 3 mo

FOLFOX chemotherapy × 6 mo

Second-look surgery at
5-6 mo with cytoreduction
and HIPEC

Follow-up

FOLFOX chemotherapy × 3 mo

Preferred pathway used at
washington cancer institute

Follow-up

Used for patients referred
form an outside hospital

Figure 2 Two ways to enter the proactive management clinical pathway. HIPEC: Hyperthermic perioperative chemotherapy; FOLFOX: Folinic acid, 5-fluorouracil,
and oxaliplatin.

to have peritoneal metastases at an outside institution,
they are referred for definitive treatment after the primary colon cancer has been either resected or bypassed.
Patients are to receive FOLFOX chemotherapy for 3 mo
and then after a 5-6 wk, they come back for definitive cytoreductive surgery and a CC-1 cytoreduction combined
with HIPEC. Following the second-look cytoreduction
with HIPEC, the FOLFOX chemotherapy is completed
for a total of 12 cycles. This pathway is used at institutions where HIPEC is not available at the time of the
primary colorectal cancer resection.

PROACTIVE APPROACH TO COLON
OR RECTAL CANCER PERITONEAL
METASTASES
Currently, the multidisciplinary team at the Medstar
Washington Cancer Institute is pursuing a clinical pathway that provides a proactive management of primary
colon cancer that either has or may have a high risk of
peritoneal metastases. In order to fulfill the requirements
of this clinical pathway, patients must have all of their
treatments for the primary malignancy and for the peritoneal metastases within nine months of diagnosis of
the primary disease. The three requirements of complete
treatment are 12 cycles of systemic chemotherapy with
folinic acid, 5-fluorouracil, and oxaliplatin (FOLFOX).
These cycles of chemotherapy may be administered in a
neoadjuvant manner or as adjuvant treatment following
colon cancer resection. Secondly, with the primary cancer
resection or at a second-look, patients must have a complete cytoreduction of all the visible peritoneal metastases. Finally, with the major resection which is the cytoreduction, patients must receive HIPEC using mitomycin C,
5-fluorouracil, and systemic 5-FU plus leucovorin.

UP-FRONT HIPEC
At institutions where HIPEC is available at the time of
primary colorectal cancer resection, the primary resection is augmented intraoperatively by complete cytoreductive surgery. Not only the bowel resection, but also
greater and lesser omentectomy and oophorectomy in
women are required. Prior to the intestinal reconstruction, HIPEC is administered. After HIPEC, the bowel
anastomosis is performed and the abdomen is closed.
These patients then receive their 12 cycles of FOLFOX
chemotherapy. It should be emphasized that in either the
second-look HIPEC or the up-front HIPEC, all treatments are to be completed within 9 mo of the cancer
diagnosis.
Current indications for the proactive management
of local recurrence and peritoneal metastases for colon

SECOND-LOOK HIPEC
Figure 2 shows two ways that a patient may enter the proactive management clinical pathway. If patients are found
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Elias and colleagues had three requirements for a
systemic second-look in patients with colon malignancy.
Patients with perforated cancer, ovarian metastases or
peritoneal metastases underwent a second-look procedure after receiving a full course of modern systemic
chemotherapy. Of the 29 patients who underwent
second-look, 16 (55%) were found to have peritoneal
metastases at second-look. With a median follow-up of
2 years, 50% of these patients remained disease-free. In
those 13 patients who did not have peritoneal metastases
at second-look, 9 patients (69%) remained disease-free.
In this study, there was no mortality and a 14% incidence
of grade Ⅲ/Ⅳ morbidity. Elias and colleagues concluded
that an early intervention to prevent peritoneal metastases was superior to a watch-and-wait policy operating
after the peritoneal metastases become evident in CT
scan follow-up[8]. Currently, a randomized trial is being
performed in order to further establish the efficacy of
this treatment plan.
At the Medstar Washington Cancer Institute, we have
early results with 20 patients who have had the proactive management with colon cancer. Upon reoperation in
these 20 patients, 62% had a peritoneal cancer index between 1 and 10. Also, 85% had a complete cytoreduction
with the second-look surgery. In our patients who had
only 4 cycles of chemotherapy prior to the second-look
surgery, all 20 patients (100%) were found to have progressive peritoneal metastases (submitted for publication).
Delhorme et al[9] have published data on a mandatory
second-look surgery (MSLS) for the treatment of histologically confirmed peritoneal metastases present with
the primary colon cancer resection. At their MSLS, 71%
of patients were found to have persistent or progressive
disease and the median peritoneal carcinomatosis index
was 10. There was no postoperative mortality and a 7%
incidence of grade Ⅲ/Ⅳ complications. The 2-year overall survival and disease-free survival rates were 91% and
38%, respectively. Following MSLS with HIPEC, peritoneal recurrence was observed in only 8% of patients vs
100% of the patients treated in a standardized fashion.

Table 2 Current indications for proactive management of
peritoneal metastases and local-regional progression for colon
cancer
1

Biopsy-proven cancer nodule(s) on any peritoneal surface including the
primary cancer (T4)
1
Positive biopsy or pathologic enlargement of an ovary
1
Cancer at the surgical margin of resection (R-1)
Perforation through the malignancy (iatrogenic by colonoscopy or
spontaneous)
Positive peritoneal cytology
Adjacent organ involvement or fistula formation
Lymph nodes positive at the margins of resection
Rupture of the primary cancer during resection
1

Eligible for second-look plus hyperthermic perioperative chemotherapy.

cancer are listed in Table 2. Three groups of patients are
considered for second-look plus HIPEC. These are patients with a biopsy-proven cancer nodule on any peritoneal surface including the primary malignancy, a positive
biopsy or pathologic enlargement of an ovary, or cancer
at a surgical margin of resection (R-1 resection).
For the up-front HIPEC, the eligibility requirements
are not as strict. It is thought that the intraoperative
chemotherapy combined with a primary colon cancer
resection is of very low morbidity and carries no mortality. Patients who should have up-front HIPEC include
those with a perforation through the malignancy either
iatrogenic by colonoscopy or spontaneous, a positive
peritoneal cytology, adjacent organ involvement or fistula
formation, lymph nodes positive at the margins of resection as determined by frozen section, and rupture of the
primary cancer during the resection.

DATA TO SUPPORT PROACTIVE
MANAGEMENT STRATEGIES
Phase Ⅱ data exists to support these proactive management strategies of colon cancer at high risk for local
recurrence or peritoneal metastases. Pestieau and Sugarbaker looked at their results in patients treated with
peritoneal metastases simultaneously with the primary
resection. In five patients who had concomitant colon
resection, cytoreductive surgery, and perioperative chemotherapy, there were no survivors less than five years.
These results were compared to patients who were
treated after the peritoneal metastases had occurred in
follow-up. The results of the proactive management were
superior with a P value of 0.0001[6].
Sammartino and colleagues reported on the prevention of peritoneal metastases from colon cancer patients
at high risk with the use of a prophylactic HIPEC. Twenty-five patients with colon cancer with clinical T3/T4,
mucinous, or signet ring cell histology underwent hemicolectomy, omentectomy, and HIPEC. The control group
was 50 patients treated by a standard surgical resection.
The incidence of peritoneal metastases was reduced
from 28% to 4% (P < 0.03). Also, overall survival was
increased (P < 0.03)[7] (Figure 3).
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RECTAL CANCER WITH PERITONEAL
METASTASES
A valid question regards recommendations for rectal cancer patients at high risk for local recurrence or peritoneal
metastases. In these patients, the up-front proactive management may be the only option. Verwaal and colleagues
showed that rectal cancer patients rarely show long-term
survival with cytoreductive surgery and HIPEC[10].
Da Silva and Sugarbaker[11] reported on rectal cancer
patients with peritoneal metastases treated with CRS and
HIPEC had a 17 mo median survival and a 0% 5-year
survival as compared to colon cancer patients who had a
35 mo median survival and a 30% 5-year survival. These
authors postulated that pelvic peritonectomy after an
anterior resection or abdomino-perineal resection makes
an adequate peritonectomy difficult or impossible. With
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Age (60 yr vs 45)
Sex (female or male)
Location (appendix or colon)
Location (rectum or colon)
Presentation (recurrence or primary)
Differentiation (poor or good-moderate)
Histology (signet cell or non-signet cell)
No. of affected regions (6-7 or 0-5)

0.50

1.00

2.00

4.00

8.00

14.00

HR

Figure 3 Hazard ratios and multilevel confidence intervals for prognostic factors of survival in patients with peritoneal carcinomatosis of colorectal origin
treated by CRS and hyperthermic perioperative chemotherapy[7]. HR: Hazard ratio.

less and a less than 1% mortality at experienced centers.
There are some debits that remain to globally introduce this treatment strategy. The surgical technology for
primary cancer resection combined with HIPEC is complex and there is a more extended learning curve. Also, to
this point in time, a uniform HIPEC treatment has not
emerged. The perioperative chemotherapy management
plans need to optimized. Finally, CRS and HIPEC are not
generally available at the institutions performing primary
colon or rectal cancer surgery. Also, many patients who
are in need of the proactive approach are not referred.

Table 3 Cytoreductive surgery and hyperthermic perioperative
chemotherapy for proactive management of local recurrence and
peritoneal metastases for colorectal cancer
Credits

Debits

Long-term survival in 50% of
patients
Selection factors have been well
defined
An important addition to
the MDT for management of
colorectal malignancy
Morbidity (10%) and mortality
(1%) at experienced centers is
acceptable

Many patients treated for a few to
benefit
The surgical technology is complex
and requires an extended learning
curve
Referral by medical oncologist are
often late with a large extent of
disease
So far a uniform HIPEC treatment
has not emerged; perioperative
chemotherapy needs to be optimized

FUTURE DIRECTIONS
The most important outcome to result from this update
concerns a change in the evaluation of the clinical features and histopathology (including peritoneal cytology)
of patients with primary colon and rectal cancer. Every
patient needs to be carefully considered by the multidisciplinary team for upfront HIPEC at the time of primary
colorectal cancer resection or second-look HIPEC as a
planned part of the overall treatment strategy. An estimated 30% of patients with primary disease should have
a change in the primary cancer treatment strategy in order
to prevent local recurrence and/or peritoneal metastases.
Including the gastrointestinal pathologist, who would
review the resected specimen in the operating room, is
an essential member of the multidisciplinary team. This
change in treatment strategy for primary colorectal cancer
comes about as a result of the large number of manuscripts that document extent of peritoneal metastases as
a major determinant of the success of cytoreductive surgery with HIPEC. Maximum benefit cannot be achieved
through clinical follow-up or radiologic follow-up to treat
patients who have a moderate to large extent of disease.

HIPEC: Hyperthermic perioperative chemotherapy.

this incomplete cytoreduction in the pelvis after a rectal
cancer resection, the results of CRS and HIPEC are
poor.

CREDITS AND DEBITS OF A PROACTIVE
TREATMENT STRATEGY
The expected credits and debits of a proactive approach
to the management of colon and rectal local recurrence
and peritoneal metastases are presented in Table 3. The
anticipated results of treatment with a PCI of less than
10 is 50% or perhaps even 70% at 5 years. The selection
factors for treating patients proactively have been well
defined. These selection factors should be used by the
multidisciplinary team for individualized management
of colorectal cancer patients. With up-front HIPEC or
second-look HIPEC, the morbidity should be 10% or
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The goals of HIPEC to prevent local recurrence and
peritoneal metastases is to treat minimal residual disease
or prevent subsequent disease progression altogether.

6
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INTRODUCTION
The heritable component of colorectal cancer (CRC) is
around 35%[1]. Up to 3%-5% of all CRC are represented
by the hereditary syndromes[2]. Lynch syndrome, adenomatous and hamartomatous polyposis syndromes have
a Mendelian inheritance pattern. The genes responsible
for these disorders have been identified and carriers of
the pathogenic mutations have a high lifetime risk of
colorectal and extracolonic cancers. However, syndromic CRC represents a small fraction of all CRCs. In the
25%-30% of all CRC cases the disease occurs in families without evidence for one of the known inherited
syndromes.
Non syndromic or familial CRC is generally defined as
clustering of CRC that is distinguished from the hereditary syndromes. Familial CRC is an heterogeneous condition that includes patients with unrecognized hereditary
syndromes and patients with seemingly sporadic forms
that aggregate in families. In these patients the molecular
mechanism has not been established. Probably a combination of environmental and inherited genetic factors (common, low-penetrance, genetic alterations) play a role in the
development of CRC in these families. Intensive colonoscopic surveillance is offered to high-risk individuals from
families with Lynch syndrome[3]; reduced CRC mortality
has been demonstrated in these individuals [4,5]. Colonoscopic surveillance is already offered to people with
moderate risk due to a family history (FH) of CRC[6-8], but
evidence supporting reduced mortality is lacking.

Abstract
Familial colorectal cancer constitutes a heterogeneous
group of patients in whom the underlying molecular
mechanism is still unknown. Predisposition to a such
neoplasms in this setting seems to be due to common
low-penetrance genetic components, but the role of
genetic testing in clinical practice has to be determined.
Although screening guidelines in this moderate-risk
population are empiric, data obtained in epidemiologic,
meta-analyses and cohort studies and, more recently,
the increased risk of advanced adenomas in first degree relatives who underwent screening colonoscopy
support the need to include these individuals in specific
screening programs. However, data to determine what
test to use, how often to use and which organizational
strategy to implement are needed. At present, screening uptake in this population is less than optimal; offering the opportunity to access to screening and improving screening uptake is a first significant step.
© 2015 Baishideng Publishing Group Inc. All rights reserved.

Key words: Colorectal cancer; Familial risk; Heterogeneous; Risk population; Screening uptake
Core tip: Although first degree relatives of patients with
colorectal cancer have a 2- to 4- increased risk for this
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Table 1 Relative and absolute risk of developing colorectal cancer according to family history
Family history
No family history
One first degree relative with CRC
More than one first degree relative with CRC
One first degree relative diagnosed with CRC before age 45

Relative risk of CRC

Absolute risk of CRC by age 79

1
2.25 (95%CI: 2.00-2.53)
4.25 (95%CI: 3.01-6.08)
3.87 (95%CI: 2.40-6.22)

5%1
11%2
21%2
19%2

1

Data from the American Cancer Society, August 2013; 2The absolute risk of colorectal cancer (CRC) was calculated using the relative risk and the absolute
risk by the age 79.

This review focuses on familial CRC. We will review
the current knowledge about its genetic background and
the current screening strategies in this moderate risk
population. The concept of familial CRC should be considered an evolving entity. More information will become
available in the next years; the knowledge of the molecular basis of familial CRC could be relevant not only
to determine the optimal diagnostic and preventive approaches but also it could have prognostic implications;
a better survival has been demonstrated in a prospective
observational study among patients with stage Ⅲ CRC[9]
and in a retrospective study[10].

tives (FDRs) of patients with CRC have a 2- to 4-fold
risk of developing this neoplasm compared with the general population. A first degree relative is a family member
who shares at least 50% of their genes with a particular
individual in a family (i.e., parents, offspring and siblings).
The familial risk is directly related to the number of
FDRs affected and inversely related to the age of youngest FDRs. In Table 1 the pooled estimates of CRC risk
among FDRs according to a meta analysis are reported[24]
and the absolute lifetime risk has been calculated; similar
estimates were reported in two other meta analyses[25,26].
In a study[27] from the Utah population database, including 2327327 persons with ≥ 3 generation family histories
and 10556 CRC cases, familial relative risk was calculated
for various constellations of family risk of CRC. The
authors demonstrated that increased number of affected
FDRs influences risk much more that affected SDRs or
TDRs. However, when combined with a positive firstdegree family history, a positive second- and third-degree
family history can significantly increase risk. In familial
colon cancer, there is evidence of an anticipation phenomenon; in individuals with affected FDRs, CRC arise
10 years earlier than those without FH[28,29]. These associations have been demonstrated also for colorectal adenomas; the familial risk of CRC with adenoma in a FDR[24]
is 1.99 (95%CI: 1.55-2.55). In a case-control study[30], an
increased risk of large adenomas was associated with
a history of large adenomas in relatives (OR = 2.27;
95%CI: 1.01-5.09); however, a systematic review about
the risk for CRC in individuals with a family history of
adenomatous polyps raised methodological limitations
about the studies analyzed[31].
Based on these studies, most scientific societies[6-8]
recommend that screening in FDRs should be more aggressive than that recommended in average risk population, starting at a younger age than average-risk population (Table 2); screening is recommended also in FDRs
of individuals with advanced colorectal adenomas[6-8]. Although evidence of anticipation exists in individuals with
affected FDRs, thus justifying the onset of screening at
a younger age, there are no data that suggest differences
in natural history between sporadic and familial non syndromic CRC.
These recommendations are empiric, but further
evidence supports the need to include these individuals
in specific CRC screening programs. Many studies focused on the risk of CRC[24]; a lesser number of studies
addressed the risk of finding adenomas in this popula-

GENETICS
The heterogeneous nature of non syndromic CRC suggests that the variation in genetic risk is likely to be a
consequence of the co-inheritance of multiple low-penetrance variants, some of which are common. This in the
so-called polygenic model of complex disease. Although
the risk of CRC associated with each of these common
variants is individually modest, they make a significant
contribution to the overall disease burden by virtue of
their frequencies in the population.
Genome-wide association studies[11-19] have identified
a number of common genetic risk loci for CRC; in a recent systematic meta-analysis[20] 16 variants at 13 loci have
been considered to have the most high credible association with CRC; in the same study 23 less credible variants
at 22 loci were identified; the association was evaluated
within a statistical and causal inference framework according to BFDP and Venice criteria[21,22]. In a recent
study[23] a risk prediction model for CRC has been developed, combining age, gender, family history and information obtained from a panel using 10 common genetic
variants showed to be associated with CRC susceptibility;
the authors generated risk models from 44389 subjects
(24395 cancers and 19994 cancer-free controls) from 7
geographically distinct populations; although individualized genetic risk prediction was not feasible, applying risk
model to Scottish population identified approximately
7% of the tested subjects with > 5% predicted 10-year
absolute risk of CRC; this could help to refine preventive
strategies in CRC screening programs.

SCREENING
Many studies have demonstrated that first degree rela-
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Table 2 Screening guidelines in familial colorectal cancer
[6]

[7]

ACG
First degree relative with CRC
diagnosed at age < 60 or two or more
first degree relatives
First degree relative with CRC
diagnosed at ≥ 60

ASGE

USMTF

Colonoscopy at age 40 or 10 yr
younger than affected relative; if
normal repeat every 5 yr
Same as average risk

Colonoscopy at age 40 or 10 yr
younger than affected relative; if
normal repeat every 5 yr
Colonoscopy at age 40 or 10 yr
younger than affected relative; if
normal repeat every 10 yr

-

As average risk individuals

Second- or third-degree relatives
with CRC

[8]

Colonoscopy at age 40 or 10 yr
younger than affected relative; if
normal repeat every 5 yr
Screening should be at an earlier age
(40); individuals may choose to be
screened with any recommended
form of testing
-

CRC: Colorectal cancer; ASGE: American Society for Gastrointestinal Endoscopy; ASG: American College of Gastroenterology; USMTF: US Multi-Society
Task Force.

Table 3 Colonoscopy-based screening controlled studies: Risk of advanced adenomas
Design
Prospective, case-control
Prospective, case-control
Prospective, cross-sectional
Prospective, cross-sectional

Age (yr)

No relatives/no
controls

AA in relatives/AA in
controls

OR

95%CI

Ref.

40-74
40-50
45-75
40-70

185/370
228/220
1252/765
374/374

10.8%/4.9%
5.3%/2.3%
11.3%/6.3%
7.5%/2.9%

2.5
2.56
2.41
3.07

1.1-5.4
0.87-7.47
1.69-3.43
1.50-6.30

[32]
[33]
[39]
[42]

AA: Advanced adenomas; OR: Odds ratio.

tion[32-44]; there is a particular risk of advanced adenomas progressing to invasive cancer; a 2.6%-5.7% annual
transition rate was calculated[45]. Advanced adenomas
are defined as those larger than 10 mm and/or with
high-grade dysplasia and/or with villous component.
Colonoscopy-based screening studies in relatives of
individuals with CRC detected advanced adenomas of
screened individuals ranging from 3.3%[41] to 21.3%[40];
the majority of these studies lack of a control group of
average risk individuals undergoing screening colonoscopy. In Table 3 controlled studies are reported[32,33,39,42];
in three of them[32,39,42] a 2.5-3.0 fold increased risk of
advanced adenomas in individuals with family history
undergoing screening colonoscopy has been found in
multivariate analysis when compared with those without
family history; the lack of significance found in fourth
study[33] could be due do to the different age range of
relatives (from 40- to 50 years of age), that is lower than
the age range of the relatives considered in the other
studies. Some predictors of adenomas such as increasing age[32,34,36,39,42], male sex[34,37-40] and strength of family
history[32,34,36] have been identified with a 1.5- to 3.0-fold
increased risk; this information could help to refine
screening recommendations.
A further evidence derives from screening programs
carried out in average risk individuals; in fecal occult
blood test positive individuals the risk of advanced adenomas is increased in those with family history (OR
= 1.53, 95%CI: 1.27-1.83) versus those without family
history[46]. In colonoscopy-based screening studies [47]
family history of colorectal cancer was associated with a
higher risk of advanced neoplasms (OR = 2.5; 95%CI:
1.5-4.2). Although controlled studies with mortality end-

WCGO|www.wjgnet.com

points are lacking, a 16 year prospective follow-up study
in 1124 individuals at “moderate-risk” (i.e., not fulfilling
Amsterdam criteria) because of family history of CRC
was carried out in a tertiary referral family cancer clinic
in England[48]. These individuals underwent colonoscopy
every 3-5 years, the number of cases of CRC observed (4
vs 26.5; RR = 0.15, 95%CI: 0.08-0.30) and the number of
death from CRC (2 vs 10.7; RR = 0.19, 95%CI: 0.10-0.38)
was significant lower than expected.
Although some evidence supports screening in these
individuals, controversy exists whether people with family history should be managed in specific screening and
with specific surveillance protocols. European guidelines
recommend that in absence of hereditary syndromes,
individuals with positive family history should not be excluded from CRC screening programs[49].
It is unclear which organizational strategy should be
used in this at moderate risk population. Opportunistic screening has been evaluated in many observational
studies[50] using mailed survey and telephone interviews.
These studies have evaluated colorectal screening practices, including use of screening test, adherence to guidelines and barriers against screening in these individuals.
A recent meta-analysis[51] evaluated 17 studies, accounting
for a total of 13269 individuals with a family history of
CRC; pooled screening participation levels were calculated for each screening modality; fecal occult blood testing,
sigmoidoscopy-based and colonoscopy-based screening
participation were respectively 25% (95%CI: 12-38), 16%
(95%CI: 7-27) and 40% (95%CI: 26-54). Colonoscopy
uptake among FDRs is less than 40% even if they are
invited to screening[32,37,52], but in an organized screening
program from Italy[53], the colonoscopy uptake among
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725 invited to screening was significant higher than those
not invited (78% vs 8%, P < 0001). Randomized controlled trials are needed[54] to evaluate systematic interventions promoting adherence to CRC screening among
FDRs. Many factors have been identified as predictors of
screening participation in this individuals; a recent systematic review[55] included 10 relevant papers according
to reviewer’s inclusion criteria; the review revealed that
receiving recommendation from a clinician, the strength
of family history and the relationship with the affected
relative are associated with screening uptake.
It remains to be clarified what screening test to use;
no prospective controlled studies have compared different screening tests in this population. In a multicenter
prospective, double-blind study[56] on 595 FDRs with
CRC submitted to screening colonoscopy, fecal immunochemical testing demonstrated a high diagnostic accuracy
for CRC; using receiver-operating characteristic curves,
area under the curve (AUC) was 0.96 (95%CI: 0.95-0.98);
for advanced adenomas diagnosis AUC was 0.74 (95%CI:
0.66-0.82).
Economic issues should also be considered before
implementing screening programs in these individuals;
using the MISCAN-COLON model, a microsimulation
model designed to evaluated costs and outcomes of CRC
screening, the authors[57] compared colonoscopy screening of all individuals (colonoscopy every 10 years starting at age 50) with three family history-based screening
programs (colonoscopy every 10 years starting from age
40; colonoscopy every 5 years starting from age 40 and
colonoscopy every 5 years starting from age 50); the costeffectiveness of family history based screening programs
varied from $18000 to $51000 per life year gained.

4
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7

8

9

10

CONCLUSION
Although the evidences of the studies are still incomplete
and screening strategies are controversial in this moderate
risk population, we suggest that screening colonoscopy at
age 40 should be recommended especially in those with
a CRC diagnosed at age < 60 or with more first degree
relatives affected in the family.
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Inflammatory pathways in the early steps of colorectal
cancer development
Francesco Mariani, Paola Sena, Luca Roncucci
are among the cells mostly involved in these processes
and proteins, as cyclooxygenases and resolvins, are
crucial in these inflammatory pathways. Indeed, the
activation of these pathways establishes an oxidative
and anaerobic microenvironment with DNA damage
to epithelial cells, and shifting from an aerobic to an
anaerobic metabolism. Many cellular mechanisms, such
as proliferation, apoptosis, and autophagy are altered
causing failure to control normal mucosa repair and
renewal.

Francesco Mariani, Luca Roncucci, Department of Diagnostic,
Clinical and Public Health Medicine, University of Modena and
Reggio Emilia, 41124 Modena, Italy
Paola Sena, Department of Biomedical, Metabolic and Neural
Sciences, Section of Human Morphology, University of Modena
and Reggio Emilia, 41124 Modena, Italy
Author contributions: Mariani F, Sena P, Roncucci L solely
contributed to this paper.
Supported by The Fondazione Umberto Veronesi (FUV) and
the Associazione Ricerca Tumori Intestinali (ARTI) of Modena
Correspondence to: Luca Roncucci, MD, PhD, Department
of Diagnostic, Clinical and Public Health Medicine, University
of Modena and Reggio Emilia, Via Università, 4, 41124 Modena,
Italy. luca.roncucci@unimore.it
Telephone: +39-59-4224052 Fax: +39-59-4222958
Received: September 27, 2013 Revised: December 5, 2013
Accepted: April 21, 2014
Published online: February 8, 2015

© 2015 Baishideng Publishing Group Inc. All rights reserved.

Key words: Myeloperoxidase; Colorectal carcinogenesis;
Inflammation; Aberrant crypt foci; Autophagy; Hypoxia;
Apoptosis
Core tip: This paper examines the most important inflammatory pathways involved in the very early steps
of colorectal carcinogenesis. In particular, it emphasizes
the role played by cells of the immune system and key
proteins, like cyclooxygenases, resistins, hypoxia-inducible factor 1, nuclear factor E2-related factor 2, and
sirtuins, in fostering changes in mechanisms, like cell
proliferation, DNA damage, apoptosis and autophagy,
anaerobial metabolism and tissue remodeling, considered central for colorectal cancer development.

Abstract
Colorectal cancer is a major cause of cancer-related
death in many countries. Colorectal carcinogenesis is
a stepwise process which, from normal mucosa leads
to malignancy. Many factors have been shown to influence this process, however, at present, several points
remain obscure. In recent years some hypotheses have
been considered on the mechanisms involved in cancer
development, expecially in its early stages. Tissue injury resulting from infectious, mechanical, or chemical
agents may elicit a chronic immune response resulting in cellular proliferation and regeneration. Chronic
inflammation of the large bowel (as in inflammatory
bowel diseases), has been associated with the subsequent development of colorectal cancer. In this review
we examine the inflammatory pathways involved in the
early steps of carcinogenesis, with particular emphasis
on colorectal. Firstly, we describe cells and proteins recently suggested as central in the mechanism leading
to tumor development. Macrophages and neutrophils
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INTRODUCTION
Colorectal cancer is still a major health concern. In recent
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years new hypotheses have been considered on the mechanisms involved in the early stages of colorectal carcinogenesis. Among them, it has been postulated that inflammation, and in general colorectal mucosa injury caused by
several environmental agents, can play an important role.
Indeed, tissue injury resulting from infectious, mechanical, or chemical agents may elicit a chronic immune response resulting in cellular proliferation and regeneration.
If the immune response fails to resolve injury, a microenvironment rich in cytokines, growth factors, and products
of cellular respiration substaines a prolonged proliferation in attempt to repair, resulting in the accumulation of
genetic errors and continued inappropriate proliferation.
Evidence supports a role for inflammatory responses in
the development of colorectal cancer. Chronic inflammation of the large bowel [as in inflammatory bowel
diseases (IBD)], has been associated with the subsequent
development of colorectal cancer.
Here we examine the inflammatory pathways involved in the early steps of carcinogenesis, with particular emphasis on colorectal. Firstly, we describe cells and
proteins recently suggested as central in the mechanism
leading to tumor development. A second chapter is targeted to the description of the tumor microenvironment
and its oxidative and anaerobic metabolism. Finally, the
role of inflammation in colorectal tissue remodelling is
discussed.

and 1 and TNF-α in stromal, epithelial and endothelial
cells, and also in a subset of monocytes. Together, these
proinflammatory cytokines rapidly recruit neutrophils
to the site of infection. Neutrophils normally traffic to
peripheral tissues, where they are phagocytosed by Mfs
after transmigration and apoptosis. Apoptotic cell phagocytosis might downregulate IL-23 secretion and then
curb IL-17 and granulocyte colony stimulating factor (GCSF) production and eventually granulopoiesis. If this
processes were interrupted, tissue Mfs would continue
to express IL-23. This could drive IL-17 expression and
increase neutrophils retrieval in peripheral tissues[7-9].
The production of arginase has been associated with
M2 type macrophages. The switch from (nitric oxide) NO
production to induction of arginase in these “alternatively activated” cells up-regulates polyamine and proline
biosynthesis, that can stimulate cell replication, collagen
deposition, and tissue repair[10,11]. Some in vivo evidences
indicate that an exacerbated local M1 macrophage-like
inflammation favors oxidative microenvironment, while
M2 macrophage-like inflammation substains progressive
tumor growth[12-14] (Figure 1).
Immune cells are known to express specific recognition molecules for cell surface glycans, such as galectins,
sialic acid binding Ig-like lectins (siglecs), and selectins.
Some carbohydrate determinants are preferentially expressed in nonmalignant epithelial cells, whereas other
determinants are expressed in association with cancers.
The carbohydrate determinants associated with cancers,
such as sialyl Lewis-A or sialyl Lewis-X, are clinically
used as tumor markers. Most siglecs are known to inhibit
excess activation of immune cells. It is noteworthy that
only the glycans that are expressed in normal epithelial
cells serve as ligands for siglec-7 and -9, whereas cancerassociated glycans do not. Their expression is lost at the
early stage of colon carcinogenesis as a result of epigenetic silencing of glycol-genes involved in their synthesis.
The majority of immune cells expressing siglec-7 and -9
in normal colonic mucosa are macrophages/monocytes.
The ligation of siglec-7 and -9 suppresses lipopolysaccharide (LPS) induced cyclooxygenases (COX)-2 and PGE2
production. These results suggest that normal glycans of
colonic epithelial cells exert a suppressive effect on tissue
macrophage COX2 expression in colonic mucosa, thus
maintaining immunological homeostasis in normal mucosal membranes. These results also imply that the cancerassociated impaired glycosylation of siglec-7 and -9
ligands serves to enhance COX2 production by mucosal
macrophages[15-18].

INFLAMMATORY CELLS AND PROTEINS
Macrophages
Macrophages (Mfs) represent 10%-20% of all mononuclear cells found in the intestinal lamina propria making
the intestine the largest reservoir of Mfs in humans.
Type Ⅰ macrophages (M1) (classical activated) as
cells able to produce large amounts of proinflammatory
cytokines, are implicated in the mechanism of killing
pathogens and tumor cells by secreting agents such as
tumor necrosis factor α (TNF-α), interleukin (IL)-12, reactive nitrogen (iNOS), and oxygen intermediates (ROS).
In contrast, Type Ⅱ macrophages (M2) (alternative activated), generated by various signals which include IL-4,
IL-13, IL-10, and glucocorticoid hormones, moderate the
inflammatory response, eliminate cell wastes, promote
angiogenesis and tissue remodeling, and release cytokines,
including IL-10[1-4].
Macrophages in tumors, usually termed tumorassociated macrophages (TAMs), play important roles in
determining the clinical outcome, and often express the
M2 phenotype. M1 macrophages are often abundant in
chronic inflammatory sites, and where tumors are initiated and start to develop. Moreover, it is possible that
the macrophages switch to an M2-like phenotype as the
tumor begins to invade, vascularize, and develop [5,6].
IL-23 is produced by macrophages within a few
hours after the activation. This, in turn, triggers rapid
IL-17 responses from tissue-resident macrophages. IL-17
promotes the production of IL-1, IL-6, IL-8, CXC lig-
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Neutrophils
Neutrophils (polymorphonuclear cells, PMN) have a
well-established role in the first line of defence against
microbial pathogens but, because of their short life and
fully differentiated phenotype, their role in cancer-related
inflammation has long been considered negligible.
Upon encountering inflammatory signals, neutrophils
change their responsiveness to allow directed migration
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Figure 1 Inflammatory cells and proteins in the early phases of colorectal carcinogenesis. A: Inflammation and necrosis lead to monocytes recruitment and
macrophages M1 polarization, with establishment of an inflammatory microenvironment and cytokines release [tumor necrosis factor α (TNFα), interleukin (IL)-12,
IL-23]. Stromal, epithelial, and endothelial cells express lipooxygenases (5-LOX, 12-LOX), and cyclooxygenases 2 (COX2) proteins, with formation of inflammatory
mediators leukotrienes and prostaglandins (i.e., LTB4, PGE2) that drive neutrophils recruitment. Neutrophils, at the site of injury, amplify inflammation through myeloperoxydase (MPO), reactive oxygen species (ROS) and matrix metalloproteinases (MMP); B: If the inflammatory stimulus is switched-off the stromal and epithelial
cells expressing 15-LOX drive the formation of pro-resolving mediators lipoxins (LXA4 and LXB4). These lipids block the neutrophils migration and stimulate the
phagocytosis of apoptotic neutrophils by macrophages M1. The clearance of neutrophils sustain the switch to M2-phenotype, with secretion of anti-inflammatory cytokines such as IL-10 and transforming growth factor beta (TGFβ); C: If the stimulus is not resolved, the stromal and epithelial cells amplify the inflammatory signals
(through IL-1, IL-8, 5-LOX and 12-LOX). In this way neutrophils apoptosis is inhibited, with continuous tissue and DNA damage by MPO, ROS and MMPs. The macrophages M1 support the inflammatory environment and the phagocyte afflux (IL-23 and IL-17), while M2 macrophages cause tissue remodeling.

and enhancement of microbicidal capacity. Neutrophil
life-span is influenced during inflammation to enhance
their anti-microbial action. Activated PMN are able to
produce and release pro-inflammatory mediators, such as
IL-1, IL-8, and macrophage inflammatory protein (MIP)1s. PMN synthesize and store within cytoplasmic granules large quantities of serine proteinases (e.g., neutrophil
elastase), enzymes, including myeloperoxidase (MPO) and
lysozyme, and ROS. The most abundant granule enzyme
is MPO, which forms cytotoxic hypochlorous acid (HOCl)
from the reaction of chloride anion with hydrogen peroxide produced after the respiratory burst[19,20].
In addition, cytokines IL-23 and IL-17 activate the
inflammatory program of PMN by inducing the synthesis and the release of MPO and metalloproteinases
{neutrophil collagenase [matrix metalloproteinases
(MMP)-8], gelatinase B (MMP-9)} contributing, like ser-
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ine proteinases, to tissue destruction through their proteolytic activity.
Once their physiological function has been performed
in the tissues, neutrophils change their phenotype from a
pro-inflammatory state, where they produce and release
pro-inflammatory mediators such as LTB4 and PAF, to
a more anti-inflammatory pro-resolution state whereby
they release products (e.g., lipoxins) that can influence the
resolution phase of inflammation[8,9,21,22].
The resolution of inflammation therefore relies on
the effective “switching off ’ of the neutrophil, the promotion of apoptosis and the successful recognition and
uptake of cells by phagocytes such as macrophages. The
apoptotic neutrophils stimulate macrophages into a proresolution phenotype, reducing the inappropriate inflammatory response further. In the intestine, the process of
PMN apoptosis can be delayed or accelerated by a num-
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ber of factors. Several host-derived cytokines, including
IL-1, IL-8, and granulocyte-macrophage colony stimulating factor (GM-CSF), inhibit PMN apoptosis. There is
now evidence that suggests MPO can act as a paracrine
signalling molecule, promoting neutrophil survival. By
contrast, the cytokines IL-10 and TNF-α and the products of respiratory burst, can induce apoptosis[23-26].
Under a persistent inflammation, this regulatory
mechanism can be compromised. Indeed, it has been
demonstrated that a low level of persistent inflammation
in normal colorectal mucosa does exist in patients with
colorectal cancer or adenomas[27]. Neutrophils continually
accumulate within the intestinal mucosa and apoptotic
neutrophils that are not eliminated by macrophages undergo secondary necrosis and release the contents of intracellular granules, which can induce pathological tissue
damage[28,29] (Figure 1).

12-LOX metabolites promote cancer cell proliferation, metastasis, and angiogenesis, whereas 15-LOX
metabolites seem to be protective against inflammation
and carcinogenesis. 15-LOX is important for the resolution of inflammation and for the terminal differentiation
of normal cells. 15-LOX enzymes are usually preferentially expressed in normal tissues and benign lesions, but
not in carcinoma of the colon. In contrast, 5-LOX and
12-LOX are generally absent in normal epithelia, but
they can be induced by pro-inflammatory stimuli, and
are often constitutively expressed in various epithelial
cancers including colonic ones. A strong correlation between 5-LOX expression and increased polyp size, higher tumor grade and histological epithelial localisation has
been reported, and a 5-LOX overexpression has been
seen in adenomatous colonic polyps and cancer compared to normal mucosa. This data support a role for
5-LOX in the early stages of colon cancer[38-41]. Signaling
pathways leading to PGE2 and PGD2 in turn actively
induce the formation of lipoxin (LX) A4 and lipoxin B4,
which stop further recruitment of neutrophils and stimulate non-phlogistic monocyte infiltration. Both PGE2
and/or PGD2 switch eicosanoid biosynthesis from predominantly “proinflammatory” LTB4 to “antiinflammatory” LXA4 production. Specific lipoxins and the related
members of the resolvin and protectin families provide
potent signals that selectively stop neutrophil and eosinophil infiltration; stimulate non-phlogistic recruitment
of monocytes (that is, without elaborating pro-inflammatory mediators); promote the uptake and clearance
of apoptotic cells and microorganisms by macrophages;
increase the exit of phagocytes from the inflamed site
through the lymphatics; and stimulate the expression
of molecules involved in antimicrobial defence. LXA4
treatment exerts anti-inflammatory responses in immune
cells, reducing bowel inflammation via NF-κB and decreasing the damage caused to the intestinal epithelium,
and some studies have shown that LXA4 analogs attenuated chemically induced colitis in rodents. Resolvin
E1 (RvE1) reduces PMN transendothelial migration,
superoxide generation and release, and attenuate colonic
mucosal inflammation in vivo, probably by inhibiting
phosphorylation of NF-κB and decreasing the levels
of pro-inflammatory mediators. The resolvins have also
recently been found to influence neutrophil apoptosis
by suppressing MPO-induced survival mechanisms with
improved resolution of inflammation[42-44].
Therefore, it has been hypothesized that the balance
struck by linoleic and arachidonic acid metabolisms in
the LOX pathway activity shifts from the antitumorigenic
15-LOX-1 and 15-LOX-2 pathways to the protumorigenic 5-LOX and 12-LOX pathways during tumorigenesis[45]
(Figure 1).
Recently a role for the acyl-CoA synthetase 4 (ACSL4)
in this shift has been reported. ACSL4 is an enzyme that
esterifies arachidonic acid (AA) into arachidonoyl-CoA.
It is poorly expressed in the gastrointestinal tract, but its
expression is increased in colon cancer. It has been re-

COX and resolvins
Lipid mediators such as eicosanoids, which are derived
from the arachidonic acid, are among the earliest signals
released in response to injury or an inflammatory stimulus. Two families of enzymes, namely, the cyclooxygenases (COX-1 and COX-2) and the lipoxygenases [5-lipoxygenase (5-LOX), 12-LOX, and 15-LOX], metabolize
arachidonic acid to form lipid autacoids[30].
The 5-LOX pathway is closely related to chronic
inflammation and carcinogenesis. Evidence suggests
a potential role of 5-LOX products in early stages of
colorectal carcinogenesis. 5-LOX is highly expressed
in neutrophils and monocytes and is upregulated upon
stimulation with IL-4 and IL-13. During cell activation,
arachidonic acid released from membrane phospholipids is converted by 5-LOX in leukotriene B4 (LTB4) or
LTC4. Two types of receptors, LTB4 receptor 1 (BLT1)
and receptor 2 (BLT2) are known, and BLT1 is mainly
involved in inflammatory responses. Overproduction of
LTB4 in human colon cancer tissue and LTB4-mediated
proliferation of colon cancer cells were reported. It has
also been demonstrated a strong expression of BLT1 in
the carcinomatous regions of human colon tissues, but
not in the normal regions. Leukotriene B4 has been implicated in the pathogenesis of IBD[31-33].
The COX pathway contributes to neutrophil accumulation, and PGE2, a prominent product of the COX-2
pathway, plays a central role in checking leukocyte function by activating a specific PGE2 receptor. During
the tissue progression of inflammatory events, PGE2
inhibits the production of proinflammatory cytokines,
acts upreguling M2-type responses in Mfs but may also
perpetuate chronic inflammatory responses by causing
more prooxidant conditions, leading to DNA damage or
reduced DNA repair. Thus, chronic inflammation leads
to a chronic infiltration of neutrophils and macrophages
with consequent damage to tissue. The increase in PGE2
production mediated by overexpression of COX-2, promotes colorectal tumorigenesis and activates the Wnt
signaling pathway in colorectal cancer[34-37].
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nitric oxide (NO). Moreover, depending on the concentration, genetic background, and NO enzyme involved,
NO may induce protective effects. Clinical data show
that iNOS levels are elevated in actively inflamed mucosa
from inflammatory bowel diseases; however, there is controversy about its role in intestinal carcinogenesis[56,57].
Also carcinoma associated fibroblasts (CAFs), originated either by resident fibroblasts or by recruitment
of circulating mesenchymal stem cells, are profoundly
affected by oxidative stress. CAFs activation leads to
lactate production and to lactate upload by neighbouring
cancer cells, thus supporting their respiration and anabolic functions[58,59].
Thus, a persistent oxidative stress may, first, induce
DNA damage such as modified base products and strand
breaks that may lead to further mutation and chromosomal aberration of cancer (genomic instability) and, secondly, constantly activate transcription factors and induce
expression of proto-oncogenes, such as NF-κB, c-fos,
c-jun, and c-myc. In addition, ROS are involved in tumor
angiogenesis, through the release of vascular endothelial growth factor, angiopoietin, and apoptosis evasion.
The accumulation of tissue damage and the subsequent
angiogenesis, remodeling, and connective tissue replacement, with a loss of cell cycle control, may contribute to
tumor initiation.

ported that ACSL4 leads to increased COX-2 and LOX-5
levels and controls both lipooxygenase and cyclooxygenase metabolism of AA, resulting in inhibition of apoptosis and increase in cell proliferation. Thus, a new association therapy has been proposed, according to which
a concomitant ACSL4, LOX and COX-2 inhibition may
reduce side effects and improve cancer treatment[46,47].

OXIDATIVE MICROENVIRONMENT
DNA damage
The chronic inflammatory response represents a fine
balance between active inflammation, repair, and destruction occurring in response to a persistent stimulus over
a prolonged period of time. The activation of immune
cells in response to a stimulus results in the elaboration
of cytokines, chemokines, ROS, and reactive nitrogen
species (RNS). Consequently, oxidative stress comes
from the imbalance between endogenous generation of
ROS and anti-oxidant defence systems that involve scavenging of low reactive ROS such as superoxide radical
(HO2·) and hydrogen peroxide (H2O2), the precursors of
highly damaging hydroxyl radical (OH·). The release of
large amounts of ROS and RNS leads to oxidation of
nucleic acids, proteins and lipids, and induction of several promutagenic DNA lesions. Indeed, DNA damage
accumulation is associated with decrease of antioxidant
defences[48-51].
It is estimated that ROS derived from chronic inflammatory cells may be a primary factor in the development
of up to one-third of all cancers. Neutrophils and macrophages are a major source of oxidants that causes genetic
alterations and may promote cancer development. Moreover, it has been reported a key role of MPO-mediated
metabolic activation of inhaled chemical carcinogens in
early stages of pulmonary carcinogenesis. Furthermore,
it has been established that the type of DNA base modifications, as detected in target cells exposed to reagent
H2O2, is highly comparable with the damage induced by
activated neutrophils. In addition, HOCl also has been
demonstrated to be an inhibitor of DNA strand break
repair. Consequently the defects in DNA repair proteins
genes may carry early to a mutated neoplastic clone, presumably as a result of markedly increased epithelial cell
proliferation associated with inflammation, also in nonneoplastic colonic tissue. Unlike normal colonic mucosa,
inflamed colonic mucosa shows abnormalities in these
molecular pathways even before any histological evidence
of dysplasia or cancer, and it has been reported by several
works that the number of gene mutations in individually
growing tumors was associated with the number of infiltrating neutrophils[52-54].
In addition, in colitis-associated colon carcinogenesis,
ROS/RNS may contribute to the p53 mutations and can
functionally impair the protein components of the DNA
mismatch repair system[55]. iNOS expression is induced
during inflammation and catalyzes the production of
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Anaerobial metabolism
The inflammation sites are associated with changes in the
tissue metabolism. More than 80 years ago, Otto Warburg suggested that cancer could be caused by a decrease
in the energy metabolism of mitochondria in parallel
with an increased glycolytic flux. In the following years it
has been shown that cancer cells exhibit multiple alterations in structure, function and activity of mitochondria
and glycolytic enzymes. The imbalance in glucose uptake
and lactic acid production in the colonic neoplastic cells
when compared with non-neoplastic cells has been well
documented, and insulin signalling has been linked to an
increased colon cancer risk. According to some studies,
insulin pro-tumorigenic action may be due to an overproduction of ROS with subsequent DNA damage[60]. In this
view, the mitochondria contribute to ROS generation,
thus leading to DNA alteration. Both nuclear and mitochondrial DNA damage has been related to cancer development. Mitochondrial transcription factor A (TFAM)
is a protein involved in transcription, replication and
repair of mtDNA. It is essential also for mitochondrial
biogenesis and function. Recent studies reported that its
expression is related to clinical and pathological gradient
of colorectal cancer, and that its loss can induce mtDNA
instability with enhanced carcinogenic potential[61,62].
Hypoxia inducible factor 1
Inflammation can cause a significant hypoxia, resulting in
the induction of hypoxia-response genes. Hypoxia leads
to a coordinated transcriptional response mainly through
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Figure 2 Oxidative microenvironment in the inflammatory milieu of colorectal mucosa. Inflammation leads to an oxidative microenvironment with consequent
modification of cell metabolism. The major players of these changes is hypoxia inducible factor 1 (HIF1), nuclear factor erythroid 2-related factor 2 (Nrf2), and sirtuins
(SIRT). HIF1 activation supports the metabolic switch to anaerobial metabolism [fructose-1,6 bisphosphate aldolase (ALD); phosphoglycerate kinase (PGK); enolase
1 (ENO1); lactate dehydrogenase (LDH)]. Nrf2 is involved in the antioxidant defences of epithelial cells [NAD(P)H dehydrogenase (NQO1); glutathione S-transferase
(GST); heme oxygenase-1 (HO-1)], while sirtuins affect apoptosis and anti-inflammatory genes.

the activation of the transcription factor hypoxia inducible factor 1 (HIF1), which is composed by two subunits:
HIF-1α that is oxygen-sensitive and HIF-1β [known also
as aryl hydrocarbon receptor nuclear translocator] that is
constitutively expressed.
HIF undergoes a negative regulation in normoxia.
The stabilization of HIF-1α protein, however, is not
limited to hypoxic conditions, and the so-called “hypoxic
response” can also start with a suitable support of oxygen. This oxygen-independent hypoxic response can
result from a wide variety of genetic abnormalities and
dysfunctions in signaling pathways, such as tumor suppressor genes deletion (VHL, p53, PTEN), or by the activation of oncogenic pathways related to PI3K/Akt, Src,
or activation of growth factors (such as EGF or IGF).
Further, ROS, NO, and the heat shock promote HIF-1α
expression in normoxic conditions. Pyruvate and oxaloacetate, the major products of the tricarboxylic acid cycle,
contribute to the stabilization of HIF. Promoter analysis
revealed that HIF-1α directly regulates more than 60
target genes, and genes induced by HIF-1α in hypoxic
conditions are similar to those induced in normoxic conditions[63-67].
HIF-1 mediates adaptation to hypoxia through the
activation of genes that increase the glycolysis, as the
glucose transporter Glut1. This mechanism increases
glucose entry into the cell and accelerates glycolysis. En-
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zymes such as aldolase, phosphoglycerate kinase [whose
levels are increased already at the stage of aberrant crypt
foci (ACF), early lesions in colorectal cancer development], Enolase, Lactate Dehydrogenase, and the carrier
of lactate MCT4 contain consensus sequences for HIF.
The increased induction of HIF target enzymes increases
the environment acidity[68-71] (Figure 2).
It has been shown that the generation of mitochondrial reactive oxygen species during hypoxia promotes
HIF stabilization. In turn, HIF-1α is also implicated in
the control of mitochondrial activity. HIF-1α controls
the expression of cytochrome c oxidase subunit Ⅳ (COX
Ⅳ, isoform2) through HRE elements present on the
gene. A continuous ROS production contributes to create
mutations in the mitochondrial DNA. The presence of
these mutations has been indicated as a factor promoting
colorectal carcinogenesis[72-74].
A hypoxic microenvironment is established very early
during the development of the tumor when the tumor
has a volume of about 2-3 mm in diameter (possibly at
the stage of aberrant crypt foci, ACF)[75]. HIF directly
activates the genes coding for transferrin, vascular endothelial growth factor (VEGF), endothelin1 and nitric
oxide synthase, which are involved in vasodilation and
neovascularization. So, the tumor responds by increasing
the glycolytic metabolism and angiogenic potential; thus,
HIF is an important player in all the phases of neoplastic
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growth by regulating survival, inhibition of apoptosis,
neoangiogenesis and tumor metastasis[76,77].

been demonstrated to play important roles in many
physiological and pathophysiological conditions, including metabolism, cell survival, cancer, aging and caloric
restriction-mediated longevity[86,87].
Sirtuins are a group of highly phylogenetically conserved proteins that catalyze the deacetylation of target
proteins. The deacetylation reaction spends NAD+, a
key molecule in energy metabolism, thus linking protein
regulatory control to metabolic conditions[88].
Mitochondrial SIRT3 is involved in tumor metabolism. SIRT3 induces fatty acid oxidation and regulates
ROS homeostasis by targeting the mitochondrial enzymes
Mn-SOD and SOD2. SIRT3 seems to maintain genomic
stability by controlling ROS levels, that have been associated with mutagenesis promotion and genomic instability.
ROS can modulate both cell survival and apoptotic pathways; thus SIRT3 may also promote tumorigenesis and
prevent apoptosis, maintaining ROS at the appropriate
level for a proliferative and aggressive phenotype. In contrast, some reports support a role for SIRT3 in inducing
growth arrest and apoptosis in colorectal carcinoma[89,90].
SIRT1 regulates both apoptosis and autophagy by
deacetylating p53 and other proteins involved in these
pathways[91]. As a consequence, SIRT1 might be considered a facilitator for cancer development. Nevertheless,
although pro-oncogenic effects of SIRT1 have been reported in some studies, there are also reports showing a
tumor-suppressor role for this protein as well. Although
information about the role of sirtuins in IBD is limited,
there are several reports that show an antiinflammatory effect for these molecules. In fact, the best-known
SIRT1 activator is resveratrol, that reverses colitis-associated decrease in SIRT1 gene expression, provokes the
down-regulation of NF-κB and the increase of COX-2
expression, and other changes, in a dextran sulfate
sodium-induced colitis, and resveratrol suppresses colon
cancer associated with colitis[92,93]. In addition, SIRT1
is a negative regulator of NF-kB activity. With respect
to colorectal cancer, several studies support the notion
that SIRT1 could be involved in carcinogenesis, and
SIRT1 has been found to be upregulated in various human cancers, including colon cancer[94,95]. SIRT1 expression is associated with microsatellite instability and CpG
island methylator phenotype in human colorectal cancer. Conversely, there are also studies that indicate that
SIRT1 can act as tumor suppressor. SIRT1 suppresses
intestinal tumorigenesis and colon cancer growth in a
[96,97]
.
β -catenin-driven mouse model of colon cancer
SIRT1 has been shown to regulate Wnt signalling, to
promote constitutive Wnt signalling and Wnt-induced
cell migration, showing more a protumor action than an
antitumor effect. In another study, SIRT1 has properties of a growth suppressor. Knockdown of SIRT1 increases the rate of tumor growth, whereas overexpression of SIRT1 reduces tumor formation in nude mice.
Furthermore, pharmacological inhibition of SIRT1
increases the rate of cell proliferation in culture. These
results together suggest that SIRT1 has properties of a

Nuclear factor E2-related factor 2
Nrf2, or nuclear factor erythroid 2-related factor 2, is a
positive regulator of the human antioxidant response
element (ARE) that drives the expression of antioxidant
enzymes such as NAD(P)H: quinone oxidoreductase 1
(NQO1), those involved in glutathione synthesis, and
genes involved in limiting the inflammatory process[78,79].
Nrf2 signaling in physiological conditions acts as a
switch that is turned on by the presence of stressors in
the cellular microenvironment and that is rapidly deactivated when the insult is withdrawn and homeostasis is restored. However, under pathological conditions, the tight
regulation of Nrf2 by rapid protein turnover is highly
susceptible to being altered. This could result in the loss
of responsiveness to cell stressors and subsequent vulnerability of the cell to various insults or in the acquisition of a constitutively active phenotype[80,81].
Constitutive signalling toward the expression of cytoprotective enzymes would confer cells a survival advantage
under adverse conditions. Therefore, constitutive activation or augmented signalling of the Nrf2 pathway might
be decisive for cell fate during tumorigenesis and affect the
response to chemotherapy. Under these conditions, Nrf2
can be defined as a proto-oncogene[82] (Figure 2).
The involvement of Nrf2 in cancer pathogenesis is
a controversial topic, provided a number of reports that
still assign Nrf2 a role in cancer chemoprevention from
genotoxic agents or inflammation[83].
Nrf2 knockout leads to an enhanced oxidative and
inflammatory environment which would contribute to an
increased level of free radicals, PGE2, LKTB4 and NO
accumulation in the cells, leading to hyperproliferation of
colonic crypts. However, some reports have shown that
drugs that activate Nrf2 can promote cell growth, and an
increasing number of works points to a potential role for
Nrf2 and its transcriptional target genes in tumorigenesis.
In conclusion Nrf2 can function as a proto-oncogene in
plenty of solid tumors and leukemias. Nrf2 can be activated by numerous compounds and is also frequently
deregulated in a wide variety of cancers by mutations,
aberrant epigenetic or posttranslational regulation, or hyperactivation of oncogenic signalling pathways involving
other transcription factors such as NF-κB, various protein
kinases, structural proteins such as E-cadherin, or other
regulators such as p62. Overexpressed or hyperactivated
Nrf2 can participate in tumorigenesis by helping cells escape from diverse forms of stress through the induction
of anti-oxidant target genes or by directly promoting cell
survival, proliferation, and even metastasis[84,85].

SIRTUINS, INFLAMMATORY BOWEL
DISEASE, AND COLORECTAL CANCER
Mammals express seven sirtuins (SIRT1-7) that have
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Figure 3 Inflammation and remodelling of colorectal mucosa. Macrophages and neutrophils cause tissue damage and DNA damage by reactive oxygen species
(ROS) formation. Inflammatory cytokines stimulate crypt stem cells proliferation driven by Wingless and Hedgehog. Defects in apoptosis and autophagy systems cause
accumulation and proliferation of transformed cells. Indeed, inflammatory cells cause extracellular matrix (ECM) modifications, substaining disassembly of normal tissue
architecture, angiogenesis and tumor invasion. CAF: Carcinoma associated fibroblasts; TAMs: Tumor-associated macrophages; MMP: Matrix metalloproteinases.

context-dependent tumor suppressor[98,99]. These results
show that sirtuins have pleiotropic effects on cancer development (Figure 2).

also by producing and releasing IL-22. IL-22 has a beneficial action on intestinal epithelial barrier by promoting cell proliferation, migration, and mucus production.
This action is mediated probably by the IL-22 receptor
(IL-22R), that is expressed by the epithelial cells of the
gastrointestinal tract. There is also a soluble receptor for
IL-22, IL-22BP, that acts by preventing the binding to the
membrane-bound IL-22R and thus terminating the IL22-induced regenerative program. So, as decreased levels
of IL-22 are detrimental to the regeneration of epithelial
monolayer, a defective control by IL-22BP can speed
colon cancer development by sustaining a prolonged epithelial proliferation[102,103].

INFLAMMATION AND REMODELLING
Generally, the repair of the damaged epithelium can rapidly be completed following the decrease of intestinal inflammation. Very few tissues in adult mammals have the
ability for true regeneration; among them are the bone
marrow, liver, intestinal epithelium, and epidermis of the
skin.
There is accumulating evidence that loss of control
over normal tissue repair or renewal mechanisms may
lead to malignant transformation. Cancer has been described as a “wound that does not heal” or “the wound
is a tumor that heals itself ”. But is there a link between
tissue repair and cancer? The association between cancer
and persistent inflammatory or regenerative states strongly suggests this connection[100,101] (Figure 3).
Further, PMNs recruited to the inflammation site act
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STROMAL INVOLVEMENT
Macrophages remove apoptotic neutrophils, the phagocytosis of which may lead to a change toward a more reparative (M2) macrophage phenotype and the resolution
of the inflammatory phase of wound healing[104-106].
There is evidence for extracellular matrix (ECM)
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proteins and activated ECs increasing the lifespan of
neutrophils. The protection against neutrophil apoptosis
is a result of adhesion to matrix proteins fibronectin and
laminin, and activated EC-coated substrates, leading to an
appropriate function[107,108].
The proliferative phase of wound healing involves
new ECM deposition, including the deposition of dense
fibrous connective tissue, within the site of injury. The
architecture of the collagen scaffolds in tumors is severely
altered. Tumor-associated collagens are often linearized
and crosslinked, reflecting elevated deposition and significant posttranslational modification[109,110].
The ECM provides a physical scaffold for cell adhesion and migration, it influences tissue tension, and it
signals to cells through ECM receptors. Proteolysis of
the ECM regulates cellular migration by modifying the
structure of the ECM scaffold and by releasing ECM
fragments with biological functions. ECM proteolysis is
therefore tightly controlled in normal tissues but typically
deregulated in tumors[111-113].
Following the deposition of significant amounts of
ECM (predominantly collagens type Ⅰ and Ⅲ) during
the proliferative phase, the remodeling phase of wound
healing begins. This phase is characterized by MMP and
tissue inhibitor of metalloproteinase (TIMP)-mediated
degradation and remodeling of the newly deposited collagen. An altered expression of some MMPs has also
been reported in colorectal carcinogenesis[114,115].
TIMPs, which are secreted proteins, bind and inhibit
enzymatically active MMPs at a 1:1 molar stechiometric proportion, thus inhibiting the proteolytic activity
of MMPs. The impact of TIMPs is essential for the
homeostasis of the ECM. The sensitive balance between
MMPs and TIMPs is essential for many physiological
processes in the gut[116].
Moreover, it has been demonstrated that serum antigen concentrations of MMP-9, TIMP-1 and TIMP-2,
were significantly increased in patients with ulcerative
colitis and crohn disease compared to controls. These
results suggest that MMPs and TIMPs may contribute to
the inflammatory and remodeling processes in IBD[117].
M2-like TAMs release a number of potent proangiogenic cytokines, such as VEGF-A, VEGF-C, TNF-α,
IL-8, and bFGF. Additionally, these TAMs also express
a broad array of proteases known to play roles in the
angiogenic process. These proteases include urokinasetype plasminogen activator (uPA), the matrix metalloproteinases MMP-2, MMP-7, MMP-9, and MMP-12,
and elastase uPA and MMP support angiogenesis by
remodeling and breaking down the ECM. Degradation
of ECM leads to the mobilization of growth factors and
facilitates the migration of vascular cells into new environments[118,119].
Among the proteolytic enzymes expressed by TAMs
there are several members of the cysteine cathepsin family, which have been implicated in cancer progression.
Cysteine cathepsins are specifically involved in cancer,
cysteine cathepsins B and L have been investigated most
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intensively, and invariably their increased expression
and/or activity correlates with malignant progression[120].
Several investigations have confirmed significantly higher
levels of cathepsins D, L, H, and, in particular, cathepsin
B in colorectal carcinoma[121].
Fibroblasts are among the most active cell types of the
stroma. They are present in the stroma of normal tissues,
including colorectal, where they perform tissue repair
functions under certain physiological conditions, and in
the stroma of tumors, in which they might represent the
main component. They have been given various names:
tumor-associated fibroblasts, CAF or myofibroblasts.
The differentiation of fibroblasts into myofibroblasts
is an important step in tissue repair. Migration of colonic
fibroblasts into and through the extracellular matrix during the initial phase of mucosal healing appears to be a
fundamental component of wound contraction[122,123].
After differentiation, subepithelial myofibroblasts
form a pericryptal fibroblast sheet adjacent to the basal
lamina of colonic crypts. Intestinal subepithelial myofibroblasts contribute to the coordination of tissue regeneration by producing TGF-β, epidermal growth factor,
basic fibroblast growth factor, proinflammatory cytokines, and the formation of new basement membrane.
In a state of permanent activation, fibroblasts can
promote tumor growth and tumor progression, favoring
a variety of tumor-specific mechanisms. These activated
fibroblasts can be characterized molecularly by several
markers that should be expressed by the fibroblasts in
their activated state. Some of the most common CAF
markers are a-smooth muscle actin, fibroblast-specific
protein 1 (FSP1 or S100A4) and fibroblast activation protein. Together with M2 macrophages, and as previously
stated above, CAF are a large component of the stroma
and generally tumor promoting[124-126].

THE STEM CELL ROLE AND THE
EPITHELIUM RESPONSE
Thus, rapid resealing of the epithelial surface barrier following injuries or physiological damage is essential to
preserve the normal homeostasis. In a state of chronic
injury or inflammation, stem cells are under a continuous stimulus of proliferation; pathway activation and
presumed expansion of stem cell pools would persist so
long as repeated injury prevents full regeneration[127].
Epithelial cell proliferation is stimulated in crypts near
the damaged mucosal area to replenish the decreased cell
pool. This appears as an elongation of the crypt, which
may subsequently divide into two crypts. Maturation
and differentiation of undifferentiated epithelial cells is
needed to maintain the numerous functional activities of
the mucosal epithelium[128,129].
Recent studies have revealed that the key signal regulating the proliferation of immature epithelial cells in the
crypt may be Wnt signaling. Wnt signaling is an important
part of normal epithelial renewal within the small and

1936

February 8, 2015|First Edition|

Mariani F et al . Inflammation in colorectal carcinogenesis

large intestine. Wnt signaling has long been studied in the
development of colon cancer, a disease characterized by
the unregulated proliferation of intestinal epithelial cells.
A series of studies in mice has revealed that Wnt signaling also regulates the proliferation of immature epithelial
cells within the normal crypt. Two morphogenic signaling pathways, specifically Hedgehog (Hh) and Wingless
(Wnt), serve to illustrate how pathways involved in stem
cell proliferation during development, and regeneration
have also been implicated in several different epithelial
cancers. These observations suggest that cancer growth
may represent the continuous operation of an unregulated state of tissue repair and that continuous Hh/Wnt
pathway activities in carcinogenesis may represent a deviation from the return to quiescence that normally follows
regeneration[130-133].

nisms that allow them to escape their own tumor suppressor systems. Impairment or deregulation of the main
apoptotic pathways is a major characteristic of cancer
cells. In this regard, a cross link between Nrf2 and some
effectors of the main apoptotic pathways has been
proposed on several occasions. Tumor suppressor p53,
which induces apoptosis upon DNA damage, partially in
a ROS-dependent fashion, has been shown to inhibit the
transcriptional activation of Nrf2 target genes in various
cancer cell lines. This finding is supported by another
report in which mice with decreased p53 levels showed
enhanced expression of Nrf2 target genes after treatment
with a genotoxic agent. These data suggest that Nrf2 inhibition is needed for p53-dependent apoptosis[139].
Many derangements in cell signaling occur within
chronically inflamed tissues, which may lead to inappropriate suppression of apoptosis and subsequent tumorigenesis. Through careful microdissection of chronically
inflamed and neoplastic tissues, several consistently
upregulated survival signaling pathways have been identified, with subsequent attempts made to develop inhibitors to key pathway intermediates[140].

AUTOPHAGY
Autophagy is usually considered as a tumor-suppressing
mechanism, though it can also enable tumor cell survival
upon stress, and may promote metastasis formation.
Autophagy is a key response mechanism to numerous
extracellular and intracellular stresses. These include,
for example, nutrient and growth factor deprivation and
hypoxia. Autophagy is the only cellular catabolic process
that can eliminate damaged or ROS-overproducing mitochondria, and thereby limit general oxidative damage.
Nutrient or growth factor limitation, hypoxia and other
cellular stressors are known to deactivate the signaling
system that leads to autophagy induction and suppression
of cell growth and proliferation[134,135].
Several pathways (including RAS/PKA, RAS/ERK,
IRE1/JNK, TGF-β, WNT/GSK3, HIF) and transcription factors (TFs), such as NRF2, FoxO and p53 have
been described to affect autophagy. Interestingly, these
signaling pathways are also important in cell growth,
proliferation, angiogenesis, immunity, cell survival and
cell death, functions whose alteration are listed among
the hallmarks of cancer. Thus, these data show that
the control of autophagy is affected during tumorigenesis[136-138]. Numerous studies examined the role of
autophagy in cancer, but the results are rather ambiguous. On the one hand, autophagy has tumor suppressing functions by suppressing chromosomal instability,
restricting oxidative stress, promoting oncogene-induced
senescence, and reducing intratumoral necrosis and local
inflammation. On the other hand, enhanced autophagy
represents a prominent mechanism used by tumor cells
to escape from hypoxic, metabolic, detachment-induced
and therapeutic stress as well as to develop metastasis
and dormant tumor cells. During tumorigenesis, autophagy is frequently switched on and off, resulting in highly
regulated anti- and pro-tumorigenic effects. Therefore,
autophagy can be considered as a double-edged sword
during tumorigenesis.
During tumorigenesis, cells not only increase their
proliferative potential but also need to develop mecha-
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TARGETING THE NF-kB PATHWAY
NF-κB is a ubiquitously expressed transcription factor
that plays a pivotal role in regulating cellular responses
to environmental challenges, such as stress, infection,
and inflammation. NF-κB is activated in response to
cytokines and inflammatory mediators such as TNF-α,
IL-1, LPS and ROS, and its regulatory products include
growth factors, cytokines, immunoreceptors, and cell
survival proteins, making it a complex modulator of the
immune response.
Moreover, there is growing evidence of a connection
between inflammation, NF-κB and tumor development.
Viral oncogenes and some chemical and physical carcinogens, especially nicotine and carcinogens in tobacco,
promote cell proliferation, survival, and inflammation
via NF-κB activation. The role of NF-κB in promoting
carcinogenesis is evidenced by numerous studies which
indicate that this factor blocks apoptosis by regulating
anti-apoptotic proteins, or by inhibiting the accumulation
of ROS[141,142]. In chronic inflammation, the cytokines
and chemokines produced by inflammatory cells activate
NF-κB, which translocates into the nucleus, inducing the
expression of certain tumorigenic, adhesion proteins,
chemokines, and inhibitors of apoptosis that promote
cell survival. Therefore, NF-κB may contribute to the development of colitis-associated colorectal cancer by sustaining the ongoing inflammatory process in the gut mucosa. NF-κB is also connected to the regulation of many
genes differently expressed in invasion and metastasis:
cyclin D1 and cMyc oncogenes, and VEGF and IL-8 are
directly or indirectly enhanced by NF-κB activation. Several products have been suggested to inhibit NF-κB activation, including curcumin, ginseng extract, resveratrol,
green tea extract, among others, and are known for their

1937

February 8, 2015|First Edition|

Mariani F et al . Inflammation in colorectal carcinogenesis
Table 1 Main players in inflammatory pathways related to early phases of colorectal cancer development
Player

Role in early steps of colorectal cancer

IL-23
IL-17
Arginase
sialyl Lewis-A and sialyl Lewis-X

Induction of IL-17, activation of PMN respiratory burst
Production of inflammatory cytokines, neutrophils recruitment and activation
Stimulation of cell growth, collagen deposition, and tissue repair
Their accumulation on neoplastic cell escape the binding with siglec-7 and -9 in macrophages, thus enhancing COX-2
production
MPO
Hypochlorous acid (HOCl) formation, promotion of neutrophil survival
MMP-8, MMP-9
Tissue destruction and remodeling
5-LOX
Induced by IL-4 and IL-13, role in first step of leukotriene synthesis. Generally absent in normal epithelia
LTB4, LTC4, LTD4, LTE4
Chemoattraction of PMN, eosinophils, and macrophages. Activation of PMN. Increased microvascular permeability.
Proliferation of colon cancer cells
COX-2
PGE production, neutrophil accumulation, perpetuate of inflammatory responses, Wnt signalling activation
12-LOX
Cancer cell proliferation, metastasis, and angiogenesis. Generally absent in normal epithelia
15-LOX
Resolution of inflammation. Generally absent in cancer cells
Lipoxins, resolvins and protectins Resolution of inflammation (stop of PMN recruitment and superoxide generation and release, stimulation of nonphlogistic monocyte infiltration, promotion of the uptake and clearance of apoptotic cells, increase the exit of phagocytes from the inflamed site)
ACSL4
Increased COX-2 and LOX-5 levels, controls of COX-2 and LOX-5 metabolism of AA, inhibition of apoptosis and
increased cell proliferation
TFAM
Regulation of mtDNA transcription, replication and repair. Essential for mitochondrial biogenesis and function
HIF-1
Activate also by ROS, mediates adaptation to hypoxia. Regulation of cell survival, inhibition of apoptosis, neoangiogenesis and tumor metastasis
Nrf2
Antioxidant enzymes expression, , promotion of cells survival by escaping to stress, cells proliferation, and metastasis
SIRT1
Regulation of both apoptosis and autophagy
SIRT3
Regulation of ROS homeostasis
IL-22
Promotion of epithelial repair
NF-κB
Activated by TNF-α, IL-1 and ROS, regulation of infection and inflammation. Apoptosis inhibition. Regulation of
cyclin D1, cMyc, VEGF and IL-8
IL: Interleukin; MPO: Myeloperoxidase; MMPs: Matrix metalloproteinases; LOX: Lipoxygenase; ACSL4: Acyl-CoA synthetase 4; TFAM: Mitochondrial
transcription factor A; HIF1: Hypoxia inducible factor 1; Nrf2: Nuclear factor erythroid 2-related factor 2; SIRT1–7: Seven sirtuins; NF-κB: Nuclear factor
kappa-light-chain-enhancer of activated B cells; PMN: Polymorphonuclear cells; TNF-α: Tumor necrosis factor α; VEGF: Vascular endothelial growth
factor.

antiproliferative properties[143,144].

to draw a more definite one.
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INTRODUCTION

Abstract

Thanks to the advent of targeted therapies for colorectal
cancer (CRC), it is now possible to assign, more accurately than hitherto, therapy according to specific molecular
profiles within a distinct tumour and subsequently to personalize treatment. Although discoveries such as KRAS
gene mutations were a breakthrough in targeted therapy
for CRC patients, various factors must be clarified to
maximize the efficacy of this strategy. In particular, studies are required to identify other intracellular anomalous
pathways involved in CRC so that drugs targeting them
may be developed in order to have the right drug for the
right patient.
Colorectal cancer is the third most common neoplastic disease worldwide[1]. It is one of the leading causes
of cancer mortality, accounting for about 10% of all
cancer deaths, with approximately 40%-50% of all cases
diagnosed as metastatic[2]. Advances in the treatment
of metastatic CRC (mCRC) over the last 20 years have
improved overall survival (OS) from a median of 10 mo
to approximately 24 mo[1]. Although CRC is considered
curable if diagnosed at an early stage, 5-year survival is
less than 10% in patients with unresectable metastatic

Systematic analysis of the epidermal growth factor receptor (EGFR) pathway revealed that biomarkers could
be used to predict the response to and outcome of antiEGFR therapies in patients affected by metastatic colorectal cancer. We have conducted a review on the most
recent findings and advances on this topic. To this aim,
we searched the PubMed database for articles devoted
to predictive and prognostic biomarkers for patients
administered cetuximab- and panitumumab-based
therapies. Here we review the state of the art and the
controversies about the molecular factors known to be
predictors of the efficacy of anti-EGFR therapy, namely,
KRAS, BRAF, NRAS, PI3KCA and PTEN, and we discuss
their prognostic value in colorectal cancer patients.
© 2015 Baishideng Publishing Group Inc. All rights reserved.

Key words: KRAS; Anti-epidermal growth factor receptor; Metastatic colorectal cancer; Biomarkers
Core tip: This is a review underlining the importance
of biomarkers in the treatment of metastatic colorectal
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disease[3,4]. About 40%-50% of CRC patients develop
metastases during their clinical history, and 80%-90% of
them have liver secondary lesions[5].
Approximately 50% of mCRC patients present with
a synchronous primary tumour and metastatic lesions,
whereas the others develop metachronous relapses. Surgery is the only potentially curative therapy for mCRC.
Resection of hepatic metastases results in 5-year survival
rates ranging from 35% to 55%, although the outcome
depends on tumour- and treatment-related variables such
as number of lesions, the maximum diameter of lesions
and resection margins[6,7]. Similarly, 5-year survival rates
after resection of lung metastases from CRC range from
20% to 60%[8]. Chemotherapy is palliative in metastatic
patients; although used as pre-operative conversion treatment it can be part of “curative” treatment[9]. In fact,
in patients with initially unresectable liver metastases,
conversion chemotherapy enabled liver resection in up to
one-third of cases, with survival rates similar to those of
patients with initially resectable liver metastases[10-12]. Unfortunately, most mCRC patients are not eligible for surgical resection and the only treatment option to prolong
survival times is palliative chemotherapy.
For several decades, the mainstay of mCRC treatment was 5-fluorouracil (5-FU)/leucovorin (LV) chemotherapy which resulted in a median survival of about 11
mo[13]. During the last 15 years, combination regimens
with oxaliplatin or irinotecan added to 5-FU/LV have
led to a considerable improvement of the outcome of
patients with mCRC[14,15]. Irrespective of the first-line
chemotherapy regimen, an OS exceeding 2 years is currently achieved when patients receive all available active
anti-CRC cytotoxic drugs[16]. The introduction of the socalled targeted or biological drugs (namely, bevacizumab,
cetuximab, panitumumab, aflibercept and regorafenib)
has further improved the survival of mCRC patients. In
contrast to standard drugs that target cell proliferation,
targeted agents interfere with processes that control cell
growth, survival, angiogenesis and spread. Because these
compounds act on selective pathways, their efficacy is
limited when treatment selection is driven by particular
molecular profiles.
Most of the targeted inhibitors currently under development or in clinical use are molecules with high affinity
for growth factor receptors, i.e., the fibroblast growth factor receptor, vascular endothelial growth factor receptor,
platelet-derived growth factor receptor, mast/stem cell
growth factor receptor and epidermal growth factor receptor (EGFR). The addition of monoclonal antibodies
(mAbs) that bind the vascular endothelial growth factor
and the EGFR to chemotherapy regimens in mCRC has
been shown to be effective, thereby increasing treatment
options[17,18].
It is now generally recognized that the large individual
differences in treatment response among mCRC patients
are due to the fact that tumours differ at the molecular
level because of the unique genetic and environmental
context of each specific patient. Therefore, it is essential
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to understand these different molecular properties in order to optimize treatment. Personalized treatment is one
of the most challenging aspects of medicine, particularly
oncology. It is defined as treatment that is based on the
patient’s individual genetic features, and it improves cancer OS and it reduces detrimental side effects. Several
prognostic and predictive biomarkers have been identified
over the past decade and they can be used to personalize
treatment for patients affected by mCRC. Prognostic biomarkers identify patients with different disease outcomes
regardless of treatment, and may provide details about
the disease prognosis/behaviour. Predictive biomarkers
help to categorize patients who are most likely to benefit from a specific treatment and can guide or support
therapeutic decisions[19]. Thus, efforts have been made to
identify tumour-related predictive factors that can suggest
treatment response[20]. Patient-related aspects, such as
age, gender and presence of comorbidities, are candidate
prognostic factors.
This review focuses on the advances made in the personalized treatment of mCRC and discusses the potential
of new markers in selecting patients. The results obtained
in clinical trials are analyzed, particularly in view of how
these may influence routine clinical practice

FACTORS PREDICTIVE OF THE EFFICACY
OF ANTI-EGFR TREATMENT IN MCRC
PATIENTS
The Erb family of cell membrane receptors includes
HER1/erbB1 (EGFR), HER2/c-neu (ErbB-2), HER3
(ErbB-3), and HER4 (ErbB-4)[21]. Since the EGFR gene
was identified as an oncogene, it has become one of the
major targets of biologic therapeutics, and prompted the
development of anti-EGFR mAbs and tyrosine kinase
inhibitors (TKIs). The mAbs cetuximab (anti-IgG1)
and panitumumab (anti-IgG2) act by binding to the extracellular ligand site of the receptor, whereas erlotinib
and gefitinib, the two major EGFR TKIs, compete with
the binding of ATP to the TK domain of the receptor,
thereby resulting in inhibition of EGFR autophosphorylation. Both strategies (mAb and TKI) interrupt the intracellular downstream signalling cascade.
The first clinical trials with anti-EGFR mAbs enrolled patients whose tumours expressed high levels of
EGFR; however overall response rates (ORRs) were
low[22], which suggested that other unidentified factors
could affect response to these agents[23]. Lièvre et al[24]
were the first to identify a link between KRAS mutations
and lack of response to EGFR-targeted therapy. They
analysed 30 patients receiving cetuximab plus irinotecan
as second- or third-line treatment. KRAS mutations were
observed in 13 of the 30 (43%) patients. None of the
responders (0/11) presented KRAS mutations, whereas
68.4% (13/19) of non-responders did (P = 0.0003). The
OS was significantly higher in KRAS-WT patients than in
patients carrying a KRAS mutation (median OS: 16.3 mo
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vs 6.9 mo, respectively, P = 0.016).
The next challenges were to understand why KRASmutated tumours do not respond to anti-EGFR mAbs,
and to investigate if other components of the EGFR
pathway could help to predict the effect of anti-EGFR
therapies. In this context, studies focused on key signalling molecules downstream of the EGFR, including mutations in the KRAS, NRAS, BRAF, and PIK3CA genes,
and PTEN protein expression. KRAS mutations result in
constitutive activation of downstream EGFR signalling
pathways thereby determining an unfavourable prognosis
and a poor treatment response. Mutations in the BRAF
gene, which encodes a serine/threonine kinase that activates the RAS-MAPK pathway, have been found in
4%-15% of CRCs[25-27]. Cell lines harbouring RAS/BRAF
mutations are more resistant to cetuximab in vitro compared with wild-type cells[28]. The PIK3CA gene encodes
the p110α catalytic subunit of the phosphoinositide 3-kinase (PI3K) protein, which is a component of the PI3KAkt signalling pathway downstream of ligand-induced
EGFR activation. This catalytic subunit is activated
consequent to its interaction with RAS proteins. PIK3CA
mutations occur in 10%-18% of CRCs[25,28,29]. Cell lines
with activating PIK3CA mutations have been found to
be resistant to cetuximab as compared with wild-type cell
lines[28]. However, two studies found a lack of correlation
between mutational status and cetuximab response in
patients with colon cancer[24,30]. As PIK3CA mutations are
rare, these data were based on only five patients, which
could explain the lack of association between PIK3CA
mutations and treatment response. The phosphatase and
tensin homolog (PTEN) acts as a tumour suppressor
protein by inhibiting the PI3K-Akt signalling pathway.
Cell lines deficient in PTEN expression are more resistant to cetuximab in vitro than those with normal PTEN
expression[28]. The loss of PTEN protein expression is
a negative predictive factor of the efficacy of cetuximab
therapy in patients with mCRC[31]. Subsequently, SartoreBianchi et al[32] devised the Quadruple Index, which is
based on changes in the four above-mentioned factors.
They found that 70% of tumours harboured at least one
molecular alteration, and that the probability of treatment response was 51% among patients with no alterations, 4% among patients with 1 alteration, and 0% for
patients with ≥ 2 alterations (P < 0.0001). Accordingly,
PFS and OS decreased in the following order: patients
with tumors harboring none, 1 or ≥ 2 molecular alterations (P < 0.001).

Erb family of oncogenes. Patients with point mutations
in the KRAS gene generally exhibit mutations within
codon 12 at exon 2 (82%-87%), codon 13 (13%-18%),
codon 61 (exon 3) and 146 (exon 4)[33]. In patients carrying a wild-type KRAS gene copy, the binding of antiEGFR antibodies to the external part of receptor induces
conformational changes with its internalization and a
sequential direct inhibition of TK activity, and blockage of downstream RAS/RAF/MEK/ERK pathway.
KRAS mutations prevent the mAb-induced inhibition of
EGFR activity because they induce constitutive activation of the intracellular domain of the KRAS protein. In
CRC patients the incidence of KRAS mutations is about
30%-45%[34]. KRAS mutational status can be evaluated
on samples of either the primary tumour or the metastases because KRAS mutations are highly concordant (approximately 95%) in the two tissue samples[35].
The proof of principle that patients carrying KRAS
mutations do not benefit from treatment with either of
the two anti-EGFR mAbs comes from two randomized
clinical trials comparing panitumumab or cetuximab with
best supportive care in heavily pretreated mCRC patients[33,36]. In the CO.17[36] and AMGEN[33] studies, a survival benefit over best supportive care was observed only
in KRAS-WT patients treated with cetuximab (median
OS: 9.5 mo vs 4.8 mo) or panitumumab (median PFS:
12.3 wk vs 7.3 wk), respectively. In patients with KRAS
mutated tumours mAbs did not prolong PFS or OS as
compared with best supportive care. Furthermore, the
efficacy of first-[37-39] and second-line[40,41] chemotherapy
improved when it was combined with anti-EGFR antibodies in the mCRC setting.
The cetuximab combined with irinotecan in first-line
therapy for metastatic colorectal cancer phase Ⅲ study
evaluated 599 patients receiving FOLFIRI with cetuximab and 599 patients receiving FOLFIRI alone[37]. Sixtyfour per cent of the cases evaluated were exon 2-KRASWT, and both the risk of disease progression (HR of
PFS: 0.68, 95%CI: 0.50-0.94) and death (HR of OS:
0.84, 95%CI: 0.64-1.11) were lower in cetuximab-treated
patients. No difference in PFS or OS was noted when cetuximab was added to FOLFIRI in KRAS-MUT patients.
The fluorouracil, leucovorin, oxaliplatin with and
without cetuximab in the first-line treatment of metastatic colorectal cancer study also evaluated the effect
of KRAS mutational status on clinical outcome of patients[42]. This was a phase Ⅱ study in which 169 mCRC
patients were randomized to receive FOLFOX-4 plus
cetuximab, and 168 to receive FOLFOX-4 alone. Patients with KRAS-WT tumours treated with cetuximab
had a significant increase in tumour response rate (61%
vs 37%, OR = 2.54, P = 0.011) and a decrease in the risk
of disease progression (HR = 0.57, P = 0.016) compared with patients receiving FOLFOX-4 alone. In the
KRAS mutant population, patients treated with FOLFOX-4 plus cetuximab had a median PFS lower than
patients administered FOLFOX-4 alone (8.6 mo vs 5.5
mo, respectively)[42].

KRAS AS PREDICTIVE FACTOR
Within the EGFR/RAS/RAF/MEK/ERK kinase signalling pathway, the KRAS protein is a GTPase normally
bound to the internal part of the cell wall. It serves as a
molecular switch that transmits extracellular signals from
the EGFR to the nucleus, thereby regulating cell growth,
proliferation, and apoptosis. The KRAS gene is located
on the short arm of chromosome 12 and belongs to the
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Similarly, the addition of panitumumab to first-line
chemotherapy with FOLFOX[39,43] and to second-line
chemotherapy with FOLFIRI[41] significantly prolonged
PFS and OS only in KRAS-WT mCRC patients.

the difference was much more pronounced in a subgroup
of rectal patients (43% vs 22%)[51].

TYPE OF KRAS MUTATION AND
RESPONSE TO ANTI-EGFR MABS

KRAS AS PROGNOSTIC FACTOR

Exon-2 KRAS mutations are highly specific negative biomarkers of the efficacy of anti-EGFR mAbs in mCRC.
However, not all KRAS mutations are equal in terms of
effect on cell proliferation and resistance to anti-EGFR
inhibitors[52]. Preclinical data showed that cell lines with
KRAS codon 13 glycine (G)-to-aspartate (D) mutations
(p.G13D) respond to treatment with cetuximab similarly
to WT clones[53]. Moreover, it has been reported that
about 10% of patients carrying a KRAS mutation in
tumour tissue respond to anti-EGFR mAbs[31,54,55] and a
further 15% reach long-term disease stabilization[56]. In
patients responding or showing long-term stabilization,
codon 13 mutations are more frequent than in the overall
KRAS-mutated tumour population.
A recent large retrospective analysis of 579 chemorefractory mCRC patients treated with cetuximab demonstrated that not all KRAS mutations are equally effective
in predicting resistance to anti-EGFR mAbs[52]. Among
patients receiving any cetuximab-based treatment, OS
and PFS were significantly longer in patients bearing a
p.G13D-mutation (n = 32) (median OS = 7.6 mo; median PFS = 4 mo) than in patients with other KRAS-mutated tumours (median OS = 5.7 mo; median PFS = 1.9
mo) in both univariate and multivariate analysis adjusted
for potential prognostic factors and data set. Overall response rate did not differ significantly between patients
with p.G13D mutations and other KRAS mutations (6.3%
vs 1.6%, respectively, P = 0.15), There was a significant
interaction between type of KRAS mutation (p.G13D vs
other KRAS mutations) and OS benefit with cetuximab
treatment (HR = 0.30, 95%CI: 0.14-0.67, P = 0.003).
The addition of cetuximab to first-line chemotherapy
in patients with KRAS p.G13D mutations seemed to be
beneficial in a pooled analysis of CRYSTAL and OPUS
studies in which patients were randomized to receive
FOLFIRI (CRYSTAL) or FOLFOX (OPUS) with or
without cetuximab as first-line treatment for mCRC[57].
Among the 83 patients harbouring the G13D mutation,
those receiving chemotherapy plus cetuximab had a better PFS and OS than did patients treated with chemotherapy alone, whereas patients with any other KRAS
mutation did not benefit from combination therapy.
Peeters et al[58] examined the role of mutations in
codons 12 or 13 of the KRAS gene in a pooled analysis
of patients enrolled in three clinical trials in which panitumumab was added to FOLFOX4 in first-line treatment [59], to FOLFIRI in second-line treatment[41], or
compared with best supportive care in heavily pre-treated
mCRC patients[22]. They did not find that G13D mutation performs differently than codon 12 mutations, and
thus concluded that codon 13 KRAS-MUT tumours are
unlikely to benefit from panitumumab in the same way as

The role of KRAS as an independent prognostic marker
in CRC is largely controversial. The CO.17 study[36] analysed the prognostic implications of KRAS status by assessing the interaction between KRAS status and survival
in patients receiving best supportive care alone. There
was no significant difference in median OS in patients
with the KRAS-WT or KRAS-MUT (4.8 mo vs 4.6 mo,
respectively, the HR for death in the KRAS mutant population was 1.01, P = 0.97).
Similarly, Kim et al[44] found that the response rate,
PFS and OS did not differ between KRAS-WT and
KRAS-MUT mCRC patients treated with chemotherapy
alone. These findings suggested that KRAS is not a prognostic marker for CRC. In contrast, the results of a multivariate analysis of 89 mCRC patients treated with cetuximab after failure of irinotecan-based chemotherapy,
suggested that KRAS mutational status is an independent
prognostic factor in mCRC[45]. KRAS-MUT patients had
a lower relative risk (RR) (0% vs 40%, P < 0.001), and a
shorter PFS (median PFS: 10.1 wk vs 31.4 wk, P = 0.0001)
and OS (median OS: 10.1 mo vs 14.3 mo, P = 0.026) than
KRAS-WT patients. However, interpretation of these
data should be tempered by the fact that it is difficult
to differentiate the effect of KRAS mutational status
on survival from the response to treatment in a patient
population treated with cetuximab[46].
The RASCAL Collaborative Group evaluated thousands of patients with any-stage colorectal cancer to study
the prognostic value of mutations in codons 12 and 13
of the KRAS gene[47,48]. They found that KRAS-MUT patients had a higher risk of disease progression and death
compared with patients not carrying KRAS mutations,
particularly when valine codon 12 was involved[47]. The
RASCAL-2 study concluded that the G12V mutation in
the KRAS gene at codon 12 increases the risks of recurrence or death only in Dukes’ C colorectal tumours[48].
The retrospective analysis of mCRC patients enrolled
in the MRC FOCUS trial[49] showed that KRAS mutations
have a modest negative prognostic impact on OS (HR =
1.24, 95%CI: 1.06-1.46, P = 0.008) but not on PFS (HR,
1.14, 95%CI: 0.98-1.36, P = 0.09).
Contrasting results also emerged when the prognostic
significance of KRAS mutations was evaluated in patients
with non-metastatic colorectal cancer. In fact, in the retrospective analysis of more than 1050 stage Ⅱ-Ⅲ colon
cancer patients enrolled in the PETACC-3 trial, KRAS
mutations did not have any prognostic value regarding
PFS or OS[50]. The QUASAR trial randomized stage ⅡⅢ colon and rectal cancer patients to receive adjuvant
5FU-FA or nothing. Overall, KRAS mutant patients had
a higher rate of recurrence (28% vs 21%, P = 0.002), but
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treatment received.
Similarly, in a Dutch retrospective analysis of BRAF
status conducted in patients treated with capecitabine/
oxaliplatin/bevacizumab with or without cetuximab
for mCRC, 8.7% of tested samples (45 of 519) had the
BRAF V600E mutation[64,65]. Patients with BRAF mutations showed a shorter median PFS irrespective of treatment group. In a retrospective pooled study from the
European Consortium that included 761 chemorefractory patients treated with cetuximab plus chemotherapy,
De Roock et al[61] reported a 4.7% rate of BRAF mutation (35 patients with V600E mutations and 1 patient
with mutation D548Gn). Compared with BRAF-WT
subjects, BRAF-MUT patients had a significantly lower
ORR (8.3% vs 38% for WT, OR = 0.15, P = 0.0012), and
a shorter PFS (median, 8 wk vs 26 wk in WT, HR = 3.74,
P < 0.0001) and OS (median, 26 wk vs 54 wk in WT, HR
= 3.03, P < 0.0001).
BRAF mutation was a negative prognostic factor
also in the PRIME trial[59]. In fact, patients with RASWT but BRAF-MUT tumours had a worse PFS and OS
compared with subjects with both RAS and BRAF wildtype disease. In RAS-WT/BRAF-MUT subgroup, the
addition of panitumumab to chemotherapy produced a
small, statistically not significant benefit in term of DFS
and OS (P = 0.12 and 0.76, respectively)[59].
The only trial to report that BRAF mutation plays
both a prognostic and predictive role is the PICCOLO
phase Ⅲ trial[66], which was designed to evaluate the addition of panitumumab to single-agent irinotecan as
second- or subsequent-line therapy in 1198 prospectively
tested KRAS WT mCRC patients. BRAF-MUT tumours
(13.6%) showed a worse OS than BRAF-WT tumours,
and the addition of panitumumab to irinotecan had a detrimental effect on survival (HR = 1.84, 95%CI: 1.10-3.08,
P = 0.029).
In conclusion, BRAF mutation seems to be a negative
prognostic factor rather than a negative predictive marker
of the efficacy of anti-EGFR mAb. BRAF-MUT patients have a worse survival than BRAF-WT patients irrespective of treatment received. They may benefit from
anti-EGFR mAB, but to a significantly lesser extent than
BRAF-WT patients.

codon 12 KRAS-MUT tumours.
Two studies evaluated whether KRAS codon 61 and
146 mutations were associated with clinical outcome in
mCRC patients treated with cetuximab[60,61]. Loupakis et
al[60] found KRAS codon 61 and 146 mutations in 7 (8%)
and 1 (1%) cases, respectively, among 87 patients with
WT KRAS codons 12 and 13 treated with cetuximab
plus irinotecan. None of the 8 patients with mutations
in KRAS responded to the treatment, while 22 of the
68 WT cases (32.3%) did. KRAS 61 and 146 mutations
caused a significantly shorter PFS (median PFS, 3.8 mo vs
5.1 mo, P = 0.028) as compared with KRAS 61/146 WT,
whereas no significant differences were detected in OS
(median OS, 9.7 mo vs 14.7 mo, respectively, P = 0.39). In
the European Consortium study[61], 40% of patients harboured a KRAS mutation, 2.1% (16/747) in codon 61,
and 2% (15/747) in codon 146. Patients with codon 61
mutations had a lower RR than WT patients.
In conclusion, assessment of KRAS codon 61/146
mutations might help to identify mCRC patients who
may benefit from treatment with anti-EGFR mAbs. In
fact, the recently updated guidelines on for cetuximab
and panitumumab usage include the analysis of KRAS
exon 3 codon 61 and exon 4 codon 146 mutations (www.
emea.com).

BRAF
The BRAF protein is a cytoplasmic serine-threonine kinase that is mutated in approximately 7% of human cancers: specifically, in 8%-10% of sporadic CRCs[62]. The
BRAF protein is one of the main effectors of KRAS, because it is immediately downstream of KRAS and it must
be phosphorylated by KRAS to be activated. The point
mutation V600E causes a classic CTG to CAG substitution at codon 600, which results in constitutive activation
of the RAS/RAF/MEK/ERK pathway similar to KRAS
mutations. KRAS and BRAF mutations are mutually exclusive in CRC[62].
Di Nicolantonio et al[62] performed a retrospective
analysis of 113 tumour samples treated with cetuximab
or panitumumab with or without chemotherapy. Seventynine patients with KRAS-WT were identified. In this cohort, 11 (13.9%) patients were BRAF mutants. None of
them reported an objective tumour response.
In the CRYSTAL study[37], 9% (59 of 625) of patients
had BRAF mutations and they had a shorter median OS
in both the FOLFIRI (10.3 mo) and FOLFIRI/cetuximab (14.1 mo) arms compared with the KRAS-WT/
BRAF-WT population in which survival was 21.6 and
25.1 mo, respectively. BRAF-MUT status was unrelated
to cetuximab efficacy; thus the authors concluded that
BRAF mutation is an indicator of poor prognosis, and
that it did not predict the efficacy of cetuximab in their
dataset. Also in the combined analysis of the CRYSTAL
and OPUS results[63], BRAF mutation was found to be
a negative prognostic marker. In fact, PFS and OS were
lower in the BRAF-MUT population irrespective of
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NEUROBLASTOMA-RAS
Neuroblastoma-ras (NRAS) is a member of the RAS
oncogene family and is located on chromosome 1. The
product of this gene is a GTPase enzyme membrane
protein that shuttles between the Golgi apparatus and the
cellular membrane. KRAS, BRAF and NRAS mutations
are mutually exclusive[67]. In CRC, the NRAS mutation
rate is 3%-5%[61]. NRAS mutations are associated with
lack of response to treatment with cetuximab[61]. In the
study by De Roock et al[61], NRAS-mutant patients treated
with either cetuximab or panitumumab (2.6% of 644
KRAS-WT subjects) had a significantly lower ORR than
NRAS-WT patients (7.7% vs 38.1%). Progression-free
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survival and OS did not differ statistically between mutated and not mutated patients. In contrast, in the COIN
trial[68], which failed to demonstrate a survival benefit with
the addition of cetuximab to first-line oxaliplatin-based
chemotherapy in exon 2 KRAS-WT mCRC patients, no
benefit in OS was obtained with the combination treatment, even in the subgroup of KRAS/NRAS/BRAFWT subjects. The presence of any mutation in the
KRAS, NRAS or BRAF genes negatively affected OS,
regardless of treatment received.
A retrospective evaluation of biomarkers in patients
enrolled in the PRIME trial indicated that NRAS plays
an important role in predicting the efficacy of panitumumab. Among the 656 patients with KRAS-WT exon 2,
108 (17%) had other mutations in KRAS exon 3 or 4, in
NRAS exons 2, 3 or 4, or in BRAF exon 15[59]. Patients
with KRAS-WT exon 2 tumours bearing any other RAS
mutation did not benefit from the addition of panitumumab to FOLFOX (median OS 17.1 mo vs 17.1 mo,
P = 0.12). In contrast, patients with “all RAS” wild-type
tumours (namely, wild-type for KRAS exons 2/3/4 and
for NRAS exons 2/3/4) significantly benefited from the
combination treatment (median OS 25.8 mo vs 20.2 mo,
HR = 0.77, 95%CI: 0.64-0.94, P = 0.009).
The FIRE-3 phase Ⅲ trial (AIO KRK-0306), conducted at 150 German and Austrian cancer centres,
involved a head-to-head comparison of FOLFIRI plus
either cetuximab or bevacizumab as first-line treatment in
patients with mCRC. Of the 752 patients enrolled, KRAS
wild-type tumours were identified in 592 patients who
were then randomized 1:1 to receive first-line FOLFIRI
every two weeks plus either cetuximab at 400 mg/m2 on
day 1 followed by 250 mg/m2 weekly (arm A) or bevacizumab at 5 mg/kg every 2 wk (arm B). The primary
analysis showed a median OS almost 4 mo longer in arm
A vs arm B. The results of a pre-planned analysis of the
effect of KRAS mutations in exon 3 (codon 59/61) and
exon 4 (codon 117/146), of NRAS mutations in exon
2 (cordons 12/13), exon 3 (codons 59/61) and exon 4
(codons 117/146), and of the BRAF V600E mutation
on treatment efficacy were presented at the 2013 ESMO
Congress[69]. Mutational analyses were done by pyrosequencing in 396 of 592 randomised patients (66.9%).
Among patients with “all RAS” wild-type tumours, OS
was significantly longer with FOLFIRI/cetuximab than
with FOLFIRI/bevacizumab (33.1 mo vs 25.6 mo, P =
0.01). The OS HR for adding cetuximab vs bevacizumab
in patients with all RAS-WT tumours was 0.70 (P =
0.01). Overall survival was the same, 20.6 mo vs 20.3 mo,
respectively, in patients with mutated RAS treated with
either cetuximab or bevacizumab. A similar trend was
observed in the association between PFS and mutational
status; PFS was slightly longer in patients with RAS-WT
treated with FOLFIRI/cetuximab than in those treated
with FOLFIRI/bevacizumab: 10.4 mo vs 10.2 mo (P =
0.54) respectively. The HR for PFS in RAS-WT patients
was 0.93 (P = 0.63). In the presence of any RAS mutation, PFS was significantly longer in patients adminis-
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tered bevacizumab therapy than in patients treated with
cetuximab: 12.2 mo vs 6.1 mo (P = 0.004). These findings
may impact on clinical decisions because RAS mutational
analysis may identify the subgroup of patients who are
more likely to benefit from first-line cetuximab with respect to bevacizumab.

PI3KCA
Activation of phosphatidylinositol 3-kinase (PI3K)
caused by TK located at the cytoplasmic surface of the
cell wall, results in the phosphorylation of PIP2 to phosphatidylinositol 3-kinase (PIP3). Phosphatidylinositol
3-kinase activates AKT, which in turn triggers downstream pathways thereby promoting cell survival and
proliferation. The PIK3CA gene encodes the catalytic
subunit for PI3K, and mutations within this gene result
in aberrant AKT stimulation, which in turn promote the
growth of various cancers[70,71]. Although PIK3CA mutations account for 10%-20% of CRC tumours, their effect
on patient outcome is not yet clear[21,29,72].
Ogino et al[72] examined the tumour tissue of 450 patients with resected stage Ⅰ-Ⅲ colon cancer from two
independent prospective cohort studies and found that
82 patients (18%) had PIK3CA mutations in exons 9 and
20[72]. They concluded that PIK3CA mutation increases
cancer-specific mortality in patients with KRAS-WT
tumours (HR = 3.80, 95%CI: 1.56-9.27), but seemed to
have no significant effect on mortality in KRAS-MUT
patients (HR = 1.25, 95%CI: 0.585-2.96). In contrast, in
the metastatic setting, a PIK3CA mutation was identified
in 17.7% (14/85) of cetuximab-treated mCRC patients,
but ORR, time-to-progression and OS did not differ
between mutated and non-mutated patients[73]. Moreover, the PIK3CA mutation was unrelated to outcome in
KRAS-WT tumours treated in the cetuximab arm of the
CAIRO 2 study[74]: 5-year survival was 90% in PIK3CAWT and 82% in PIK3CA mutants (log-rank P = 0.075).
Two European groups published opposite results regarding the predictive role of PIK3CA mutations in antiEGFR mAbs resistance. Sartore-Bianchi et al[70] analysed
exons 9 and 20 PIK3CA mutational status in 110 mCRC
patients treated with cetuximab or panitumumab. Fifteen
patients (13.6%) had PIK3CA mutations, and none of
them responded to treatment with anti-EGFR mAbs (P
= 0.038). The correlation between PIK3CA mutations
and lack of response was even stronger in the KRASWT subgroup of patients (P = 0.016). The authors concluded that PIK3CA mutations could help to distinguish
potential non-responders to anti-EGFR mAbs within
the KRAS-WT subpopulation. On the other hand, in a
similar study, Prenen et al[71] analyzed PIK3CA mutations
in 200 patients with chemorefractory mCRC, and did
not find a link between PIK3CA and anti-EGFR mAb
resistance. Thirteen percent (5/39) of their patients with
PIK3CA mutations responded to cetuximab, and 11%
(18/160) did not (P = 0.78). The data from the largest
European analysis[61] conducted so far (773 DNA samples
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did not affect ORR or PFS in 162 KRAS-WT mCRC
patients treated with cetuximab, but PTEN loss was associated with a shorter OS (P = 0.013). The reasons for
these discrepancies are not clear. It is difficult to interpret
these data because of the small sample size, the presence of KRAS mutant tumours and the fact that PTEN
expression was evaluated in primary tumours and/or in
metastatic sites. Moreover, evaluation of PTEN protein
expression by immunohistochemistryor other methods
(i.e., western blot) is influenced by the subjective parameter of the interpreter in the definition of cut-off levels.
Therefore, these data should be considered exploratory
and the value of PTEN as a predictive or prognostic
marker in CRC cannot yet be established.

from patients treated with cetuximab from 11 centres)
explained the discrepancies between the Sartore-Bianchi
et al[70] and Prenen et al[71] studies. In these studies, 14.5%
of samples harboured PIK3CA mutations and a lower
response rate to cetuximab was associated with PIK3CA
exon 20 mutations but not to those with mutations in
exon 9[61]. The Sartore-Bianchi et al[70] cohort had more
exon 20 mutations (73%) than exon 9 mutations (27%),
whereas the Prenen et al[71] cohort had the opposite - 13%
and 78%, respectively[75].
Based on these results, PIK3CA mutations, even
though promising, need further prospective studies before they can be used in clinical practice.

PTEN

CHEMOTHERAPY BACKBONE FOR
ANTI-EGFR MABS

PTEN functions as a key tumour suppressor gene that is
involved in the homeostatic maintenance of PI3K/AKT
signalling. In wild type cells, signal transduction events
deriving from EGFR activation and directed via PI3K
are balanced by the presence of this negative regulatory
molecule. Loss of PTEN function causes increased levels
of phosphatidylinositol-3,4,5-triphosphate (PIP-3), the
major substrate of PTEN, thereby resulting in persistent
activation of PI3K effectors[76,77]. PTEN activity can be
altered by gene mutations (5%), allelic losses at chromosome 10q23 (23%), and epigenetic mechanisms such as
hypermethylation of the PTEN promoter region (19.9%
in CRC with MSI-H vs 2.2% in MSI-L)[78]. Loss of PTEN
protein expression evaluated by immunohistochemistry
is present in between 20% and 40% of unselected CRC
cases[32]. Moreover, it is associated with KRAS, BRAF and
PIK3CA mutations, and EGFR polysomy. Interestingly,
while there is concordance of KRAS status in primary
and distant tumours[79,80], PTEN expression is concordant
in the primary tumour and metastases only in 60% of
cases[35,79] because PTEN loss is more frequent in distant
metastases than in the primary tumour. Preclinical analyses have also shown that PTEN loss provokes resistance
to cetuximab-induced apoptosis in CRC cell lines[28].
Frattini et al[31] found that none of 11 patients expressing lower levels of PTEN responded to combination treatment with irinotecan and cetuximab, whereas
10 (63%) of 16 patients with intact PTEN protein expression had a partial response. Loupakis et al[35] recently
reported that low expression of PTEN as measured by
immunohistochemistry in the primary tumour did not
affect response rate, PFS or OAS of mCRC patients
treated with cetuximab plus irinotecan. By contrast, when
PTEN was measured in the metastatic samples, ORR
and PFS were significantly better in patients with high
PTEN expression than in those with low PTEN expression: 26% vs 5% (P = 0.007) and 4.7 mo vs 3.3 mo (P =
0.005), respectively. Sartore-Bianchi et al[70] found that loss
of PTEN was related to lack of response to cetuximab
and panitumumab (P = 0.001), and to a shorter PFS and
worse OS in 81 tumour specimens of mCRC. Differently,
Laurent-Puig et al[81] showed PTEN protein expression
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The choice of chemotherapy backbone may influence the
efficacy of EGFR-targeted mAbs. The COIN study[68] investigated the use of cetuximab in addition to oxaliplatinbased chemotherapy (66.1% with capecitabine and 33.9%
with infusional 5FU) in the first-line setting for mCRC.
Surprisingly, the addition of cetuximab to oxaliplatinbased chemotherapy did not increase OS or PFS compared with chemotherapy alone, even in the KRAS-WT
subpopulation.
The CRYSTAL[37] and OPUS[42] studies, that demonstrated benefit from the addition of cetuximab to chemotherapy, both used infusional 5-FU regimens (FOLFIRI
and FOLFOX, respectively). Similarly, in the COIN trial,
the subgroup of patients treated with infusional 5FU
benefited from cetuximab treatment (OS: HR = 0.72,
95%CI: 0.53-0.98), whereas those treated with capecitabine did not (OS: HR = 1.02, 95%CI: 0.82-1.26), although
the formal test for interaction was not significant (P =
0.10)[68]. The NORDIC Ⅶ[82] trial also reported that no
benefits came from adding cetuximab to oxaliplatinbased regimen (with bolus 5FU). The use of oral and
bolus administration of fluoropyrimidines in COIN and
NORDIC VII studies (instead of an infusional regimen)
may explain the lack of benefit in survival. However, this
hypothesis seems to be confuted by the FUTURE randomised phase Ⅱ study, which compared cetuximab plus
oxaliplatin + UFT (oral fluoropyrimidine) with cetuximab
plus FOLFOX4 (infusional fluoropyrimidine) as first-line
treatment for mCRC patients. In fact, in the KRAS-WT
population, median PFS and OS were very similar (PFS:
9.2 mo vs 6.8 mo, P = 0.18; OS: 20.8 mo vs 20.1 mo, P =
0.74) in the two arms using oral or infusional fluoropyrimidine[83].
Although the results of COIN and NORDIC VII
studies seem to cast doubts on the efficacy of the oxaliplatin + cetuximab combination, significant benefits in
survival from the addition of anti-EGFR mAbs to FOLFOX4 were reported in the PRIME[39] and OPUS[84] trials.
Moreover, in the randomised phase Ⅱ AIO 0104[85] and
CELIM[86] trials, which used oral and infusional fluoro-
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Table 1 New approach integrates novel molecular biomarkers with the pathologic features
Biomarker

Incidence

Prognostic value

Predictive value

B-RAF mutations
K-RAS mutations
Mut G13D
N-RAS mutations
PI3KCA mutations
PTEN status

4%-15%
40%
15%-20%
3%-5%
10%-20%
20%-40%

Poor prognosis[38,49,62,64,66,68,72,74,83]
Controversial data[36,65,68,72,86]

Controversial data
Major predictor of resistance to anti-EGFR mAbs[24,37,39,56,61]
Weaker resistance[52]
Predictor of resistance[59,69]
Controversial data[61,70,71,73]
Controversial data[31,70]

Conflicting results[28,30,61,65,70,71,73]
Conflicting results[31,32,35,81,87]

pyrimidines, respectively, the activity of cetuximab was
similar in oxaliplatin- and irinotecan-containing regimens.
Lastly, it is now clear that cetuximab or panitumumab
should not be added to an oxaliplatin-based chemotherapy regimen in patients with any mutation in exon 2/3/4
KRAS or NRAS genes or in patients with unknown mutational status, because it exerts a detrimental effect on
survival (EMA protocol number 000741-II/50, 25 July
2013; EMA protocol number 702774/2013, 21 November 2013).

3
4
5
6

CONCLUSION

7

Before the era of personalised medicine, cancer prognosis and treatment decisions were made mainly based on
the histopathologic characteristics of the tumour. The
new approach integrates novel molecular biomarkers
with the pathologic features of a tumour to improve the
prediction of prognosis and treatment efficacy (Table 1).
During recent years, attempts have been made to understand the molecular mechanisms underlying resistance
to EGFR inhibitors to refine the selection of candidates
for these treatments, and improve the clinical outcome
of patients treated with anti-EGFR mAbs. Encouraging progress has been made in our understanding the
behaviour of mCRC at molecular level, which led to
the discovery of other biomarkers of resistance to antiEGFR mAbs besides KRAS. The development of new
technologies, such as next-generation sequencing, will
enable the simultaneous analysis of many genes, and lead
to the identification and validation of predictive biomarkers for existing and new target therapies. Translating
discoveries from bench to clinical practice is a costly and
time-consuming process, but the benefits of personalised
medicine justify this effort.
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p38α MAPK pathway: A key factor in colorectal cancer
therapy and chemoresistance
Valentina Grossi, Alessia Peserico, Tugsan Tezil, Cristiano Simone
cancer cells (colon, prostate, breast, lung tumor cells).
This function is mediated by the negative regulation
of cell cycle progression and the transduction of some
apoptotic stimuli. However, despite its anti-proliferative
and tumor suppressor activity in some tissues, the p38α
pathway may also acquire an oncogenic role involving
cancer related-processes such as cell metabolism, invasion, inflammation and angiogenesis. In this review, we
summarize current knowledge about the predominant
role of the p38α MAPK pathway in CRC development
and chemoresistance. In our view, this might help establish the therapeutic potential of the targeted manipulation of this pathway in clinical settings.
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Core tip: The pro-apoptotic effects of p38α activation
are long recognized; however, a significant number of
reports describes the involvement of p38α in cancerspecific metabolism, survival, proliferation, and chemoresistance of colorectal cancer cells and tissues. p38α
blockade exerts its chemosensitizing effects through
nuclear accumulation of FoxO3A and activation of its
pro-apoptotic gene expression program, thereby improving the efficacy of anti-cancer treatments. Apoptosis induction upon p38α inhibition requires Bax, which
may thus serve as a predictive bio-marker for p38αtargeted therapy response. The novel role described for
the p38-FoxO3A axis in chemoresistance might offer
new options for combined therapies and personalized
medicine approaches.

Abstract
Colorectal cancer (CRC) remains one of the most common malignancies in the world. Although surgical resection combined with adjuvant therapy is effective at the
early stages of the disease, resistance to conventional
therapies is frequently observed in advanced stages,
where treatments become ineffective. Resistance to cisplatin, irinotecan and 5-fluorouracil chemotherapy has
been shown to involve mitogen-activated protein kinase
(MAPK) signaling and recent studies identified p38α
MAPK as a mediator of resistance to various agents
in CRC patients. Studies published in the last decade
showed a dual role for the p38α pathway in mammals.
Its role as a negative regulator of proliferation has been
reported in both normal (including cardiomyocytes, hepatocytes, fibroblasts, hematopoietic and lung cells) and
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There is still much to be learned about the treatment
of colorectal cancers and increasing efforts are needed to
complement traditional chemotherapy with targeted molecular approaches.

i29/9744.htm DOI: http://dx.doi.org/10.3748/wjg.v20.i29.9744

INTRODUCTION

MAPKs and p38 MAPK signaling
MAPKs are expressed in all cell types and regulate a variety of physiological processes such as cell growth, metabolism, differentiation and cell death. To date, six distinct
groups of MAPKs have been characterized in mammals:
the extracellular signal-regulated kinases ERK 1/2, ERK
3/4, ERK5, ERK 7/8, the Jun N-terminal kinases JNK
1/2/3 and the p38 MAPKs p38α/β/γ/δ[6,7].
MAPK signaling shows a cascade organization, in
which activation of upstream kinases by receptors leads
to sequential activation of a MAPK module (MAPKKK,
MAPKK, MAPK). In this context, specific interactions
between MAPKs and their substrates are crucial for
mediating signaling input and output[8,9]. Indeed, mechanisms are described that limit protein interactions to
preserve signaling specificity. In particular, MAPKs only
phosphorylate the consensus motif S/TP in their target
proteins and a second level of specificity is warranted by
a conserved docking domain that binds kinases allowing
substrate phosphorylation[10]. In these complexes, structural scaffold proteins link together the components of
the signaling pathway to assure effective signaling transmission between kinases.
p38 MAPKs are a family of serine/threonine-directed
kinases classified as “stress-activated” kinases. Activation of p38 MAPKs has been observed in response to a
variety of extracellular stimuli in different organisms, and
p38 homologues have been identified in yeast (hog1 and
Spc/Sty1), fruit fly (p38a/b/c), worm (pmk-2) and frog
(p38)[11-13]. In yeast, the p38 pathway is involved in the response to extracellular stress stimuli and cell cycle-related
events[14,15]. Mammalian p38 MAPKs play similar roles
and their activation allows cells to interpret a wide range
of external signals and respond appropriately by generating a plethora of different biological effects such as inflammation, differentiation, cell proliferation and survival
in a tissue-specific and signal-dependent manner[16,17].
In mammals, four genes have been identified that encode p38 MAPKs: MAPK14 (p38α), MAPK11 (p38β),
MAPK12 (p38γ) and MAPK13 (p38δ). p38α and p38β
are closely related proteins that might have overlapping
functions. While p38α and p38β expression is abundant
in most tissues, p38γ and δ seem to be expressed in a
tissue-specific manner, e.g., p38γ is detected in muscle
and p38δ is predominant in skin, small intestine and
kidney[18,19]. Besides being tissue-specific, the expression
profile of p38 isoforms also seems to be influenced by
the differentiation status of the cell. For example, undifferentiated intestinal epithelial cells express the α, β and
γ isoforms, while differentiated cells express the α, γ and
[20,21]
. Additionally, three alternative splicing
δ isoforms
isoforms of the MAPK14 gene have been reported. The
Mxi2 variant is identical to p38α in amino acids 1-280

Colorectal cancer (CRC) is the third most frequent cancer in males and the second in females. The majority of
CRC patients have sporadic disease with no apparent
evidence of inheritance, while the remaining 25% have a
family history of CRC suggesting a hereditary contribution, exposure to common high risk factors among family
members, or a combination of both. Genetic mutations
have been identified as the cause of inherited cancer
risk in some tumor-prone families; these mutations are
estimated to account for only 5% to 6% of CRC cases
overall[1]. The knowledge derived from the study of syndromes with Mendelian dominant inheritance, which are
characterized by a primary predisposition to benign or
malignant tumors of the large bowel, has provided important clues regarding the molecular events driving CRC
progression from normal epithelium to adenoma (mutations of APC/β-catenin, KRAS/BRAF and then DCC/
SMAD2/SMAD4/TGFβRII) to carcinoma [PI3KCA,
PTEN, p53, BAX, with the involvement of the DNA
mismatch repair (MMR) genes MLH1, MSH2, PMS2 and
MSH6].
Current treatment for CRC is based on combination therapies, which in most cases include surgery, local
radiotherapy and chemotherapy. The type and timing of
treatment depend on stage classification. Besides, preoperative therapy for colorectal cancer has been used
before surgery, resulting in improved quality of surgery,
reduced toxic effects and increased radiosensitivity. The
main disadvantage of pre-operative chemoradiotherapy is
related to possible over-treatment of patients with early
stage or undetected metastatic disease before surgery.
Current clinical trials keep on investigating the incorporation of more effective combination chemotherapies
into the multimodality treatment of this disease. Currently, 5-FU combined with leucovorin and irinotecan
(FOLFIRI) is the recommended first-line chemotherapy
for CRC. Other frequently used compounds include
capecitabine, a more convenient alternative to intravenous infusions of 5-FU for patients who are able to
tolerate oral chemotherapy, and platinum-based drugs,
such as oxaliplatin and cisplatin[2-4]. Oxaliplatin is used in
combination with leucovorin and 5-FU in the FOLFOX
regimen. In addition, targeted therapies with monoclonal
antibodies designed to inhibit EGF (such as cetuximab
or panitumumab) or VEGF (bevacizumab) signaling have
been proven of potential benefit in addition to standard
chemoradiotherapy[5].
Clinical trials are now directed to evaluate new drug
combinations, treatment schedules, and radiotherapy approaches, and to set up new methods of diagnostic imaging with the aim of enhancing tumor regression, increasing overall survival, and improving the quality of life for
CRC patients.

WCGO|www.wjgnet.com

1957

February 8, 2015|First Edition|

Grossi V et al . p38α MAPK pathway

and showed reduced binding of p38 MAPK substrates;
however, it can bind to ERK1/2 MAPKs, modulating
their nuclear import[22-24]. The Exip variant has a unique
53-amino acid C-terminus and is insensitive to usual activating treatments; nevertheless, it is able to regulate the
NFkB pathway[25]. The CSB1 variant shows a 25 amino
acids difference in its internal sequence, but its contribution is unknown[22].
Various combinations of upstream kinases regulate
the activation of p38 isoforms. There are two major
MAPKKs known to activate p38: MAPKK3 and MAPKK6, which are activated by their upstream kinases, such
as MTK1 (also known as MEKK4) and the apoptosis
signal-regulating kinase 1 (ASK1)[19], but other MAPKKindependent mechanisms involving the growth arrest and
DNA-damage-inducible protein alpha (GADD45α) and
the ataxia telangiectasia and Rad3-related protein (ATR)
have also been described[26,27]. p38 MAPK is relatively
inactive in its non-phosphorylated form and becomes
rapidly activated by phosphorylation of two Thr-GlyTyr motifs[28,29]. Phosphorylated p38 proteins can activate
several transcription factors, such as ATF-2, CHOP-1,
MEF-2, p53, and Elk-1, but also a variety of kinases,
including MNK1, MNK2, MSK1, PRAK, MAPKAPK2
and MAPKAPK3, that are involved in controlling cytoplasmic and/or nuclear signaling networks and response
to cytokines, growth factors, toxins and pharmacological
drugs.

induced by different stimuli through up-regulation of
the pro-apoptotic proteins Fas and Bax and downregulation of the activity of the ERK and Akt survival
pathways[44,45]. In accordance with these observations,
overexpression of p38α enhances apoptosis induced by
the constitutive active mutant MKK3bE in cardiomyocytes; however, overexpression of p38β promotes cell
survival[46].
The role of p38 as a tumor suppressor has also been
highlighted by using genetically modified mouse models.
Several studies taking advantage of mouse models deficient for p38 or its upstream activators (such as MAPKKs, GADD45α, MAPK5) demonstrated higher susceptibility to tumor development[47-50]. Concordant with
the anti-tumorigenic function of p38, in some types of
cancer inactivation of tumor suppressor pathways is promoted by the up-regulation of negative regulators of p38
MAPK, such as the phosphatases DUSP26 and PPM1D,
and inhibitors of MAPKKKs upstream activators (e.g.,
ASK1 and GST-proteins)[51-53].
p38α negatively regulates malignant transformation
induced by oncogenic H-Ras, and several mechanisms
have been proposed to explain this putative tumor-suppressor role, including inhibition of the ERK pathway[54],
induction of premature senescence[55], stimulation of
p53-dependent cell cycle arrest[51] and upregulation of cell
cycle inhibitors, such as p16INK4a[49] and p21Cip1[56]. Other
reports indicate that p38α may antagonize malignant
transformation induced by N-Ras in fibroblasts[57] and by
K-Ras in colon cancer cells[58], although the mechanisms
involved are poorly understood.
While p38 signaling has been shown to act as a tumor
suppressor, this function seems to be effective mainly at
the onset of cellular transformation[59-61], since in various cell lines p38 has been shown to enhance tumor cell
growth after acquisition of the malignant phenotype. Enhanced p38 MAPK phosphorylation has been correlated
with poor overall survival in patients with HER-2 negative breast cancer[62] or with hepatocellular carcinoma[63].
Moreover p38 MAPK is involved in sustaining tumor
growth in other types of cancer including follicular lymphoma, lung, thyroid, colorectal, ovarian[64,65] and breast
carcinomas, as well as gliomas and head and neck squamous cell carcinomas[66-69]. In these cases, depending on
the type and stage of the tumor, cancer cells with protumorigenic activation of the p38 MAPK pathway may
have a selective advantage.
The potential pro-tumorigenic role of p38α signaling is based on correlations with bad prognosis in cancer,
and there is evidence that this pathway may contribute
to the survival or proliferation of cancer cell lines from
different origins, including breast[70], colorectal[71], prostate[72] or skin[73]. In addition, p38α is involved in cancer
cell metabolism by driving HIF1α stabilization[74], in
chondrosarcoma cell proliferation[75] and in tumor dormancy[76]. Typical features of cancer aggressiveness, such
as migration and invasion, are also positively regulated by
p38 MAPK activation in breast, head and neck squamous

P38 MAPK PATHWAYS IN HUMAN
CANCER
Uncontrolled proliferation is a result of altered signaling mechanisms and a hallmark of cancer[30]. The genetic
basis of signaling cascade deregulation relies on somatic
mutations in components of these pathways, as reported
in a large-scale screening study on the status of protein
kinases in tumors. However, the functional meaning of
these mutations remains still unclear and genetic alterations cannot explain, per se, the loss of intracellular equilibrium in cancer[31].
The p38 MAPK pathway, together with various
signaling cascades such as JNK, ERK, AMPK and
PI3K[30,32,33], regulates the balance between cell survival
and cell death with direct effects on the development of
various cancers. The tight regulation of survival/death
signals by p38 MAPKs can result in opposite molecular
functions in tumor development. Indeed, p38 MAPKs
can play a dual role: they can either mediate cell survival
or promote cell death through different mechanisms.
Most reports support the pro-apoptotic role of p38
MAPKs; for example, p38α and/or p38β are mediators
of apoptosis in several cell types such as neurons[34-37] or
cardiac cells[38-40]. In other cell types, p38 MAPKs activate
apoptosis through transcriptional and post-transcriptional
mechanisms, upon stimulation with TNF-α[41], TGF-β[42]
or oxidative stress [43]. Moreover, p38α sensitizes cardiomyocytes and MEF-derived cell lines to apoptosis
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and hepatocellular carcinomas[66-69]. Importantly, we also
detected aberrant activation of p38 in high grade CRC
biopsies[77] and inflammatory bowel disease-associated
human CRC specimens (Simone C, unpublished results).

a dramatic increase in cell death by inducing a molecular
switch from autophagic to apoptotic cell death in CRC
cells[21]. Moreover, p38α blockade interfered with the
signal-dependent transcription of a subset of genes involved in cell cycle control, autophagy and cell death[21,71].
Our results indicate that the autophagy response to p38α
blockade initially represents a survival pathway, while
prolonged inactivation of the kinase leads to cell death.
Indeed, reactivation of p38α induces a significant reduction of autophagic markers together with a slow reentry
into the cell cycle[21,88].
Further evidence supporting the role of p38α as a
negative regulator of autophagy comes from studies
showing that manipulation of p38-interacting protein
and p38α alters the localization of mATG9, a protein
required for autophagosome formation. p38α mediates
starvation-induced mATG9 trafficking to form autophagosomes, suggesting that p38α could provide the link to
nutrient-dependent signaling cascades activated during
autophagy[89]. The role of p38 signaling in the negative
control of autophagy has also been described in hepatocytes under hypo-osmotic stress or upon addition of
amino acids or insulin[90], and in cultured Sertoli cells
treated with SB203580, a p38 specific inhibitor, which
show accumulation of large autophagolysosomes[91].
Moreover, Keil et al[92] demonstrated that Atg5, an E3
ubiquitin ligase required for autophagosome elongation
and LC3 lipidation, is phosphorylated by p38α and that
regulation of p38α by GADD45/MEKK4 negatively
modulates the autophagic process.
Despite the profound differences in the metabolism
of normal and cancer cells, in both the activity of the
autophagic machinery strongly depends on cell metabolic
status[93]. An altered cellular metabolism is a common
feature of cancer cells. Indeed, cancer cells predominantly
produce energy by high rates of glycolysis, even in the
presence of high oxygen tension, rather than by comparatively low rates of glycolysis followed by oxidation
of pyruvate in mitochondria, as in most normal cells[94].
Cancer cells predominantly produce ATP through constitutive activation of aerobic glycolysis (50% of their ATP
is obtained through the glycolytic flux, vs 10% observed in
normal cells), a process that generally relies on the stabilization and activation of the transcription factor HIF1α,
which regulates the expression of the glucose transporter
GLUT1, the rate-limiting enzymes HK1/2 and PKM2,
and LDHA, the enzyme responsible for the conversion of
pyruvate into lactate. As such, HIF1α links aerobic glycolysis to carcinogenesis, representing one of the crossroads
for tumor suppressor and oncogenic pathways[95,96].
p38α is required to sustain HIF1 α protein levels
and the expression of its target genes; thus, its inhibition causes a rapid drop in ATP levels in CRC cells. This
acute energy need triggers AMPK-dependent nuclear
accumulation of FoxO3A and subsequent activation of
its transcriptional program, leading to sequential induction of autophagy, cell cycle arrest and cell death. In vivo,
pharmacological blockade of p38α has both a cytostatic

P38α AND COLORECTAL CANCER: ROLE
IN THE AUTOPHAGIC RESPONSE
Signaling networks are important to maintain genome
stability during cell cycle to protect cells from tumorigenesis. Besides, additional control mechanisms include cell
death and autophagy.
Autophagy is an evolutionarily conserved catabolic
process regulating turn over and elimination of proteins,
cellular organelles, such as peroxisomes, ribosomes and
mitochondria, and the endoplasmic reticulum. The resulting metabolites are recycled for biosynthesis and energy
metabolism. This process includes the formation of
double-membrane cytosolic vesicles, termed autophagosomes, which then fuse with endosomes and lysosomes
to form autolysosomes, wherein degradation finally occurs. Like apoptosis, autophagy has emerged as a key
process in physiologic cell response. It is constitutively
active at low levels, but can be robustly activated under
metabolic stress[78,79].
Complex connections exist between autophagy, apoptosis and cellular homeostasis; indeed, autophagy can act
both as a protector and an executioner. The general view
is that autophagy is a survival pathway; however, autophagy induction by prolonged starvation and other stresses
can result in cell death[78,79]. The ability of autophagy to
regulate cell death makes it a target in several diseases,
such as cancer and neurodegenerative disorders[80].
Beclin-1/Atg6 has a central role in autophagy by interacting with the ‘‘nucleation step’’ kinase class Ⅲ PI3K
(Vps34) and with the anti-apoptotic proteins Bcl-2/BclxL. Beclin-1 can be released from Bcl-2/Bcl-xL complexes by pro-apoptotic BH3 proteins to trigger autophagy;
however, Bax and Bak (pro-apoptotic proteins) can also
be released from these complexes to trigger apoptosis[81].
Mice lacking beclin-1 or genes that play an important role
in the autophagy machinery show increased tumorigenesis[80,82]. Autophagy appears deregulated during carcinogenesis and it is an important barrier for cellular transformation. However, autophagy has a two-faced role,
which depends on the balance between cytoprotective
and potentially oncogenic effects vs cell-death-promoting
and tumor-suppressive effects[83]. Noticeably, autophagy
can support tumor progression by contributing to tumor
dormancy[84]. In mouse hepatocellular carcinoma cells,
dormancy is regulated by the activity ratio between ERK
and p38 MAPK[85].
Our group has previously reported that p38α is required for CRC cell proliferation and survival and that its
genetic depletion or the pharmacological blockade of its
kinase activity induces growth arrest, autophagy and cell
death in a cell type-specific manner[21,86,87]. Interestingly, in
these cells inhibition of the autophagic activity promoted
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Figure 1 Schematic representation of the p38α involvement in colorectal cancer. A: p38α is involved in the regulation of key metabolic cascades in colorectal
cancer (CRC), sustaining HIF1α protein expression and the transcription of HIF1α target genes, such as GLUT1, HK2, PKM2 and LDHA; B: p38α blockade causes a
significant decrease in the intracellular levels of ATP, which correlates with a time-dependent reduction of HIF1α protein levels and the consequent decrease in HIF1α
target gene expression and phospho-activation of AMPK. AMPK activity is required for the nuclear accumulation of FoxO3A and the subsequent activation of FoxO3A
target genes involved in autophagy, metabolism, cell cycle arrest and cell death, leading to autophagic cell death in CRC in vitro and in vivo. PI3K/Akt and JNK kinases regulate the nuclear/cytoplasmic shuttling of FoxO3A protein by phosphorylation.

and cytotoxic effect on colorectal neoplasms, and is associated with nuclear enrichment of FoxO3A and expression of its target genes p21 and PTEN[88].
The signaling perturbation imposed by p38α inhibition in CRC involves a reduction of S473 Akt phosphoactivation together with the enrichment of the PTEN
phosphatase, a pattern that correlates with the decreased
Akt-dependent phospho-inhibition of FoxO3A on the
T32 and S253 residues. Conversely, JNK, a potent activator of FoxO3A, was significantly phospho-activated in
SB202190-treated CRC cell lines[88]. Importantly, PI3K
class Ⅰ enzymes negatively regulate autophagy in several
cellular systems including CRC cells, and the JNK pathway has also been reported to be required for starvationinduced autophagy in cancer cells and for autophagic cell
death[97,98]. Of note, PI3K/Akt and JNK can also crosstalk with p38α by cooperating at the chromatin level, and
Akt can be activated by p38α/β through MAPK/APK2dependent phosphorylation of serine 473[99]. Conversely,
the antagonism between JNK and p38α signaling has
been shown in different ways, including direct repression of the JNK upstream kinases Grap2/HPK1 and
MKK7[47,100] (Figure 1).

plays a significant role in CRC formation and progression
and that the kinase pathway including RAS, RAF, MEK
1/2, and ERK 1/2 is activated in most human tumors.
Mutations in BRAF and KRAS oncogenes occur in
36% of all human cancers, including 15% of colorectal
cancers and 40% of melanomas[101]. Haigis et al[102] demonstrated that KRAS affects proliferation and differentiation, whereas activated NRAS (a protein of the RAS
family) suppresses apoptosis. However, although initial
results demonstrated that inhibition of RAF or MEK1
exerts a cytostatic and cytotoxic effect in CRC cells in
vitro and in xenograft models[103,104], the MEK1 inhibitor
CI-1040 showed poor antitumor activity in phase Ⅱ clinical trials[105].
Interestingly, it has been recently reported that ATPcompetitive kinase inhibitors have potent antitumor
effects on mutant BRAF tumors, with evidence of decreased tumor growth; in contrast, KRAS mutant tumors
showed an opposite mechanism, with enhanced tumor
growth in xenograft models [106]. Additionally, Corcoran et al[107] demonstrated that BRAF-mutant CRC cells
were less sensitive to vemurafenib (RAF inhibitor) and
displayed incomplete pospho-ERK suppression. They
observed a rapid ERK reactivation occurring through
EGFR-mediated activation of RAS and CRAS. Taken
together, these findings support the idea that RAF and
MEK inhibitors might be used depending on the cellular
context and in combination with other therapeutic drugs.

CROSSTALK BETWEEN THE P38 AND
THE MEK/ERK PATHWAYS IN CRC
It is now widely accepted that the MEK/ERK pathway
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to prove efficacy in CRC clinical trials[116,120]. Sorafenib,
which is a type-Ⅱ kinase inhibitor, has been tested in our
lab in association with the type-Ⅰ inhibitor SB202190 in
CRC cell lines and animal models to investigate whether
combination of these compounds may entail enhanced
effects allowing to control more efficiently cancer cell
growth[121]. Simultaneous inhibition of p38α DFG-in
and -out conformations and BRAF leads to a synergistic increase of the apoptotic response in CRC cells,
the most suitable type of cell death in tumor treatment.
These observations are consistent with structural data
and other studies showing that the DFG-in and DFGout conformations of p38α can be targeted by type[117,122,123]
. In
Ⅰ and type-Ⅱ kinase inhibitors, respectively
fact, since sorafenib is able to bind to p38α, the residual
kinase activity exerted by the remaining pool of p38α in
the DFG-in conformation may constitute the basis of
sorafenib clinical failure in CRC. Therefore, concomitant
inhibition with a type-Ⅰ inhibitor such as SB202190 is
expected to abrogate the residual activity of p38α with
consequent synergistic effects[121]. For these reasons, it
is important to create the basis for a novel drug design
paradigm of kinase inhibition, in which both the DFG-in
and DFG-out conformations are simultaneously targeted,
either with a combination of inhibitors (type-Ⅰ and typeⅡ inhibitors) or with one single agent acting against both
conformations[124].
A recent report presented the latest clinical results
about the multikinase inhibitor Regorafenib (FluoroSorafenib), that targets, among others, RAF, wild type
BRAF and mutated BRAF, and showed a particularly
high inhibitory activity on p38 MAPK[125]. When administrated sequentially with standard chemotherapy,
it displayed a good tolerance and a promising activity
in patients with CRC. Currently, Regorafenib is being
evaluated in phase Ⅱ clinical trials in combination with
FOLFOX6 and FOLFIRI in patients with mutant KRAS
or BRAF CRC[125,126] and is now proposed for an international phase Ⅲ clinical trial for the treatment of patients
with metastatic CRC who have progressed after standard
therapies (Figure 2).

Recently, we showed that the crosstalk between the
p38 α and ERK pathway is crucial for CRC therapy
response. Indeed, p38 α inhibition by SB202190 upregulates HER3, one of the receptor tyrosine kinases
(RTK) of the EGF pathway, in CRC and this effect is
dependent upon the activity of FoxO3A and its cofactor
Sirt1[108]. This observation was also confirmed by using
a structurally and functionally different p38α inhibitor,
BIRB796, which is in phase Ⅲ clinical trials for the treatment of inflammation[109]. In turn, HER3 up-regulation
leads to overactivation of the MEK/ERK pathway, even
in the presence of mutated RAF or RAS which are still
able to over-activate ERK signaling in response to extracellular ligands (i.e., EGF)[110]. Of note, in breast cancer
cells FoxO3A is able to increase expression of RTKs,
including HER3, in response to AKT inhibition[111], and
the phosphatase PP2A mediates the interplay between
the p38α and the MEK/ERK pathways in primary fibroblasts and breast epithelial cells[112,113].
Activation of the MEK/ERK pathway in CRC cells
upon p38α inhibition leads to the rescue of a pro-apoptotic program driven by the extrinsic pathway through
transcriptional up-regulation of TRAIL and activation
of caspase-8. Concomitant MEK inhibition triggers Baxdependent apoptosis by enabling signaling propagation
through t-Bid and caspase 3. Of note, recent research
showed that the MEK/ERK pathway might affect Bid
processing by caspase-8, thus resembling the activity of
casein kinases Ⅰ/Ⅱ, which regulate caspase 8-dependent
Bid cleavage by phosphorylation[114]. Bid phosphorylation
at MAPK phosphorylation sites was induced by p38α
inhibition and abrogated by concomitant inhibition of
MEK1. Interestingly, the therapeutic efficacy of p38α/
MEK1 inhibition in CRC is independent from mutations
in p53, KRAS and BRAF genes, and from the CIN or
MIN phenotype; conversely, Bax-/- cells showed almost
50% apoptosis reduction with respect to wild type cells.
Combined inhibition of p38α and MEK1 efficiently
reduces the volume of xenografted tumors and AOM/
DSS-induced tumors in vivo[77].
Intriguingly, we observed p38α activation in HT-29,
HCT-116 and Caco2 CRC cells treated with MEK1 inhibitors, a phenomenon that does not occur in human
primary non-tumorigenic colon cells (Grossi V, Peserico
A and Simone C, unpublished results), suggesting that a
reciprocal compensatory role of these two pathways may
exist in cancer cells. Indeed, inhibition of ERK activity
triggers p38 activation also in cervical carcinoma HeLa
cells[115].
Sorafenib, an experimental antitumor agent, potently
inhibits nine protein kinases, including BRAF. It has also
been shown to target the DFG-out conformational state
of p38α and to affect p38α kinase activity in vitro[116,117].
Sorafenib induces apoptosis by down-regulating Mcl-1
in several cell lines and xenografted tumors, including
HT-29 and HCT-116 CRC cells[116,118,119]. It has been approved for clinical use by the FDA in hepatocellular carcinoma (HCC) and renal cell carcinoma (RCC), but failed
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P38α AND CHEMORESISTANCE:
P38 INHIBITORS AS TARGETED
THERAPEUTICS
Cancer cells can develop chemoresistance in the course
of chemotherapy due to signaling pathways that have
been altered during tumorigenesis. Following drug exposure, some clones within the cancer tissue can reprogram the expression of a specific set of genes leading to
overactive and/or suppressed signaling networks. These
adaptive changes may ultimately favor survival by desensitizing cells to drug-induced death signals. Due to this
mechanism, patients might suffer from recurrent tumors
originated from resistant clones[127-130].
The occurrence of chemoresistance is responsible for
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Figure 2 Schematic representation of the p38α/ERK cross-talk in colorectal cancer. A: Inhibition of MEK1 triggers phospho-activation of the p38 MAPK pathway, indicating the existence of a p38α/ERK crosstalk in CRC cells; B: p38α inhibition induces increased expression of HER3, one of the receptor tyrosine kinases
(RTK) of the EGF pathway, and this effect is dependent upon the activity of FoxO3A and its cofactor SIRT1. In turn, HER3 up-regulation leads to over-activation of the
MEK/ERK pathway. Moreover, p38α inhibition leads to the rescue of a pro-apoptotic program driven by the extrinsic pathway through transcriptional up-regulation of
TRAIL and activation of caspase-8; C: Concomitant MEK inhibition triggers Bax-dependent apoptosis by enabling signaling propagation through t-Bid and caspase 3.
Bid phosphorylation at MAPK phosphorylation sites is induced by p38α inhibition and abrogated by concomitant inhibition of MEK1.

the limited success of various drugs in many cancers. For
example, cisplatin, a chemotherapeutic agent frequently
used against colorectal tumors, has been shown to induce
cell death rates of up to 70% in the first phase of therapy; however, over time this rate gradually decreases to
15% due to the existence of unresponsive (chemoresistant) cells during chronic chemotherapy exposure[4,131,132].
Thus, studies focusing on specific resistance mechanisms with the aim of finding new therapeutic strategies
directed against specific targets have become increasingly
desirable to improve patient survival. p38α might well
be one of these targets. Indeed, response to cisplatin
treatment is potentiated upon p38α inhibition, resulting
in ROS-dependent upregulation of the JNK pathway in
cancer cells, including CRC. In vivo, p38α inhibition cooperates with cisplatin treatment to reduce the size and
malignancy of xenografted breast tumors in mice[133].
Additionally, we recently showed that p38α signaling is
activated in cisplatin-treated CRC cells, and that p38α
genetic ablation or pharmacological blockade sensitizes
chemoresistant CRC cells to cisplatin. Furthermore,
p38α inhibitors showed an additive effect with cisplatin
in chemosensitive CRC cells, and co-treatment induced
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Bax-dependent apoptosis in both sensitive and resistant
cells in vitro and in xenografted mouse models[134].
Chemoresistant cells may either show specific resistance to a particular drug or display multidrug resistance. P-glycoprotein (P-gp) is a well-established plasma
membrane transporter which is involved in the efflux of
chemotherapeutic agents by pumping drugs like cisplatin,
vincristine and doxorubicin outside of cancer cells. When
high p38 activity is observed in chemoresistant cells, P-gp
expression is often upregulated and chemoresistance can
be reversed by SB203580 treatment[135,136]. Using p38 inhibitors together with common chemotherapeutics has
also given promising results in different experimental setups. Co-treatment with SB202190 and the chemotherapy
drug irinotecan appears to sensitize chemoresistant CRC
cells to chemotherapy thus supporting an important role
for p38 in controlling chemoresistance[137,138]. SCIO-469
has been shown to reduce tumor growth in multiple
myeloma xenograft tumors and to enhance the effect of
bortezomib by inhibiting p38α. Additionally, VWCS, a
peptide inhibitor, has been recently proposed both as a
specific p38α inhibitor and a therapeutic agent[139-142]. In
non-cancerous cells, p38 is involved in the inhibition of
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Figure 3 Schematic representation of the p38α as a mediator of resistance in colorectal cancer. A: p38α is a mediator of resistance to irinotecan, 5-FU and
cisplatin and its activation correlates with impaired response to therapy in colorectal cancer (CRC) patients; B: p38α pharmacological inhibition combined with chemotherapeutic agents decreases viability of cancer cells and strongly increases Bax-dependent apoptotic cell death by activating the tumor suppressor protein FoxO3A.
FoxO3A activation up-regulates transcription of its target genes (p21, PTEN, Bim and GADD45), which forces both chemosensitive and chemoresistant CRC cells to
undergo apoptosis.

caspase 3, 8 and 9 activity in different conditions[143,144].
Similarly, CRC cells treated with SB202190 or SB203580
together with 5-fluorouracil showed increased caspase
activity and sensitivity to chemotherapy due to increased
Bax expression[145].
At the molecular level, chemoresistant cells within a
CRC tissue may show different characteristics compared to
their drug-sensitive parental cells; namely, increased expression of specific anti-apoptotic genes (e.g., BCL2, BCL2L1
and MCL1) has been often detected in chemoresistant
clones[146,147]. Expression of these anti-apoptotic genes is
regulated by various upstream molecules; still, Bcl-2 and
Bcl-xL upregulation upon DNA damage has been found
to take place in a p38-dependent way in human cervical
cancer cells[148]. The requirement of p38 in Bcl-2-dependent apoptosis inhibition after DNA damage has also been
reported in E1A/Ras-transformed fibroblasts[149]. Furthermore, inhibition of p38 by SB203580 appears to block
hypoxia-induced Bcl-2 upregulation in endothelial cells,
whereas inhibition of related pathways (PKC, ERK1/2 or
PI3K) does not affect Bcl-2 expression[150].
Cyclooxygenase-2 (Cox-2), a downstream protein of
p38α, is frequently found upregulated in response to several chemotherapeutics and its inhibition by non-steroidal
anti-inflammatory drugs (NSAIDs) is thought to reduce
the risk of CRC development by inducing cell death in
adenomas[151,152]. Since Cox-2 activity is also associated
with p38 activation, its upregulation has been shown to
be reduced in SB203580-treated CRC cells, resulting in
increased apoptosis in response to ursolic acid[153]. These
studies show that chemoresistant CRC cells may induce a
p38-mediated resistance mechanism to support survival
or to delay the ongoing cell death processes. Inhibition
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of p38 by SB203580 has also been reported as an effective sensitizer reducing cell migration/invasion and enhancing sensitivity to etoposide treatment through Cox-2
downregulation in neuroblastomas[154].
Due to correlation with metastatic potential, cell migration in advanced tumors is another important issue
to overcome in cancer therapy. p38α acts as a potent
inducer of tumor invasion by regulating matrix metalloproteinases (MMP1, MMP3 and MMP13) in metastatic
cancer cells[155]. TGFβ, which contributes to tumor progression and cell migration, acts through the p38 MAPK
pathway, and p38 activity is required for TGFβ-mediated
migration[67]. Death receptor-3-mediated p38 activation is
required to promote survival and migration of CRC cells,
and SB202190 treatment was found to decrease metastasis in in vivo breast cancer models[156,157]. These studies
indicate that the p38 MAPK pathway is also involved in
metastasis and affects cancer cell behavior beyond chemoresistance in advanced cancers (Figure 3).

CONCLUSION
The current idea is that tumorigenesis requires deregulation of several cellular processes and acquisition of particular features: independence from proliferation signals,
evasion of apoptosis, insensitivity to anti-growth signals,
unlimited replicative potential and ability to invade, metastasize and sustain angiogenesis for nutrient supply[30].
In addition, cancer cells need to acquire drug resistance
and avoid oncogene-induced senescence[158]. In recent
years, an emerging role has also been established for a
subclass of neoplastic cells within tumors, termed cancer stem cells (CSCs)[30]. Importantly, CSCs show similar
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10%-15% of all CRCs[163].
Several p38α inhibitors passed phase Ⅰ clinical trials and are currently in phase Ⅱ or Ⅲ for inflammatory
diseases and cancer[109,164]. Of note, LY2228820 dimesylate, a selective inhibitor of p38 MAPK, passed a human
phase Ⅰ study in patients with advanced cancer[165]. Thus,
these agents could be available for future combined
therapy with chemotherapeutic agents and molecularly
targeted drugs. Still, it is important that further clinical
trials are developed to investigate the incorporation of
more effective combination chemotherapy regimens into
the multimodality treatment of CRC.

characteristics to normal intestinal stem cells, from which
they are believed to originate. They are thought to be
responsible for cancer relapse and to contribute to tumor chemoresistance. Recent reports identified the p38Hsp27 axis as a survival pathway in hypoxic and serumstarved colorectal CSCs[159]. Moreover, the p38-Hsp27
pathway has been shown to mediate CSCs drug resistance
to cisplatin[160] and anti-angiogenic agents[161].
Although the association of p38α activation with
pro-apoptotic functions has been studied for years, in
this review we showed that there are a significant number of reports highlighting its involvement in cancer cell
survival, proliferation and chemoresistance. Indeed, p38α
is over-active in CRC cells and tissues and is required to
maintain cancer-specific metabolism[87]. Combined use
of p38α inhibitors (SB202190, SB203580, BIRB796) and
autophagy inhibitors (3MA, bafilomycin), MEK inhibitors (PD98059, UO126, CI-1040), HER2 inhibitors (lapatinib), multikinase inhibitors (sorafenib) or chemotherapeutic agents (5-FU, irinotecan, cisplatin) significantly
reduced CRC growth in vitro and in preclinical models by
inducing a higher degree of apoptosis compared to each
single treatment[21,71,77,121,134]. Thus, targeting p38α in CRC
offers oncologists various options for combined therapies
and personalized medicine approaches: p38α inhibitors
may be used in association with autophagy inhibitors,
with molecularly-targeted drugs directed against the EGF
pathway and with conventional chemotherapy. Besides,
the phosphorylation status of p38 MAPK might be used
as a marker of resistance and a predictor of therapy response in CRC.
p38α blockade exerts its chemosensitizing effects
through nuclear accumulation of the transcription factor
FoxO3A and activation of its pro-apoptotic gene expression program. Besides being involved in the response
to the above mentioned p38 inhibitors and to cisplatin,
FoxO3A is also implicated in the cellular response to
paclitaxel, doxorubicin, imatinib, PI3K-Akt inhibitors,
EGFR/HER2 inhibitors, and ionizing radiation[162]. Elucidation of the cellular players involved in resistance to
chemotherapy and sensitization to cell death is a key issue
for improving the efficacy of anti-cancer strategies, since
response to treatment is often compromised by the development of chemoresistance. In this light, the new role
described for the p38-FoxO3A axis in chemoresistance
might prove of high importance for the design of new
therapeutic strategies for CRC in combination with the
above mentioned drugs.
Bax is required for proper apoptosis induction in all
the combined therapeutic applications involving p38α inhibitors described for CRC in this review. Thus, Bax status may also represent a predictive bio-marker for p38αtargeted therapy response. Retention of one Bax wildtype allele is still sufficient to transduce apoptotic signals,
while inactivation of the second allele produces apoptosis
resistance. Importantly, Bax inactivating mutations have
been described in more than 50% of CRCs characterized
by a MIN phenotype, however these only account for
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Abstract
INTRODUCTION

Advances in genomics, molecular pathology and metabolism have generated many candidate biomarkers
of colorectal cancer with potential clinical value. Epidemiological and biological studies suggest a role for adiposity, dyslipidaemia, hyperinsulinemia, altered glucose
homeostasis, and elevated expression of insulin-like
growth factor (IGF) axis members in the risk and prognosis of cancer. This review discusses some recent past
and current approaches being taken by researches in
obesity and metabolic disorders. The authors describe
three main systems as the most studied metabolic candidates of carcinogenesis: dyslipidemias, adipokines
and insulin/IGF axis. However, each of these components is unsuccessful in defining the diseases risk and
progression, while their co-occurrence increases cancer
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The term ‘‘biomarkers’’ was first used in 1989 as a Medical Subject Heading (MeSH): “measurable and quantifiable biological parameters which serve as indices for
health and physiology-related assessments, such as disease
risk, psychiatric disorders, environmental exposure and its
effects, disease diagnosis, metabolic processes, substance
abuse, pregnancy, cell line development, epidemiologic
studies, etc.”[1-4]. Biomarkers aid in early diagnosis, disease
prevention, drug target identification, drug response predictions, etc.[5-9].
The National Cancer Institute defines a biomarker as:
“a biological molecule found in blood, other body fluids,
or tissues that is a sign of a normal or abnormal process,
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or of a condition or disease. A biomarker may be used
to see how well the body responds to a treatment for a
disease or condition. Also called molecular marker and
signature molecule”[10]. According Tanaka et al[11], the ideal
biomarkers for cancer have applications in determining
predisposition, early detection, assessment of prognosis,
and drug response. In cancer research and medicine,
biomarkers are used[6-12]: To help diagnose conditions
(diagnostic); To indicate, before treatment, the long-term
outcome for patients and to provide an estimate of the
severity and likely outcome of the disease (prognostic);
To predict how well a patient will respond to treatment
(predictive).
Colorectal cancer (CRC) is the third most common
malignant neoplasm worldwide; the global incidence
of this cancer is estimated at 1 million people per year.
According to the National Cancer Society, there will
be 143460 new cases and 51690 deaths worldwide in
2013[13-15]. In Poland, colorectal cancer ranks second in
tumour incidence regardless of sex[16]. Experimental, genetic, epidemiologic and socioeconomic studies[17-20] have
suggested that CRC is results from complex interactions
between inherited susceptibility (Lynch syndrome Ⅰ and
Ⅱ, familial polyposis), clinical conditions (ulcerative colitis, Crohn’s disease) and environmental/lifestyle-related
risk factors (physical inactivity, smoking, excessive alcohol
consumption, high-fat/low-fibre diet, overweight/obesity). The hypothesis that diet and related metabolic, anthropometric and hormonal markers play a role in cancer
aetiology was originally supported by a series of early
case-control studies, epidemiological correlation studies
and pioneering work on rodents in experimental laboratory studies carried out in the 1940s[21].
Overweight/obesity and other metabolic disorders
(hyperglycaemia, hyperinsulinemia, dyslipidaemia, type 2
diabetes, hypertension) are positively associated with the
risk of CRC[22-28].
Elevated body mass index (BMI), physical inactivity,
and visceral adiposity were found to be consistent risk
factors for colon cancer and adenoma[25,27]. The European Prospective Investigation into Cancer and Nutrition
(EPIC) study suggested that visceral adiposity and related
metabolic abnormalities may play an important role in
colon carcinogenesis[29].
In the aetiopathogenesis of colorectal cancer in overweight/obese patients, fat tissue is said to be of high
importance to the processes of neoplastic transformation[30,31]. Fat tissue is treated like glandular tissue, performing endocrine, paracrine and autocrine functions,
regulating triglyceride metabolism, influencing the coagulation system and inhibiting the anti-lipolytic effect of insulin[16,32-35]. Previous reviews and studies of the metabolic
biomarkers of CRC[24,30-34] have indicated two hormonal
systems, adipokines and the insulin/insulin-like growth
factor (IGF) axis, as the most studied metabolic candidates of carcinogenesis.
In this review, we focus on the risk and prognostic
effects of selected metabolic biomarkers in colorectal
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cancer.

DYSLIPIDEMIA
Dyslipidaemia is a pathological alteration in the levels of
serum lipids and lipoproteins. Generally, dyslipidaemia
is defined as having levels of total cholesterol (TC), lowdensity lipoprotein (LDL), triglycerides (TG), apolipoprotein B (apoB) or lipoprotein above the 90th percentile
or levels of high-density lipoprotein (HDL) and apolipoprotein A-1 (apoA-1) below the 10th percentile of the
general population[35]. Lipids and lipoproteins have been
associated with neoplastic processes, such as inflammation, insulin resistance and oxidative stress[36]. Abnormal
levels of all lipid components studied are associated with
an increased risk of obesity-related cancers. According to
Gallagher et al[37] the cholesterol content of tumour cells
is higher than that of normal cells, owing to the increased
absorption of cholesterol from the circulation and the de
novo lipogenesis of cancer cells.
Findings on the relationship between the levels of total cholesterol and triglycerides and the risk of CRC have
been inconsistent. This increase in lipid accumulation has
been shown to promote proliferation and protect cancer
cells from apoptosis[37]. Scientists have observed different
associations between serum TC and CRC risk; a positive
relation[38,39], a positive association with the risk of rectal
cancer only[36,40], inverse[41], and no significant association[36,42]. For example, a positive association between the
serum TC levels and the risk of colorectal carcinoma in
situ after adjusting for age, sex, body mass index, smoking
status and alcohol consumption was reported by Yamada
et al[39], and high total cholesterol (≥ 240 mg/dL) was
positively associated with the risk of colon cancer in men
(HR, 1.12, 95%CI: 1.00-1.25, P = 0.05) in a large prospective study in South Korea[43]. However, a case-control
study by Chung et al[44] showed an inverse association between the lipid (TC and TG) levels and risk of CRC. In
Notarnicola et al[45] studies, colorectal cancer patients with
distant metastases have been significantly higher levels
of TC, LDL-cholesterol (LDL-C) and the LDL-C/HDL
cholesterol (HDL-C) ratio than patients without metastases (P < 0.05).
A few cohort studies have investigated the relationship between high serum TG concentrations in patients
with metabolic disorders and the risk of colon cancer[40].
In a large-scale cohort study performed by Ulmer et al[46]
high serum TG concentrations were found to be correlated with a high risk of rectal cancer (HR = 1.56, 95%CI:
1.00-2.44) in men and women combined, whereas no association was found for colon cancer.
In the metabolic syndrome and cancer (Me-Can)
project[26,41], 2834 men and 1861 women were diagnosed
with colorectal cancer. In men, a significant association
was observed between the TG level and CRC (RR =
1.17, 95%CI: 1.06-1.28) and a modest positive association was observed for total cholesterol and CRC. However, no relationship between these factors was found in
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women.
In the Swedish apolipoprotein mortality risk study[40],
2472 colon and 1510 rectal cancer patients were selected,
and baseline measurements of glucose, TC, TG, LDL-C,
HDL-C, apoB, and apoA-I were recorded. The researchers observed a higher risk of colon cancer in patients
with high levels of glucose and TG and an increased risk
of rectal cancer in those with high TC levels. Stratification by glucose level showed that colon cancer risk was
positively associated with the TG level primarily in those
with a glucose level of < 6.11 μmmol/L.
Melvin et al[38] summarised the results of 28 studies to
quantify the link between the markers of lipid metabolism and the risk of obesity-related cancers. In this metaanalysis, the associations between four components of
the serum lipid profile (TC, TG, HDL, and Apo-AI) and
the risk of cancers that were previously shown to be linked
with obesity were examined. To summarise the study, the
authors concluded that “the modest relative risks suggest
serum lipids to be associated with the risk of cancer, but
indicate it is likely that other markers of the metabolism
and/or lifestyle factors may also be involved”.
The EPIC study[27,29,36,47], a multi-centre prospective
cohort study, was designed to investigate the relationships
between diet and other lifestyle factors and the incidence
of different forms of cancer. The total cohort involved
over 520000 subjects from ten Western European countries who joined the study between 1992 and 2000. In
this group, there were 1238 colorectal cancer patients (779
colon cancer patients and 459 rectal cancer patients). The
association between the serum concentrations of TC,
HDL, LDL, TG, ApoA and ApoB and the incidence of
CRC was examined. In this cohort study, the concentrations of HDL and apoA were found to be inversely associated with the risk of colon cancer [RR (1 SD increase
of 16.6 mg/dL in HDL) 0.78, 95%CI: 0.68-0.89] [RR
(1 SD increase of 32.0 mg/dL in apoA), 0.82, 95%CI:
0.72-0.94]. No association was observed with the risk of
rectal cancer.
Similarly, researchers in the Department of Gastroenterology and Hepatology at the National Institute for
Public Health and the Environment in the Netherlands
found that high levels of HDL may prevent colon cancer[36]. The mechanism behind this association requires
further elucidation to gain an understanding of the
involvement of HDL in the regulation of the levels of
proinflammatory cytokines and the modulation of oxidative stress. Furthermore, HDL mimetics (constructed
from a number of peptides and proteins with varying
structures that possess anti-inflammatory and antioxidant properties reminiscent of HDL) have been shown
to reduce the viability and proliferation of CT26 cells, a
mouse colon adenocarcinoma cell line and to decrease
CT26 cell-mediated tumour burden in BALB/c mice
when administered subcutaneously or orally[48].
Additional studies of HDL role in CRC will be useful for a more complete understanding of the circulating
lipids-cancer relationship[49].
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ADIPOKINES
Adipose tissue consists of a variety of cells and structures, including adipocytes (30%-50%), preadipocytes,
fibroblasts, collagen fibres, blood vessels and immune
cells (monocytes, macrophages and lymphocytes). Since
1994, when the first adipokine, leptin, was discovered, a
new era began in the investigation of the metabolic function of the white adipose tissue. Currently, there are a
number of known adipose-derived peptides and proteins.
These can be divided into two classes: adipocytokines or
cytokines, adipokines, which are secreted by adipocytes
(leptin, adiponectin, resistin, visfatin), and which are secreted from the stromavascular fraction of adipose tissue
cells for example: interleukin 6 (IL6), plasminogen activator inhibitor-1, tumor necrosis factor α[16,50,51].
Adipokines affects a number of body processes,
including appetite, energy balance, glucose and lipid metabolism, inflammation, thermogenesis, neuroendocrine
function, reproduction, angiogenesis, cell proliferation,
and atherosclerosis[51].
Leptin
Leptin, the first discovered adipokine-derived hormone,
contains 162 amino acids and is encoded by the OB
gene[52]. Initial interest on this adipokine was focused on
its role in obesity, but the last decade brought attention
to its association with the inflammatory response, insulin
signalling, and carcinogenesis[53-55].
Leptin acts predominantly through the plasma membrane receptor Ob-R, which is encoded by the OB gene.
As a result of alternative splicing, it has at least six isoforms, from OB-Ra to OB-Rf, with OB-Rb being the predominant isoform responsible for the biological actions
of leptin. This adipokine stimulates colorectal cancer
cells by activating multiple signalling pathways. It induces
the trans-phosphorylation of a variety of kinases, including cytoplasmic Janus kinase, tyrosine kinase, phosphoinositide kinase, mammalian target of rapamycin kinase
(mTOR), and protein kinase C to promote cellular proliferation, stimulate the invasive capacity of early neoplastic
cells, increase the formation of lamellipodial structures
that are important for cell motility and regulate malignant
cell migration[56,57]. Leptin also inhibits apoptosis, induces
angiogenesis, and promotes cellular proliferation in these
cell lines similar to the effects of IGF-1. Of particular
importance for colorectal cancer is the influence of leptin
on suppressors of cytokine signalling, which blocks ObR-mediated signal transduction[58,59].
Leptin was found to be overexpressed in colorectal
cancer, and its expression increases gradually from normal mucosa, simple adenoma with low-grade dysplasia,
adenoma with high-grade dysplasia to adenocarcinoma[60].
Interestingly, it has also been reported that peroxisome proliferator-activated receptor-γ (PPAR-γ) activation in leukaemia inhibits the cytokine-induced activation
of the JAK/STAT pathway. Hence, PPAR-γ agonists are
functional antagonists of leptin signalling with respect
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to tumourigenesis[61-64]. However, increased leptin and
PPAR-γ expression in colorectal cancer are both associated with favourable outcomes and longer diseasefree survival. The STAT3 protein acts as a transcription
factor to increase the expression of the anti-apoptotic
protein Mc1-1. It is postulated that elevated expression
of STAT3 and its target genes in colorectal carcinoma
may be markers of malignancy. Bartucci et al[65] suggested
that leptin activation of the extra cellular signal-regulated
kinases 1/2 (ERK1/2) and AKT signalling pathways enhances cell growth in soft agar and improves sphere formation associated with E-cadherin overexpression. Hoda
et al[66] proved that leptin serves as a mitogenic agent and
has an anti-apoptotic effect on the cells of the large intestine. The connection between cancer and leptin and its
receptors should be considered as a dynamic system in
relation to the external and internal environment[16,54,55].
Considering the therapeutic aspect, researchers have
asked whether receptors on the surface of cancer cells
can be therapeutic targets for newly developed drugs,
such as monoclonal antibodies or low-molecular-weight
tyrosine kinase inhibitors.
A number of epidemiological studies[55,67-69], with different results have examined the association of the levels
of leptin and its soluble receptors with CRC. In a large
Scandinavian case-control study, leptin was found to be
associated with increased risk for CRC in men but not in
women. In studies of the Japanese population, leptin was
suggested to increase the risk of female colorectal cancer
in the Japan Collaborative Cohort Study and the Women’s
Health Initiative cohort of postmenopausal women[68-70].
Cong et al[71] summarised their research, stating that the
serum leptin concentrations were significantly higher
in the CRC group than in the control group for both
males and females; however, these concentrations were
significantly lower in males than in females. The authors
observed a statistically significant relationship between
leptin expression and tumour differentiation but not tumour location or TNM stage.
In a previous study from our laboratory in which a total of 146 colorectal cancer patients in various stages of
clinical progression of CRC were enrolled[72], we did not
observe statistically significant differences in the levels of
leptin or its receptors (OB-Ra and OB-Rb) between the
groups of colorectal cancer patients in different stages
of clinical and pathological progression. A statistically
significant difference was observed in OB-Ra expression
between patients with a normal body weight and obese
patients with respect to TNM stage. Similar results were
obtained by Arpaci et al[73], who found that serum leptin
does not correlate with the stage of CRC progression.
However, the results of a study by Wang et al[61] (108
patients with CRC) showed that leptin/OB-R expression
is significantly associated with T stage, TNM stage, lymph
node metastasis and distant metastasis. The authors suggested that leptin regulates proliferation and apoptosis of
colorectal carcinoma cells through the PI3K/Akt/mTOR
signalling pathway.
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The EPIC study examined the association of serum
leptin and sOR-R with CRC risk and lifestyle and dietary
factors (BMI, WH and circulating metabolic biomarkers).
This study concluded that sOB-R is strongly inversely associated with the risk of CRC, independent of BMI and
the levels of leptin and circulating metabolic biomarkers.
Leptin was not related to CRC risk[70].
In conjunction with adiponectin, leptin may be used
as a predictor for adverse outcome (leptin to adiponectin
ratio). Most of the studies in this area have indicated that
leptin may potentiate the growth of cancer cells in vitro,
while adiponectin has an opposite effect[74,75].
Adiponectin
Adiponectin (ADN) is a 244-amino acid protein belonging to the collagen superfamily. It is an insulin-sensitising
hormone with anti-diabetic, anti-inflammatory, antiatherogenic and anti-proliferative properties[76]. Levels
of this hormone are inversely correlated with body fat
percentage. Full-length ADN exists in three forms in
human serum: a low molecular weight trimer, a middle
molecular weight hexamer that forms through the selfassociation of two trimers, and a high molecular weight
(HMW) multimer[77]. This adipokine exerts its action by
binding to two main receptors, AdipoR1 and AdipoR2
(which show homology to G protein coupled receptor) ,
and one minor receptor, T-cadherin (Cdh13)[78]. AdipoR1
is expressed abundantly in muscle tissue, whereas AdipoR2 is expressed at high levels in the liver[79]. T-cadherin
is located on the cellular surface of endothelial, epithelial,
and smooth muscle cells[80]. ADN has been shown to suppress the secretion of proinflammatory cytokines by macrophages and to increase glucose uptake and decrease the
proliferation of obesity-associated cancer cell lines[81,82].
According to Williams et al[80], the anti-tumour effects of
ADN may be either indirect, through improving insulin
resistance and hyperinsulinemia or modulating neovascularisation and inﬂammation, and/or direct, through antiproliferative and/or pro-apoptotic actions on cancer cells.
ADN has been shown to act indirectly on colorectal cancer cells by regulating whole body insulin sensitivity and
contributing to the inflammatory state through mutations
of the K-ras proto-oncogene. Sugiyama et al[83] showed
that adiponectin suppresses colon cancer cells through its
receptor-mediated AMPK activity.
Hypoadiponectinaemia is inversely linked to the risk
of obesity-associated neoplasms and insulin resistance in
vivo[74].
Most retrospective case-control studies have confirmed that lower adiponectin levels are associated with
an increased risk for CRC. The adiponectin level is inversely correlated with the number of adenomas (P =
0.02) but is not correlated with the tumour size. This
finding suggests that ADN plays a protective role in cancer progression[84-86].
In the Health Professionals Follow-up Study, Wei et al[87]
evaluated the association between adiponectin and colorectal
cancer among 18225 men. CRC patients had statistically
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and matched by age and date of blood draw. Plasma adiponectin was determined to be significantly associated
with reduced risk of CRC among men but not among
women, and plasma sOB-R was not associated with overall CRC risk in either men or women[96].

significantly lower ADN levels and higher BMIs, waist
circumferences, and waist-to-hip ratios than the control
subjects. Men in the highest quintile of adiponectin presented a 58% lower risk of CRC than those in the lowest
quintile, even after adjustment for body size, physical activity, and waist circumference.
Conversely, Fukumoto et al[88] revealed that there is no
measurable association between the circulating level of
adiponectin and the incidence of colorectal adenoma.
In the European Prospective Investigation into Cancer and Nutrition Study, Aleksandrova et al[70] explored
HMW and non-HMW adiponectin fractions in relation
to CRC risk. Non-HMW adiponectin was associated with
CRC risk, even after adjustment for body mass index
and waist circumference (RR = 0.39, 95%CI: 0.26-0.60,
P < 0.0001), whereas the association with total ADN
was not significant (RR = 0.81, 95%CI: 0.60-1.09, P =
0.23)[89]. Adiponectin receptors are expressed on the cell
surface in both colorectal cancer and healthy tissue. According to Dalamaga et al[74], an upregulation of adiponectin receptors in colorectal cancer tissues induced by
hypoadiponectinaemia may compensate and maintain the
adiponectin signalling pathways. The results from several
case-control colorectal cancer studies have demonstrated
the important role of a variety of adiponectin genes
(ADIPOQ) with regard to increasing or reducing the risk
for colorectal cancer[90]. The cross-sectional study of a
cohort of hospital-based patients in Japan (47 with adenoma, 34 with early cancer, 17 with advanced cancer, and
26 without tumours as controls) showed that a decreased
level of ADN is as a strong risk factor for both colorectal
adenoma and early stage of cancer[91].
The level of AND and the tissue expression of its
receptors was shown to be associated with CRC and
with the clinico-pathological characteristics of CRC,
notably stage and grade, by Gialamas et al[92] at Harvard
University.
He et al[93] measured the incidence of five polymorphisms in the ADIPOQ gene and two polymorphisms
in the ADIPOR1 gene and analysed their association
with CRC risk in 420 CRC patients and 555 age- and
gender-matched healthy individuals. The rs12733285C/T
genotype and the presence of the A allele of rs1342387
(A/G or A/A) in ADIPOR1 are protective factors for
CRC, while the rs266729G/C genotype and the presence
of the G allele of ADIPOQ are risk factors for colon
cancer, after excluding the rectal cancer cases. Liu et al[94]
suggested that mutations in ADIPOQ may contribute to
increased colorectal cancer risk in the Chinese population
and that their contribution may be modified by environmental factors, such as smoking status, family history of
cancer and BMI.
Song et al [95] prospectively evaluated the association of plasma adiponectin and soluble leptin receptor
(sOB-R) with CRC risk in the Nurses’ Health Study
(1990-2008) and the Health Professionals Follow-up
Study (1994-2008) among 616 incident CRC cases and
1205 controls that were selected using risk-set sampling
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Resistin
Resistin, an adipocyte-specific hormone, is a 12.5-kDa
cysteine-rich protein that is abundantly secreted by macrophages. Human resistin may interfere with insulin
signalling by stimulating the expression of phosphatase
and tensin homolog deleted on chromosome ten, which
dephosphorylates 3-phosphorylated phosphoinositide
(PIP3)[97,98]. According to Benomar et al[99], the resistin
receptors are still unknown, while Daquinag et al[100] has
stated that an isoform of decorin (ΔDCN) is a functional
receptor of resistin in adipocyte progenitors and may
regulate white adipose tissue expansion. Other studies[101]
have identified adenylyl cyclase-associated protein 1 as a
novel functional receptor for human resistin and clarified
its intracellular signalling pathway in the modulation of
the inflammatory action of monocytes.
Resistin upregulates proinflammatory cytokines in
human peripheral blood mononuclear cells through the
NF-κB pathway. In addition, it promotes endothelial
cell activation, including the stimulation of endothelin-1
release and the upregulation of cellular adhesion molecules, such as vascular and intercellular adhesion molecule-1 and intercellular adhesion molecule-1. The resistin
concentration is increased in obesity, and overexpression
of this peptide is associated with insulin resistance and
dyslipidaemia[102].
The role of resistin in colorectal cancer is “far from
being elucidated”[103].
In a case-control study in which 40 CRC patients
and 40 controls were enrolled, the association between
circulating resistin and the risk of CRC was examined[103].
Markedly higher resistin levels were observed in the CRC
patients than in the controls[104], and these levels were also
higher in women than in men. The concentrations of
leptin, adiponectin, and resistin in patients with adenomatous polyps and colorectal cancer were examined by
Kumor et al[105]. The serum concentrations of leptin and
adiponectin were lower in the patients with adenomas
compared to the control group. The serum resistin level
was not significantly different in the adenoma group (P
> 0.05) but was higher than in the controls (P < 0.05).
There was a correlation between adiponectin and leptin
serum concentration (r = 0.61). The authors concluded
that the serum levels of adiponectin and resistin may play
an important role in colon carcinogenesis. Leptin may
possibly have prognostic value, independent of BMI.
Visfatin
Visfatin (pre-B cell colony-enhancing factor) is 52-kDa
peptide that was discovered by Fukuhara et al[106] in 2005. It
possesses NAD biosynthetic activity and regulates growth,
apoptosis, and angiogenesis in mammals[107]. Visfatin is

1975

February 8, 2015|First Edition|

Muc-Wierzgoń M et al . Metabolic biomarkers in colorectal cancer
Table 1 Features of the insulin-like growth factors genes
Gene

Molecular weight
(kDa)

IGF1
IGF2
IGF1R

7.7
7.5
225

IGF2R
IGFBP1
IGFBP2
IGFBP3
IGFBP4
IGFBP5
IGFBP6
IGFBP7

270
25.3
31.4
28.7
26
28.6
22.8
29.130

[117]

Mature protein
(number of amino acids)

Chromosomal
localization

Gene size (kb)

Exons (n )

70
67
α 706
β 626
2450
234
289
264
237
252
216
282

12q22-12q24
11p15
15q25-15q26

100
30
100

6
9
21

6q25-6q27
7p12-7p14
2q31-2q34
7p12-7p14
17q12-17q21
2q31-2q24
12q13
4q12

140
5.2
32
8.9
12
33
4.7

48
4
4
5
4
4
4

IGF: Insulin-like growth factor; IGFBP: Insulin-like growth factor binding proteins.

as well[115,121]. IR and IGF1R are members of the tyrosine
kinase class of membrane receptors. IGF2R recognises
IGF2 and attenuates IGF2 signalling via IGF1R[34,115,118].
Epidemiologic studies have demonstrated an association between obesity and the risk of colorectal cancer[122,123]. Obesity and lifestyle factors influence the levels
of circulating IGFs[124,125] and, thus, increase colorectal
cancer incidence, as a one of many mechanisms of carcinogenesis. Insulin resistance in addition to type 2 diabetes mellitus, adipokine inflammation and others, which
provides risk for cancer.
The most important colorectal cancer risk factors
among metabolic disorders are insulin resistance, hyperinsulinemia and hyperglycaemia[16,22,24,26,27,113,115,120,122,123,126-129].
There is a significantly elevated risk for proximal colorectal cancer in men suffering from type 2 diabetes mellitus
and no significant increase in risk in women with this
condition[129]. Other studies have indicated that diabetes
mellitus type 2 is a risk factor for distal CRC[130] and both
proximal and distal CRC[131].
However, several studies have revealed a decrease in
cancer risk in diabetic patients treated with metformin,
an anti-diabetic agent[132,133]. Metformin reduces insulin
resistance and improves glycaemic control, and many
studies have shown that it inhibits the growth of cancer cells[134]. Its pleiotropic effects on multiple pathways
against the growth of cancer cell are associated with the
activation of AMPK by proteins, including the enzymes
LKB1 serine-threonine kinase, calcium/calmodulindependent protein kinase and TGF-β-activated protein
kinase[135] and by the tumour suppressor gene ATM,
which has been implicated in DNA repair and cell cycle
arrest[136,137]. Metformin inhibits the mTOR signalling
pathway by decreasing the levels of INS and IGF1, independent of AMPK[138].
A relationship between type 2 diabetes mellitus and
CRC has been proposed in many studies. As far as we
know, the treatment modalities for diabetes can modify
the insulin and glucose levels, therefore increasing CRC
incidence. Not only drugs, but life style factors, such as
diet therapy, weight control, exercise and smoking, may

a newly identified insulin mimetic adipocytokine that
directly interacts with the insulin receptor but not the
insulin-like growth factor receptor and can subsequently
promote cancer cell proliferation. It is more highly
expressed in primary colorectal cancer than in nonneoplastic mucosa[85,108,109]. A study performed by Huang
et al[110] revealed that visfatin induces the expression of
stromal cell-derived factor-1, a chemokine that plays a
role in CRC progression, via β1 integrin signalling in
colorectal cancer cells.
Nakajima et al[85,109] observed that the visfatin and resistin levels in colorectal cancer patients were significantly
higher than those of controls in a multivariate analysis (P
< 0.01 and P = 0.03, respectively). In case-control studies, an increased level of visfatin was found to be a strong
risk factor for both early and advanced CRC[111,112] and to
correlate with stage progression[109].

INSULIN-LIKE GROWTH FACTOR
SYSTEM
The insulin-like growth factor system includes the IGF
ligands (insulin, IGF1, and IGF2), IGF receptors (IGF1R
and IGF2R) and IGF binding proteins (IGFPBs) (Table
1). The association between the IGF system and cancer
has been a topic of investigation for many years[24,34,113-117].
Insulin-like growth factors exert their biological functions through their specific receptors. Insulin (INS) signal
transduction occurs through its receptor (IR), which has
two isoforms (IRA and IRB). IRA recognises INS, IGF1
and IGF2 but has the highest affinity for IGF2. The INS
signal that is transduced through the IRB isoform is associated with glucose homeostasis. IGF signals that are
passed through IGF1R, which induce the kinase activity
of the receptor, activate the phosphoinositide 3-kinase
(PI3K), protein kinase B (Akt), mTOR, PI3K/Akt/
forkhead box O (FoxO) and Ras/MAPK/ERK1/2
pathways[118,119], which play a role in cancer growth. Many
studies have indicated an association between type 2
diabetes and an increased risk of developing colorectal
cancer[118-120]. IGF1R recognises IGF1 and IGF2 and INS
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Table 2 Insulin-like growth factor system/prognostic factors in colorectal cancer
IGF system

Researches

Insulin

IGF1

IGF2

IGF1R
IGF2R
IGF1/IGFBP3 ratio
IGFBPs

There were no statistical significance relative to insulin serum level in groups independently of clinical stage of CRC and tumor
localization, Nowakowska-Zajdel et al[127], Kaczka et al[147], Nowakowska-Zajdel[148]
Hyperinsulinemia and hyperglycaemia has been associated with higher mortality from CRC, Yang et al[131], Deng et al[149]
High IGF1 levels is associated with increased risk of CRC, Ma et al[156]
IGF1 serum levels are increased in patients with locally advanced CRC (pT3, pT4) in comparison to less advanced cancer. Higher
serum level of IGF1 is observed in patients with G3 (histopathological malignancy), in male patients older than 60 yr and in
mucinogenous cancer, Kukliński et al[157]
EPIC cohort and meta-analysis of prospective studies pointed a relatively modest association of CRC risk with IGF1 levels,
Rinaldi et al[160]
The serum levels is significantly elevated in patient with CRC vs control group and without difference between metastatic and
local CRC, Matuschek et al[158]
Higher IGF2 levels were associated with better overall survival in CRC patients, Liou et al[166]
IGF2 serum levels were higher in patients with more advancer CRC, Zhao et al[164]
The IGF2 overexpression in tumor cells was associated with more advanced CRC and poor survival, Wang et al[162],
Kuklinski et al[163]
IGF1R is overexpressed in CRC cells, Pollak et al[168]
IGF2R imprinting is observed in CRC, Ouyang et al[170], Kuhlmann et al[171]
Higher IGF1/IGFBP-3 ratio is associated with CRC risk, Rowlands et al[179]
Total IGFBP-3 levels is significantly related with risk of CRC, Rinaldi et al[160]
Lower IGFBP-3 levels correlate with the CRC risk, Wolpin et al[128]
High levels of IGFBP-3 has been associated with reduced risk of CRC, Ma et al[181]
No correlation between circulating IGFBP-3 and mortality, Kaplan et al[178]
IGFBP-7 is overexpressed in CRC cells, Ruan et al[177]

IGF: Insulin-like growth factor; IGFBP: Insulin-like growth factor binding proteins; CRC: Colorectal cancer.

similarly impact cancer risk[122,132-134,139].

with diabetes is the level of glycated haemoglobin A1C
(HbA1C). HbA1c has been proven to be an independent
predictor of aggressive clinical behaviour in CRC patients,
leading to more right-sided and advanced cancers that
present at a younger age and show poor 5-year survival[145].
However, in their recent study involving 25476 patients
with type 2 diabetes mellitus, Miao Jonasson et al[146] did
not find any association between HbA1C and risk for all
cancers or specific types of cancer.
Many studies have indicated no significant difference
in the insulin levels of CRC patients compared with controls and no correlation between insulin levels and advanced stage or malignancy[127,147,148]. It was observed that
insulin levels are higher in obese CRC patients group in
comparison with CRC patients with a proper BMI[15]. Hyperinsulinemia and hyperglycaemia have been associated
with higher mortality from CRC and more advanced tumours compared to non-diabetic patients. However, the
insulin and glucose levels of CRC patients do not seem
to be prognostic factors[131,149] (Table 2). Future studies
should further examine the possibility of insulin levels
and hyperglycaemia as risk factors of cancer.

Insulin
Insulin signal transduction occurs through its receptors
(IRA, IRB) and IGF1R as well as hybrid receptors (IGF1R/IR). The cellular signalling of IR and hybrid receptors is similar but not identical because different cell types
use this control system to regulate different processes. In
the liver, gluconeogenesis is inhibited and glycogen storage is activated, while in epithelial cells, the consequences
of pathway activation is stimulation of proliferation and
inhibition of apoptosis[121]. Most cancers express both
IR and IGF1R genes. It is important to recognise that
receptors perform their functions in signal transduction
in both cancer cells and normal tissues. The expression
levels of IGF receptors in cancer are sometimes higher
than those observed in normal cells[115].
Abnormal autocrine production of insulin in cancer
is uncommon, but many cancers show a high level of
insulin-independent glucose uptake. In cancers in diabetic patients with insulin resistance, the transformed
cells are more insulin sensitive than the liver, muscle or
adipose tissue. In addition, hyperinsulinemia stimulates
the growth of cancer cells and influences cancer risk
and prognosis [140,141]. Higher circulating insulin levels
that are directly or indirectly caused by IGF1 (circulating levels of IGF1 are dependent on GH secretion and
weakly affected by insulin) may modulate carcinogenesis[126,129,142,143]. Hyperinsulinemia may influence cancer
cell growth through IRA/IGF1R by increasing signalling,
and increasing the expression of IRA on cancer cells can
mediate the effects of metabolism in cancer[144].
One prognostic factor in CRC that is connected
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IGF1
IGF1 shows approximately 50% structural homology to
insulin. IGF1 is produced by many cell types, including
cancer cells. The liver is its main site of IGF1 production,
which is stimulated by GH[114,115]. The GH/IGF1 axis is
the regulator of postnatal growth. The production of
IGF1 by cancer cells might be sufficient for both autocrine and paracrine effects on tumour growth. IGF1 and
IGF2 function as hormones and tissue growth factors.
A large case-control study showed that higher IGF1
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levels are associated with increased risk of advanced
colorectal adenoma[150,151]; this finding is supported by
other studies[152-155]. Ma et al[156] observed that high IGF1
levels are associated with increased risk of CRC (RR, 2.51;
95%CI: 1.15-5.46), but there are some studies that do not
report a statistically significant association between IGF1
and colorectal adenoma[153,154]. It is theoretically possible
that adenomas could progress to cancer independently of
IGF1 or the autocrine or paracrine mechanism of IGF1
signalling. Further prospective research is needed.
In addition, the IGF1 levels in the serum are increased in patients with locally advanced colorectal
cancer (pT3, pT4) in comparison to less advanced cancer, and higher serum levels of IGF1 are observed in
patients with G3 cancer (histopathological malignancy),
in male cancer patients older than 60 years and in mucinogenous cancer[157]. This study highlighted IGF1 as a
putative prognostic factor, but it was observed that there
were no significant differences in the IGF1 levels in
colorectal cancer patients when compared to the control
group[157,158]. Thus, IGF1 does not seem to be a marker
of existing colorectal cancer[157].
The biological activity of IGF is regulated by the insulin-like growth factor binding proteins (IGFBP) family.
Some research has indicated that high circulating IGF1
levels and an increased IGF1/IGFBP3 ratio disturbs
GH/IGF1 homeostasis, which could be an indicator of
risk for cancer development[159]. Rinaldi et al[160] studied
the EPIC cohort and performed a meta-analysis of prospective study results. They indicated a relatively modest
association of CRC risk with serum IGF1 (1121 cases
of CRC and 1121 matched controls). In this study, the
IGF1 and IGFBP3 levels were analysed, and it was examined whether the relative risk associated with the IGF1
level was modified by anthropometric and dietary factors
related to IGF1 and CRC risk. The serum IGF1 levels
were not significantly associated with CRC risk, but total
IGFBP3 showed a significant relationship with risk of
CRC. No significant interaction was found between IGF1
and IGFBP3 (total and intact). The same data obtained in
relation to gender and separately for right and colon cancer. When IGF1 was adjusted for total IGFBP3, its association with right-sided colon cancer was stronger than
for overall colon cancer -[RR (top vs bottom quintile), 1.98,
95%CI: 1.01-3.89]. Analysis of the BMI and WHR revealed a significant positive association of the IGF1 level
and risk of rectal cancer among participants whose BMI
was in the lowest tertile of the distribution (BMI of <
25 kg/m2, RR = 1.06, 95%CI: 1.01-1.12)[160]. The authors
stated that a limitation of their study and other studies in
their meta-analysis was that only a single blood sample
had been collected from each patient (Table 2).

Overexpression of IGF2 can modulate carcinogenic
effects through IRA[162], but the lower affinity of IGF2
for this receptor results in a less powerful activation in
comparison with INS. It protects the receptor from
downregulation.
IGF2 overexpression in tumour cells is associated
with more advanced colorectal cancer and poor survival[162,163]. Zhao et al[164] stated that the IGF2 serum
levels are higher in patients with more advanced cancer.
Other studies have shown that higher levels of circulating
IGF2 are associated with better overall survival in CRC
patients[165]. Liou et al[166] indicated that higher plasma
IGF2 levels are associated with better overall survival
in colorectal cancer patients. The presence of loss of
imprinting (LOI) of IGF2 is associated with the overexpression of IGF2 in tumours and with worse overall survival in metastatic patients. The authors concluded that
the overexpression of IGF2 in tumours might not correlate with the circulating IGF2 levels. The bioavailability
of IGF ligands might be higher in tumour tissues.
Matuschek et al [158] showed significantly elevated
serum levels of IGF2 in a group of colorectal cancer
patients (n = 21) compared to a healthy control group (n
= 13) (P < 0.01), but sensitivity and specificity were only
approximately 70%. There was no difference in the serum IGF2 levels between metastatic and local colorectal
cancer patients, suggesting that IGF2 is not a tumour or
prognostic marker. However, this study examined only
very small groups. Thus, these results are preliminary, and
more research should be conducted in this area in the future (Table 2).
IGF1R
The IGF1R is a transmembrane heterotetramer that
consists of two α subunits and two β subunits. The α
subunits are responsible for binding IGF1, and the β
subunits are involved in the phosphorylation and synthesis of intracellular proteins. There is approximately
60% sequence homology between IGF1R and IR.
IGF1R possesses tyrosine kinase activity. The postreceptor signal transduction includes the phosphorylation of
IRS1 and the activation of PI3K and mitogen-activated
protein kinases (MAPKs)[115,167]. IGF2 and INS bind to
IGF1R but with lower affinity than IGF1 (2- to 15- and
1000-fold, respectively)[115]. IGF1R regulates cell proliferation through its signalling pathway, protecting cells
against apoptosis or inducing cell growth. IGF1R is frequently overexpressed in human colorectal cells as well as
in ovary, breast, endometrial, thyroid and glioma cells[168].
IGF1R blockage results in the inhibition of tumour
growth. IGF1R expression is significantly downregulated
in adults but is still present in most tissues. The increased
expression of IGF1R that is observed in some tumours
may respond to paracrine, autocrine or circulating IGFs.
Binding of IGF1 and IGF2 ligands to IGF1R promotes
receptor autophosphorylation and activates various signalling pathways, including the MAPK and PI3-K/Akt1
pathways[115].

IGF2
IGF2 is produced by the liver, but many tissues have the
ability to synthesise this peptide. The hepatic synthesis of
IGF2 is independent on GH. IGF2 plays a role during
foetal development[161].
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IGF2R
The mammalian mannose 6-phoshate/IGF2 receptor
(M6P/IGF2R) is a monomeric receptor that binds IGF2
with a 500-fold increased affinity over IGF1. IGF2R
does not bind INS[117]. Four classes of ligands bind to the
extracytoplasmic receptor domain of IGF2R, lysosomal
enzymes, IGF2, retinoic acid and urokinase-type plasminogen activator receptor[169]. IGF2R is a tumour suppressor that regulates the internalisation and degradation of
extracellular IGF2, thus mediating the circulating levels of
IGF2. Another main function of the receptor is to regulate the intracellular trafficking of lysosomal enzymes[169].
Recent data have indicated that IGF2R plays a crucial
role in cancer prevention. Ouyang et al[170] observed loss
of function mutations in the IGF2R gene in colorectal
cancer. LOI of IGF2 leads to the overexpression of
IGF2, and LOI of IGF2 is associated with increased susceptibility to colorectal cancer and more advanced disease
in other several cancer types[170,171].

IGFBP3 ratio and higher C-peptide levels[180]. IGFBP3
modulates the activity of IGF1[172]. Furthermore, high
levels of IGFBP3 have been associated with reduced risk
of CRC (RR, 0.28, 95%CI: 0.12-0.660)[181]. The differences in these studies indicate that there is variability in
the IGF1 levels and that many others factors, such as life
style factors, influence the IGF system.
IGFBP-2 is another binding protein that modulates
the interaction of IGFs with IGF1R. Some of studies have shown significant inverse associations between
IGFBP1 and CRC[182,183], but others have shown no association[142].

CONCLUSION
The list of metabolic biomarkers with potential diagnostic and prognostic users in colorectal cancer patients
is continuously growing. Results on the relationship
between the levels of TC and TG and the risk of CRC
have been inconsistent. High concentrations of serum
HDL are associated with a decreased risk of colon cancer. The serum adiponectin, leptin, resistin and visfatin
levels and/or the expression of its receptors may be
good metabolic biomarkers of CRC. Hyperinsulinemia
and hyperglycaemia could be biomarkers of the higher
mortality from CRC, but the high IGF2 levels seemed to
be connected with better overall survival in the patients.
The high HbA1C as an independent predictor of aggressive clinical behaviour may be a prognostic biomarker in
CRC patients. Additionally the risk factors of CRC are
the IGF1 circulating levels and increased IGF1/IGFBP3
ratio as well.
In the future, technological advances will likely facilitate the use of biomarker profiling to individualize
treatment of colorectal cancer. To validate the metabolic
biomarkers as prognostic and predictive factors seemed
to be evaluated as clinical trials proceed. More evidence
from a large, epidemiological studies could improve understanding the CRC risk and prognosis as well.

IGFBP
Six IGF binding proteins (IGFBP-1-6) have a high affinity for IGFs, and four IGFBPs, also known as IGFBPrelated proteins (IGFBP-rp-1-4), have a low affinity
for IGFs. IGFBPs are tumour suppressors, and their
increased expression attenuates the proliferative and antiapoptotic effects of IGFs.
The majority of circulating IGFBPs are synthesised in
the liver, but many organs are capable of producing these
proteins. IGFBP-3 is the most abundant binding protein
in the serum. IGFs are regulated by the IGFBP family.
Some of these binding proteins have IGF-independent
actions (IGFBP1, IGFBP3, IGFBP5 and IGFBP7)[117].
IGFBP7 is representative of the IGFBP-rps. IGFBP-3
binds and sequesters the majority of the IGF1 ligands. It
has been shown to inhibit proliferation and induce apoptosis in human colon cancer cells in vitro and in an experimental CRC animal model[172-174]. Epidemiological studies
showed that higher circulating IGF1 levels and lower
IGFBP-3 levels independently correlate with increased
CRC risk[128]. However, such data has not been confirmed
in all studies[175]. IGFBP3 and IGFBP7 genes seem to be
multifunctional genes, and their deregulation is related to
metastatic CRC. In CRC patients, a significant correlation
between the expression levels of these genes was noted,
but no relation to overall survival was confirmed[176].
IGFBP7 exhibits low affinity for the IGFBP ligands
IGF1 and IGF2. IGFBP7 is expressed in many tumour
types and is overexpressed in CRC tissue[177]. Its expression is associated with a favourable prognosis in CRC
patients. However, future research should explore the
molecular role of IGFBP7.
Recently, Kaplan et al[178] demonstrated that there is no
significant correlation between overall cancer mortality
and circulating IGF1 or IGFBP3 levels. Another study indicated that the IGF1 and IGFBP3 levels show potential
as prognostic markers, but in prostate cancer[179]. In CRC,
the risk of cancer may be associated with a higher IGF1/
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Pharmacogenetics research on chemotherapy resistance in
colorectal cancer over the last 20 years
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sensitivity of tumour tissue to cytostatics is a key element in the currently developing trend of personalized
medicine. Scientists hope to increase the percentage
of positive treatment response in CRC patients due to
practical applications of pharmacogenetics/pharmacogenomics. Over the past 20 years the clinical usability
of different predictive markers has been tested among
which only a few have been confirmed to have high
application potential. This review is a synthetic presentation of drug resistance in the context of CRC patient
chemotherapy. The multifactorial nature and volume of
the issues involved do not allow the author to present a
comprehensive study on this subject in one review.
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Abstract
During the past two decades the first sequencing of
the human genome was performed showing its high
degree of inter-individual differentiation, as a result of
large international research projects (Human Genome
Project, the 1000 Genomes Project International HapMap Project, and Programs for Genomic Applications
NHLBI-PGA). This period was also a time of intensive
development of molecular biology techniques and enormous knowledge growth in the biology of cancer. For
clinical use in the treatment of patients with colorectal
cancer (CRC), in addition to fluoropyrimidines, another
two new cytostatic drugs were allowed: irinotecan
and oxaliplatin. Intensive research into new treatment
regimens and a new generation of drugs used in targeted therapy has also been conducted. The last 20
years was a time of numerous in vitro and in vivo studies on the molecular basis of drug resistance. One of
the most important factors limiting the effectiveness
of chemotherapy is the primary and secondary resistance of cancer cells. Understanding the genetic factors
and mechanisms that contribute to the lack of or low
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Core tip: Insufficient effectiveness of chemotherapy is
still the most important factor limiting the successful
treatment of patients with colorectal cancer (CRC). Drug
resistance in anticancer therapy has been recognized
virtually from the very beginning, as cytostatic drugs
were first used in oncology practice. Intensive research
on the causes of low sensitivity in colorectal cancer
cells to such drugs as fluoropyrimidines, irinotecan and
oxaliplatin, has resulted in evidence on the importance
of genetic factors in phenotype conditioning of drug resistance. This review is a synthetic presentation of drug
resistance in the context of its role in chemotherapy,
and the potential clinical use of different biomarkers in
individualization of CRC patient treatment.
Original sources: Panczyk M. Pharmacogenetics research on
chemotherapy resistance in colorectal cancer over the last 20
years. World J Gastroenterol 2014; 20(29): 9775-9827 Available from: URL: http://www.wjgnet.com/1007-9327/full/v20/
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validation has remained an unmet objective for almost all
putative biomarkers[8].
Treatment options in CRC have systematically advanced over the last several years with the introduction
of effective chemotherapeutic and targeted drugs. However, providing individual treatment with low toxicity and
significant benefit is still an unsolved problem[9]. This part
of the review focuses on pharmacogenomic knowledge
of substances routinely administered in patients with
CRC: fluoropyrimidines, irinotecan (CPT-11), and oxaliplatin (OX).

i29/9775.htm DOI: http://dx.doi.org/10.3748/wjg.v20.i29.9775

RESEARCH ON THE EFFECTIVENESS OF
CYTOTOXIC ANTINEOPLASTIC DRUGS
FOR THE TREATMENT OF COLORECTAL
CANCER
Since the beginning of the 21st century, very rapid development of high-throughput research techniques described
by the term ‘‘omics’’ (genomics, transcriptomics, proteomics and metabolomics) has been observed. Pharmacogenomics uses advanced research techniques “omics”,
which allow researchers to identify the genetic basis of
inter-individual differences in the pharmacodynamics and
pharmacokinetics of drugs[1,2]. An important objective
of this research is to identify biomarkers for predicting
treatment outcomes, as well as avoiding the toxic effects
arising during the course of pharmacotherapy (prognostic
and predictive markers)[3]. The terms pharmacogenetics
and pharmacogenomics are closely related and are often
used interchangeably, although there are some historical
differences between them. Today, pharmacogenomics is
commonly used synonymously with “individualized” or
“personalized” medicine, although the latter term is often
understood to stratify medical treatment by the use of
genomic biomarkers rather than to treat an individual.
Accordingly, the Personalized Medicine Coalition defined
personalized medicine as “the application of genomic
and molecular data to better target the delivery of health
care, facilitate the discovery and clinical testing of new
products, and help determine a person’s predisposition to
a particular disease or condition”[4,5].
Environmental factors such as age, sex or health condition of the patient are the classic factors which affect
treatment outcomes and have been studied for decades.
The influence of genetic factors on response variability is
far greater than sex, age, or interactions with other drugs.
Therefore, it seems advisable to determine the basis of
all abnormal body reactions in relation to the treatment
used. It should also be noted that the distribution frequency of correct responses to drug usage in a population is far from a normal distribution, which means that
the presence of treatment non-responders and overresponders (increased toxicity) is much more common
than has been assumed so far[6]. The first studies on pharmacogenomics and colorectal cancer (CRC) outcome
were conducted and published approximately 20 years
ago[7]. Since then, hundreds of possible biodeterminants
have been studied with many expectations. The technology, and its spread, has improved incredibly, and the
importance with which this subject is regarded by many
research groups throughout the world has grown relentlessly. The reproducibility of some results was, initially,
promising, as were some confirmatory clues derived from
deeper biological studies, but the final step of clinical
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5-FLUOROURACIL AND
FLUOROPYRIMIDINES
In 1957 Heidelberger et al[10] reported the antitumour activity of 5-fluorouracil (5-FU). Charles Heidelberger synthesized 5-FU as a result of experiments which showed
the ability of tumour cells to acquire uracil for DNA
synthesis[11]. Fifty years after the first synthesis of 5-FU
it is still a standard component of adjuvant and palliative therapy having a proven impact on survival time in
patients with CRC[12]. Experimental studies have shown
that 5-FU is converted to an active metabolite, FdUMP
(fluorodeoxyuridine monophosphate), which is a potent
inhibitor of DNA synthesis (Figure 1). FdUMP forms a
ternary complex together with thymidylate synthase enzyme (TS) and 5,10-methylenetetrahydrofolate (CH2THF)
cofactor, responsible for the catalytic conversion of
deoxyuridine monophosphate (dUMP) to deoxythymidine monophosphate (dTMP). dTMP is a substrate for
deoxythymidine triphosphate (dTTP) necessary for the
process of DNA synthesis (Figure 2). Furthermore,
on the basis of fundamental and clinical research it has
been proven that the addition to an exogenous therapy a
source of folic acid, such as leucovorin (LV) increases the
degree of inhibition of TS supporting the formation of
active complexes of 5-FU with the enzyme[13]. 5-FU/LV
combination therapy in patients with diagnosed CRC is
much more effective than monotherapy with 5-FU[14].
The purpose of individualized therapy is to choose
the most effective treatment and the optimal dosage for
each patient, while minimizing toxicity and side effects of
the therapy. This objective is particularly important in the
case of the new generation of anticancer drugs which
include expensive targeted therapies such as the antibodies cetuximab and bevacizumab. The much cheaper 5-FU
therapy can also be individualized in a selection of CRC
patients with potentially best response to the administration of 5-FU which appears to be justified medically and
financially. Despite significant progress in understanding
the 5-FU activity mechanisms, the identification of molecular markers potentially clinically useful in predicting
5-FU treatment efficacy is still the subject of research.
TS
TS is an important enzyme involved in the metabolism
of folic acid and catalyzes dUMP methylation to dTMP,
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Figure 1 5-fluorouracil is converted to three major active metabolites. (1) fluorodeoxyuridine monophosphate (FdUMP); (2) fluorodeoxyuridine triphosphate
(FdUTP); and (3) fluorouridine triphosphate (FUTP). The main mechanism of 5-fluorouracil (5-FU) activation is conversion to fluorouridine monophosphate (FUMP)
either directly by orotate phosphoribosyl transferase (OPRT), or indirectly via fluorouridine (FUR) through the sequential action of uridine phosphorylase and uridine
kinase. FUMP is then phosphorylated to fluorouridine diphosphate (FUDP), which can be either further phosphorylated to the active metabolite fluorouridine triphosphate (FUTP), or converted to fluorodeoxyuridine diphosphate (FdUDP) by ribonucleotide reductase. In turn, FdUDP can either be phosphorylated or dephosphorylated to generate the active metabolites FdUTP and FdUMP, respectively. An alternative activation pathway involves the thymidine phosphorylase catalyzed conversion of 5-FU to 5-fluoro-2’-deoxyuridine (5-FUDR), which is then phosphorylated by thymidine kinase to the thymidylate synthase inhibitor, FdUMP. Dihydropyrimidine
dehydrogenase (DPD)-mediated conversion of 5-FU to dihydrofluorouracil (DHFU) is the rate-limiting step of 5-FU catabolism in normal and tumour cells[401].
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Figure 2 Methylentetrahydrofolate reductase plays an important role in the action of 5-fluorouracil, an inhibitor of thymidylate synthase. Methylentetrahydrofolate reductase (MTHFR) catalyses a unidirectional reaction that lowers the levels of 5,10-methylenetetrahydrofolate (CH2THF) by increasing levels of 5-methyltetrahydrofolate (CH3THF) which is used for biological methylation. Other factors, such as vitamin B12 and homocysteine, are involved in biological methylation
processes. The addition of folinic acid (leucovorin) to 5-FU improves the response rates and survival of CRC patients. Thymidylate synthase (TS) catalyses the
reductive methylation of deoxyuridine monophosphate (dUMP) to deoxythymidine monophosphate (dTMP) with the reduced folate, CH2THF, as the methyl donor. This
reaction provides the sole de novo source of thymidylate, which is necessary for DNA replication and repair. TS contains a nucleotide-binding site and a binding site
for CH2THF. The 5-FU metabolite, FdUMP, binds to the nucleotide-binding site of TS, forming a stable ternary complex with the enzyme and CH2THF which blocks
binding of the normal substrate dUMP, thereby inhibiting dTMP synthesis. Inhibition of thymidylate synthesis causes disruption of nucleotide levels that results in DNA
damage[402].

which is a critical reaction in maintaining the balance of
available deoxynucleotides (dNTPs) in cells, substrates
necessary for the synthesis and repair of DNA. The interaction with TS is the main aim of such cytostatic drugs
as 5-FU, and the level of TYMS gene expression and TS
protein is a prognostic marker in the treatment of several
types of cancer. Thus, the 5-FU cell sensitivity profile
may be affected by genetic variants of the TYMS gene,
expression level of TYMS/TS gene/ -protein, and intracellular concentration of dNTP and CH2THF[15]. Expression of TS as a sensitivity determinant for fluoropyrimidines has been shown in vitro[16] as well as in vivo, where
intratumour TS expression level was associated with the
chemosensitivity of tumour tissue exposed to 5-FU. The
most important data collected during the past few years
indicate that TS expression varies considerably between
different types of cancers and that the degree of tumour
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response to 5-FU treatment is inversely proportional to
the measured level of intratumour mRNA and protein
expression[17]. Leichman et al[18] first proved that there
is an inverse relationship between intratumoural TYMS
gene expression and the degree of response to 5-FU
treatment. CRC patients with low levels of TYMS gene
expression had a significantly higher rate of response to
therapy and longer median survival compared to patients
with higher TYMS expression in tumour tissue (13.6 mo
vs 8.2 mo, P = 0.02)[19]. A meta-analysis of 13 clinical
trials of patients with advanced CRC (total number of
patients: 887 cases) carried out by Popat et al[20] showed
that patients with low TS expression had longer overall
survival (OS) than patients with higher TS expression
in tumour tissue. Recently, a meta-analysis including 24
clinical trials with more than 1100 CRC patients was also
published[21]. The pooled relative risk of overall response

1990

February 8, 2015|First Edition|

Panczyk M. Chemoresistance in colorectal cancer
TYMS gene

5’UTR

USF
Inverted
sequence

3’UTR

E7

E1

Tandem
repeat

USF

TSER*2
GTGGTTATGAACTTTAAAGTTATAGTT +6 bp
GTGGTTATGAACT----------TTATAGTT -6 bp

VNTR
USF

TSER*3

Del/Ins

USF
*
5’-CCGCGCCACTTGGCCTGCCTCCGTCCCG-3’
SNP

TSER*3 G>C
5’-CCGCGCCACTTCGCCTGCCTCCGTCCCG-3’
E-box

Figure 3 Some of the described polymorphisms affect inter-individual differences in patient sensitivity to 5-fluorouracil treatment. Polymorphisms in the
thymidylate synthase gene (TYMS gene), 5’ and 3’ untranslated regions (5’UTR and 3’UTR), exons (E1-E7), binding site for upstream stimulating factor (USF), variable number tandem repeats (VNTR), single nucleotide polymorphism (SNP), deletion/insertion polymorphism (Del/Ins), two-tandem repeats (TSER*2), three-tandem
repeats (TSER*3), TSER*3 G>C (single nucleotide polymorphism of TSER*3). Regulation of TYMS gene expression. TSER polymorphism (TS 2R/3R repeat) is a
tandem repeat upstream of the TYMS translational start site containing either double (2R) or triple (3R) repeats of 28-bp sequences. These tandem repeats regulate
transcription and translation of TYMS. Additional functional variants of the TYMS gene have been identified and TSER 2R/3R repeat is now studied together with a G
to C SNP within the second repeat of the 3R allele. TSER 3RC/3RC genotype causes lower transcriptional activity of TYMS, comparable with the TS 2R/2R genotype.
TS 1494del6bp is another functional variant of the TYMS gene and has been shown to decrease RNA stability and therefore influence TS mRNA and TS protein expression in vitro[52].

rate (ORR) indicated that the group with lower TS expression had greater sensitivity to fluoropyrimidine-based
chemotherapy than patients with high TS expression level[21]. Numerous studies were also carried out to investigate different TS expression levels in tissue derived from
primary tumours and metastases[22,23]. Analysis of the two
subgroups it was demonstrated that predictive TS expression levels determined in tissue derived from metastases
were more pronounced than those determined in primary
tumours[21]. Furthermore, during the assessment of the
predictive values of TS expression level, the results obtained using RT-PCR techniques were statistically more
significant than those in which the expression was determined using immunohistochemistry (IHC) techniques[21].
These results indicated that low TS expression in
CRC patients with advanced tumours was associated with
increased individual sensitivity to 5-FU therapy[7,17,19,24-39].
Furthermore, in vitro studies using cell lines and tumour
tissues demonstrated that 5-FU therapy contributes to
the induction of TS expression[40,41]. This increase in TS
expression upon 5-FU exposure seems to be a result of a
negative feedback loop in which ligand-free TS binds to
its own mRNA and inhibits its own translation[42]. When
stably bound by FdUMP, TS can no longer bind its own
mRNA and suppress translation, resulting in increased
protein expression. This constitutes a potentially important resistance mechanism, as acute increases in TS would
facilitate recovery of enzyme activity[41].
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Although, the reason for ontogenetic variation in TS
expression is still not clear, one of the main examined
hypotheses is the possible influence of TYMS gene polymorphisms on TS expression. As it is now known, some
of the described polymorphisms affect inter-individual
differences in patient sensitivity to 5-FU treatment (Figure
3 and Table 1)[43-52]. Polymorphism of the variable number
of tandem repeats (VNTR) located in the TYMS gene
sequence is one of the studied genetic variants that may
have clinical relevance as a predictive marker for the effectiveness of 5-FU treatment. Horie et al[53] reported a 28-nucleotide sequence in the 5’-region of the TYMS gene,
which occurs in the population with a variable number
of iterations: two (2R) or three (3R). According to the
classification proposed by Kawakami and Watanabe, it is
assumed that VNTR in this region is responsible for the
occurrence of two alleles, 2R and 3R, and three different
genotypes (2R/2R, 2R/3R and 3R/3R)[54]. The results of
various studies suggest that the 3R allele is responsible
for four times higher mRNA level of the TYMS gene
observed in tissue tumours obtained from patients with
metastatic CRC compared to patients who were carriers
of the 2R variant (P < 0.004)[55]. Homozygous patients
having both alleles with a double repeat (2R/2R) showed
a significantly higher percentage of favourable response
to 5-FU treatment as compared to those who had the
3R/3R genotype (50% vs 9%, P = 0.04)[55]. In addition to
the predictive values for 5-FU chemotherapy, retrospec-
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Table 1 Some common polymorphisms of genes TYMS , MTHFR , DPYD and UMPS and their potential impact on the functioning of
proteins associated with the pharmacology of 5-fluorouracil
dbSNP rs cluster ID

Type of
polymorphism

Function

Ref.

Thymidylate synthase (TYMS) (OMIM # 188350)
rs45445694
VNTR
TSER*2/ TSER*3
TSER polymorphism (TS 2R/3R repeat) is a tandem repeat upstream of the TYMS
translational start site containing either double (2R) or triple (3R) repeats of 28-bp
sequences
http://www.ncbi.nlm.nih.gov/SNP/snp_ref.cgi?rs = 45445694
rs34743033
SNP
TSER*3G>C
TSER*2/*3 repeat is studied together with a G to C SNP within the second repeat
of the TSER*3 allele
TSER*3C allele = decrease transcriptional activity of TYMS
http://www.ncbi.nlm.nih.gov/SNP/snp_ref.cgi?rs = 34743033
rs151264360
Del/Ins
TS 1494del6bp
-6-bp deletion, decreased stability of TS mRNA
+6-bp insertion, increased stability of TS mRNA
http://www.ncbi.nlm.nih.gov/SNP/snp_ref.cgi?rs = 151264360
Methylenetetrahydrofolate reductase (MTHFR) (OMIM # 607093)
rs1801133
SNP
677C>T
At codon 222 in exon 4 (Ala → Val)
Reduces enzymatic activity and increased thermolability
http://www.ncbi.nlm.nih.gov/SNP/snp_ref.cgi?rs = 1801133
rs1801131
SNP
1298A>C
At codon 429 in exon 7 (Glu → Ala)
Reduces MTHFR activity
http://www.ncbi.nlm.nih.gov/SNP/snp_ref.cgi?rs = 1801131
rs4846051a
SNPs
1305T>C
At codon 435 (synonymous), effect unknown
rs201095365b
1798G>A
At codon 600 (Glu → Lys), effect unknown
a
http://www.ncbi.nlm.nih.gov/SNP/snp_ref.cgi?rs = 4846051
b
http://www.ncbi.nlm.nih.gov/SNP/snp_ref.cgi?rs = 201095365
Dihydropyrimidine dehydrogenase (DPYD) (OMIM # 612779)
rs3918290
SNP
IVS14+1G>A
Exon 14 is skipped as a result of the G → A translocation at intron 14, inactive
enzyme is formed
http://www.ncbi.nlm.nih.gov/SNP/snp_ref.cgi?rs = 3918290
rs75017182
SNP
c.1129– 5923C>G
Cryptic splice donor site leads to a 44 bp fragment of intron 10 insert in mrna,
frameshift and premature stop codon in exon 11
Associated with toxicity
http://www.ncbi.nlm.nih.gov/SNP/snp_ref.cgi?rs = 75017182
SNPs
IVS5+18G>A
G → A translocation at intron 5, effect unknown
IVS6+139G>A
G → A translocation at intron 6, effect unknown
IVS9–51T>G
T → G translocation at intron 9, effect unknown
rs1801265
SNP
85T>C
At codon 29 in exon 2 (Cys → Arg)
Decreased expression
http://www.ncbi.nlm.nih.gov/SNP/snp_ref.cgi?rs = 1801265
rs2297595
SNP
496A>G
At codon 166 in exon 6 (Met → Val)
Significantly conserved site close to the Fe-S motif, may disrupt electron transport
http://www.ncbi.nlm.nih.gov/SNP/snp_ref.cgi?rs = 2297595
rs1801159
SNP
1627A>G
At codon 543 in exon 13 (Ile → Val)
Decreased expression
http://www.ncbi.nlm.nih.gov/SNP/snp_ref.cgi?rs = 1801159
rs55886062
SNP
1679T>G
At codon 560 in exon 13 (Ile → Ser)
Might destabilize FMN (flavine mononucleotide) binding domain
http://www.ncbi.nlm.nih.gov/SNP/snp_ref.cgi?rs = 55886062
rs1801160
SNP
2194G>A
At codon 732 in exon 18 (Val → Ile)
Decreased expression
http://www.ncbi.nlm.nih.gov/SNP/snp_ref.cgi?rs = 1801160
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rs67376798

SNP
2846A>T

At codon 949 in exon 22 (Asp → Val)
Significantly conserved site near the Fe-S motif, may disrupt cluster formation and
electron transport and lead to lower DPD activity
http://www.ncbi.nlm.nih.gov/SNP/snp_ref.cgi?rs = 67376798
Uridine monophosphate synthetase (UMPS) [OMIM #613891]
rs121917890a
SNPs
213A>G
At codon 96 (Arg → Gly), effect unknown
rs121917892b
326T>G
At codon 109 (Val → Gly), effect unknown
rs1801019c
638G>C
At codon 213 (Gly → Ala), increase activity
rs2291078d
1050T>A
At codon 350 (synonymous), effect unknown
rs121917891e
1285G>C
At codon 429 (Gly → Arg), effect unknown
rs3772809f
1336A>G
At codon 446 (Ile → Val), effect unknown
a
http://www.ncbi.nlm.nih.gov/SNP/snp_ref.cgi?rs = 121917890
b
http://www.ncbi.nlm.nih.gov/SNP/snp_ref.cgi?rs = 121917892
c
http://www.ncbi.nlm.nih.gov/SNP/snp_ref.cgi?rs = 1801019
d
http://www.ncbi.nlm.nih.gov/SNP/snp_ref.cgi?rs = 2291078
e
http://www.ncbi.nlm.nih.gov/SNP/snp_ref.cgi?rs = 121917891
f
http://www.ncbi.nlm.nih.gov/SNP/snp_ref.cgi?rs = 3772809

[92,412,417,422,425,426,
432,435-437]

[122-126]

SNP: Single nucleotide polymorphism.

tive studies have demonstrated that this polymorphism
also has the properties of a toxicity marker for fluoropyrimidine-based chemotherapy. Patients who are carriers of the 3R/3R genotype exhibited reduced toxicity
as compared to patients with the 2R variant. A high TS
expression level related to the presence of 3R/3R genotype accounts for less effective inhibition of TS, which
contributes to both an increased likelihood of survival
of cancer cells (drug resistance), and a reduced loss of
healthy cells and less toxic therapy[55]. Moreover, a single
nucleotide polymorphism (SNP) of guanine instead of
cytosine (G/C) in 3R determines two different alleles (3C
or 3G)[55]. Based on the presence of this polymorphism
two different groups of patients can be distinguished
with two levels of TS expression: a high expression
group with (2R/3G, 3C/3G and 3G/3G genotype carriers) and a low expression group (2R/2R, 2R/3C and
3C/3C genotypes). Taking into account the study results
published by Mandola et al[56], it is believed that the presence of the 28-bp G>C SNP within the second repeat
of the 3R allele TYMS promoter enhancer region (TSER)
is associated with a weaker bond in the promoter region
of USF-1 transcription factor leading to a decreased
transcriptional activity of TYMS gene. A lower transcription rate of the TSER 3RC allele in vitro is also observed
when compared with TSER 3RG, comparable with the
TSER 2R/2R genotype[56,57]. These results may, at least
partly, explain why some patients with 3R/3R genotype
have low TS expression and a good response to 5-FU
chemotherapy.
The third described polymorphism is an insertion/deletion of hexanucleotide TTAAAG sequence at 1494 position on the 3’-UTR (1494del6)[58]. This polymorphism
may contribute to stability changes of secondary mRNA
structure as has been demonstrated for alterations of
the 3’-region in other genes[59]. Ulrich et al[58] analysed the
mRNA expression level of TYMS gene in 43 patients
and showed that homozygous patients with 6-bp deletion
had a steady-state TS mRNA level three times lower than
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patients who were homozygous for the 6-bp insertion
alleles (P = 0.017). Furthermore, it was shown that homozygous patients with deletion (del/del) had significantly lower mRNA levels of the TYMS gene which was also
associated with greater sensitivity to 5-FU-based therapy
as compared to homozygous patients with (ins/ins) insertion (P = 0.017)[57,60]. There is a need for further analyses
to allow identification of TYMS transcription regulatory
mechanisms including the role played by combinations
of different genetic variants, such as polymorphisms,
SNPs and VTNR in TYMS/TS expression variability in
populations.
A major limitation of correlational research on the
pharmacogenetic importance of polymorphisms and
TYMS/TS expression is an increasing proportion of
patients who are treated with combination therapy, for
which 5-FU is not the only component in the chemotherapy. Therefore, it is often difficult to determine whether
the observed greater sensitivity in a small number of
patients to a treatment is associated with the presence
of genetic determinants (e.g., 2R/2R homozygous status,
6 bp- /6 bp- 3’‑UTR, allele G of the G>C SNP) or is a
result of drugs other than 5-FU used in the combination
therapy[50].
Methylenetetrahydrofolate reductase
The use of folic acid in combination with 5-FU has been
standard in the treatment of advanced CRC for more
than 30 years [61]. The intracellular metabolic balance
of folic acid is regulated by methylenetetrahydrofolate
reductase (MTHFR), a critical enzyme in the folic acid
pathway catalysing irreversible conversion of CH2THF to
5-methyltetrahydrofolate (CH3THF) (Figure 2). 677C>T
is one of numerous polymorphisms of the MTHFR gene
described in the literature, which may contribute to activity changes in this enzyme. 677TT genotype is responsible
for a 30% reduction in enzymatic activity compared to
677CC genotype associated with reduced thermolability
observed in vitro[62], which results in a decreased eryth-
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5-FU treatment in CRC patients[75]. Large-scale and wellplanned clinical trials are necessary to determine if the
practical application of MTHFR 677C>T and 1298>C
gene polymorphisms would be possible to predict treatment efficacy. It is also necessary to assess whether these
SNPs may be used as prognostic markers in patients undergoing CRC treatment based on 5-FU.

rocyte concentration of CH3THF and accumulation of
CH2THF[63]. The frequency of specific genetic variants
of MTHFR for SNP 677C>T is ethnically diverse. Analyses of Caucasian and Asian populations suggest that the
prevalence of 677TT genotype oscillates between 12% and
15% with a frequency of 677CT homozygotes at the 50%
level. Whereas, in a population of African-Americans
there was a very low frequency of 677TT genotype[64]. An
important consequence of the presence of MTHFR 677T
variant is the possibility of accumulation of CH2THF in
the cells, which may have a significant effect on the pharmacological efficacy of 5-FU. This is due to the fact that
the effect of 5-FU is largely dependent on the concentration of foliants. The 5-FU-5-FdUMP metabolite irreversibly forms a stable complex with TS and CH2THF. Creation of this complex inhibits the activity of TS, which
leads to an intracellular drop in dTMP concentration and
finally inhibition of DNA synthesis. Increased concentration of CH2THF as a consequence of the presence
of the MTHFR 677C>T polymorphism may therefore
contribute to changes in the chemosensitivity of cancer
cells exposed to 5-FU by increasing the amount and stability of CH2THF-TS-FdUMP ternary complex, and thus
a stronger inhibition of DNA synthesis. Sohn et al[65] in
both in vitro and in vivo studies observed that the presence
of 677T allele of the MTHFR gene is responsible for
greater chemosensitivity in colon cancer cells, suggesting
that the genetic variant 677C>T may be a pharmacogenetic factor used to assess the effectiveness of 5-FU-based
chemotherapy. However, clinical studies published in recent years have led to contradictory and inconsistent conclusions[64]. In advanced CRC patients undergoing 5-FUbased therapy, in three published studies the presence of
the 677T variant of the MTHFR gene was associated with
a higher percentage of positive responses[66-68], while the
results of another study did not confirm the existence of
such a relationship (Table 1)[69].
Another frequent polymorphism of the MTHFR
gene is SNP 1298A>C, which results in substitution of
glutamine amino acid by alanine an in enzyme protein sequence[70,71]. Similar to SNP 677C>T, 1298A>C polymorphism contributes to the reduction in enzymatic activity
of MTHFR, but has no connection with the thermolabile
proteins. The observed frequency of the mutated 1298C
allele is approximately 33%[70,71]. Some of the published
studies on SNP 1298A>C suggest that the presence of
the 1298C variant of the MTHFR gene has no impact
on the percentage of positive responses to 5-FU treatment[68,69,72], while two studies suggest that it is associated
with significantly decreased patient survival time[67,73].
Thus, contrary conclusions concerning both polymorphic
variants of 677C>T and 1298A>C of the MTHFR gene
call into question their practical application as response
predictors in 5-FU-based therapy[74]. However, recent
reports suggest that the simultaneous assessment of
several markers, such as MTHFR 1298A>C and TYMS
3’UTR ins/del polymorphisms makes it possible to obtain accurate assessments to predict the toxic effects of
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Dihydropyrimidine dehydrogenase
5-FU as a prodrug, in order to achieve its intracellular
cytotoxic activity, requires metabolic activation (with over
80% of the administered dose of 5-FU degrading rapidly)[76]. Considering 5-FU metabolic pathways in cells, it
seems important to conduct pharmacogenetic analysis of
the molecular factors that are associated with biotransformation of the drug. Inter-individual variability in the
response of patients to 5-FU treatment may in fact be
associated with a decrease in the activity of enzymes responsible for catabolism of the drug, which will result in
an increase in drug concentration and longer half-life, and
thus an increased risk of serious toxic effects[77]. Dihydropyrimidine dehydrogenase (DPD) acts as a regulatory
enzyme in the 5-FU catabolic pathway responsible for
conversion of 5-FU to 5-fluorodihydrouracil (5-FUH2).
After this conversion, 5-FUH2 is further metabolized to
its final metabolite, 5-fluoro-β-alanine, which is excreted
in the urine (Figure 1)[78].
Partial DPD activity deficiency in the general population is about 5%, and its total loss is very rare, about
0.2%[79]. Partial or total loss of DPD activity may be
associated with the presence of genetic determinants
influencing the function of the DPYD gene including
SNPs[80], deletion mutations[81,82] and methylation[83]. DPD
deficit was first described in an autosomal recessive disease in patients with various neurological symptoms and
an accumulation of uracil and thymine in the urine[84]. In
recent years, several research groups have investigated the
genetic variations present in the DPYD gene, and DPD
expression levels in tumour cells with respect to their use as
predictive markers for predicting both the effectiveness and
toxicity of 5-FU treatment[85]. So far, more than 15000 genetic polymorphisms have been recorded in NCBI dbSNP
in the coding, intronic and untranslated 3’ and 5’ regions
of DPYD. Conditions resulting in a mutant DPYD allele
include base substitutions, splicing deficits and frameshift
mutations[85-87]. Taking into account the effect of catabolic
processes on the pharmacokinetics of 5-FU and toxicity
resulting from dosage, patients with low DPD activity are
at an increased risk of serious or even fatal side effects
when using the standard 5-FU dose. Also, case reports
of severe and fatal toxicity in patients with markedly low
DPD activity and treated with capecitabine suggest that
DPD deficiency increases the risk of toxicity after oral
administration of 5-FU[88].
Meinsma et al[89] described the molecular basis of observed DPD activity deficiency by testing the phenotype
and genotype of patients with no DPD activity. Among
the analysed cases, there was no 165 nucleotide fragment
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Figure 4 A schematic map of the human DPYD gene is shown with the location of SNP DPYD*2A (IVS14+1G>A); exon 14 is skipped as a result of the G>A
translocation at intron 14.

of mRNA sequence as a result of ejection of one of the
exons, moreover, no enzyme DPD protein was detected
in these patients[89]. Wei et al[90] identified a heterozygous
deletion of 165 nucleotides in a British cancer patient, in
whom there was no partial DPD activity and who had
serious toxicity following administration of 5-FU. They
found that a G to A transition within the 5’ splice site of
intron 14 resulted in exon skipping and an inactive DPYD
allele (IVS14+1G>A, DPYD*2A) (Figure 4)[90]. Other
rare (frequency < 0.1%) polymorphisms and mutations
have also been identified (85T>C, 496A>G, 1627A>G,
2194G>A, and 2846G>T) as factors possibly affecting
the appearance of toxic symptoms after standard 5-FU
treatment (Table 1). DPD activity deficiency is observed
in approximately 60% of cases occurring in patients with
severe toxicity, and DPYD*2A polymorphism is found in
50% of patients with the 4th stage of neutropenia as a result of 5-FU treatment[91]. In total, more than 40 DPYD
polymorphisms were described to have potential use in
5-FU treatment prediction. In addition to single polymorphism changes it has also been demonstrated that
the presence of a haplotype consisting of three new intronic SNPs (IVS5+18G>A, IVS6+139G>A, and IVS951T>G), and synonymous mutation (1236G>A) may be
associated with a decrease in DPD activity[92]. Moreover,
hypermethylation of the promoter region of the DPYD
gene is described as a possible mechanism of variable
DPD activity[83,93]. It is believed that only a few of the
reasons listed above are responsible for drug resistance
and/or toxicity of fluoropyrimidines[94].
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Low DPD expression level should lead to reduced
catabolism of 5-FU and therefore contribute to a more
effective accumulation of the drug inside cells. On the
other hand, high DPD activity in tumour tissue should be
responsible for the development of drug resistance by reducing the cytotoxic effects of 5-FU. Also, genetic changes in the functioning of other genes encoding enzymatic
proteins of the 5-FU metabolic pathway, such as DPYS
(dihydropyrimidinase)[95] or UPB1 (β-ureidopropionase)[96]
may contribute to a decrease in therapy effectiveness.
Furthermore, it was proved that the patients with low
expression of three genes, TYMS, DPYD and thymidine
phosphorylase (TYMP) have a significantly longer survival time compared to patients with high expression of
any of these genes[17]. A similar correlation between low
expression of the DPYD gene determined using RT-PCR
and better response to 5-FU based therapy was found
in patients with advanced CRC treated with first-line
capecitabine[97]. On the other hand, the results of recent
studies in patients with metastatic CRC treated with fluoropyrimidine suggest that this correlation is weak or there
is no evidence of an association between the expression
of DPYD and effectiveness of chemotherapy[37,98,99]. The
acquired uncertain evidence is derived mostly from retrospective clinical studies and suggests that low expression
of the DPYD gene may be a sensitivity marker in tumour
cells for fluoropyrimidines and thus allow us to predict
the degree of response to treatment. However, currently
little good quality clinical data have confirmed the predictive value of DPYD expression determination in order to
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predict the efficacy of 5-FU therapy in CRC patients[94].

longer time to progression (TTP) in comparison with
those cases in which a low level of TP expression was
found (8.7 mo vs 6.0 mo). Conversely, neither TS nor
DPD, both enzymes that have been previously shown to
correlate with resistance to 5-FU, were able to predict response to CAPIRI[98,108]. Presumably, the cells with higher
expression of TP may exhibit an increased sensitivity
to 5-FU, due to the increase in FdUMP concentration,
which is the result of increased 5-FU activation. On the
other hand, low TS expression may lead to serious DNA
damage. Since cancer cells are characterized by a higher
degree of proliferation compared to normal cells, low
TS expression in tumour tissue may lead to a decrease in
the dUMP substrate necessary for DNA synthesis, which
would inhibit its replication and proliferation. Therefore,
the low level of TS expression in tumour cells is associated with a less aggressive course of the disease and a
more favourable prognosis in patients. In conclusion,
a low level of TS expression may be prognostic rather
than a predictor of fluoropyrimidines effectiveness[108,109].
However, the prognostic value of TS expression was not
observed in one of the largest retrospective studies[110],
which may give rise to questions as to whether further
retrospective analysis can provide useful data to confirm
the clinical significance of this marker. As highlighted in
the meta-analysis by Popat et al[20], large methodological
differences in individual primary studies make it difficult to come to decisive conclusions. The results of this
analysis showed that patients whose tumour tissue had a
high level of TS expression were observed to have worse
OS compared to the group of patients with a low level
of expression. However, as emphasized by the authors
of the meta-analysis, the heterogeneity of the studies and
possible publication bias do not allow a straightforward
conclusion[20].

TYMP
TYMP is the gene encoding thymidine phosphorylase
(TP), an enzyme that catalyses phosphorylation of thymidine or deoxyuridine to thymine or uracil, and thus is
essential for the nucleotide salvage pathway, that recovers
pyrimidine nucleosides formed during RNA or DNA
degradation[100]. Several studies suggest that TP is a promoter of tumour growth and metastasis by inhibiting
apoptosis and induction of angiogenesis[100]. There is evidence that the level of TP expression is connected with
angiogenesis, growth and progression of certain types
of cancer[101]. An observed increase in TP expression in
tumour tissues as compared to that occurring in normal
tissues is visible inter alia in CRC[102]. In most of the analysed cases, high TP expression is related to aggressiveness of cancer and poor prognosis, although there are
conflicting reports in this regard (Table 2)[100].
TP is involved in the metabolism of 5-FU, where catalysed by TP, 5-FU is converted to 5-fluoro-2’-deoxyuridine (5-FUDR) (Figure 1). This is the first stage of 5-FU
activation in tumour cells consequently leading to inhibition of DNA synthesis by reducing the pool of available
dTTP to the substrate of this reaction. Capecitabine, an
oral form of 5-FU prodrug, is designed to reduce the
gastrointestinal toxicity of 5’-deoxy-5-fluorouridine (5’
DFUR) and to generate 5-FU preferentially at the tumour
site[103]. 5’DFUR may be transformed in cancer cells in a
reaction catalysed by TP or uridine phosphorylase[103,104].
Since TP expression is significantly higher in tumour cells,
it allows targeted activation which minimizes the toxicity
of such therapy[105]. In phase Ⅲ clinical trials, metastatic
CRC patients who were treated with capecitabine monotherapy had a significantly lower incidence of toxic effects in comparison to patients treated with 5FU/LV[106].
Moreover, since the enzymatic activity of TP is essential
to obtain an adequate level of concentration of an active form of capecitabine, it may be a useful marker for
predicting the effectiveness of chemotherapy using this
drug[98].
Soong et al[107] published a study on the relationship
between the expression level of TP (determined by microarrays and immunohistochemistry) and survival time
of 945 CRC patients treated with 5-FU. The results of
this study suggest that the low level of TP expression
may be associated with the improved treatment outcomes
observed, and may be a good predictive marker for response to 5-FU chemotherapy[107]. Also, the results presented by Salonga et al[17] confirm the link between low
TP expression and a positive response to 5-FU. However,
results different from the above were obtained by Meropol et al[98]. Patients with metastatic CRC treated with
combination therapy using CPT-11 plus capecitabine
(CAPIRI) were subjected to an assessment of TP protein
expression in primary tumour tissues and metastases.
Positive results for TP expression confirmed by IHC
techniques were associated with a statistically significant

WCGO|www.wjgnet.com

Uridine monophosphate synthetase
In mammalian cells, the last step of pyrimidine nucleotide synthesis involves the conversion of orotate to
uridine monophosphate (UMP) and is catalysed by
UMP synthase (UMPS). This bifunctional enzyme has 2
sequential activities, orotate phosphoribosyltransferase
(OPRT) and orotidine-5-monophosphate decarboxylase
(ODC)[111]. The protein product of the UMPS gene is the
OPRT enzyme, which catalyses the conversion of 5-FU
into FUMP, a common substrate for the production of
5-fluorouridine triphosphate and dUTP, two cytotoxic
metabolites that target RNA and DNA, respectively. Muhale et al[112] showed that in the anabolic pathway of 5-FU,
UMPS is the only gene that rounds out a manifestation
of the phenotype of resistance to 5-FU. Furthermore, the
high OPRT enzyme activity or increased expression of
mRNA for UMPS gene is associated with longer survival
times, suggesting that the UMPS may be a clinically useful marker for predicting the effectiveness of treatment
with 5-FU[113-121]. In clinical in vitro studies carried out by
Isshi et al[122], OPRT and DPD enzymatic activity was
determined by radioassay in tumour tissues taken from
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Table 2 Gene/protein expression or metabolic enzyme activity in colorectal cancer cells and correlation with outcome of patients
receiving fluoropyrimidine-based chemotherapy
Treatment setting

Method

Patients (n )

Thymidylate synthase (TYMS) [OMIM # 188350]
5-FU
RT-PCR
29
5-FU
RT-PCR
39
5-FU
IHC
57
5-FU
IHC
62
5-FU
RT-PCR
92
5-FU
RT-PCR
309
5-FU
IHC
391
5-FU
IHC
945
FUdR
IHC
36
5-FU/LV or 5-FU
RT-PCR
29
5-FU/LV
RT-PCR
33
5-FU/LV
RT-PCR
36
5-FU/LV
RT-PCR
42
5-FU/LV
RIA
102
5-FU/OX
RT-PCR
45
5-FU/MTX
IHC
108
5-FU or 5-FU/MTX or 5-FU/LV
IHC
24
5-FU or 5-FU/MTX or 5-FU/LV
IHC
27
5-FU or 5-FU/MTX or 5-FU/LV
IHC
48
5-FU/LV/CPT-11
RT-PCR
13
5-FU/LV/CPT-11
IHC
54
5-FU/LV/CPT-11
IHC
57
UFT/LV
RT-PCR
37
Capecitabine
RT-PCR
37
Capecitabine
IHC
39
Capecitabine/CPT-11
IHC
556
5-FU-based therapy
IHC
681
Dihydropyrimidine dehydrogenase (DPYD) (OMIM # 612779)
5-FU
RT-PCR
29
5-FU
RT-PCR
39
5-FU
IHC
62
5-FU
IHC
303
5-FU
RT-PCR
309
5-FU
IHC
391
5-FU
IHC
945
5-FU/LV
RT-PCR
33
UFT/LV
RT-PCR
37
5-FU/LV/CPT-11
RT-PCR
13
Capecitabine
RT-PCR
37
Capecitabine/CPT-11
RT-PCR
67
Capecitabine/CPT-11
IHC
556
5-FU-based therapy
ELISA
64
5-FU-based therapy
RT-PCR
102
5-FU-based therapy
RT-PCR
144
5-FU-based therapy
IHC
150
Thymidine phosphorylase (TYMP) (OMIM # 131222)
5-FU
IHC
62
5-FU
IHC
945
5-FU/LV
RT-PCR
33
5-FU/LV/CPT-11
RT-PCR
13
Capecitabine
RT-PCR
37
Capecitabine/OX
IHC
41
Capecitabine/CPT-11
RT-PCR
67
Capecitabine/CPT-11
IHC
556
5-FU-based therapy
RT-PCR
144
5-FU-based therapy
IHC
150
Uridine monophosphate synthetase (UMPS) (OMIM #613891)
5-FU
RT-PCR
38
5-FU
RT-PCR
39
5-FU/LV/OX
RT-PCR
58
5-FU/LV/cisplatin
RT-PCR
22
UFT
RIA
40
UFT
RIA
124
UFT
IHC
150
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Better response to
chemotherapy

Form of the
disease

Ref.

Low expression
Low expression
Low expression
Low expression
Low expression
Low expression
Not significant
Not significant
Low expression
Low expression
Low expression
Low expression
Low expression
Low expression
Low expression
Low expression
Not significant
Not significant
Low expression
Low expression
Low expression
Not significant
Low expression
Not significant
Not significant
Not significant
Not significant

mCRC
CRC
mCRC
aCRC
CRC
CRC
aCRC
CRC
mCRC
mCRC
aCRC
mCRC
CRC
mCRC
aCRC
aCRC
aCRC
mCRC
mCRC
aCRC
aCRC
aCRC
mCRC
aCRC
CRC
aCRC
CRC

Iyevleva et al[24]
Ishida et al[25]
Hosokawa et al[26]
Ciaparrone et al[27]
Nakajima et al[28]
Kornmann et al[29]
Westra et al[438]
Soong et al[107]
Davies et al[31]
Kornmann et al[32]
Salonga et al[17]
Lenz et al[7]
Leichman et al[19]
Etienne et al[33]
Shirota et al[34]
Paradiso et al[35]
Belvedere et al[439]
Aschele et al[23]
Aschele et al[36]
Yanagisawa et al[37]
Bendardaf et al[38]
Paradiso et al[440]
Ichikawa et al[39]
Vallböhmer et al[97]
Lindebjerg et al[441]
Koopman et al[110]
Karlberg et al[442]

Not significant
Not significant
Low expression
Low expression
Low expression
Not significant
Not significant
Low expression
Low expression
Not significant
Low expression
Not significant
Low expression
Low expression
Low expression
Low expression
Low expression

mCRC
CRC
aCRC
CRC
CRC
aCRC
CRC
aCRC
mCRC
aCRC
aCRC
aCRC
aCRC
aCRC
CRC
aCRC
aCRC

Iyevleva et al[24]
Ishida et al[25]
Ciaparrone et al[27]
Jensen et al[443]
Kornmann et al[29]
Westra et al[438]
Soong et al[107]
Salonga et al[17]
Ichikawa et al[39]
Yanagisawa et al[37]
Vallböhmer et al[97]
Meropol et al[98]
Koopman et al[110]
Oi et al[444]
Lassman et al[445]
Gustavsson et al[446]
Tokunaga et al[447]

Not significant
Not significant
Low expression
Not significant
Not significant
High expression
High expression
Not significant
Low expression
Low expression

aCRC
CRC
aCRC
aCRC
aCRC
mCRC
aCRC
aCRC
aCRC
aCRC

Ciaparrone et al[27]
Soong et al[107]
Salonga et al[17]
Yanagisawa et al[37]
Vallböhmer et al[97]
Petrioli et al[448]
Meropol et al[98]
Koopman et al[110]
Gustavsson et al[446]
Tokunaga et al[447]

Not significant
Not significant
Not significant
High expression
High expression
High expression
High expression

mCRC
CRC
CRC
mCRC
CRC
CRC
CRC

Sameshima et al[449]
Ishida et al[25]
Dong et al[450]
Matsuyama et al[113]
Ichikawa et al[114]
Ochiai et al[115]
Tokunaga et al[116]
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UFT
UFT/LV
UFT/LV
5-FU-based therapy
5-FU-based therapy
5-FU-based therapy
5-FU-based therapy
5-FU-based therapy

IHC
RT-PCR
RT-PCR
RT-PCR
RIA
RT-PCR
RIA
RIA

160
37
103
10
11
52
54
90

High expression
High expression
High expression
Not significant
Not significant
Not significant
High expression
High expression

CRC
mCRC
CRC
CRC
CRC
CRC
CRC
CRC

Tokunaga et al[117]
Ichikawa et al[118]
Yamada et al[119]
Ishibashi et al[451]
Yamada et al[452]
Kinoshita et al[453]
Fujii et al[120]
Ochiai et al[121]

5-FU: 5-fluorouracil; LV: Leucovorin; FUdR: 5-fluorodeoxyuridine; MTX: Methotrexate; OX: Oxaliplatin; UFT: Compound tegafur tablets; CPT-11:
Irinotecan; CTX: Cetuximab; RT-PCR: Reverse trascriptase polymerase chain reaction; IHC: Immunohistochemistry; ELISA: Enzyme-linked immunosorbent
ssay; RIA: Radioimmunoassay; CRC: Colorectal cancer; aCRC: Advanced colorectal cancer; mCRC: Metastatic colorectal cancer.

patients diagnosed with CRC (n = 62) and fluorescein
diacetate assay (FDA) or histoculture drug response assay
(HDRA) were used to determine the chemosensitivity in
relation to 5-FU. The chemosensitivity test proved positive in 60% of the specimens with ORPT activity of 0.413
(nmol/min per mg protein) or above and 50% of those
with DPD activity of 30 (pmol/min per mg protein) or
below. Of the patient specimens showing OPRT activity of 0.413 or above and DPD activity of 30 or below,
88.9% were positive for 5-FU sensitivity, suggesting the
possibility that the combination of these two levels may
be predictive of positive 5-FU sensitivity[122]. Tokunaga
et al[116] indicated that high OPRT (IHC) expression in
patients with CRC stage Ⅱ-Ⅳ is associated with a longer OS, which was not confirmed in a study using RTPCR in a smaller study group[37]. The prognostic value of
UMPS/OPRT expression in both tumour and stromal
cells, but each with an opposite effect on outcome, was
an unexpected finding in a retrospective analysis of a
large trial[110].
There are several described SNPs located in UMPS[123-126],
including 286A>G (Arg96Gly), 1285G>C (Gly429Arg),
326T>G (Val109Gly), and 638G>C (Gly213Ala). Kitajima
et al[123] analysed the effects of several SNPs gene UMPS
(638G>C, 1050T>A, and 1336A>G) on the sensitivity
to 5-FU in a group of 31 patients with CRC. They found
no relationship between the effectiveness of treatment
with 5-FU and frequency of any of the genetic variants
among respondents[123]. In clinical in vitro trials it was
shown that the functional polymorphism, Gly213Ala
(638G>C) substitution, contributes to an increase in enzymatic OPRT activity[127]. With reference to the above
results, in vivo studies showed that patients with substitution of 213Ala in the OPRT protein sequence, after
exposure to 5-FU, experience much more severe symptoms of toxicity[124] such as grade 3 diarrhoea (P = 0.031)
and grade 2-3 anorexia (P = 0.035)[125]. The probable
mechanism of gastrointestinal toxicity is related to the
incorporation of 5-FU into RNA (F-RNA), but not with
inhibition of the biosynthesis of dTMP by conversion
of 5-FU to FdUMP[128]. Therefore, 5-FU/LV administration at a higher OPRT enzymatic activity (especially with
the homozygous genotype 638CC) significantly increases
the level of F-RNA in enterocytes, which may increase
the likelihood of severe diarrhoea[125].
There are still many unknown factors that may participate along with SNPs gene UMPS in chemosensitivity
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or mechanisms of resistance to 5-FU, which makes it
necessary to analyse other regions of the gene including
the promoter and regulatory region. A lack of confirmed
reliable test data from in vivo studies on the correlation
between the expression of UMPS/OPRT and the effectiveness of treatment with 5-FU, makes it now impossible
to determine the potential clinical value of this marker.
Other potential factors
A total of 20 polymorphic variants and 20 haplotype
systems of the CYP2A6 gene have been described,
which encode P-450 cytochrome isoenzyme involved in
the metabolic activation of tegafur (UFT). Based on the
results obtained from genotype/haplotype-phenotype
association tests, Wang et al[129] showed that the variant
CYP2A6*4 is the main determinant contributing to the
reduction of formed 5-FU with UFT, and the presence
of the allele affects the level of decrease in CYP2A6
gene expression. A different correlation was observed in
the case of 14 haplotype (a novel CYP2A6*1B alleles),
which was associated with an increase in UTF microsomal activation to 5-FU, and the presence of the haplotype contributed to increased expression of CYP2A6.
The authors speculate that the phenotype of increased
metabolic activity of CYP2A6 may be the result of the
sum of three different variants (22C>T, 1620T>C and
a gene conversion in the 3’-UTR) included in this haplotype. Wang et al[129] conclude that variants CYP2A6*4
and CYP2A6*1B are major genetic factors responsible
for inter-individual variation of UTF activation degree to
5-FU.
Microsatellite instability (MSI) is common in many
types of tumours and is observed in 10%-14% of sporadic CRC. The MSI phenomenon is caused by mutations
located in mismatch repair (MMR) genes, this group of
genes are hMSH2, hMLH1 and hMSH6. Protein products of these genes are responsible for the repair of
DNA damage caused during the replication process. It
is believed that the MMR deficiency operation is one of
the possible causes of resistance to fluoropyrimidines[130].
Meyers et al[131] showed that the restoration of a functional protein MLH1 in an MMR-deficient human colon
cancer cell line contributes to increased sensitivity to 5-FU,
which suggests that MMR deficiency in cells may be associated with resistance to 5-FU. It is likely that MMR
deficiency in cancer cells contributes to increased tolerance to the presence of DNA damage occurring as a re-
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sult of replication errors, instead of undergoing cell cycle
arrest or death[132]. The results of several studies suggest
that the presence of MMR deficit in tumour cells is associated with chemosensitivity to 5-FU based therapy[133].
Most of these studies found low sensitivity to 5-FU in
the case of MMR deficiency, which was confirmed by a
recent pooled reanalysis of randomized trials[134]. On the
other hand, among patients with Ⅱ and Ⅲ stage CRC,
prolonged survival time in cases with high MSI was detected[133,135,136]. In addition, when comparing the group
of MSI patients with patients who were microsatellite
stable it was found that MSI prolongs disease-free time,
but is not beneficial in 5-FU adjuvant chemotherapy[137].
Furthermore, it was found that in most of these cases,
where the tumours showed positive results for MSI, the
expression was observed in wild-type p53[138] which is an
important determinant of 5-FU sensitivity.
The tumour suppressor protein p53 plays a key role
in the control of cell cycle progression and cell death[139].
It is estimated that in about 50% of cases with various
types of tumours a number of mutations in P53 gene
which encodes the p53 can be seen[140]. p53 is responsible
for cell cycle arrest and directing cells to the apoptotic
pathway in a situation where there is a risk of sustaining
damage to the integrity of the genome preventing the
transfer of damaged DNA into daughter cells. Longley
et al[41] demonstrated that p53 and p53-target genes are
activated in response to RNA-directed 5-FU cytotoxicity.
Moreover, in vitro test results indicate that the loss of p53
functionality contributes to reducing chemosensitivity of
cells to 5-FU[41,141]. Studies on expression have also shown
that overexpression of p53 is correlated with resistance
to 5-FU-based chemotherapy[136,142,143] although there is no
conformity with the results obtained by other researchers[35]. The impact of the presence of specific mutations
of P53 gene was also described, which may contribute to
transformation and drug resistance[144]. Indeed, Pugacheva
et al[145] suggested that certain p53 mutants may increase
dUTPase expression, resulting in 5-FU resistance. Thus,
5-FU chemosensitivity may be dependent on the particular TP53 genotype.

CPT-11 metabolite, exhibited the ability to increase the
antitumour effect of such cytostatics as cisplatin, mitomycin C, 5-FU, and etoposide[147]. In in vitro tests using
colon and hepatocellular carcinoma cell lines it was also
observed that SN-38 had greater cytotoxic activity compared to cisplatin, mitomycin C, doxorubicin and 5-FU[148].
The in vivo tests showed that the positive response rate
to CPT-11 monotherapy ranged from 17% to 27% of
cases[149]. The effectiveness of CPT-11 based treatment
was observed in both the group of patients for which
this was the first application of treatment as well as in
patients for whom 5-FU therapy was found to be ineffective[150]. The clinical application of the combination of
CPT-11 with 5-FU/LV (FOLFIRI) resulted in a significant percentage increase in positive responses, prolonged
time to tumour progression and survival. Efficacy was
demonstrated both in chemotherapy-naive patients and
those who progressed after 5-FU-based chemotherapy
when compared with 5-FU/LV alone[151].
Tumour-specific somatic mutations and abnormal
gene expression as well as germline genetic variations
have been reported to be associated with CPT-11 therapeutic efficacy and toxicity. However, the available studies
do not provide unequivocal confirmation that somatic
mutations have a significant impact on the outcome of
CPT-11 treatment, which prevents their usage as predictive markers. Generally, genetic variations may influence
both the pharmacokinetics and pharmacodynamics of
CPT-11[152-154]. Taking into account the results of previous
preclinical and clinical tests, CPT-11 resistance phenotype
may be associated with three different mechanisms: (1)
insufficient intra-tumour accumulation of SN-38 (determined by pharmacokinetic factors); (2) a change in TOPI
activity that decreases levels of the SN-38-Topo Ⅰ-DNA
complex (pharmacodynamic factors); and (3) alterations
in the events downstream from the ternary complex, for
example, apoptosis, cell cycle regulation, checkpoints, and
DNA repair (pharmacodynamic factors)[155,156].
Carboxylesterase
Hydrolysis of the bulky dipiperidino moiety of CPT-11
produces the active metabolite SN-38. The enzymes
responsible for these reactions have been identified as
human carboxylesterases CES1, CES2 (Figure 5) and
the recently described isoenzyme CES3. However, CES3
catalytic activity is low and therefore not likely to play
a significant role in the metabolism of CPT-11. Several
studies indicated that the CES2 isoenzyme plays a major
role in CPT-11 and SN-38 hydrolysis[157].
Resequencing of CES1 and CES2 allowed the identification of SNPs and haplotype structure of these
genes[158-163]. Numerous SNPs and haplotypes have been
described in several populations: Europeans, Africans,
and Asian-Americans[163]. Charasson et al[158] studied 115
cases (Caucasian population) for sequence analysis of all
12 exons of the CES2 gene and 5’ and 3’ untranslated
regions, and identified 11 SNPs. One of these SNPs located at position 830 of gene (830C>G) was associated

IRINOTECAN
7-ethyl-10-[4-(1-piperidino)-1-piperidino]carbonyloxy
camptothecin (CPT-11) is a synthetic analogue of a
naturally occurring alkaloid, camptothecin. CPT-11 was
first approved for clinical use in Japan in 1994 for the
treatment of small-cell lung cancer and hematologic malignancies, and then in 1995 in France for the treatment
of advanced CRC. Finally, in 1996, CPT-11 was approved
by the US Food and Drug Administration (FDA) and
approved for use in the treatment of CRC in 1998. Currently, CPT-11 is mainly used in CRC diagnosed patients
with metastases, with recorded relapse or progression
after application of standard 5-FU-based therapy[146].
In preclinical screening tests using the HST-1 human
squamous carcinoma cell line, SN-38, which is an active
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Figure 5 Irinotecan is metabolized to APC or NPC and potential other intermediate metabolites (M1, M2) via a cytochrome P450 mediated process. Neither
7-ethyl-10-[4-N-(5-aminopentanoic acid)-1-piperidino]carbonyloxycamptothecin (APC) nor 7-ethyl-10-(4-amino-1-piperidino)carbonyloxycamptothecin (NPC) contribute directly to irinotecan activity in vivo. NPC is further converted to 7-ethyl-10-hydroxy-camptothecin (SN-38) by carboxylesterase. All irinotecan metabolites are
pH sensitive, thus are at risk of transforming from inactive to active products, and vice versa. SN-38 is subsequently conjugated predominantly by the enzyme UDPglucuronosyltransferase 1A1 (UGT1A1) to form a glucuronide metabolite (SN-38G)[403].

with a decrease in CES2 expression, which has been reported in 60 cases in the North American population[158].
The CPT-11 intra-tumour activation process is partially
explained as some authors have provided experimental
data indicating that the level of CES2 activity may be a
predictor of CPT-11 toxicity[164], while others failed to
detect CES2 activity in cultured cells[165].
Kubo et al[166] found 12 new SNPs located in the
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CES2 gene sequence including the nonsynonymous SNP
100C>T (Arg34Trp) and the SNP at the splice acceptor
site of intron 8 (IVS8-2A>G). In vitro test results regarding
functional characterization of these SNPs, as well as the
additional nonsynonymous SNP 424G>A (Val142Met),
suggest that the presence of 34Trp and 142Met variants is responsible for the loss of enzyme activity, and IVS8-2G allele is associated with a significant reduction in metabolic
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activity of CES2[166]. Kim et al[161], studying a Japanese population, based on linkage analysis of 21 polymorphisms
of the CES2 gene, identified a panel comprising a number
of haplotypes and found that some haplotypes were rare
in the population, including nonsynonymous SNPs may
contribute to the reduction of enzyme activity. Furthermore, Kim et al[161] found that patients who are carriers of
nonsynonymous SNPs, 100C>T (Arg34Trp) or 1A>T
(Met1Leu) have a significantly reduced ratio of (SN-38 +
SN-38G)/CPT-11 area under the plasma concentration
curve (AUC). In vitro test results regarding functional analysis of these SNPs allowed determination of their impact
on the efficiency of translation and transcription of the
CES2 gene. It has been shown that the presence of the
1A>T genetic variant does not affect the transcriptional
activity of the gene, but it is important for the efficiency
of the translation course[161]. These observations are the
starting point for further research into CES2/CES2 pharmacogenetics, the results of which can be used in future
to individualize dosing of CPT-11 and other prodrugs
activated by carboxylesterases.
Carboxylesterase hydrolyzes CPT-11 to SN-38 primarily in the liver, but also in plasma and the gastrointestinal tract. It was found that the CES1 gene is highly expressed in the liver, which is the main organ responsible
for the metabolic activation of CPT-11. It is likely that
the genetic variants of CES1 can affect the concentration
of CPT-11 metabolites in plasma. However, the clinical relevance of genetic determinants of CES1 on the
pharmacokinetics/pharmacodynamics of CPT-11 is not
fully understood. Functional human CES1 genes include
CES1A1 and CES1A2 which are inversely located on
chromosome 16q. In addition to structural variations
of the CES1 gene family, several SNPs and small deletion/insertion variants were found. The influence of the
-816C variant located in the CES1A2 promoter region on
increased transcriptional activity of the CES1A2 gene
was described. Furthermore, Tanimoto et al[167] showed
that the mRNA expression level of the CES1A2 gene
is related to the sensitivity of tumour cells to CPT-11.
Besides, it was found that the polymorphism -816A>C
is coupled to several other SNPs (-62T>C, -47G>C,
-46G>T, -41C>G, -40A>G, -37G>C, -34del/G and
-32G>T) located in the proximal promoter region, which
is associated with increased transcription of CES1A2, as
bound transcription factors such as Sp1 are found in this
area[168]. The studies by Yoshimura et al[168] suggest that the
genetic variant CES1A may affect the dose-dependent
antitumour activity of CPT-11.
In conclusion, there are certain conditions relating to
the impact of polymorphisms located in the CES1/CES2
genes on the metabolism of CPT-11, which, if they are
confirmed in large clinical trials, in the future may allow
the setting of individual regimens of CPT-11 in patients
with cancer (Table 3).

glucuronide (SN-38G) by the uridine diphosphate glucuronosyltransferase enzymes (UGTs), primarily the UDPglycosyltransferase 1 family (UGT1As) isoenzyme. SN38G metabolite is excreted into the bile and urine, where
it can be removed from the body. However, rehydrolysis
of SN-38G to SN-38, which can take place in the digestive tract under the influence of bacterial β-glucuronidase,
can cause acute diarrhoea observed during treatment with
CPT-11[169].
UGTs are one of the most important classes of enzyme proteins participating in the coupling reaction phase
Ⅱ of xenobiotic metabolism. Currently there are 17 human UGT isoenzymes described that have been assigned
to one of two families identified as UGT1 and UGT2,
which are further subdivided on the basis of amino acid
sequence similarity into UGT1A, UGT2A and UGT2B
subfamilies. Members of the UGT1 family are encoded
by the UGT1A locus on chromosome 2q37, which contains 13 first exons, each having its own promoter and
enhancer regions, which are spliced to identical exons 2-5
(Figure 6). UGT1A1 isoenzyme is responsible in humans
for bilirubin conjugation with glucuronic acid, and some
genetic variants located in the UGT1A1 gene are associated with the development of hyperbilirubinemic syndromes. These diseases, including Gilbert’s syndrome and
Crigler-Najjar syndrome type Ⅰ and Ⅱ, are most often
described in cases with no or low activity of UGT1A1
as a result of polymorphisms in the sequence of the
promoter or coding region[170-172]. Two other isoenzymes,
namely the liver UGT1A9 and extrahepatic UGT1A7 are
considered important in the SN-38 enzymatic inactivation
process. Several research groups have tested in vitro the
impact of genetic variation in UGT1A1, UGT1A7 and
UGT1A9 on the level of SN-38 glucuronidation[173,174].
Among the frequently occurring genetic variants in the
UGT1A gene locus 100 SNPs were described, which
are located both in the promoter region as well as the
coding sequence of the UGT1A gene, many of these
polymorphisms remain in linkage disequilibrium to the
other alleles[175]. Determination of the possible clinical
consequences of these functional changes is being studied, and has been fairly well documented for some of the
identified alleles. A number of in vivo studies were aimed
to determine the effect of different UGT1A genotypes
on the pharmacokinetics and toxicity of CPT-11[176-183].
One of the best known UGT1A1 polymorphisms is
VNTR concerning the number of repetitions of the dinucleotide part of TA [A(TA)nTAA, n = 5-8], which is located in the TATA sequence of the promoter region. The
wild-type allele contains six repeats (TA)6 (UGT1A1*1),
which are located between position -53 and -42 of the
translational start codon. While (TA)7 (UGT1A1*28),
an often quoted variant in Gilbert’s syndrome[172], in the
in vitro study was responsible for a 63% reduction in
translational activity compared to wild-type alleles[184].
Other variations such as (TA)5 (UGT1A1*36), and (TA)8
(UGT1A1*37), respectively, contribute to the growth and
reduction of transcriptional activity, as observed in in vitro

UDP-glycosyltransferase 1 family
SN-38 is glucuronidated, mainly in the liver, to SN-38
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Table 3 Selected common polymorphisms of UGT1A1 , UGT1A7, UGT1A9, CES2, CYP3A4, CYP3A5, MDR1, MRP1, MRP2,
BCRP , OATP1B1 genes and their potential impact on functioning of proteins related to CPT-11 pharmacology
dbSNP rs cluster ID

Type of polymorphism

Function

Ref.

UDP-glycosyltransferase 1A1 (UGT1A1) (OMIM # 191740)
rs8175347
VNTR
[177,178,180,182,191,192,197
-53(TA)6>7
UGT1A1*28, reduced activity
,219,317,356,454-460]
-53(TA)6>5
UGT1A1*36, increased activity
-53(TA)6>8
UGT1A1*37, reduced activity
http://www.ncbi.nlm.nih.gov/SNP/snp_ref.cgi?rs = 8175347
rs3755319
SNP
[187]
-3279T>G
UGT1A1*60, reduced activity
http://www.ncbi.nlm.nih.gov/SNP/snp_ref.cgi?rs = 3755319
rs10929302a
SNP
[192,404]
-3156G>A
UGT1A1*93, reduced activity
rs887829b
-3140G>A
effect unknown
a
http://www.ncbi.nlm.nih.gov/SNP/snp_ref.cgi?rs = 10929302
b
http://www.ncbi.nlm.nih.gov/SNP/snp_ref.cgi?rs = 887829
rs4148323
SNP
[186,191,461]
211G>A
Gly71Arg, UGT1A1*6, reduced activity
http://www.ncbi.nlm.nih.gov/SNP/snp_ref.cgi?rs = 4148323
rs35350960
SNP
[172,174,189]
686C>A
Pro229Gln, UGT1A1*27, reduced activity
http://www.ncbi.nlm.nih.gov/SNP/snp_ref.cgi?rs = 35350960
rs34993780
SNP
[170,174,189]
1456T>G
Tyr486Asp, UGT1A1*7, reduced activity
http://www.ncbi.nlm.nih.gov/SNP/snp_ref.cgi?rs = 34993780
UDP-glycosyltransferase 1A7 (UGT1A7) (OMIM #606432)
rs17868323a
SNP
[188,189,197,237]
387T>G
Asn129Lys, UGT1A7*2 and *3, increased activity
rs17863778b
391C>A
Arg131Lys, UGT1A7*2 and *3, increased activity
rs11692021c
622C>T
Trp208Arg, UGT1A7*3 and *4, reduced activity
a
http://www.ncbi.nlm.nih.gov/SNP/snp_ref.cgi?rs = 17868323
b
http://www.ncbi.nlm.nih.gov/SNP/snp_ref.cgi?rs = 17863778
c
http://www.ncbi.nlm.nih.gov/SNP/snp_ref.cgi?rs = 11692021
UDP-glycosyltransferase 1A9 (UGT1A9) (OMIM #606434)
rs45625337
VNTR
[190,197,462]
–118(T)9>10
UGT1A9*22, increased activity
http://www.ncbi.nlm.nih.gov/SNP/snp_ref.cgi?rs = 45625337
rs2741049
SNP
[197,463]
IVS1+399C>T
Effect unknown
http://www.ncbi.nlm.nih.gov/SNP/snp_ref.cgi?rs = 2741049
Carboxylesterase 2 (CES2) (OMIM #605278)
SNP
[159,161,166]
1A>T
Met1Leu, CES*5
rs72547531a
100C>T
Arg98Trp, CES*2
rs72547532b
424G>A
Val206Met, CES*3
rs8192924c
617G>A
Arg270His, CES*6
rs11075646d
830C>G
Synonymous
rs72547533e
IVS8-2A>G
Splicing defect, CES*4
a
http://www.ncbi.nlm.nih.gov/SNP/snp_ref.cgi?rs = 72547531
b
http://www.ncbi.nlm.nih.gov/SNP/snp_ref.cgi?rs = 72547532
c
http://www.ncbi.nlm.nih.gov/SNP/snp_ref.cgi?rs = 8192924
d
http://www.ncbi.nlm.nih.gov/SNP/snp_ref.cgi?rs = 11075646
e
http://www.ncbi.nlm.nih.gov/SNP/snp_ref.cgi?rs = 72547533
Cytochrome P450, subfamily IIIA, polypeptide 4 (CYP3A4) (OMIM #124010)
rs2740574a
SNP
[211,464,465]
-392A>G
CYP3A4*1b, altered pharmacokinetics and toxicity
rs4986907b
485G>A
CYP3A4*15, Arg162Gln
rs4986908c
520G>C
CYP3A4*10, Asp174His
rs12721627d
554C>G
CYP3A4*16, Thr185Ser
rs4987161e
566T>C
CYP3A4*17, Phe189Ser, altered pharmacokinetics
rs55785340f
664T>C
CYP3A4*2, Ser222Pro, altered pharmacokinetics and toxicity
rs28371759g
878T>C
CYP3A4*18, Leu293Pro, altered pharmacokinetics and toxicity
a
http://www.ncbi.nlm.nih.gov/SNP/snp_ref.cgi?rs = 2740574
b
http://www.ncbi.nlm.nih.gov/SNP/snp_ref.cgi?rs = 4986907
c
http://www.ncbi.nlm.nih.gov/SNP/snp_ref.cgi?rs = 4986908
d
http://www.ncbi.nlm.nih.gov/SNP/snp_ref.cgi?rs = 12721627
e
http://www.ncbi.nlm.nih.gov/SNP/snp_ref.cgi?rs = 4987161
f
http://www.ncbi.nlm.nih.gov/SNP/snp_ref.cgi?rs = 55785340
g
http://www.ncbi.nlm.nih.gov/SNP/snp_ref.cgi?rs = 28371759
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rs4986910

SNP
1334T>C
CYP3A4*3, Met444Thr
http://www.ncbi.nlm.nih.gov/SNP/snp_ref.cgi?rs = 4986910
Cytochrome P450, subfamily IIIA, polypeptide 5 (CYP3A5) (OMIM #605325)
rs776746
SNP
6986A>G
Synonymous
http://www.ncbi.nlm.nih.gov/SNP/snp_ref.cgi?rs = 776746
Multidrug resistance 1 (MDR1, ABCB1) (OMIM #171050)
rs1128503
SNP
1236C>T
Synonymous, CTP-11 or SN-38 AUC ↑
http://www.ncbi.nlm.nih.gov/SNP/snp_ref.cgi?rs = 1128503
rs2032582
SNP
2677G>T/A
Ser893Ala or Ser893Thr
http://www.ncbi.nlm.nih.gov/SNP/snp_ref.cgi?rs = 2032582
rs1045642
SNP
3435C>T
Synonymous, CTP-11 AUC ↑
http://www.ncbi.nlm.nih.gov/SNP/snp_ref.cgi?rs = 1045642
rs10276036
SNP
IVS9-44A>G
Effect unknown
http://www.ncbi.nlm.nih.gov/SNP/snp_ref.cgi?rs = 10276036
Multidrug resistance-associated protein 1 (MRP1, ABCC1) (OMIM #158343)
rs35605
SNP
1684T>C
Synonymous
http://www.ncbi.nlm.nih.gov/SNP/snp_ref.cgi?rs = 35605
rs17287570
SNP
c.1677+4951A>C
Effect unknown
rs3765129
SNP
IVS11-48C>T
Effect unknown
http://www.ncbi.nlm.nih.gov/SNP/snp_ref.cgi?rs = 3765129
rs2074087
SNP
IVC18-30C>G
Effect unknown
http://www.ncbi.nlm.nih.gov/SNP/snp_ref.cgi?rs = 2074087
Multidrug resistance-associated protein 2 (MRP2, ABCC2) (OMIM #601107)
rs1885301
SNP
-1549A>G
Effect unknown
http://www.ncbi.nlm.nih.gov/SNP/snp_ref.cgi?rs = 1885301
rs2804402
SNP
-1019A>G
Effect unknown
http://www.ncbi.nlm.nih.gov/SNP/snp_ref.cgi?rs = 2804402
rs717620
SNP
-24C>T
Effect unknown
http://www.ncbi.nlm.nih.gov/SNP/snp_ref.cgi?rs = 717620
rs2273697
SNP
1249G>A
Val417Ile, effect unknown
http://www.ncbi.nlm.nih.gov/SNP/snp_ref.cgi?rs = 2273697
rs3740066
SNP
3972C>T
Synonymous, CTP-11 or APC or SN-38G AUC ↑
http://www.ncbi.nlm.nih.gov/SNP/snp_ref.cgi?rs = 3740066
Breast cancer resistance protein (BCRP, ABCG2) (OMIM #603756)
rs2622604a
SNP
c.-19-17758A>G
Synonymous
rs3109823b
c.-19-3436G>A
Synonymous
a
http://www.ncbi.nlm.nih.gov/SNP/snp_ref.cgi?rs = 2622604
b
http://www.ncbi.nlm.nih.gov/SNP/snp_ref.cgi?rs = 3109823
rs2231142
SNP
421C>A
Gln141Lys, no significant changes in CPT-11 pharmacokinetics
http://www.ncbi.nlm.nih.gov/SNP/snp_ref.cgi?rs = 2231142
rs2231137
SNP
34G>A
Val12Met, higher drug resistance in vitro (SN-38)
http://www.ncbi.nlm.nih.gov/SNP/snp_ref.cgi?rs = 2231137
rs1481012
SNP
c.841+179T>C
Synonymous
http://www.ncbi.nlm.nih.gov/SNP/snp_ref.cgi?rs = 1481012
Organic anion-transporting polypeptide 1B1 (OATP1B1, SLCO1B1) (OMIM #604843)
rs2306283
SNP
388A>G
Asn130Asp, effect unknown
http://www.ncbi.nlm.nih.gov/SNP/snp_ref.cgi?rs = 2306283
rs4149056
SNP
521T>C
Val174Ala, effect unknown
http://www.ncbi.nlm.nih.gov/SNP/snp_ref.cgi?rs = 4149056

[210,465]

[179,464-467]

[210,211,217,460,467-469]

[217,468-470]

[179,217,468-475]

[207]

[210,476]

[237]
[207,210,476]

[476,477]

[477]

[207]

[477-479]

[467,479,480]

[477,479,481]

[237]

[239-244,482]

[242,467,482]

[483]

[247-249,460,467,484]

[247-249,460]

SNP: Single nucleotide polymorphism.
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Figure 6 Graphic representation of the human UGT1A gene locus encoding the UGT1A enzymes and the major UGT1A1, 1A7 and 1A9 polymorphisms that
are responsible for glucuronidation of SN-38. Individual first exons are positioned at the 5’ end of the chromosome and common exons 2-5 at the 3’ end. Individual
exon 1 sequences are combined with exons 2-5 sequence, which is present in every UDP-glycosyltransferase 1A1 (UGT1A1) transcript, the intervening sequence of
the primary transcript is eliminated by splicing[404]. The promoter variant, UGT1A1*28, *36 and *37 results from a TA insertion/deletion in the (TA)6TAA element of the
UGT1A1 promoter region. This alteration leads to decreased/increased gene expression[184].

studies (Figure 6). Iyer et al[185] found that human hepatic
tissue homozygous for the (TA)7/(TA)7 polymorphism
and tissue heterozygous for the (TA)6/(TA)7 genotype
had a significantly decreased rate of glucuronidation of
SN-38 and bilirubin compared with tissue containing the
reference sequence allele [(TA)6/(TA)6]. SN-38 glucuronidation decreased in the following manner: 6/6 > 6/7 >
7/7[185].
In addition, Han et al[186] investigated the genetic variation of the UGT1A gene. They showed that two SNPs
UGT1A1*6 (211G>A, Gly71Arg) and UGT1A9*22 were
important factors influencing the metabolism of CPT-11
and the toxicity of therapy[186]. Both studied polymorphisms affect the coupling efficiency of SN-38 with
glucuronic acid which results in serious toxic effects[186].
The UGT1A1*60 allele is related to the presence of SNP
-3279T>G, and is located in the distal enhancer region
[phenobarbital-responsive enhancer module (PBREM)],
and is another of the genetic variants of UGT1A1
which contributes to the reduction in gene transcription activity and an increase in bilirubin concentration in
serum[187]. UGT1A1*27 (686C>A, Pro229Gln) is a rare
nonsynonymous polymorphism in the population, in vitro
studies have shown its relation with a reduced level of
glucuronidation of SN-38, and it has been observed in
patients with symptoms of Gilbert’s syndrome[174]. Another nonsynonymous variant is UGT1A1*7 (1456T>G,
Tyr486Asp) recorded in an Asian population and is associated with Crigler-Najjar syndrome type Ⅱ[170] for which
a decrease in activity of the enzyme deactivation pathway
of SN-38 was observed[174].
The frequently occurring functional SNPs of the UGT1A7 gene include: UGT1A7*2 [387T>G (Asn129Lys),
391C>A, (Arg131Lys)], UGT1A7*3 [387T>G (Asn129Lys), 391C>A, (Arg131Lys), 622C>T (Trp208Arg)],
and UGT1A7*4 [622C>T (W208R)][188]. For these SNPs
in clinical in vitro studies conditioned by UGT1A7*3 and
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UGT1A7*4, the phenotype shows a reduced rate of
glucuronic acid conjugation with SN-38[189]. In contrast to
these genetic variants, a common VNTR polymorphism
-118(T)9>10 (UGT1A9*22), which is located in the promoter region of the UGT1A9 gene is associated with increased transcriptional activity, which has been confirmed
in vitro[190].
First evidence from clinical trials on the role of
UGT1A1*28 in the development of toxicity resulting
from administration of CPT-11 was published by Ando
et al[191]. They studied the relationship of the genetic
variants of UGT1A1 with serious toxic effects (grade 4
leucopoenia and/or grade 3 or 4 diarrhoea) in a group
of 118 Japanese patients undergoing CPT-11 therapy in
a variety of regimens[191]. Also Innocenti et al[192] studying
a group of 66 patients (including 50 Caucasians) treated
with CPT-11 alone, demonstrated that the UGT1A1*28
allele is an important factor in the development of grade
4 neutropenia. In this study, it was observed that the incidence of severe neutropenia was much more common
in patients with genotype (TA)7/(TA)7 (50%) compared
to heterozygous (TA)6/(TA)7 (12%) and homozygous
(TA)6/(TA)6 (0%). Moreover, another genetic variant,
-3156G>A, is in strong linkage with UGT1A1*28 and
was a better predictor of toxicity than the UGT1A1*28
polymorphism[192]. Also Marcuello et al[182] studied the
effect of the UGT1A1*28 variant on the occurrence
of severe toxic effects in a group of 95 cases with CRC
(Caucasians) who were treated with CPT-11 containing
regimens (5-FU or raltitrexed). In this study, the incidence
of acute diarrhoea (grade 3 or 4) was significantly higher
in patients who were carriers of UGT1A1*28 mutations
[homozygous (50%) and heterozygous (33%)] in comparison to homozygotes of wild-type (17%). Also, symptoms of neutropenia were more frequently noted in the
homozygotes group with the UGT1A1*28 allele, however, this relationship was not statistically significant[182].
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The first systematic analysis of clinical studies on the
impact of UGT1A1*28 on the effectiveness of CPT-11
therapy was published by Dias et al[193]. These results were
generally supportive of the clinical utility of genotyping
UGT1A1*28 prior to commencement of CPT-11 therapy in order to decrease the risk of severe neutropenia
and diarrhoea through the pre-emptive dose reduction
of CPT-11 for UGT1A1*28 homozygotes. The metaanalyses indicate that there is unlikely to be an important
association between UGT1A1 genotype and ORR with
CPT-11, however, this does not provide direct evidence
that a dose reduction for UGT1A1*28 homozygotes will
not lead to an important reduction in ORR[193]. Hu et al[194]
published a meta-analysis of the relationship between the
presence of UGT1A1*28 and the incidence of neutropenia induced by CPT-11. It has been shown that the presence of UGT1A1*28 is associated with an increased risk
of developing neutropenia, not only in cases of medium
or high CPT-11 dose applied, but also in patients treated
with low doses of the drug. The dose-dependent manner
of SN-38 glucuronidation explained why the association between UGT1A1*28 and neutropenia was dose
dependent[194]. Also, Hu et al[195] published a meta-analysis
of clinical studies on the relationship between the presence of the variant UGT1A1*28 and the risk of severe
diarrhoea. Also in this case, in patients who are carriers
of one or two mutant alleles [genotypes (TA)7/(TA)7 or
(TA)6/(TA)7] there was an increased risk of severe diarrhoea induced by CPT-11. However, this increased risk
was present only in the group of patients with high and
medium drug dose[195]. This evidence supports the assessment of UGT1A1*28 in routine clinical practice. The
FDA-approved diagnostic blood test (Invader®) is available specifically for testing the UGT1A1*1 (wild-type)
and the UGT1A1*28 genotype. However, the proposed
benefit of testing CRC patients for UGT1A1 genotype
is that the risk for adverse drug-related side effects (e.g.,
severe neutropenia) among patients found to be homozygous for the *28 genotype can be reduced by lowering
their initial and/or subsequent doses of CPT-11. The
concomitant harm is that a reduction in CPT-11 dosage
may also reduce the effectiveness of chemotherapy in tumour suppression and long-term survival[133,196].
In recent years, several studies were published on
the effects of UGT1A polymorphisms on CPT-11 effectiveness in CRC cancer therapy. Marcuello et al[182] observed a trend in reduced OS in patients with genotype
(TA)7/(TA)7 or (TA)6/(TA)7 in a study of 95 (Caucasians)
cases with metastatic CRC who underwent therapy based
on CPT-11. The probable reason for poor response to
treatment, as concluded by the authors, was the need to
reduce the dose of CPT-11 in patients with symptoms of
severe diarrhoea, and who were carriers of the mutant allele UGT1A1*28. Toffoli et al[177] studying a group of 71
patients (Caucasian) with CRC and metastasis observed
that in the homozygous group (TA)7/(TA)7 there was a
higher percentage of positive responses to the treatment
based on CPT-11 and longer survival time as compared
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to the homozygous group (TA)6/(TA)6. The authors
suggested that toxicities in (TA)7/(TA)7 patients could
be well-managed during the entire course of treatment
without a reduction of CPT-11 dosage[177]. The impact
of genetic variants of UGT1A7 on the effectiveness of
therapy with capecitabine/CPT-11 was examined [197].
The analysis of 66 cases of CRC (including 55 Caucasians) demonstrated that the homozygous groups UGT1A7*2/*2 and UGT1A7*3/*3 showed low enzymatic
activity and a lower incidence of severe diarrhoea (P =
0.003), but a higher percentage of positive responses to
treatment (P = 0.013) compared with the other genotypes[197]. Also, considering the impact of another polymorphism located in the sequence UGT1A9 [-118 (T)9>10,
UGT1A9*22], it was observed that the presence of
genotype (T)9/(T)9 significantly reduced the toxicity (P =
0.002) and increased the degree of response to treatment
(P = 0.047)[197]. These results suggest that the low activity
phenotype of isoenzymes UGT1A7/1A9 conditioned
by the presence of genetic variants is associated with a
protective effect against toxicity such as severe diarrhoea.
The authors explained that this observation may be due
to reduced excretion of SN-38G to the intestine, where
it is under the influence of bacterial β-glucuronidase hydrolysed to SN-38, responsible for toxic effects such as
severe diarrhoea[197,198]. This finding also raised caution
that higher intestinal levels of SN-38G can promote diarrhoea, while hepatic glucuronidation offers protection
against neutropenia[197].
Cecchin et al [176] performed genotyping of (UGT1A1*28, UGT1A1*60, UGT1A1*93, UGT1A7*3 and
UGT1A9*22) in a large group of 250 CRC patients with
metastases treated with the FOLFIRI regimen. In addition, the study determined the relationship of these
genetic variants with the incidence of severe hematologic
and nonhematologic toxicities, the degree of response to
therapy, and TTP and OS[176]. The results demonstrated
that only the variant UGT1A7*3 may be a marker of severe hematologic toxicity after the application of the first
cycle of therapy (P = 0.04). In addition, UGT1A1*28
allele and Ⅱ haplotype (all the variant alleles, but not
UGT1A9*22) were associated with a response indicator
of the therapy (P = 0.01), and the UGT1A1*28 allele was
also the only marker associated with TTP. The authors
concluded that genetic variants near UGT1A1*28 may
be predictors in CRC patients treated with FOLFIRI[176].
Liu et al[199] examined the impact of a polymorphic variant UGT1A1*28 on toxicity and the results of treatment
in a group of 128 Chinese CRC patients with metastases
undergoing therapy with FOLFIRI. It was found that,
although the need to reduce the dose of CPT-11 was
significantly higher in patients with genotype (TA)6/(TA)6
(P < 0.01), it had no significant effect on the rate of response to CPT-11 therapy, PFS and OS[199].
The above reports make it difficult to draw clear conclusions whether reduced UGT1A activity conditioned
by the presence of genetic variants in the gene sequence
only intensifies the anti-cancer activity of CPT-11, or
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alleles in most described genetic variants of CYP3A in
the Caucasian population (e.g., CYP3A4*17, CYP3A4*18,
and CYP3A5*1), or the presence of these variants does
not result in measurable changes in enzyme activity in vivo
(e.g., CYP3A4*1B)[157]. In conclusion, the current research
findings do not support the clinical use of CYP3A4/5
genotyping in order to differentiate individual doses of
CPT-11.

results in a better response to treatment with the simultaneous increased frequency of severe toxic complications.
It seems that the overall balance of the effectiveness/
toxicity of the therapy depends primarily on the treatment regimen used. Moreover, the appearance of severe
toxicities depends on the exposure levels of SN-38 in
the tissues, however, the antitumour responses can be
influenced by additional factors related to properties of
target tumours, such as the tumour stage, acquisition of
resistant factors, and sensitivity to other chemotherapeutic agents when combined.

ABC and SLC transporters
In addition to the importance of the metabolism of
CPT-11, the influence of the above-mentioned enzymes
on the pharmacokinetics of the drug, and its own influence can also be demonstrated on different transporters,
especially from the ABC (ATP-binding cassette transporter superfamily) group of transporters. ABC transporters play an important role in the pharmacology of
CPT-11[157], and are one of the major causes of cancer
cell resistance observed in vitro and in vivo[212]. A number
of polymorphic variants of genes encoding proteins of
ABC transporters and their potential impact on the transcription/expression and changes in transport activity
have been described[213]. CPT-11, SN-38 and SN-38G are
transported from cells to the extracellular environment
via ABCB1 multidrug resistance (MDR1), ABCC1 multidrug resistance protein 1 (MRP1), ABCC2 multidrug
resistance protein 2 (MRP2), ABCG2 breast cancer resistance protein (BCRP) and SLCO1B1 organic aniontransporting polypeptide 1B1 (OATP1B1) (Figure 7)[214].
Transport proteins which export CPT-11 and its metabolites to bile and urine were examined due to their potential impact on the effectiveness of anticancer therapy, and
the occurrence of adverse reactions[215,216].
Studies regarding the influence of transport protein
P-glycoprotein encoded by the gene ABCB1/MDR1 on
CPT-11 pharmacology, have given ambiguous results.
More than a dozen different polymorphisms have been
identified in the sequence of the gene ABCB1. Research
evaluating the impact of SNPs on the pharmacokinetics
of CPT-11 typically focus on three well-known polymorphisms 1236C>T, 2677G>T/A and 3435C>T, which are
in strong linkage disequilibrium[157]. Some studies have
shown that both single genetic variants and haplotypes
of ABCB1 can increase the bioavailability of CPT-11
and SN-38[210,217], while other studies have come to the
opposite conclusion[216,218]. Furthermore, Korean studies
found an association between the presence of wild-type
ABCB1 and the occurrence of neutropenia[218], which was
not confirmed by the results from American research[216].
Similarly, a lack of correlation between the occurrence
of SNPs ABCB1 and toxicity of CTP-11 therapy was
found in French studies[179]. On the other hand, studies by
Glimelius et al[219] demonstrated that patients who are carriers of the mutated allele ABCB1 are less responsive to
treatment with CPT-11. Carriers of at least one TT genotype of ABCB1 1236C>T, 2677G>T/A or 3435C>T
were less likely to respond to treatment (OR = 0.32). A
post hoc analysis showed that fewer patients with at least

CYP3A4 and CYP3A5
CYP3A4, which is highly expressed in the liver, is considered one of the major P-450 cytochrome isoenzymes
involved in the metabolism of a large group of drugs.
CYP3A4 and CYP3A5 are responsible for CPT-11 oxidation to the APC metabolite (7-Ethyl-10-(4-N-aminopentanoic acid)-1-piperidino)carbonyloxycamptothecin
and inactive NPC (7-Ethyl-10-(4-amino-1-piperidino)car
bonyloxycamptothecin), which can be hydrolysed to an
active form of SN-38 (Figure 5). Inter-individual variation
in CYP3A4 activity may contribute to changes in the pharmacokinetic parameters of CPT-11[200-202].
Several polymorphisms located in genes CYP3A4 and
CYP3A5 have been described[203-206]. There are different
SNPs for CYP3A4 and the frequencies of genotypes and
alleles occurrence in different populations have been published. Relatively frequent SNPs are CYP3A4*2 (664T>C,
Ser222Pro), CYP3A4*10 (520G>C, Asp174His), and CYP3A4*17 (566T>C, Phe189Ser) in Caucasians and Mexicans (2%-5%), CYP3A4*15 (485G>A, Arg162Gln) in
African-Americans (2%-4%) and CYP3A4*16 (554C>G,
Thr185Ser) and CYP3A4*18 (878T>C, Leu293Pro) in
East Asians (1%-10%)[207]. Perhaps some of these genetic
variants of CYP3A4 may have impact on the pharmacokinetics of CPT-11. An analysis of gene haplotypes of
CYP3A4 conducted in a group of 416 cases from the
Japanese population has allowed the identification of 25
haplotypes[208]. However, the influence of individual haplotypes on the pharmacokinetic parameters of CPT-11
was tested among 177 Japanese patients undergoing chemotherapy[209]. Haplotype *16B which consists of polymorphisms 554C>G (Thr185Ser) and IVS10+12G>A
was present only in male patients, and in this group a
significantly lower concentration ratio of APC/CPT-11
(in vivo tests of CYP3A4 activity) was observed compared with other patients. However, no relationship was
observed between the genotypes and total clearance of
CPT-11, and the frequency of toxicity symptoms in the
study group[209]. Despite significant individual variability[206] and occurrence of more polymorphisms within
genes CYP3A4 and CYP3A5, in the currently published
studies there is no significant correlation between genotype CYP3A4/5 and the pharmacokinetics of CPT-11 or
toxicity[210,211]. No significant correlation between genotypes CYP3A4/5 and the pharmacokinetic parameters
of CPT-11 may be associated with the low frequency of
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Figure 7 UDP-glycosyltransferase 1 family. A: The active metabolite of irinotecan, SN-38, is a DNA topoisomerase I (TOP1) inhibitor which leads to cancer cell
death. TOP1 is a nuclear enzyme required in replication, responsible for unwinding DNA and preventing lethal strand breaks. SN-38 is cytotoxic and destabilizes the
TOP1-DNA covalent complex formed in colorectal cancer cells. SN-38 causes irreversible double strand breaks which lead to S phase arrest followed by cell death.
To do so, SN-38 attaches to the complexes and blocks future replication forks preventing repair of double strand breaks[405]; B: Irinotecan uptake and transport into the
liver is facilitated by: OATP1B1 (SLCO1B1), ABCB1, MRP1 (ABCC1), MRP2 (ABCC2), and MXR (ABCG2). Specifically, ABCB1 is present on the bile membrane and
is responsible for the secretion of irinotecan and its metabolites into the liver[406]. Irinotecan is metabolized in the liver and converted to SN-38, the active metabolite
and TOP1 inhibitor, by carboxylesterases (CE) mediated hydrolysis. SN-38 is then glucoronized to SN-38 glucuronic acid (SN-38G) and detoxified in the liver via conjugation by the UGT1A family, which releases SN-38G into the intestines for elimination[407]. Approximately 70% of SN-38 becomes SN-38G, which has 1/100 of the
antitumour activity and is virtually inactive. In the intestinal lumen, bacterial β-glucuronidases can reverse the reaction and transform inactive SN-38G back into the
active form SN-38. This factor contributes to varied toxicity, specifically dose limiting diarrhoea[198].

one ABCB1 1236T-2677T-3435T haplotype responded
to treatment compared with others (43% vs 67%, P =
0.027)[219]. Given the conflicting results obtained in earlier
research on the impact of genetic variants of ABCB1
on the effectiveness of CPT-11 therapy[179,210,216-218], the
conclusions presented by Glimelius et al[219] need to be
confirmed in in vivo studies in a larger population.
Several in vitro studies have shown that ABCC1/
MRP1 is involved in the transport of CPT-11 and
SN-38. The ABCC1 transporter is responsible for the
efflux of SN-38 from the hepatocyte into the interstitial
space[220]. Polymorphisms 462C>T, 1684T>C, 4002G>A,
14008G>A, 34215C>G, IVS9+8A>G, IVS30+18A>G,
IVS11-48C>T and IVS18-30C>G in the ABCC1 gene
have been identified [210,216] . Two SNPs of ABCC1,
1684T>C and IVS18-30C>G, are responsible for differentiated pharmacokinetic phenotypes of CPT-11 as measured by the AUC values for its metabolites: APC and
SN-38G/SN-38. Polymorphism 1684T>C contributes
to an increase in AUC value for SN-38, and SNP IVS11-
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48C>T causes a decrease in AUC for APC. The positive
association between ABCC1 1684T>C and SN-38 AUC
is consistent with increased transport of SN-38 from
the hepatocyte into the plasma[216]. In comparison to the
available data on the role of ABCB1 in drug resistance
and bioavailability of CPT-11, the clinical significance of
the genetic variation of ABCC1 is not sufficiently documented, and therefore further functional studies should
be carried out to confirm these preliminary observations[216]. There are several rare variants of ABCC1, which
may potentially affect the transport function, but the
low frequency of occurrence of these alleles hinders unequivocal conclusions regarding their clinical significance
in pharmacotherapy of CPT-11[221-224]. Similarly, there is
insufficient evidence regarding the effect of the polymorphisms in the gene expression of ABCC1 measured by
mRNA levels in lymphocytes or duodenal enterocytes[225].
In vivo tests on animals showed that the biliary excretion of CPT-11 carboxylate and SN-38 carboxylate, and
both the lactone and carboxylate forms of SN-38G was
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lower in ABCC2-deficient rats[226]. Moreover, the impact
of gene polymorphisms ABCC2/MRP2 on the bioavailability of CPT-11 has been described. Innocenti et al[192,227]
examining a group of 64 cancer patients showed that
the silent polymorphic variant 3972T>C was associated
with the AUC value of CPT-11 (P = 0.02), for APC (P
< 0.0001) and for the APC/CPT-11 ratio (P < 0.0001).
Kitagawa et al[228] also studied the effects of gene SNPs
of ABCC2 on the toxicity of CPT-11 therapy. However,
in the 120 Japanese patients studied, there was no association between genetic variants 1249G>A, or -24C>T
gene ABCC2 and the incidence of severe complications
after treatment with CPT-11[228].
There are many studies confirming the important role
of protein ABCG2/BCRP in the transport of CPT-11
and its metabolites. Scientific evidence supports the
proposition that overexpression of ABCG2/ABCG2
leads to the development of drug resistance in tumour
cells against drugs that are derivatives of camptothecin
such as topotecan[229], CPT-11 and SN-38[230-233]. Several
possible mechanisms were described which may contribute to drug resistance conditioned by the activity of
gene ABCG2, such as: demethylation of CpG islets in
the ABCG2 promoter resulting in increased gene transcription[234], gene amplification[235], and truncation at
the 3’UTR of the ABCG2 mRNA, which is associated
with a loss of the miRNA-159c binding site conferring
higher mRNA stability[236]. Furthermore, it has recently
been demonstrated that the ABCG2 mRNA content of
liver metastatic tumour cells from CRC patients treated
with CPT-11 is higher than that from CPT-11-naive
patients[207]. Cha et al[237] suggested that the presence of
introning SNP in gene sequence ABCG2 (rs2622604)
may contribute to changes in transport protein activity
which can effect the increase in CPT-11 concentration in
cells. This may lead to an increased risk of severe myelosuppression (grades 3 and 4) in patients with this genetic
variant[237]. The same research team also identified another SNP (rs3109823), which like the previous one had
a strong association with severe myelosuppression[237].
Following this study, Poonkuzhali et al[238] showed that a
polymorphic variant of rs2622604 was associated with
decreased expression of ABCG2 measured by the level
of mRNA. These results support the hypothesis that patients who are carriers of the rs2622604 negative variant,
have in their livers, a low level of SN-38 excretion to the
bile which leads to the growth of intracellular concentrations of SN-38 in hepatocytes. This, in turn, contributes
to accumulation of CPT-11/SN-38 in the blood and
an increased risk of severe myelosuppression. On the
other hand, although described by Cha et al[237], another
SNP rs3109823 showed a stronger association with myelosuppression than the variant rs2622604, and Poonkuzhali et al[238] did not prove it had an effect on the gene
expression level of ABCG2.
Functional in vitro studies on the importance of amino acid substitution in the sequence of protein ABCG2
(Gln141Lys, 421C>A) have shown that it contributes
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to the reduction of transport activity substrates such as
mitoxantrone, topotecan, SN-38[239,240], and therefore can
contribute to an increase in cell chemosensitivity[241,242].
There were also several in vivo studies published on the
effect of this polymorphism on the pharmacokinetics of CPT-11. de Jong et al[243] studied a group of 85
patients diagnosed with solid tumours who received
chemotherapy based on CPT-11. They reported greater
accumulation of SN-38 and SN-38 glucuronide in one
of two homozygous carriers of the 421 variant alleles.
However, the AUC of CPT-11 (P = 0.72) and its active
metabolite SN-38 (P = 0.67) did not differ significantly
between patients carrying the wild-type sequence and
patients carrying at least one variant allele[243]. Also, the
results of research published by Jada et al[244] confirmed
the findings that there is no relationship between the
presence of genetic variants 421C>A gene ABCG2, and
the change in the pharmacokinetics of SN-38. Available
results from this study suggest that the probable coexistence of SNPs other than 421C>A genetic variants [e.g.,
34G>A (Val12Met) and 1322G>T (Ser441Asn)] of the
gene ABCG2 may have some clinical implications for the
pharmacology of CPT-11. Furthermore, additional in
vitro and in vivo studies are needed to better clarify the role
of the 34G>A polymorphism as this SNP is prevalent in
many populations and there are many conflicting reports
regarding the functional effects of this polymorphism[245].
Systematic prospective studies with well-chosen and less
heterogeneous groups of patients should be conducted
to provide more reliable evidence on the role of gene
polymorphisms of ABCG2 on the pharmacokinetics of
CPT-11.
Organic anion-transporting polypeptide 1B1 (OATP1B1, SLCO1B1), expressed on the basolateral membrane in hepatocytes, has been reported to contribute to
the hepatic uptake of SN-38[246]. SLCO1B1 transports
among others, CPT-11, SN-38 and SN-38G from blood
to liver cells. Several polymorphic variants of the gene
SLCO1B1, among them SLCO1B1*1b (388A>G) and
SLCO1B1*5 (521T>C), have been described. In vitro
research on the haplotype SLCO1B1*15, which is a
combination of the SNPs, showed that it is responsible
for a 50% reduction in the intracellular concentration of
CPT-11, which may cause intra-individual variability in
the toxicity of this drug[246,247]. Another pharmacokinetic
study revealed that CPT-11 clearance was 3-fold reduced
and systemic exposure to CPT-11 was enhanced in patients with the SLCO1B1*15 haplotype[248]. The literature
also describes the case of a patient with severe toxic
complications after CPT-11 treatment and the presence
of the haplotype *15[249]. The effect of these SNPs and
haplotype *15 on induction of CPT-11 toxicity should
be confirmed by further in vivo studies. Other studies on
the toxicity of CPT-11 and its effects on different genetic
factors were carried by Takane et al[250]. By analysing three
genetic variants of UGT1A1*6, UGT1A1*28 and SLCO1B1*15 a strong correlation was found between the
presence of these alleles and excessive accumulation of
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XRCC1 conditioning the presence of arginine in the
protein sequence XRCC1 (399ARG) leads to weaker DNA
repair capacity, as compared with 1196A (399Gln). However, these findings, derived from in vivo studies, have
not been confirmed in numerous in vitro studies, which
unanimously showed that the presence of glutamine
in codon 399 was associated with a reduced ability to
repair DNA as assessed by the persistence of DNA
adducts, elevated levels of sister chromatid exchanges,
increased RBC glycophorin A, TP53 mutations, and
prolonged cell cycle delay[262]. Hoskins et al[251] also investigated the effect of the gene variant IVS4+61 TOP1 on
the frequency of severe neutropenia (grade 3/4). The
cause of the differences observed in vivo in the toxicity
of CPT-11 therapy and the frequency of different variants of the TOP1 gene, can be related to the stability
of complexes SN-38-TOP Ⅰ -DNA in bone marrow
cells, which may lead to greater sensitivity and increased
bone marrow toxicity. Furthermore, Hoskins et al[251]
found that patients who are carriers of the homozygous
CC gene haplotype PARP1 (with SNPs combination
852T>C-IVS19-297C>T) often suffer toxic effects due
to CPT-11 treatment in comparison to patients with
different arrangement of alleles in this haplotype. This
observation suggests that the presence of the haplotype
852C-IVS19-297C is related to decreased DNA repair
capacity by PARP1 protein, leading to increased loss of
bone marrow cells and symptoms of neutropenia as a
result of the cytotoxic effect of CPT-11[251].
In vitro research using colon/colorectal carcinoma cell
lines, showed that there is a link between the presence
of functional aberration in p53 and phenotype hypersensitivity to camptothecins[263-266], whereby some of the
experimental test models showed only moderate cellular
sensitivity[267]. Moreover, HT-29 colon carcinoma cells
characterized by mutations in p53 had a much higher
sensitivity to CPT-11 than control cells expressing wildtype p53[268]. Also, experiments with cell clones derived
from tumour tissues with evidence of impaired activity
of p53 showed that the apoptosis induction path is an
important determinant of sensitivity to camptothecins.
On the other hand, p53 is required for targeting apoptotic proteins in the sensitization of colon carcinoma to
TNF-related apoptosis-inducing ligand (TRAIL) pathway
therapy using CPT-11[269]. Most experimental data show
that the initiation of apoptosis resulting from exposure
to camptothecins is much weaker for cells with wildtype p53 compared with mutated p53. Tomicic et al[270]
proposed that the phenotype conditioned by wild-type
p53, formed in the presence of CPT-11 complexed with
DNA and TOPⅠ is degraded more easily, leading to the
reduced DNA transcription/replication effect of camptothecins and contributes to the development of drug resistance. In cells lacking functional p53, TOP1-cc (TOP1cleaved DNA 3’-phosphotyrosyl intermediates referred
to as cleavable complexes) is not efficiently degraded
upon transcription stalling, thus TOP1-linked singlestrand breaks accumulate, which may interfere with DNA

SN-38, which resulted in severe toxic complications observed with the use of CPT-11.
In summary, it can be stated that frequent polymorphisms in genes encoding ABC and SLC transporters can
have a significant impact on changes in the pharmacokinetics and pharmacodynamics of CPT-11. However, the
practical application of previously published results will
require additional study in vivo including CRC patients.
Topoisomerase Ⅰ , DNA repair genes and cell cycle
regulation
There is substantially less knowledge on CPT-11 pharmacodynamics, including DNA damage repair or cell death
pathways, following the formation of camptothecinTOPⅠ-DNA complexes[251]. SN-38 is an inhibitor of
topoisomerase Ⅰ (TOPⅠ) an enzyme that prevents the
unfolding of DNA during transcription and replication.
Scientists studying cancer cells which exhibited resistance
to CPT-11, found that a possible cause of low sensitivity
to the drug may be associated with the presence of mutations or low TOP1 gene expression[252,253]. The impact
of the presence of different genetic variants of TOP1
gene expression was described, which may be a cause of
primary drug resistance[254]. Genetic variation in the drug
target of SN-38, as well as in cellular effectors responsible for DNA repair and apoptosis, are a potential source
of clinically observed inter-individual variability in the
efficacy and toxicity of treatment based on CPT-11[255].
Knowledge of the causes of drug resistance leading to
CPT-11 treatment failure, provides the opportunity to
better plan treatment and to predict the effects of therapy
for an individual patient. The activity of numerous genes
and proteins[155,255] and a mutual network of connections
between various intracellular pathways are responsible for
the phenotype of sensitivity to CPT-11. The molecular
factors involved in CPT-11 pharmacodynamics may include: drug target-TOPⅠ, cell cycle division 45-like protein (CDC45L), nuclear factor-κB (p50 subunit; NFκB1),
poly (ADP-ribose) polymerase Ⅰ (PARP1), tyrosyl DNA
phosphodiesterase (TDP1), and X-ray cross complementation factor (XRCC1)[256-260].
XRCC1 plays a key role in base excision repair by
forming a complex with DNA repair proteins including
PARP1 and DNA polymerase β[261]. Hoskins et al[251] studied a group of 107 (European) patients with advanced
CRC, treated with CPT-11. They conducted an analysis
of the impact of genetic variant 1196G>A (Arg399Gln)
of the gene XRCC1 on the efficacy of CPT-11 therapy.
They found that patients who demonstrated a favourable response to treatment more commonly had the genotype 1196GG variant allele than 1196T (genotypes GA
or AA) (46% vs 26%, P = 0.10). Patients homozygous
for an XRCC1 haplotype (GGCC-G) were more likely
to show an objective response to therapy than other
patients (83% vs 30%, P = 0.02). This effect was also
confirmed in a multivariate analysis (OR = 11.9, P =
0.04)[251]. A possible explanation for these findings is that
the presence of the allele in the 1196G gene sequence
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replication. p53 defective cells are, due to lack of p21 expression, only transiently arrested in G2, having no time
to repair excessive camptothecin-induced replicationdependent double-strand breaks (DSB), thus undergoing
mitotic cell death accompanied by apoptosis[270].
Malfunction of DSB repair mechanisms is essential
for the survival of cancer cells and is one of the major
reasons why these cells avoid the cytotoxic effects of
camptothecin derivatives. Therefore, it seems reasonable
to state that cells with a compromised DSB repair mechanism may have greater susceptibility to therapy based
on camptothecins. The main paths of the DSB repair
mechanisms include homologous recombination (HR)
and non-homologous end-joining (NHEJ). Mutations in
genes RAD51, XRCC2, BRCA2, RAD54 and MUS81
involved in HR contribute to the hypersensitivity of cells
exposed to camptothecins because the protein products
of these genes are essential for proper functioning of
the HR pathway in S and G2 phases of the cell cycle[270].
The results indicate that DSB induced in cells by derivatives of camptothecin are repaired either by NHEJ or
HR[270-272]. As HR requires replication it might even be
the predominant route of defence against the killing effects of camptothecins that require replication to elicit
cytotoxicity[270]. In conclusion, the decisive role in the
creation of phenotype drug resistance to CPT-11 is the
status of p53, the degree of degradation of the TOPI
complex from DNA, DSB repair by HR on stalled replication forks, and downstream pro- and anti-apoptotic
pathways, while the NHEJ pathway seems to be much
less important[270].

Combination therapy with 5-FU/LV plus OX (FOLFOX) is currently a standard in treating gastric cancer and
CRC with a 40% positive response ratio during first
relapse therapy[275]. Despite the efficiency of combined
therapy, a high percentage of patients show drug resistance to a higher or lower degree, which suggest that the
therapeutic efficiency of FOLFOX is characterised by
high variability. Since approval of the clinical application
of OX in the treatment of patients with advanced CRC
in 1999 in Europe and then in 2004 in the United States,
access to data concerning OX pharmacology has grown
significantly. In preclinical studies, OX showed activity
towards colon cancer cell lines characterised by primary
and acquired resistance to cisplatin[132]. Also, in many other experimental models with a phenotype of resistance to
cisplatin it was shown that the sensitivity/drug resistance
profiles of both platinum derivatives were different[276].
Resistance to platinum compounds, as is the case
with other cytotoxic compounds, is multi-factorial and
individual platinum derivatives have different degrees of
cross-resistance. Generally, in the majority of studies of
experimental cancers, carboplatin has cross-resistance
with cisplatin, but not with OX. On the basis of numerous studies, six major cell drug resistance mechanisms
towards platinum derivatives, have been identified[277,278].
Processes connected with transporting to and from cells
could be included here, as they contribute to lower intracellular drug concentration. Also, an increase in drug
detoxication may be of importance (e.g., increased concentration of sulphydril-containing molecules or activity
of metabolic enzymes) or an increase in the quenching
of DNA monoadducts. Lastly, in the cells with resistance
to platinum compounds, a system of recognition and/or
DNA damage repair may malfunction[279].

OX
Within the last 40 years, a few thousand platinum derivatives have been synthesised and tested with regards to
their anti-cancer activities. Among these compounds, the
most interesting ones seem to be those discovered in the
early 70s, such as derivatives of the 1, 2-diaminocyclohexane (DACH) carrier ligand that are non-cross-resistant
with cisplatin. In the last two decades, many scientists
searching for new and effective cytostatic medicines directed their research efforts towards this platinum derivative group. Interest in the DACH group compounds is
associated with their beneficial properties in comparison
with other platinum derivatives such as cisplatin or carboplatin. Not only do DACH compounds demonstrate less
nephrotoxicity (as opposed to cisplatin) and myelosuppression (as opposed to carboplatin), but they also have
higher efficacy in cancer which proved to be resistant to
treatment with cisplatin. Research results in both cell lines
and in vivo observations prove that the efficacy of DACH
compounds, in comparison to cisplatin and carboplatin,
may be related to breaking inner resistance to these cytostatics. The significant cytostatic activity of OX was
proved during tests on several human cancer cell lines
and is believed to be the most important platinum derivative from the DACH group[273,274].
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Intracellular drug accumulation
Membrane transporters and channels, collectively known
as the transporters, are some of the best known factors
determining chemosensitivity and drug resistance and
the history of research into their significance in anticancer therapy dates back to the beginning of scientists’
interest in the causes of chemotherapy failure[280]. Only
a small group of the known transporters have been
recognised as relevant for intracellular accumulation of
platinum derivatives. There is a broad review concerning
membrane transporters and channels that can be found
in the publications of Choi and Kim[281], Hall et al[282] and
Liu et al[283].
Potential platinum uptake or influx transporters
include copper transporter (CTR) proteins[284], organic
cation transporters (OCTs) belonging to the SLC22 family[285] and an undefined cis-configuration specific platinum influx transporter[286]. In addition, some outwarddirected drug transporters facilitating the active efflux
of platinum compounds have been linked to decreased
accumulation of platinum compounds and include adenosine triphosphate (ATP) binding cassette (ABC) multidrug transporters[287], and copper-transporting P-type
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WCGO|www.wjgnet.com

2011

February 8, 2015|First Edition|

Panczyk M. Chemoresistance in colorectal cancer
Table 4 Selected common polymorphisms of MDR1 , GSTP1, ERCC1, ERCC2, XRCC1 genes and their potential impact on
functioning of proteins related to OX pharmacology
dbSNP rs cluster ID

Type of
polymorphism

Function

Ref.

Multidrug resistance 1 (MDR1, ABCB1) (OMIM #171050)
rs1128503
SNP
[152,296,318,485]
1236C>T
Synonymous, effect unknown
http://www.ncbi.nlm.nih.gov/SNP/snp_ref.cgi?rs = 1128503
rs2032582
SNP
[152,296]
2677G>T/A
Ser893Ala or Ser893Thr, the GG genotype carriers have the highest while the
AT genotype carriers have the lowest levels of ABCB1 expression
http://www.ncbi.nlm.nih.gov/SNP/snp_ref.cgi?rs = 2032582
rs1045642
SNP
[152,296,350,485]
3435C>T
Synonymous, TT genotype carriers have lower intestinal ABCB1 expression
http://www.ncbi.nlm.nih.gov/SNP/snp_ref.cgi?rs = 1045642
Glutathione S-transferase π (GSTP1) (OMIM #134660)
rs1138272
SNP
[311,477]
341C>T
Ala114Val, altered enzyme kinetics, altered toxicity
http://www.ncbi.nlm.nih.gov/SNP/snp_ref.cgi?rs = 1138272
rs1695
SNP
[51,180,311-329,467,477]
313A>G
Ile105Val, decreased enzymatic activity, altered toxicity
http://www.ncbi.nlm.nih.gov/SNP/snp_ref.cgi?rs = 1695
Excision repair cross-complementation group 1 (ERCC1) (OMIM #126380)
rs11615
SNP
[51,313,344,345,357,486]
354T>C
Synonymous, decreased transcriptional activity of ERCC1
http://www.ncbi.nlm.nih.gov/SNP/snp_ref.cgi?rs = 11615
rs3212948
SNP
[487]
321+74C>G
Intronic SNP (intron 2), protective effect of the C allele to cancer risk
http://www.ncbi.nlm.nih.gov/SNP/snp_ref.cgi?rs = 3212948
Excision repair cross-complementation group 2 (ERCC2, XPD) (OMIM #126340)
rs13181
SNP
[51,313,336,337,350,351,353,
2251A>C
Lys751Gln, the Gln allele is associated with a higher DNA adduct level or lower
356,357,486]
DNA repair capacity
http://www.ncbi.nlm.nih.gov/SNP/snp_ref.cgi?rs = 13181
rs1799793
SNP
[313,336,337,353]
862G>A
Asp312Asn, lower DNA repair capacity for the Asn allele than the Asp allele
http://www.ncbi.nlm.nih.gov/SNP/snp_ref.cgi?rs = 1799793
X-ray cross complementation factor (XRCC1) (OMIM #194360)
rs25487
SNP
[51,313,349,350,361-364,486]
1196A>G
Arg399Gln, reduced base excision repair function for Gln allele than the Arg
allele
http://www.ncbi.nlm.nih.gov/SNP/snp_ref.cgi?rs = 25487
SNP: Single nucleotide polymorphism.

adenosine triphosphatases (ATPases) (Figure 8). Insufficient intra-tumour concentration of platinum compounds is a critical factor determining both primary and
secondary resistance. Lowered inflow and/or increased
activity of outward-directed cellular transport is a frequent phenomenon in clones of chemoresistant cancer
cells[280] exposed to cisplatin, OX[288] and carboplatin.
However, currently, it is not quite clear whether and to
what degree transporters help maintain therapeutic platinum concentrations in cancer cells, thus playing a crucial
(clinically relevant) role in sensitivity and cell resistance
to platinum derivatives[283]. During the last 15 years, a
series of clinical studies have been designed to establish
the connection between efficiency of chemotherapy
based on OX and the level of expression of membrane
transporters in both cancer cells and in healthy tissue.
These studies of transporters including ATP7A, ATP7B,
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ABCC2, ABCG2, ABCB1, OCT2 and CTR1 are detailed
below and summarized in Table 4.
The first clinical studies concerning the dependency
between the results of treatment with platinum compounds in cancer chemotherapy and the expression of
transporter concerned the P-type copper transporting
ATPases ATP7A and ATP7B. In a study of 50 patients
with an advanced stage of CRC and treated with 5-FU/
LV/OX (FOLFOX) a correlation was observed between
resistance and the level of expression of these transporters[289]. ATP7A and ATP7B involved in the sequestration
and extrusion of copper from a compartment localized
within the trans-Golgi network to the plasma membrane,
have also been implicated in the efflux of platinum compounds[290]. While examining their CRC patients, Martinez-Balibrea et al[289] showed that low expression of the
ATP7B gene measured by its level of mRNA was linked
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with significantly longer TTP (P = 0.0009) as opposed
to the group of patients with a higher level of mRNA
(12.14 mo vs 6.43 mo) who also had a greater risk of disease progression (HR = 3.56, P = 0.002). Furthermore,
patients with both a low level of mRNA and ATP7B
protein noted, had the longest TTP and benefitted from
FOLFOX therapy most, as opposed to patients with a
high level of mRNA and protein (14.64 mo vs 4.63 mo,
respectively, P = 0.01)[289].
Various multidrug resistance-associated proteins
(MRPs) belonging to the ABCC subfamily of ABC efflux
transporters have been implicated in mediating resistance
to platinum compounds[291]. Cancer cells resistant to platinum compounds are able to remove OX metabolites that
are coupled with glutathione (GSH) into the intracellular
environment via ATP transport dependent on hydrolysis
through biological membranes[292]. On the basis of the
above mechanism, it may be assumed that GHS accessibility and the effectiveness of conjunction with GHS
are the key factors for the development of such resistance towards OX. Beretta et al[293] stated that some of
the superfamily ABC transporters (ABCC1/MRP1 and
ABCC4/MRP4) had significant expression in ovarian
cancer cells with secondary OX resistance. Overexpression of ABCC1 or ABCC4 in cancer cell lines derived
from ovarian cancer cells was connected with resistance
to cisplatin and OX. The above results prove that the development of OX resistance is induced by the activity of
MRP proteins, and it may be conducive to use cytostatics
other than platinum derivatives that are not substrates of
ABCC1 or ABCC4[293] in patients with relapsing cancer
previously treated with OX. Furthermore, in other research it was observed that administering 5-FU inhibits
the expression of ATP7B and human organic cation
transporter 2 (OCT2) with a simultaneous 5.8-fold increase in the level of mRNA for the ABCC2 gene (MRP2)
coding another transporter from ABCC[294]. Theile et al[294]
proposed as one mechanism for FOLFOX synergism,
the 5-FU mediated suppression of ATP7B, the overexpression of glutathione exporters such as MRP2 and
the decrease in glutathione levels by the OX metabolite
oxalate.
In studies of another transporter from the superfamily of ABC - ABCG2/BCRP it was found that overexpression may be a negative marker of OX therapy
effectiveness[294]. Lin et al[295] tested the level of expression of protein ABCG2, measured by the IHC method,
in a group of patients with CRC both in the primary
and metastatic cancer tissue. They observed that lower
expression of ABCG2 was noted more frequently in
patients with better response to FOLFOX therapy than
in patients with higher protein expression (63.6% vs
9.5%, respectively). Moreover, it was found that in the
majority of cases the level of ABCG2 expression was
higher in tissue derived from metastatic tissue than from
primary tumours[295]. Therefore, Lin et al[295] concluded
that ABCG2 expression is related to response to therapy
based on FOLFOX among patients with metastatic CRC
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and that ABCG2 may be a selective marker in predicting
the effectiveness of FOLFOX.
Wu et al [296] evaluated the influence of SNPs of
ABCB1/MDR1 gene (1236C>T, 2677G>T/A and
3435C>T) on the outcome of treatment in CRC patients
treated with OX-based therapy. Carriers of the 1236C>T
variation of the ABCB1 gene had longer OS following post-operative OX therapy. Additionally, carriers of
the 1236TT-2677TT-3435TT genotype combination had
worse PFS (P = 0.043) and recurrence-free survival (P =
0.006)[296]. On the other hand, Yue et al[297] showed that
SNPs of the ABCB1 gene were not pharmacogenetic
factors which determined prognostics for chemosensitivity to OX-based therapy in CRC patients.
The SLC22 family of transporters includes several
subgroups of proteins classified on the basis of position and transporting mechanisms. The subgroup of
organic cation transporters (OCTs) consists of only
three members: SLC22A1 (OCT1), SLC22A2 (OCT2)
and SLC22A3 (OCT3)[285]. Currently, we have a limited
range of accessible data concerning the connection between genetic variations and the level of OCT1 or OCT2
expression in tumour tissue and the results of treatment
after administering therapy based on platinum derivatives.
It is, however, postulated that these transporters may be
of potential clinical importance as predictive markers.
In an experimental model using transfected cells it was
noted that the expression of the OCT1 gene significantly
increased intracellular OX accumulation[298]. On the other
hand, research results showed that OX is an excellent
substrate for OCT2[298,299]. Zhang et al[298] showed that in
transfected HEK293-hOCT2 cells, the amount of accumulated OX was 23.9-fold greater than that in control
cells. Whereas, in the presence of cimetidine, which is an
OCT2 inhibitor, the amount of accumulated OX was significantly lower. They also stated that in the transfected
cells, the cytotoxic effect significantly increased following
treatment with OX compared with control cells[298]. It is
thought that OCT2 expression may modulate the sensitivity of CRC cells to OX. It is also postulated that the
level of OCT2 expression may condition drug resistance
in CRC patients treated with therapy based on a scheme
including platinum[298]. However, the results of the above
studies are not fully credible as while testing OCT2 expression in tissue, it was noted that a positive result was
obtained in 11 of 20 tissue samples from patients with
colon cancer, while a negative effect was obtained in 4
healthy tissue samples[300]. In contrast, all colon cancer cell
lines investigated for transporter gene expression were
found to lack OCT2 mRNA expression[298,300]. Therefore,
it is worth stressing that if a significant role of OCT2
was proved to mediate transport of platinum derivatives
in pre-clinical studies[298], the results of clinical studies do
not confirm this observation.
The role and significance of copper influx and transporters efflux (CTRs) in cell accumulation of platinum
compounds has been widely discussed in the literature[284,301,302]. CTR1 is an important transporting protein
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ing platinum derivatives[309]. GSTs are coded by genes
belonging to at least five main groups: α (GSTA1), μ
(GSTM1), π (GSTP1), σ (GSTS1) and θ (GSTT1). Many
of these genes have genetic polymorphisms that influence their transcription and/or enzymatic activity of the
proteins coded by them[310]. One of the isoenzymes from
the GSTs family - GSTP1, has high expression in CRC
tissues and partakes in detoxication processes of platinum derivatives, therefore, it may be a source of drug
resistance in some patients treated with therapy based on
cytostatics that are platinum analogues. The published
research suggests a connection between some of the
polymorphic variables of GSTP1 gene and the increase
in effectiveness of anticancer therapy[51].
Two major polymorphisms in GSTP1 - 313A>G
(Ile105Val) and 341C>T (Ala114Val) - induce amino
acid changes in the electrophile-binding active site of the
enzyme[311]. SNP 313A>G, responsible for substitution
of isoleucine through valine in codon 105 (Ile105Val)
causes lowered enzymatic activity of GSTP1[312]. There
are a few clinical studies available which refer to the influence of this polymorphism on the frequency of occurrence of toxic effects due to FOLFOX or IROX therapy
(CPT-11/OX) in patients with metastatic CRC[180,313,314].
McLeod et al[180] state that in a group of patients treated
with FOLFOX, who were homozygous for the 105Val
variation, treatment discontinuation was more frequent
due to symptoms of neurotoxicity (P = 0.01). However,
the necessity to discontinue therapy was not dependent
on the frequency of occurrence of individual genotypes
in groups treated with other combinations (IROX or
capecitabine/OX). Most probably, the presence of the
313GG genotype is connected with significant lowering of
the catabolic activity of GSTP1 than it is the case of allele 313A carriers (genotypes 313AG or 313AA), which leads
to increased OX accumulation and thus a greater risk of
3rd degree neurotoxicity[313,314]. On the other hand, Inada
et al[315], while examining CRC patients, demonstrated that
genotype 313AA carriers were more likely to develop early
OX-induced grade 1 peripheral neurotoxicity than patients with 313G alleles (313AG or 313GG), but they did not
observe a connection between the frequency of these genetic variations and the risk of grade ≥ 2 neurotoxicity.
In addition, the results of other research did not confirm
the existence of SNP 313A>G dependence and neurotoxicity of OX therapy[316-321].
As replacing isoleucine with valine (Ile105Val) leads
to a lowering of the cell’s ability to protect itself against
cytotoxic factors, this polymorphism may contribute to
an increase in chemosensitivity to OX[312]. A few clinical
studies showed that patients with the 313GG genotype
benefitted more from combined therapy including OX
than patients with the 313A allele[51,322-324]. However, three
recently published studies on the efficiency of FOLFOX
in patients with advanced CRC, on the basis of genotyping GSTP1 gene for SNP 313A>G, showed no connection between the presence of the allele and PFS[313,321,325].
Ye et al[326] performed a systematic analysis of five clinical

that is responsible for regulating copper concentrations,
ensuring the biological balance of copper ion concentration. When the copper concentration is too low this leads
to deactivation of enzymatic systems dependent on copper ions, whereas when the concentration is too high it
causes cell toxicity[303]. Holzer et al[304] put forward a thesis
that CTR1 plays an important role in OX accumulation
only when exposed to a relatively low concentration (2
μmol/L) and does not have any relevance at higher OX
concentrations. Furthermore, it is postulated that intracellular OX concentration is less dependent on the transporting activity of CTR1 than that of other platinum
derivatives, e.g., cisplatin and carboplatin. Additionally, it
was shown that similar to CTR1, CTR2 may also have
analogical properties as a cisplatin and carboplatin concentration regulator and possibly OX as well[305]. Further
in vivo research confirming the above hypotheses is necessary.
Clinical studies concerning transporters for platinum
derivatives have concentrated on evaluation of the connection between intratumour expression of certain transporters and the results of treatment after chemotherapy
based on platinum derivatives. The results of these studies are not completely certain due to many limitations.
One of these limitations is the lack of functional research
into transporting activity as accessible data focus on gene
or protein expression using methods such as RT-PCR
or IHC, respectively. Generally, correlations observed
in the research were not supported by the analysis of
pharmacokinetic variables in relation to accumulation of
platinum derivatives in the tumour tissue, and the size of
individual groups was small. Furthermore, it is necessary
to conduct in vivo research into the meaning of genetic
variability of membrane transporters and channels for
gene expression and their influence on the pharmacokinetics and effectiveness of OX-based therapy.
Glutathione S-transferases
The phenotype of resistance to platinum derivatives may
be dependent on the variable activity of detoxification
channels. In the cytoplasm, platinating agents become acquated, which then enables them to react with thiol-containing molecules, including GSH and metallothioneins
(Figure 8). In the cell, GSH plays the role of antioxidant
which helps maintain a reductive intracellular environment by coupling oxidated particles with sulphydryl
groups. It is assumed that high GSH concentration and/
or metallothionein may cause deactivation of platinum
compounds before they have a chance to interact with
DNA in the nucleus (it is estimated that only 1% of the
dosage that enters the cell stands a chance of bonding
with nuclear DNA[306]) to quench Pt-DNA monoadducts
before conversion to more lethal diadducts, or the efflux of Pt-glutathione conjugates[307,308]. There is ample
evidence to show that glutathione S-transferers (GSTs)
belonging to the superfamily of dimeric enzymes of the
second metabolism phase are responsible for a differential sensitivity profile towards anticancer drugs, includ-
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studies[314,325,327-329] involving 415 CRC patients treated
with OX. In this analysis, no dependence between the
313A>G polymorphism and the level of response to
OX-based therapy (P = 0.13) was confirmed[326]. In order
to put forward any definite conclusions concerning the
predictive significance of SNP 313A>G, it is necessary to
carry out clinical research on a large group of patients.
Among the available clinical data, studies on copy
number variations (CNV) of GSTT1 and its potential
influence on the toxicity of OX-based therapy have been
observed. While investigating CNV of GSTT1, Goekkurt et al[330] found no statistically relevant dependence
between genetic variables of this gene and the frequency
of toxic effects due to therapy in patients with gastric
cancer, although there was a trend showing that patients
with the null variant were less likely to develop hematologic toxicity. Two other clinical studies of patients with
metastatic CRC treated with OX did not confirm the
hypothesis of the potential influence of CNV of GSTT1
on therapy toxicity[316,317]. It is necessary to conduct further research which would clearly resolve the role of
genetic GSTs variability in the development of toxicity in
CRC patients undergoing treatment which includes OX.

which contribute to the changes in activity measured by
the level of mRNA[335] and ERCC2 SNPs 312G>A gene
(Asp312Asn), and 2251T>G (Lys751Gln) are recognised
as determinants of suboptimal activity of the DNA repair system[336,337]. Study results suggest that ERCC1 is a
potential predictive marker of response to therapy based
on platinum compounds due to the fact that low ERCC1
expression is connected to cancer cells’ sensitivity to chemotherapy with those drugs[34,338-340].
Shirota et al[34] were the first research group to study
the influence of ERCC1 gene expression on the results
of treatment in 50 patients with advanced stage CRC and
the phenotype of resistance in those treated with 5-FU/
OX. They stated that patients with high intra-tumour
ERCC1 expression measured by mRNA level had shorter
survival time than patients with a lower level of expression (P = 0.008)[34]. Uchida et al[341], while examining 91
patients treated with a combination of capecitabine/OX
stated that a high mRNA level for the ERCC1 gene was
associated with shorter time to treatment failure compared to patients with lower expression (P = 0.046). In
another study, low expression of the ERCC1 gene was
also associated with better response to both primary (P
= 0.047) and secondary chemotherapy, although in the
latter case this association was on the verge of statistical
relevance (P = 0.054). Furthermore, high expression of
the ERCC1 gene was related to shorter OS in primary
therapy (P = 0.014)[342]. The above results from clinical
studies support the hypothesis put forward at the beginning regarding the influence of ERCC1 gene expression
on the results of treatment with platinum derivatives,
whereas a high level of mRNA may be the cause of clinical resistance to OX.
The literature also describes polymorphisms located
in the ERCC1 gene sequence, one of them being a silent
SNP 354C>T (Arg118Arg). Although the mechanism
through which this SNP influences the change in ERCC1
activity is not fully known, it is postulated that AAC codon exchange on a rarely occurring AAT influences the
effectiveness of the translation process, however, for 354T
allele, there is a decrease in protein expression of about
50%[343]. In two clinical studies of patients with advanced
CRC, it was observed that carriers of the 354TT genotype
had higher response rates to OX treatment[344] and longer
PFS[345]. However, in five other studies, the survival time
of patients with CRC was longer in genotype 354CC carriers[51,313,314,339,346]. While examining 168 patients, Chang et
al[346] showed that in a group with genotypes which included allele 354T (354CT or 354TT), poorer treatment results
were noted in comparison with those of patients with
genotype 354CC [in terms of response (P = 0.01), PFS (P
= 0.01) and OS (P = 0.01)]. Additionally, while evaluating the association between genetic variants 354C>T and
protein expression determined by IHC, it was shown that
a higher level of expression was related to the presence
of allele 354T[346]. In addition, Chen et al[314], while examining 166 patients, pointed out that carriers of genotypes
with at least one 354T allele were characterised by poor re-

Nucleotide excision repair pathway (ERCC1, ERCC2,
XRCC1)
Blocking the process of DNA replication using platinum
derivatives by creating adducts with nuclear nucleic acid
leads to the induction of apoptosis and the death of cancer cells[331,332]. The observed inter-individual variability
in the ability to recognise and repair such DNA damage
through the nucleotide excision repair (NER) pathway is
one of the factors that may influence the success of OXbased therapy. DNA strands are separated and a DNA
residue containing the adducts is removed (Figure 9). The
mechanism of recognition and repair of the damaged
DNA fragments itself is dependent on several factors.
Lowered efficiency of the DNA repair system may, in
consequence, lead to the increased sensitivity of cancer
cells to therapy which includes platinum compounds[333].
excision repair cross-complementation group 1 (ERCC1)
and ERCC2 protein [otherwise known as xeroderma
pigmentosum group D (XPD)] are the two main compounds of the NER group that play a crucial role in
regulation of the activity of other elements that are part
of the NER pathway. Together with xeroderma pigmentosum group F (XPF) protein, ERCC1 is responsible
for recognising these places in the DNA strand where
adducts are located, whereas ERCC2 is a subunit of human transcriptional initiation factor TFⅡH with ATPdependent helicase activity[334]. Considering the above,
it may be assumed that functional SNPs in ERCC1 and
ERCC2 genes may directly contribute to the phenotype
sensitivity to platinum compounds, such as OX, through
conditioning congenital suboptimal activity of the NER
pathway. For genes ERCC1 and ERCC2, there are several
frequent and probably functional SNPs described, among
them are 354C>T and 8092C>A in the ERCC1 gene,
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Figure 9 Nucleotide excision repair pathway. (1) DNA damage formed by platinum agents leads to DNA double helix distortion. Several distinct complexes are
involved in sequential steps than can be summarized as DNA damage recognition (XPCHR23B), damage demarcation, and verification (TFⅡH), assembly of a preincision complex (RPA and XPA) and helix unwinding (XPB and XPD); (2) Endonuclease recruitment with dual incision of the damaged strand on the 5’ side (ERCC1XPF heterodimers) and 3’ side (XPG) followed by the removal of the excised oligomer; (3) DNA repair synthesis to fill in the resulting gap; and (4) ligation. ERCC1:
Excision repair cross-complementation group 1; Pol σ/ε : Polymerase σ/ε; RFC: Replication factor C; TFⅡH: Transcription factor Ⅱ H; XP (A,B,C,D,F,G): Xeroderma
pigmentosum complementation group (A,B,C,D,F,G)[340].
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sponse (P = 0.01) and shorter OS (P = 0.01). Park et al[339]
also found a significant correlation between polymorphic
variants in codon 118 and treatment outcome in 106 patients with advanced refractory CRC receiving 5-FU/OX.
For patients with genotype 354CC, median survival time
was 15.3 mo, while in a group of allele 354T (354CT and
354TT genotypes) carriers it was only 11.1 mo.
Partially different from fluoropyrimidine genes previously described, the frequency of these polymorphisms
varied with race and may account for reduced response
rates in Black patients compared with Caucasian patients, as expressed by Goldberg et al[347] and confirmed
in more recent studies, as in the subgroup of patients
in the CAIRO study[110]. It is postulated that the differences in the observed associations and the strength of
the correlations may be connected with inter-population
differences in the frequency of occurrence of alleles and
genotypes. For instance, the frequency of occurrence of
SNP 354C>T (Arg118Arg) in an East Asian population
was much lower than that in other ethnic groups[340].
The presence of allele 354T in the ERCC1 gene is
connected with the change in the expression of gene/
protein[339], while allele 2251G which is a variation of the
ERCC2 gene was described as having influence on a
low number of X-ray induced chromatic aberrations[336].
Carriers of genotype 2251TT had a 7-fold greater risk of
suboptimal repair of DNA damage compared to carriers of allele 2251G (genotypes 2251GG or 2251GT)[336].
It is postulated that patients who have both allele 354T
(ERCC1) and 2251G (ERCC2) that are connected with
a highly efficient detection system and DNA damage
repair, may have resistance to OX, thus contributing to
a worse prognosis. However, the results of clinical studies do not confirm the above hypothesis. The 2251T>G
(Lys751Gln) polymorphism did not show any relation
with survival time compared with the frequency of genotype dispersion in patients with gastro-oesophageal cancer[348,349] and CRC[350,351] who underwent treatment based
on various platinum derivatives. Whereas, studies of the
synonymous SNP Arg156Arg (C>A) ERCC2 gene carried out in patients with gastric cancer treated with OX
showed that carriers of A allele (genotypes CA or AA)
were characterised by a higher response rate and longer
TTP compared to patients with genotype CC[352]. A similar
trend was observed in the studies by Park et al[353], who examined patients with metastatic CRC, and noted that the
presence of A allele contributed to better treatment response and longer median survival compared to patients
with different variants of the ERCC2 gene. Functional
studies confirmed the SNPs influence of the ERCC1
(354C>T) and ERCC2 (2251T>G) genes on the phenotype of NER pathway efficiency[335,354,355]. In a study of 73
patients treated with 5-FU/OX it was observed that in
patients with the genotype 2251TT (751Lys/Lys) median survival time was 17.4 mo, while for carriers of genotypes
with the 2251G allele it was 12.8 mo (751Lys/Gln) and 3.3
mo (751Gln/Gln) (P = 0.02)[353]. The influence on genetic
variants of the genes ERCC1 and ERCC2 was also stud-
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ied in a group of 166 metastatic CRC patients who were
treated with a combination of 5-FU/LV/OX (FOLFOX4)[356]. In the analysis of associations between SNPs
and the results of treatment it was shown that the occurrence of each of the genotypes ERCC1-354TT, ERCC22251AC and ERCC2-2251CC, independently of each other,
was related to shorter PFS. The median PFS was 11.2
mo for patients without any of the three genotypes, 9.8
mo for those with one of the high-risk genotypes, and 8
mo for those with both the ERCC1-354TT and either ERCC2-2251AC or -2251CC genotypes (P = 0.002)[356]. In the
meta-analysis published by Yin et al[357] it was shown that
SNPs 354C>T (ERCC1) and 2251T>G (ERCC2) may
be clinically useful in the evaluation of treatment results
in patients with gastric cancer and CRC who underwent
treatment which included OX (FOLFOX or XELOX).
However, as the authors of this analysis emphasise, it is
necessary to carry out wide and well-planned prospective
clinical studies to clearly show the utility of these markers
in clinical practise[357].
Apart from studies which focused on the analysis
of individual determinants of therapy efficiency such as
SNPs, a joined analysis of a few potential predictive factors in forecasting the effects of chemotherapy in CRC
patients was also carried out. Kim et al[358] assessed the
expression of proteins ERCC1, TS and GSTP1 using
IHC for potential application in predicting the effects
of therapy in 70 patients with advanced stage CRC who
underwent treatment with 5-FU/OX. They observed that
positive expression occurred in 55.7% (ERCC1), 68.6%
(TS) and 71.4% (GSTP1) of the analysed cases. It was
confirmed that a low level of TS expression was related
to better chemotherapy outcome (P = 0.009), however,
in the case of ERCC1 and GSTP1 proteins there was
no statistically relevant association between the level of
expression and efficiency of treatment (P = 0.768, P =
0.589, respectively). The median OS was significantly
longer in patients with negative ERCC1 protein expression (P = 0.0474). Additionally, patients with positive
expression of both ERCC1 and TS had poorer OS (P =
0.0017). Also, multi-variant analysis confirmed that positive expression of ERCC1 and TS significantly influenced
OS (HR = 1.72, P = 0.023), which justifies simultaneous
clinical application of the two markers for predicting the
efficiency of 5-FU/OX therapy[358].
Apart from the NER pathway, the base pair excision
repair pathway (BER) may also influence the efficiency
of therapy based on platinum derivatives. XRCC1 plays a
key role in the BER pathway and it has been demonstrated that the Arg399Gln (1196A>G) substitution in the
XRCC1 gene is associated with increased levels of DNA
damage markers[359]. This relatively frequently occurring
polymorphism probably contributes to the change in
XRCC1 protein conformation in the domain binding
other elements of the BER complex, which may lead to
a decrease in the efficiency of the DNA repair system.
A deficiency in DNA repair pathways has been shown
to confer resistance to several drugs, including platinum
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compounds[360]. It was shown that the presence of allele
399Arg (1196A) is associated with better survival time in
patients with gastric[349] and lung cancer[361] undergoing
chemotherapy with platinum derivatives. Also, Suh et al[362]
observed that better treatment outcomes in patients with
metastatic CRC treated with FOLFOX occurred in those
where the presence of allele 399Arg (1196A) was noted.
However, the results of other clinical studies published
in patients with advanced CRC and gastric cancer treated
with OX, did not confirm the above observations[51,313,350].
Liang et al[363] attempted to analyse the influence of both
polymorphisms on genes engaged in DNA repair processes: ERCC1 (354C>T) and XRCC1 (1196A>G). They
studied a group of 113 patients diagnosed with metastatic CRC who underwent chemotherapy that included
OX. The analysis of individual SNPs showed no significant influence of these polymorphisms on prediction of
disease control rates (DCR) or OS (P = 0.662 and 0.631,
respectively). However, while evaluating the influence of
the combination of both SNPs, a significant correlation
between genetic variations of ERCC1 (354C>T) and
XRCC1 (1196A>G), DCR (P = 0.01) and OS (P = 0.001),
were independently observed. This was the first study to
prove the importance of the clinical application of genetic determinants located in ERCC1 and XRCC1 genes in
the selection of patients with metastatic CRC who were
expected to benefit most from OX-based therapy[363].
Subsequent results obtained by Stoehlmacher et al[364],
who studied the influence of Arg399Gln (1196A>G)
polymorphism on the efficiency of treatment with 5-FU/
OX in 61 patients with metastatic CRC, confirmed the
significance of this SNP as a predictive marker. Seventythree percent of patients with the favourable 399Arg/Arg
(1196AA) genotype responded to treatment, and patients
who possessed at least one 399Gln (1196A) allelic polymorphism in XRCC1 were 5.2-fold more likely to fail 5-FU/
OX chemotherapy[364].
Among the available data, one clinical study conducted a multivariate analysis of a few of the predictive
factors described above in patients with refractory CRC
who underwent treatment with the 5-FU/OX combination. Analysis of multiple gene polymorphisms proved
that the efficiency of such therapy may be dependent on
the presence of two or more unfavourable variants for
genes ERCC1, ERCC2, TYMS and GSTP1 as the carriers of these SNPs were characterised by a significantly
shorter OS[51]. In summary, for the successful prediction
of the effectiveness of a particular therapy, a few predictive markers need to be applied where several cytostatic
drugs are used in a combination therapy.

highly conserved, strand-specific repair pathway which
is a multi-stage process initiated when DNA damage is
recognised by specific proteins[367]. In many types of cancer, various defects in activity of these proteins are noted,
particularly three proteins: MSH2, MSH6 and MLH1[368].
In a situation when MMR shows a deficit in activity,
this results in the accumulation of numerous types of
DNA damage in the genome, which leads to MSI[369].
Experimental data have shown that MMR deficits are
associated with resistance to the cytotoxic activity of alkylating agents[370]. Studies of DNA repair mechanisms
after exposure to cisplatin showed that Pt-DNA adducts
are recognised by the complex of MMR proteins[371]. The
MMR pathway is one of the factors influencing cisplatin
activity, which was proved by pre-clinical studies where
cells with deficient activity of proteins MLH1, MSH2 and
MSH6 had the phenotype of moderate resistance to cisplatin, but remained sensitive to the cytotoxic activity of
OX[276,372]. Interestingly, Pt-DNA adducts are recognised
by MSH1 protein only when damage occurs after cells
are exposed to cisplatin, but not when Pt-DNA adducts
are created due to the influence of OX[371,372]. Therefore,
even though the MMR pathway is a key element in the
mechanism of DNA repair, this system seems not to
recognise Pt-DNA adducts created following exposure
to OX. Generally, it is assumed that if attempts to repair
Pt-induced DNA damage fail, this eventually leads to
initiation of apoptosis[373,374]. Adducts induced by OX
do not activate JNK (JNK-c-Jun NH2-terminal kinase,
also known as stress activated protein kinase) and c-Abl
(a nuclear protein)[375], which allow OX to maintain its
cytotoxic activity in both MMR-proficient and -deficient
cells[372,375]. Cisplatin depends on an intact MMR system
for maximal cytotoxicity and for signalling apoptosis via
the JNK-mediated pathway[371,375,376]. The binding of the
MMR complex to Pt-DNA adducts appears to increase
the cytotoxicity of the adducts[377], either by activating
downstream signalling pathways that lead to apoptosis[375]
or by causing “futile cycling” during translation synthesis
past Pt-DNA adducts[372]. Therefore, cisplatin and OX
have a different ability for activating signal paths to induce apoptosis in response to Pt-DNA adducts, which
may be the basis of the observed differences in the profile of drug resistance in these platinum derivatives[378].
Protein p53 mediates the transduction of a signal
induced by DNA damage following exposure to cisplatin[379]. p53 interacts with several significant elements
that are part of the NER pathway, such as xeroderma
pigmentosum, complementation group C (XPC), TFⅡ
H and replication protein A (RPA), which points to its
role in supervising the DNA repair process[380]. While
testing 60 different cell lines, Vekris et al[381] showed that
the expression of p53 was positively correlated with cell
sensitivity to four different platinum derivatives: cisplatin, carboplatin, OX and tetraplatin. As p53 takes part in
apoptosis induction and participates in the process of
removing Pt-DNA adducts created by platinum derivatives, this protein may contribute to both chemosensitiv-

MMR and apoptosis regulation
The cytotoxic effects caused by OX are stronger than
those caused by cisplatin due to the result of a stronger
reduction in DNA damage[365]. Resistance to cytostatic
platinum derivatives is probably the result of variable
functionality of the proteins responsible for recognising
damage resulting from Pt-DNA adducts[366]. MMR is a
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ity and drug resistance[382]. A systematic analysis of cellular sensitivity to OX in relation to p53 status in pairs of
cisplatin-sensitive and -resistant cells showed that OX is
less potent than cisplatin in cisplatin-sensitive cell lines,
whereas it was capable of overcoming cisplatin resistance
in the majority of sublines. Cell sensitivity to OX seems
also dependent on the occurrence of genetic variants in
gene TP53. While studying the cell line A431 which is
characterised by a mutation in codon 273 of p53, it was
observed that it has high resistance to OX[276].
Clinical application of the above in vitro studies to
test a various panel of factors influencing the phenotype of chemosensitivity or drug resistance will require
a series of in vivo studies with the participation of well
selected groups of patients. Currently available data
from pre-clinical studies show the potential significance
of some molecular factors connected with the DNA
repair processes and those participating in control of the
cell cycle and apoptosis, which could serve as predictive
markers in forecasting the efficiency of OX therapy in
CRC patients.

noted that drug resistance remains the most critical factor in the success of therapy. Currently, the main problem for researchers working on the effectiveness of cancer treatment is how to produce a rational treatment plan
based on the classic cytostatic drugs and targeted drugs.
Overcoming resistance in many cases is only possible by
selecting an appropriate drug combination and optimal
dosing during the treatment cycle. Due to the fact that
many of the drug-resistance mechanisms are determined
by individual patient characteristics, the key to successful
therapy may be personalized cancer medicine. However,
in recent years most scientists conducting research in the
field of molecular mechanisms of drug resistance have
focused on individual processes associated with metabolism, biodistribution, and anticancer drug mechanisms.
Such research does not include the wider context and
different body processes that constitute the effectiveness
of a therapeutic strategy[384].
In the current paradigm accepted by scientists, it is
considered that individual differences in response are the
results of individual patient features that can be identified at a molecular level. These features are subject to
genetic variation and the environmental pattern which
are specific for each patient. It can be assumed that understanding the molecular mechanisms of inter-individual differences in the effectiveness of cancer treatment
will allow the optimization of cancer therapy. Therefore,
in the past two decades there has been a significant research effort to acquire information on the mechanisms
responsible for the effectiveness of therapies. The approach that underlies individualized medicine is based
on the assumption that by using molecular profiling and
a set of biomarkers we can improve treatment efficacy
in a patient, prolonging survival time and/or reduce the
risk of serious complications[385].
Is it possible to apply these concepts in the individualization of treatment of CRC patients in the near future? In the previous chapters a variety of prognostic and
predictive markers were described, which in recent years
have been subject to various test procedures in order to
determine their potential clinical value in the treatment
of CRC. A technological breakthrough in molecular
studies, as observed in recent years [single-nucleotide
polymorphism arrays, complementary DNA microarrays,
DNA methylation and microRNA (miRNA) profiling as
well as next-generation sequencing] also made it possible
to create individual molecular profiling for patients which
is more profitable in economic terms. The data obtained
using these high-throughput methods give hope for the
practical application of various biomarkers to predict
the effectiveness of treatment in individual patients with
CRC.
Of the main variables affecting the therapeutic efficacy of cytostatics, the level of DNA synthesis and/or the
intensity of cell division are important, and in the case
of targeted drugs, the expression level of molecules in
a signalling pathway in which the drug is targeted. As in
the case of cytostatic drugs, the predominant mechanism

FUTURE PERSPECTIVES IN
PERSONALIZED MEDICINE FOR THE
TREATMENT OF COLORECTAL CANCER
The last few decades have resulted in huge progress
in understanding the complex processes regulating the
growth and development of tumours. However, the
major challenge in basic and clinical research is to solve
the problem of primary and secondary drug resistance,
which in many cases significantly reduces the antitumour
efficacy of therapy. Early research on the development
of new chemotherapeutic agents with significant antitumour potency, led to the introduction in oncology
practice of few effective drugs, including those currently
used in the treatment of CRC. Although they strongly
induce apoptosis in intensively dividing cells, their strongest drawback is that they have the same effect on both
cancer cells and healthy tissue. Therefore, to maintain
the effectiveness of cancer treatment, it is necessary to
use a maximum dose that provides a strong cytotoxic
effect against tumour tissue, while minimizing toxicity
to a patient. On the other hand, the intensive development of molecular tests in the last two decades initiated
the development of “targeted” drugs and new treatment
strategies such as targeted therapy. These new techniques
have increased the hope of achieving substantial benefits
in patients for whom the use of cytostatics proved not
to be very effective. The main advantage of targeted
therapy is the ability to avoid toxic effects of the drug
with little impact on healthy cells. However, soon after
the first research reports on targeted therapy and its high
potential in clinical applications, drug resistance still remains a problem even with these ‘‘smart drugs’’. Similar
to conventional cytostatics, resistance to a new class of
drugs is an important issue in oncology[383]. It should be
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of drug resistance is a wide panel of pharmacokinetic
factors, and for targeted therapy it is mainly processes related to pharmacodynamics (genetic alteration/mutation
of the target itself, persistent activation of downstream
signalling pathways, and bypass mechanisms). Such a
clear distinction does not describe the complexity of
drug resistance mechanisms. Given the holistic nature
of personalized medicine, it is necessary to develop and
validate a wider panel of biomarkers which would reflect
the multifactor mechanisms of resistance. In addition,
when using predictors in clinical practice, we must take
into account different therapeutic objectives which are
set for specific subgroups of patients. From the point
of view of drug resistance in cancer therapy, at least two
main objectives require to be met in personalized medicine: (1) risk minimization of inducing resistance; and (2)
breaking existing primary or secondary resistance. Finding the optimum combination of drugs and dosage regimen can, in many cases, lead to better efficiency in firstline treatment, and prevent cancer relapse. Furthermore,
an equally important problem is the selection of resistant
clones during the first treatment cycle, which in the case
of relapse can significantly reduce the therapeutic efficacy
of new combinations of drugs. Use of dynamic-response
markers in clinical practice that would allow monitoring
of the course of treatment is a promising line of research
in personalized medicine. Changing the level of expression of marker genes or activity of posttranslational
protein modification during the course of therapy has
been assesssed in several studies. Analysis of molecular
changes taking place during treatment may provide information regarding the development of resistance resulting
from drug exposure, which is particularly important in
the context of the existence of secondary drug resistance
mechanisms. In such cases, a change in treatment regimen may be important for the future of a patient.
There are several main obstacles which currently prevent the full application of personalized medicine in clinical practice, despite significant progress in the study of
causes of drug resistance in the treatment of CRC. Interindividual differences in the response to treatment in patients with CRC may be subject to genetic and epigenetic
features which can be classified as genomic aberrations
[e.g., MSI[386,387], chromosomal instability (CIN)[388,389] and
CpG island methylator phenotype (CIMP)[390-393]] as well
as polymorphic variation (e.g., SNP or VNTR). This multifactor substrate conditioning efficacy in CRC makes it
difficult to plan reliable research on predicting markers. In
addition, the available clinical data indicate that CRCs are
a molecularly heterogeneous group of neoplasms, which
is why it is important to plan future studies taking into
account this heterogeneity. Only this type of approach
will provide a link between specific molecular features
and effectiveness of the treatment. Another of the existing barriers for development of personalized medicine
is the need for invasive biological sampling. A large part
of the results of clinical trials on CRC drug resistance is
based on the analysis of biological material derived from
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tumour biopsy. The possibility of using blood serum may
be a way of solving this problem[394]. Another barrier that
prevents truly individualized treatment of CRC patients
is the small amount of research data that could connect
mutation analysis and gene expression during the course
of translation and activity of specific marker proteins.
The main research stream based on transcriptome analysis does not provide information on protein expression,
and mRNA level does not allow the determination of
protein activity. It was not until recently when proteome
analysis (proteomics) was developed, including important
protein-protein interactions, that a number of new drugs
for targeted therapy, such as inhibitors of kinases and
their substrates were developed. Analysis of the activity of individual proteins involved in intracellular signal
transduction is a very important aspect of research on tumour biology, and as shown by Pierobon et al[395], the level
of protein expression and the level of protein activation
(e.g., phosphorylation) do not always correlate, suggesting
that the latter could be a better predictive biomarker for
patient stratification. In conclusion, due to the heterogeneity of CRC and the complexity of drug resistance,
prediction of the effectiveness of treatment in individual
patients should be based on prediction biomarkers derived from the genome and proteome. Analysis of multiple markers is also justified as most modern standards of
CRC treatment use a combination of several anticancer
drugs. Combination therapy is based on the inhibition
of tumour cells on several molecular levels. In order to
rationally combine different therapies that would presumably be more effective than monotherapy, it is therefore
necessary to use an integrated approach for the analysis
of multiple pathways simultaneously. In this way, it will
be possible to highlight pathway alterations that can be
targeted by different agents.
The most recent data in the field of biomarker research show that only the interdisciplinary research
approach, using combined analysis of genome and proteome, makes it possible to recognise prognostic and
predictive factors which will help select patients in terms
of relevant clinical features for individualized therapy[396].
Among a number of potential predictive markers described in the preceding sections of this review, only a
small number were found to be clinically useful. In many
cases, the analysis of the same marker provided contradictory data sometimes leading to opposing conclusions.
There may be several reasons for these discrepancies,
including the following: (1) methodological differences
(prevalence of retrospective studies); (2) use of different and non-standardized research techniques; (3) use
of inappropriate statistical analysis for a given type of
data; and (4) diverse and/or insufficiently large groups
of patients[385]. Therefore, to increase the credibility of
preclinical and clinical prediction, it is necessary when
planning research to take into account all variables which
can affect the outcome of the analysis. Adoption of uniform research standards in the form of guidelines, such
as reporting recommendations for tumour MARKer
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prognostic studies[397], provide an opportunity to obtain
reliable data. Moreover, the current retrospective analysis,
the results of which suggest a correlation should only be
used as a source of hypotheses to be verified during the
course of later well-designed studies.
In summary, from a clinical point of view, there is a
need for innovative patient stratification methods which,
based on validated biomarkers, will help clinicians to
make correct therapeutic decisions. The effectiveness
of anticancer drugs such as classical cytostatics and
targeted drugs should be carefully reviewed in properly
selected groups of patients whose common molecular
profile will determine susceptibility or resistance to treatment[398]. The implementation of new technologies has
led to the accumulation of huge amounts of genomic
and proteomic data and the identification and validation
of predictive biomarkers for existing and new targeted
therapies, and will likely improve patient outcomes in the
future[399]. Although the initial costs of cancer management and personalized medicine may be high[400], in the
future they should result in significant benefits from both
a clinical and economical perspective.
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Core tip: The risk of developing colorectal cancer (CRC)
can have genetic influences, especially when there is a
family history of the disease. Much of this genetic predisposition to develop cancer is already known, including high-penetrance genes, i.e. , those responsible for
hereditary cases, and low-penetrance alleles, which are
responsible for both sporadic and familial cases. However, despite recent developments in gene identification
techniques, the genetic causes of many hereditary cases remain unknown. This review details the hereditary
CRC syndromes and their genetic causes, the roles of
low- and moderate-risk genetic factors in familial cases
and the state-of-the-art in the identification of new
causal genes.

Abstract
The development of colorectal cancer (CRC) can be
influenced by genetic factors in both familial cases and
sporadic cases. Familial CRC has been associated with
genetic changes in high-, moderate- and low-penetrance susceptibility genes. However, despite the availability of current gene-identification techniques, the genetic causes of a considerable proportion of hereditary
cases remain unknown. Genome-wide association studies of CRC have identified a number of common lowpenetrance alleles associated with a slightly increased
or decreased risk of CRC. The accumulation of low-risk
variants may partly explain the familial risk of CRC, and
some of these variants may modify the risk of cancer
in patients with mutations in high-penetrance genes.
Understanding the predisposition to develop CRC will
require investigators to address the following challenges: the identification of genes that cause uncharacterized hereditary cases of CRC such as familial CRC type
X and serrated polyposis; the classification of variants
of unknown significance in known CRC-predisposing
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tions in a DNA mismatch repair (MMR) gene (MLH1,
MSH2, MSH6 or PMS2).
Carriers of a heterozygous mutation (or epimutation)
in a MMR gene are at high risk of developing CRC and at
increased risk of developing malignancies at extracolonic
sites such as the endometrium, ovary, stomach, small
bowel, hepatobiliary tract, urinary tract, brain and skin[9].
A detailed description of the clinical and pathological
features of LS is provided in Table 2. Of note, biallelic
deleterious germline mutations in MMR genes lead to a
constitutional mismatch repair-deficiency, a syndrome
characterized by a broad spectrum of early-onset malignancies such as hematologic neoplasms and brain and
LS-associated tumors and a phenotype that resembles the
phenotype associated with neurofibromatosis type 1[10].
Mismatch repair genes behave like tumor suppressors;
cancer arises when a second hit (mutation, deletion or
CpG island methylation) somatically inactivates the wildtype allele in a target cell (e.g., a cell of the colonic epithelium)[11-14]. The complete inactivation of the corresponding MMR gene in the tumor causes a marked reduction in
MMR function, which results in microsatellite instability
(MSI)[15,16].
The identification of MMR gene mutation carriers
is critical for improving cancer surveillance and the effectiveness of preventive measures[17,18]. Before MMR
genes and their causal role in hereditary CRC cancer
were identified, the International Collaborative Group
on hereditary non-polyposis colorectal cancer established
the Amsterdam criteria in 1990. These criteria, the first
clinical criteria used to define hereditary non-polyposis
colorectal cancer, were used to identify families for research studies[19] and subsequently modified (Amsterdam
[20]
Ⅱ) to include extracolonic LS-related cancers . However, the Amsterdam criteria failed to identify a large portion of MMR gene mutation carriers[21,22]. The Bethesda
guidelines, which were less restrictive and had a sensitivity
greater than 90% but a specificity of only 25%, were later
defined[23,24].
Tumor testing is used to enhance the predictive
power of clinical selection features and to identify the
genes most likely to have a causative germline mutation.
Standard tumor testing for LS involves the study of MSI
and/or immunohistochemistry to detect the protein
products expressed by MMR genes. However, because
10%-15% of sporadic CRCs also exhibit MSI[21,25-28], the
detection of somatic MLH1 promoter methylation and
somatic BRAF V600E mutations in patients with a MMR
deficiency could help identify tumors that are more likely
to be sporadic[29]. If the results of these tests suggest a diagnosis of LS, then germline molecular genetic testing of
MMR genes is performed. The National Comprehensive
Cancer Network has established unified CRC screening
strategy guidelines (http://www.nccn.org).
In recent years, the concept of population-based
universal screening for LS has gained strength among researchers and clinicians. The identification of individuals
who are at increased risk of hereditary cancer allows for
the possibility of specialized surveillance and early can-

BACKGROUND
Colorectal cancer (CRC) is the third most common
cancer, accounting for 10% of all cancers and affecting
approximately 1 million people worldwide every year[1].
Although most cases of CRC are thought to be sporadic,
crude estimates indicate that familial CRC, defined by the
presence of two or more first-degree relatives affected
with CRC, accounts for more than 20% of all cases[2-4].
All CRC syndromes caused by known high-penetrance
CRC genes collectively account for 2%-6% of all cases
of CRC. For decades, gene-identification strategies such
as genome-wide linkage studies or studies involving highthroughput sequence capture methods and next-generation sequencing technologies have sought to identify new
high-penetrance genes that could explain the aggregation
of CRC in high-risk families. Despite this technological
progress, the genetic etiology of familial cancers such as
familial colorectal cancer type X (fCRC-X) or serrated
polyposis (SP) remains unknown.
For years, scientists have hypothesized that the heritable nature of CRC might be associated with the coinheritance of multiple low-risk variants[2,3] that may
interact with environmental factors. This hypothesis was
supported by the identification of single-nucleotide polymorphisms (SNPs) localizing to different genomic regions that influence the risk of CRC[5]. The risk of CRC
associated with each of the variants is individually low;
however, the combined effect of these variants could
significantly contribute to disease burden, especially given
the high prevalence of these variants in the general population. Moreover, the presence of these or other SNPs
might modify the risk of cancer in families with mutations in known predisposing genes such as those associated with lynch syndrome (LS)[6-8].
In this review, we present current knowledge on the
genetics of inherited CRC syndromes and of moderate- and low-risk variants of CRC; we also describe the
approaches currently being used to understand the genetic causes of uncharacterized hereditary cases of CRC.
Current challenges and future perspectives are discussed.
Clinical issues such as surveillance, prophylactic and preventive measures, treatments and genetic counseling are
not reviewed.

GENETICALLY CHARACTERIZED
INHERITED COLORECTAL CANCER
SYNDROMES
A summary of the main genes associated with hereditary
cancer syndromes is provided in Table 1; information on
the modes of inheritance of these syndromes, the types
of mutations identified in patients with these syndromes
and the molecular features of tumors are also presented.
LS
LS (MIM No. 120435) is an autosomal dominantly inherited disorder caused by germline mutations or epimuta-
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Table 1 Hereditary colorectal cancer genes, major associated syndromes, modes of inheritance, types of mutations identified and
specific molecular characteristics of associated tumors
Gene

Syndrome

Inheritance

Mutations reported

Tumor molecular features

MLH1

Lynch syndrome

Autosomal dominant

MMR deficiency (MSI)

MSH2

Lynch syndrome

Autosomal dominant

MSH6

Lynch syndrome

Autosomal dominant

PMS2

Lynch syndrome

Autosomal dominant

EPCAM
APC

Lynch syndrome
(Attenuated) familial
adenomatous polyposis

Autosomal dominant
Autosomal dominant
De novo mutations
Mosaicisms

MUTYH

MUTYH-associated polyposis

Recessive
Autosomal dominant

GREM1
SMAD4

Polymerase proofreadingassociated polyposis
Polymerase proofreadingassociated polyposis
Hereditary mixed polyposis
Juvenile polyposis

BMPR1A

Juvenile polyposis

Autosomal dominant

STK11

Peutz-Jeghers

Autosomal dominant

PTEN

PTEN hamartoma tumor4

Autosomal dominant

Point mutations1
Large rearrangements
CpG island methylation
Point mutations
Large rearrangements
CpG island methylation2
Point mutations
Large rearrangements
Point mutations
Large rearrangements
Large rearrangements2
Point mutations
Large rearrangements
ASE
(deep-intronic and promoter mutations)
Point mutations
Large rearrangements
Point mutations
(exonuclease domain)
Point mutations
(exonuclease domain)
40-kb upstream duplication3
Point mutations
Large rearrangements
Point mutations
Large rearrangements
Point mutations
Large rearrangements
Point mutations
Large rearrangements
Promoter

POLE
POLD1

Autosomal dominant
Autosomal dominant
Autosomal dominant

MMR deficiency (MSI)

MMR deficiency (MSI)
MMR deficiency (MSI)
MMR deficiency (MSI)
-

Base excision repair deficiency:
KRAS c.34G>T
Hypermutated: excess of G:
C>T:A transversions
Hypermutated: excess of G:
C>T:A transversions
-

1

Point mutations include missense, non-sense, frameshift and splice-site mutations and small intragenic deletions/insertions; 2MSH2 germline CpG island
methylation occurs secondary to EPCAM deletions; 3Founder Ashkenazi mutation; 4PTEN hamartoma tumor syndrome includes Cowden, Bannayan-RileyRuvalcaba, PTEN-related Proteus and Proteus-like syndromes. ASE: Allele-specific expression; MMR: DNA mismatch repair; MSI: Microsatellite instability.

that inactivate MSH2 (via the methylation of CpG islands) occur in approximately 1% of LS cases[41,42]. Finally, the constitutional inactivation of MLH1 by CpG
island hypermethylation also causes Lynch syndrome;
for this reason, MLH1 promoter methylation screening
could be useful in individuals who have experienced a
loss of MLH1 expression in their tumors and who have
a negative germline sequence screen[43-45]. Large deletions
and genetic rearrangements account for 20%, 5%, 20%,
7% and 100% of mutations in MSH2, MLH1, PMS2,
MSH6 and EPCAM, respectively[40,46-49].
In some populations, recurrent mutations (i.e., those
occurring repeatedly de novo) or ancestral (founder) mutations can change the aforementioned proportions; preliminary screening for these mutations can facilitate the
molecular diagnosis of LS[50-54].
For years, researchers have sought to identify genetic
modifiers that could affect the risk of cancer in MMR
gene mutation carriers to explain the high variability in
individual cancer risk among carriers. Identifying these
modifying factors can enable an efficient stratification of
mutation carriers based on their predicted risk and thereby offer a more appropriate clinical management strategy
based on personalized surveillance programs. Initial at-

cer detection, potentially resulting in decreased diseasespecific mortality[30]. Because the prevalence of LS in the
population is relatively high (approximately 3% of all
diagnosed cases of CRC) and because surveillance strategies aimed at cancer prevention and early detection in LS
patients have proven benefits[17], there is a clear rationale
for exploring universal LS screening at the population
level. Moreover, universal screening for LS is feasible, as
LS tumors exhibit MMR deficiencies that can easily be
identified with a simple PCR-based assay for MSI or by
immunohistochemistry to identify the loss of expression
of a MMR protein. Several studies have demonstrated
the feasibility of this approach from a research and a
clinical perspective[31-34]. In fact, in 2009, the Evaluation
of Genomic Applications in Practice and Prevention recommended that all patients newly diagnosed with CRC
be screened for LS through PCR-based MSI testing or
immunohistochemistry[35]. However, at the population
level, significant challenges and barriers to the successful
implementation of this screening process exist[36].
MLH1 and MSH2 germline mutations, MSH6 mutations and PMS2 mutations account for approximately
90%, 7%-10% and less than 5% of mutations in families
with LS, respectively[37-40]. Germline deletions in EPCAM
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Table 2 Clinico-pathological characteristics of Lynch
syndrome

Table 3 Clinical characteristics of familial adenomatous
polyposis

Clinico-pathological characteristics

Clinical characteristics

The onset of colorectal cancer (CRC) occurs at an early age
(average 45 yr)
Predilection to develop proximal (right-sided) colon cancer
High risk of multiple primary colorectal tumors
(synchronous or metachronous)
Specific pathological features of lynch syndrome-related colorectal tumors:
Poorly differentiated
Mucinous
Signet-cell features
Crohn’s-like lymphocytic reaction
Excess of tumor-infiltrating lymphocytes
Increased survival (in patients with CRC)
Accelerated carcinogenesis
Increased risk of cancer at extracolonic sites:
Endometrium
Ovary
Stomach
Small bowel
Hepatobiliary tract
Pancreas
Upper uroepithelial tract
Brain (Turcot’s syndrome)
Sebaceous adenomas, carcinomas and keratoacanthomas
(Muir-Torre syndrome)

Hundreds to thousands of colonic adenomatous polyps (on average
beginning at age 16 yr)1
Colorectal cancer (100% penetrance if not treated; average age 39 yr)1
Other gastrointestinal polyps and malignant lesions:
Fundic gland polyps in the stomach
Adenomatous polyps in the stomach and small bowel
Periampullary carcinoma
Duodenal cancer
Congenital hypertrophy of the retinal pigmented epithelium (CHRPE)
Other less common manifestations:
Embryonal tumors (hepatoblastoma and medulloblastoma)
Pancreatobiliary carcinoma
Papillary thyroid carcinoma (especially cribriform-morular variant)
Adrenal cortical tumors
Gardner syndrome subtype (specific characteristics):
Colonic adenomatous polyposis
Desmoid tumors
Epithelial inclusion cysts
Osteoid osteomas
Supernumerary and/or impacted teeth
CHRPE
Turcot syndrome subtype (specific characteristics):
Colonic adenomatous polyposis
Tumors of the central nervous system (medulloblastoma)
1

AFAP: Patients have 10-100 colorectal adenomas. Polyps develop preferentially
in the proximal colon, and the onset of colorectal cancer (CRC) occurs
10-15 years later than in patients with classic familial adenomatous
polyposis. The cumulative risk of CRC by age 80 years is estimated to be
approximately 70%.

tempts to identify cancer risk modifiers in patients with
LS were based on the study of candidate genes; however,
few of these studies were validated in larger-sized populations[55]. With the arrival of genome-wide association
studies (GWAS), researchers hypothesized that the common variants associated with the risk of CRC in the general population could modify cancer risk in LS families.
This hypothesis was verified in the case of rs16892766
(8q23.3) and rs3802842 (11q23.1) in MLH1 mutation
carriers[6-8]. Similarly, we recently identified an association between the presence of a common variant in the
telomerase gene (hTERT rs2075786) that causes shorter
telomeres and an increased risk of developing LS-related
tumors at a young age (< 45 years) in two independent
series of patients with LS[56]. The identification of additional modifying factors will enable the estimation of
individualized cancer risks that can be used to deliver tailored clinical surveillance protocols to mutation carriers.

Most classic FAP cases arise as a consequence of a
germline heterozygous mutation in adenomatous polyposis coli (APC), a gene located on chromosome 5q21. All
individuals who carry a germline pathogenic mutation in
the APC gene (the first hit according to Knudson’s twohit hypothesis) eventually develop FAP. As is the case
for other tumor suppressor genes, tumor development
requires the somatic inactivation of the wild-type allele.
Given that thousands of adenomas can form within
15-40 years, it is likely that only two hits are necessary for
the initiation of tumorigenesis; however, given that only
one or a few of these adenomas progress to cancer, it is
likely that several additional mutations are needed[63,64].
In most cases of FAP, the APC mutation is inherited
in an autosomal dominant manner; however, in 15%-20%
of cases, the APC mutation appears to arise de novo (i.e.,
spontaneously). Patients with these types of mutations
therefore do not present with a family history of the disease[65]. However, approximately 20% of individuals with
an apparent de novo APC mutation appear to have somatic
mosaicism[66].
A truncating germline APC mutation that constitutively activates the Wnt pathway can be detected in approximately 80% of classic FAP cases[67-69], whereas fewer
than 30% of individuals with attenuated phenotypes
carry an identifiable APC mutation[70]. Approximately
90% of mutations are detected by sequence analysis (small
intragenic deletions/insertions and missense, nonsense

Familial adenomatous polyposis
Familial adenomatous polyposis (FAP; MIM No. 175000)
is the second most common inherited CRC syndrome. In
its classic form, FAP is an autosomal dominantly inherited disease characterized by the development of hundreds
to thousands of colorectal adenomatous polyps after the
first decade of life. FAP is estimated to have a prevalence
of 2-3 per 100000 individuals and to account for 0.2%-1%
of all CRCs[57-60]. If left untreated, the classic form of
FAP results in nearly complete penetrance of CRC by the
age of 50 years. FAP is usually classified into classic and
attenuated FAP (AFAP) depending on the number of
polyps detected. A summary of the clinical characteristics
of FAP is shown in Table 3[61,62].
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MUTYH-associated polyposis
Bi-allelic (homozygous or compound heterozygous) mutations in the MUTYH gene, which encodes a base excision repair protein, are responsible for certain cases of
adenomatous polyposis. MUTYH-associated-polyposis
(MAP; MIM No. 608456) represents the first known polyposis syndrome with a recessive pattern of inheritance;
therefore, the disease is theoretically restricted to one
generation.
Because of the variability in clinical features observed
among mutation carriers, the diagnosis of MAP based
on clinical findings alone remains difficult. Two thirds
of MAP patients have CRC at the time of diagnosis,
and up to one third of patients have CRC but no polyps.
Most MAP patients have < 100 adenomas at diagnosis
and a mean age of 45 years; these patients tend to develop CRC at a mean age of 50 years[88-92]. Other features
variably present in MAP include: duodenal polyps and
cancer; gastric fundic gland polyps; gastric, ovarian, bladder, breast or endometrial tumors; benign and malignant
tumors of the skin and thyroid gland; dental abnormalities (jaw-bone cysts); and CHPRE[93-97]. Because the phenotypes associated with MAP are highly variable, a wide
spectrum of clinical characteristics should be considered
in patients with suspected MAP (Table 4)[98,99].
The MUTYH protein is a base excision repair glycosylase involved in repairing one of the most frequent
and stable forms of oxidative damage, namely the oxidation of a guanine leading to the formation of 8-oxo-7,
8-dihydro-2’-deoxyguanosine (8-oxoG). When an oxoG:
A mismatch is present in the DNA-template, a G:C to T:
A transversion occurs in the subsequent round of replication[100]. For this reason, G:C to T:A transversions frequently occur in MUTYH-associated adenomas and tumors. One such transversion in the KRAS gene (c.34G>T
in codon 12) is frequently encountered (64%) in patients
with MAP CRC. Therefore, the analysis of somatic
KRAS has been recommended as a pre-screening test to
identify CRC patients eligible for MUTYH germline molecular genetic testing[98,101,102].
Colorectal tumors that develop in the context of a
MUTYH mutation have specific molecular and histological features that differentiate these tumors from sporadic
tumors and that overlap with features of hereditary
(LS) and sporadic MSI tumors. These features include a
preferential proximal location, a mucinous component
and the increased presence of tumor infiltrating lymphocytes. However, only a minority (range: 0%-18%) of
MUTYH-associated tumors exhibit MSI. All of these
features raise the suspicion of a MAP etiology for the
CRC, especially when the disease is diagnosed at a young
age and when polyps and/or a recessive inheritance pattern are detected[103].
Approximately 30% of APC mutation-negative cases
of polyposis harbor bi-allelic mutations in the MUTYH
gene. At least one of two MUTYH missense mutations
found in 1%-2% of the general population [c.536A>G
(p.Tyr179Cys) and c.1187G>A (p.Gly396Asp), annotated

Table 4 Clinical characteristics of individuals with suspected

MUYTH -associated polyposis
Clinical characteristics

One to ten colonic adenomas before 40 yr of age
Tens to hundreds of colonic adenomas and/or hyperplastic polyps
Colonic polyposis (i.e., > 100 colonic polyps) in the absence of a
germline APC mutation
Colorectal cancer with the somatic KRAS mutation c.34G>T in codon 12
Family history of colon cancer (with or without polyps) consistent with
autosomal recessive inheritance
The definitive diagnosis is confirmed by the presence of a biallelic MUTYH
mutation. APC: Adenomatous polyposis coli.

or splice-site mutations); the remaining 8%-12% consist
of whole or partial gene deletions[67-69,71,72]. Moreover, interstitial deletions of chromosome 5q22 that also delete
APC have been reported in individuals with the classic
and attenuated forms of FAP. These individuals often
have dysmorphic features and mild-to-moderate cognitive
impairments[73,74]. No germline epimutations (CpG island
methylation) have been identified in the APC gene[75].
It is widely accepted that the methods used to identify mutations fail to detect certain mutations because
of factors such as polymorphisms in the sequences to
which PCR primers bind that lead to allele dropout, or
due to somatic mosaicism or because the mutations occur in regions not targeted by the currently used methods. Castellsagué et al[76] and Spier et al[77] reported the
occurrence of imbalanced allele-specific expression of
APC in 8%-9% of APC/MUTYH mutation-negative
polyposis cases, indicating that the underlying mutations
were not detected by standard mutation detection techniques. Some of these cases carried pathogenic deep intronic variants predicted to activate cryptic splice sites[77],
whereas others carried mutations in the promoter region
of APC[78].
If no disease-causing APC mutation is found, molecular genetic testing of MUTYH, POLE and POLD1
(exons coding for the exonuclease domain) should be
considered (more information on MUTYH- and polymerase proofreading-associated polyposes can be found
in the corresponding sections of this review).
In FAP, mutations in certain codons or regions are associated with specific phenotypic features. For example,
profuse polyposis (which corresponds to an average of
5000 polyps) has been reported to be associated with mutations in codons 1250-1464[79]; AFAP is associated with
mutations in the 5’ region of the gene (codons 1-177), in
exon 9 and in the 3’ region of the gene[80-84]. AFAP has
also been associated with interstitial deletions of chromosome 5q22 that also delete APC[73] and with somatic
mosaicism for APC mutations that are generally associated with classic FAP[66,85,86]. APC mutations that cause
Gardner’s syndrome typically occur in the region between
codons 1403 and 1578. Additionally, certain genotypes
have been found to be associated with extracolonic manifestations of the disease[87].
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according to the longest (hypothetical) coding sequence
NM 001128425.1] is present in approximately 90% of
MAP patients in the western part of the world; a biallelic
status for one and/or the other variant was found in up
to 70% of Caucasian patients with MAP[98]. Additional
common mutations that were most likely founder mutations have been reported in different populations: the
c.1147delC (p.Ala385Profs*23) mutation was reported
in northern European MAP patients, the c.1214C>T
(p.Pro405Leu) mutation was reported in Dutch MAP
patients, the c.1437_1439del (p.Glu480del) mutation
was reported in Italian MAP patients, the c.1438G>T
(p.Glu480*) mutation was reported in British Indian MAP
patients, the p.Tyr104* mutation was reported in Pakistani
MAP patients, the c.1227_1228dup (p.Glu410Glyfs*43)
mutation was reported in Spanish, Portuguese and Tunisian MAP patients and the p.Ala359Val mutation was
reported in Japanese and Korean MAP patients[90,104-111].
The presence of recurrent mutations facilitates genetic
testing for MUTYH, thus allowing for an initial screening
of the common mutations found in the corresponding
population.

Tumors that develop in patients with polymerase
proofreading-associated polyposis and sporadic colorectal
and endometrial tumors with POLE mutations (somatic
POLD1 mutations are rare) are hypermutant and microsatellite-stable. These hypermutated tumors have approximately 5000 somatic base substitutions in their coding
regions and an altered mutation spectrum characterized
mostly by increased proportions of G:C→T:A and A:T
→C:G transversions[116]. As is the case with microsatellite
instability in LS, a feasible molecular approach for identifying hypermutated tumors in patients with polyposis
should be developed to facilitate the selection of cases
suspected of carrying germline polymerase proofreading
mutations.
Although the phenotypes associated with POLE and
POLD1 mutations vary among carriers, the evidence
gathered so far supports the recommendation of the
sequencing of the exonuclease domains of POLE and
POLD1 for genetic testing purposes.
Hereditary mixed polyposis syndrome
Hereditary mixed polyposis syndrome (HMPS; MIM No.
601228) is an unusual disease characterized by the apparent autosomal dominant inheritance of multiple types of
colorectal lesions (including Peutz-Jeghers polyps, juvenile polyps, serrated lesions, conventional adenomas and
CRC) and a lack of extracolonic manifestations[117].
Linkage studies conducted in large families identified
CRAC1 on chromosome 15q13.3 as the candidate region
that causes HMPS[118,119]. Moreover, families of Ashkenazi descent with hereditary mixed polyposis syndrome
shared a disease haplotype in the CRAC1 region[120]. The
sequencing of the shared region did not yield useful
results; however, the study of copy number alterations
revealed the presence of a heterozygous single-copy duplication of a region approximately 40 kb in length that
co-segregated with the disease. The duplication extended
from intron 2 of SCG5 to a site immediately upstream
of the GREM1 CpG island. The SCG5-GREM1 duplication increased the transcription of GREM1, a gene that
encodes the secreted BMP antagonist[121]. No non-Ashkenazi affected individuals with duplications in the region
implicated in HMPS have yet been identified.

Polymerase proofreading-associated polyposis
DNA polymerase ε (POLE) and δ (POLD1) mutations
have recently been identified in patients with familial
CRC, many of whom have multiple adenomas[112].
The two germline mutations POLE p.Leu424Val and
POLD1 p.Ser478Asn were detected in individuals with
multiple colorectal adenomas and CRC. An additional
variant of POLD1, p.Pro327Leu, the pathogenicity of
which has not yet been determined, was also identified
in a multiple adenoma patient[112]. The two pathogenic
mutations are characterized by a dominant pattern of
inheritance and associated with a high risk of multiple
colorectal adenomas, large adenomas, early-onset CRC
and multiple CRCs. POLD1 mutations are also associated
with an increased risk of endometrial cancer in female
carriers[112,113]. A recent study performed by our group
identified a de novo POLE p.L424V mutation in patient
with adenomatous polyposis and early onset CRC, and
a novel pathogenic mutation in POLD1, p.L474P, in a
non-polyposis Amsterdam Ⅱ family without MMR defects[113]. Based on these findings, the term “polymerase
proofreading-associated polyposis” may be misleading
and should be carefully used, at least until more POLE/
POLD1 families are described and the full phenotypic
spectrum of this syndrome is defined.
All germline mutations identified thus far in POLE
and POLD1 are located within the proofreading (exonuclease) domain of the respective polymerase, suggesting a deficient ability to proofread and repair errors during DNA replication[112,114-116]. Non-exonuclease domain
POLE and POLD1 mutations do not appear to be associated with familial CRC. Mutations in non-exonuclease
domain regions have been identified in colorectal and endometrial tumors that are mostly MSI-positive; however,
these mutations appear to be passenger mutations[116].
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Hamartomatous polyposis syndromes
Juvenile polyposis: Juvenile polyposis syndrome (JPS;
MIM No. 174900) is the most common hamartomatous syndrome, with an estimated incidence of one per
100000[122].
The diagnosis of JPS is made when any of the following three criteria is met[123-125]: (1) the patient has
multiple (3-10) juvenile polyps of the colorectum; (2) a
patient with a familial history of JPS has any number of
juvenile polyps; or (3) the patient has extracolonic (e.g., in
the stomach or small intestine) juvenile polyps.
Juvenile polyps are hamartomas that have a normal
epithelium with a dense stroma, an inflammatory infiltrate and a smooth surface with dilated, mucus-filled
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cystic glands in the lamina propria. Most juvenile polyps
are benign; however, malignant transformation can occur.
Members of families with JPS have an estimated lifetime risk of developing gastrointestinal cancer of 9% to
50%[126]. Most of these cancers consist of colon cancer;
however, cancers of the stomach, upper gastrointestinal
tract and pancreas have also been reported[122].
Germline mutations in SMAD4 or in BMPR1A
have been identified in approximately 40% of JPS patients[127,128]. Both genes encode proteins involved in the
TGF-beta signaling pathway, an important modulator of
many cellular processes.
JPS patients with mutations in the SMAD4 gene are
predisposed to developing massive gastric polyps and
usually have a family history of upper gastrointestinal
polyposis[127,129]. A large proportion of JPS patients with
SMAD4 mutations have a juvenile polyposis/hereditary
hemorrhagic telangiectasia overlap syndrome (MIM No.
175050). Hereditary hemorrhagic telangiectasia is a dominant disorder characterized by epistaxis, visceral arteriovenous malformations and telangiectasias[130].
Sweet et al[131] found two rare germline variants of
ENG, a gene associated with a predisposition to hereditary hemorrhagic telangiectasia, in two JPS patients with
no symptoms of hemorrhagic telangiectasia. Subsequent
studies in other JPS patients did not identify deleterious ENG mutations in genetically uncharacterized JPS
patients[132-134]. PTEN mutations have been identified
in JPS patients[134]; however, it has been suggested that
these patients were clinically misclassified and most likely
belonged to the PTEN hamartoma tumor group[135]. Microdeletions at 10q22-q23, a region that includes both
PTEN and BMPR1A, have also been reported[136].

which usually develop in childhood, are found in 95% of
patients with PJS[138,139].
A clinical diagnosis can be made when any of the following criteria are fulfilled[137]: (1) the patient has two or
more histologically confirmed PJS-type hamartomatous
polyps; (2) a patient with a family history of PJS has any
number of PJS-type polyps; (3) a patient with a family
history of PJS has characteristic mucocutaneous pigmentation; (4) a patient with characteristic mucocutaneous
pigmentation has any number of PJS-type polyps; and (5)
the patient has a pathogenic mutation in STK11.
The risk of gastrointestinal and extraintestinal malignancies, including duodenal, colon, breast, pancreas,
stomach, small bowel, cervix, uterus, ovary, testes, and
thyroid tumors, is significantly increased in patients with
JPS[140-143]. Benign and malignant gonadal and gynecologic
tumors, including ovarian sex cord tumors with annular
tubules, mucinous tumors of the ovaries and fallopian
tubes and large-cell calcifying Sertoli cell tumors of the
testes, can also be observed in these patients[144].
The clinical manifestations of JPS can vary; however,
there are no reports of STK11 mutation carriers lacking
clinical manifestations of the disease.
Aretz et al[145] reported that 100% of individuals with
familial PJS have detectable STK11 mutations, whereas
91% of simplex cases (i.e., a single occurrence in a family)
who met the relevant diagnostic criteria had a detectable
mutation. Clinical misdiagnoses of PJS could account for
the decreased rate of detection of mutations in simplex
cases.

PTEN hamartoma tumor syndrome: The PTEN ham-

artoma tumor syndrome (PHTS, MIM No. 601728) comprises Cowden syndrome, Bannayan-Riley-Ruvalcaba syndrome, PTEN-related Proteus syndrome and Proteus-like
syndrome. A presumptive diagnosis of PHTS is based on
clinical signs; the definitive diagnosis of PHTS is, by definition, made only when a PTEN mutation is identified.
The clinical characteristics of PHTS are shown in Table
5[146]. The specific clinical features of the four PHTS syndromes were reviewed by Orloff and Eng[147] and are not
further described in this review.
The clinical phenotypes of PTEN mutation carriers
are highly variable and range from macrocephaly and
developmental delays (reported in a two-year-old patient)
to a history of multiple primary neoplasias (reported in
a 60-year-old patient)[146]. However, to date, no strong
genotype-phenotype correlations have been reported[148].
Moreover, significant intra-familial phenotypic variability
and overlapping mutation spectra have been observed[149].
The lifetime risks for a variety of cancers are increased in patients with PHTS; more specifically, these
patients have an estimated lifetime risk of breast, thyroid,
endometrial, renal cell and colon tumors and melanoma
of 85%, 35%, 28% 34%, 9% and 6%, respectively[150,151].
Germline PTEN mutations have been identified in
patients with autism/ pervasive developmental disorder
and macrocephaly and to a particularly significant extent

Peutz-Jeghers syndrome: Peutz-Jeghers syndrome (PJS;
MIM No. 175200) is an autosomal-dominant condition
caused by germline mutations in STK11 (formerly known
as LKB1), which encodes a serine-threonine kinase. PJS is
clinically characterized by the occurrence of gastrointestinal polyposis and mucocutaneous pigmentation and a
predisposition to develop cancer.
The presence of PJS-type hamartomatous intestinal
polyps is required for a clinical diagnosis of PJS, even
though these patients also develop other types of polyps,
including colonic adenomatous polyps or gastric PJS
polyps that resemble hyperplastic polyps. PJS-type polyps have characteristic histological features, including a
notable frond-like, elongated epithelial component, cystic
gland dilatation extending into the submucosa or muscularis propria and arborizing smooth muscle extending
into the polyp fronds. These polyps are found throughout the gastrointestinal tract but occur predominantly in
the small intestine and colon[137].
Cutaneous lesions found in patients with PJS include
small melanocytic macules on the labial mucosa, lips, palate and tongue, around the eyes and nostrils and in the
perianal region. Hyperpigmented macules on the fingers
are also common. Mucocutaneous pigmented lesions,
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tinal Hereditary Tumors (InSiGHT), which is under the
umbrella of the Human Variome Project, has attempted
to classify MMR VUS (http://www.insight-group.org/
variants/classifications/)[158].
When a pathogenic germline mutation is identified
in a family, carriers of the mutation can benefit from increased surveillance and a more informed decision about
preventive measures; at the same time, non-carriers do
not have to undergo intensive (and, in the case of CRC,
invasive) surveillance. In the absence of an identified
pathogenic mutation, these individuals may decide to undergo preventive surgery based on family history alone.
The effects of germline variants in many of the main
cancer-related genes on protein function are unknown
(VUS); as a result, it is difficult to make any inferences on
the risk of cancer in patients with these variants. It has
been estimated that up to 10% of Caucasians undergoing genetic testing have variants that are designated VUS,
which leads to important issues in genetic counseling.
Current attempts to classify these variants involve the use
of data from co-segregation studies, in silico functional
predictions, personal and family cancer history, the cooccurrence of these variants and pathogenic mutations,
the frequency of these variants in the general population
(controls), molecular characteristics of the tumors, effects on RNA (splicing, allele-specific expression) and in
vitro functional consequences, which, in the case of MMR
genes, include impairment of MMR activity and the
abnormal subcellular localization and abrogation of the
formation of physiological dimers[158-164].
The coupling of next-generation sequencing technologies with genomic sequence enrichment methods
has made the sequencing of comprehensive panels of
cancer-predisposing genes technically feasible; consequently, this approach has become cost-effective for diagnostic applications and can be used to overcome the issue
of syndrome-overlapping genes and gene-overlapping
syndromes. However, the more frequent use of this approach for genetic diagnostic purposes will result in an
exponentially increased number of identified VUS and a
more urgent need to classify these VUS to their highest
level.
Another challenge for the coming years involves the
identification of additional cancer risk modifiers, including environmental and genetic factors. Identifying these
factors for syndromes with incomplete cancer penetrance
will facilitate an accurate individual risk assessment that
will enable the application of personalized surveillance
protocols and preventive measures. For example, the
importance of individual risk assessments is supported
by the extreme heterogeneity in CRC risk in carriers of
MMR gene mutations. Dowty et al[165] studied 17500 family members of 166 MLH1-mutated and 224 MSH2mutated families and showed that the cumulative risk of
CRC by age 70 follows a U-shaped distribution. These
authors also observed that 17% of male MSH2 mutation
carriers have estimated lifetime risks of CRC of 0%-10%
and that 18% of these carriers have lifetime risks of

Table 5 Clinical characteristics of the PTEN hamartoma
tumor syndrome
Clinical characteristics
Benign neoplasia
Dermatologic
Palmoplantar keratoses
Trichilemmomas
Lipomas
Fibromas
Freckling of the glans penis
Vascular anomalies/hemangiomas
Lhermitte-Duclos (dysplastic gangliocytoma of the cerebellum)
Genitourinary tumors/malformations
Colorectal polyposis
Mucosal lesions
Thyroid goiter/nodules
Proliferative breast changes
Malignant neoplasia
Breast cancer
Non-medullary thyroid cancer
Renal cancer
Endometrial cancer
Colorectal cancer
Melanoma
Central nervous system
Macrocephaly
Autism/developmental delay
Dysmorphic characteristics
Dolichocephaly
Postaxial polydactyly

in patients with a personal or family history of Cowden
or Bannayan-Riley-Ruvalcaba syndromes[152-156].
To determine whether germline methylation is found
in patients with Cowden syndrome and in patients with a
Cowden-like syndrome who lack germline PTEN mutations, Bennett et al[157] observed that germline methylation upstream of PTEN occurred in 42% and 33% of
mutation-negative patients with Cowden syndrome and
Cowden-like syndromes, respectively. This hypermethylation did not silence PTEN. However, a newly characterized tumor suppressor gene, KILLIN, the promoter of
which overlaps with the PTEN 5’UTR and the 5’ end of
its coding region, was silenced by this hypermethylation.
This finding must be validated in other groups of patients before it can be used for diagnostic purposes.
Current challenges and future perspectives in
genetically characterized inherited syndromes
One of the most significant challenges for researchers,
clinicians and genetic counselors in treating or investigating hereditary CRC (and any other cancer syndrome)
involves the assessment of the pathogenicity of variants
of unknown or uncertain significance (VUS). Enormous
efforts are currently being undertaken to establish genespecific interpretation guidelines that can be made available to diagnostic laboratories, research laboratories,
genetic counselors and clinicians worldwide. Some of
these efforts have been conducted with the support and
coordination of international societies or consortiums;
for example, the International Society for Gastrointes-
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Table 6 Genetic variants identified using candidate-gene association studies
Gene
MUTYH
MUTYH
MUTYH
APC
CHEK2
CHEK2
MLH1
DNMT3B
GSTM1
TERT

Variant

Frequency in controls

OR (95%CI)

Cumulative evidence of
association

Ethnicity

Biallelic mutation
G382D (rs36053993)
Y165C (rs34612342)
I1307K (rs1801155)
1100delC
I157T (rs17879961)
rs1800734 (promoter)
rs1569686 (promoter)
Present/null
rs2736100 (intron 2)

0.01%
0.00%
0.01%
6.80%
0.71%
3.91%
21.11%
16.99%
50.64%
49.34%

10.19 (5.0-22.0)
6.49 (2.6-10.4)
3.32 (1.1-9.8)
1.96 (1.4-2.8)
1.88 (1.3-2.7)
1.56 (1.3-1.8)
1.51 (1.3-1.7)
0.57 (0.5-0.7)
1.10 (1.0-1.2)
1.07 (1.0-1.1)

Strong
Strong
Strong
Strong
Strong
Strong
Strong
Strong
Moderate
Moderate

Caucasian
Caucasian
Caucasian
Ashkenazi
Caucasian
Caucasian
Caucasian
All
All
Caucasian

Genetic variants identified using candidate-gene association studies, significantly associated with a risk of colorectal cancer in meta-analyses and showing
strong and moderate cumulative evidence of association according to Venice criteria and false-positive report probability tests[189].

10p14 [177], 11q13.4 (POLD3)[176], 11q23.1 [180], 12p13.3
(CCND2) [173], 12q13.13 (DIP2B, ATF1) [174], 14q22.2
(BMP4)[182], 15q13.3[181], 16q22.1 (CDH1)[182], 18q21.1
(SMAD7) [173,183], 19q13.11 (RHPN2) [182], 20p12.3 [182],
20q13.33 (LAMA5)[174] and Xp22.2 (SHROOM2)[176].
There is almost no evidence of interactive effects
among these loci. However, the distribution of alleles associated with a risk of CRC follows a normal distribution
in both cases and controls, with a shift towards higher
numbers of these alleles in cases, which is consistent with
a polygenic model of disease predisposition. It has been
estimated that individuals carrying a large number of
these alleles have an approximately threefold higher risk
of developing CRC than those with a median number of
these alleles[184]. Data suggest that only a small proportion
(at most 10%) of the heritability associated with CRC can
be explained by the identified loci[174,182,184-188].

90%-100%. If carriers who are at low risk of developing
CRC can be distinguished from patients who will definitely develop a tumor, subsequent cancer surveillance
strategies could be applied accordingly.
The existence of genetic anticipation in cancer syndromes and the mechanisms that might explain this
phenomenon have been studied and discussed for years.
In LS, despite the numerous reports and clinical observations identifying anticipation in the age of cancer onset
in successive generations, it is still unclear whether true
genetic anticipation contributes to the early diagnosis of
LS. More recently, methods that correct for random effects, that isolate the confounding effect of changes in
secular trends, screening and medical practices and that
adjust for changes in age-specific incidence across birth
cohorts, appear to confirm the presence of this phenomenon in families with LS[166-168]. However, the molecular
mechanism underlying this phenomenon has not yet
been identified. Telomere shortening, the accumulation
of mismatch repair slippage events in subsequent generations and environmental factors have been suggested as
causative mechanisms of anticipation[169,170]. Our group
recently ruled out telomere length attrition as the cause
of anticipation in patients with LS[171]. Anticipation has
also been observed in patients with hereditary non-polyposis CRC without MMR deficiency[172].

OTHER RISK VARIANTS
In addition to the low-risk variants identified by GWAS,
numerous genetic variants (> 3500 variants in > 1300
genes) that are associated with a low-moderate risk of
CRC have been identified through candidate-gene approaches. The results from these candidate-gene association studies are usually inconsistent and difficult to interpret. In an effort to comprehensively evaluate candidategene association studies for CRC, Ma et al[189] recently
performed meta-analyses for variants included in at least
three independent datasets (267 variants in 150 genes)
and used Venice criteria and false-positive report probability tests to assess the evidence for true associations.
A total of 67 variants in 50 genes were found to be significantly associated with a risk of CRC. The cumulative
epidemiological evidence for a risk of CRC was strong,
moderate and weak in eight, two and 52 of the variants,
respectively. Table 6 shows the 10 variants with strong
and moderate evidence of association and their estimated
risks. The authors of this study suggested that these variants may explain approximately 5% of the familial cancer
risk in Caucasians.

LOW-PENETRANCE LOCI IDENTIFIED BY
GWAS IN HEREDITARY CRC
GWAS conducted since 2007 using samples from the
general population and common genetic markers (SNPs)
have successfully identified low-penetrance loci associated with CRC. To date, at least 21 independent loci have
been conclusively associated with the risk of CRC in
Caucasians (P < 5.0 × 10-8, and these associations were
confirmed in independent case-control series) (source:
http://www.genome.gov/gwastudies). These loci include 1q25 (LAMC1)[173], 1q41 (DUSP10)[174], 2q32.3
(NABP1)[173], 3q26.2(MYNN)[174], 5q21[175], 6p21.2 (CDKN1A)[176], 8q23.3 (EIF3H)[177], 8q24.21 (c-MYC)[173,177-181],
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of tumors developed via the serrated pathway[202].
Although the genetic basis of SP is unknown, both
recessive and dominant transmission patterns have been
proposed[197,203,204]. Because serrated polyps were reported
in individuals with biallelic mutations in PTEN, BMPR1A, SMAD4 and MUTYH or with a duplication in the
GREM1 gene[205-208], Clendenning et al[209] hypothesized
that these genes might be altered in individuals with SP
and might account for some of the cases with this condition. However, no deleterious germline mutations were
identified in a case series of 65 patients with SP.
It has been suggested that lifestyle factors such as
smoking, obesity and diet, which have been associated
with the presence of serrated polyps[210-212], could be responsible for SP or for the modification of the risk of
disease in the presence of predisposing genetic mutations
or risk variants.
If the cause of SP is genetic, current sequencing and
genotyping technologies or methods that identify copy
number alterations, structural variants or epigenetic modifications can be used to understand the etiology of this
disease in the near future.

Table 7 Clinical criteria established for the identification of
serrated polyposis
Clinical criteria
At least five serrated polyps proximal to the sigmoid colon, two of
which are larger than 10 mm in diameter
Any number of serrated polyps occurring proximally to the sigmoid
colon in an individual who has a first-degree relative with serrated
polyposis
More than 20 serrated polyps of any size distributed throughout the
colon
Diagnosis is made when one of the criteria is fulfilled.

HEREDITARY CRC OF UNKNOWN
ETIOLOGY
Despite recent developments in genotyping and sequencing technologies, the genetic etiology of several familial
CRCs, including serrated polyposis (formerly known as
“hyperplastic polyposis”) and hereditary non-polyposis
CRC without a MMR defect (also known as familial CRC
type X) remains unknown.

Familial CRC type X
Approximately 40% of the families meeting the Amsterdam criteria for a diagnosis of hereditary non-polyposis
CRC lack evidence of heritable defects in the MMR system; more specifically, these patients have no germline
mutations in the MMR genes, no tumor microsatellite
instability and no loss of immunohistochemical staining
of the MMR proteins. Because the genetic etiology of
this disease is unknown, these families are said to have
fCRC-X. As has been the case for other familial cancer
syndromes, the identification of the genes associated
with fCRC-X will facilitate the molecular diagnosis of the
disease and the development of appropriate surveillance
guidelines and clinical management protocols for these
patients.
Familial CRC-X is clearly clinically different from
Lynch syndrome; in particular, patients with familial
CRC-X have a lower incidence of CRC and a lower risk
of extracolonic tumors and tend to develop cancer at a
later age[213-217]. Familial CRC-X tumors are characterized
by the presence of microsatellite stability and chromosomal instability and the absence of high CpG methylator
phenotypes; these characteristics overlap with some of
the characteristics of sporadic MMR-proficient tumors.
However, some molecular features specific to familial
CRC-X tumors have been reported[218-221].
Significant but mostly unsuccessful efforts have been
made to understand the genetic cause(s) of fCRC-X.
Several dominant predisposition loci that have been
mapped to different chromosomal regions such as
3q13.31-q27.1, 3q22, 4q21.1, 5q14-q22, 7q31, 8q13.2,
9q22.2-31.2, 10p15.3-p15.1, 12q24.32 and 13q22.113q31.3 have been identified using genome-wide linkage
studies in families with CRC; however, no causal genes
have yet been identified[222-230].

Serrated polyposis
SP is a rare condition characterized by multiple and/or
large serrated colonic polyps and an increased risk of
CRC. The diagnosis of serrated polyposis is made based
on established clinical criteria[190] (Table 7). Patients with
SP most likely consist of a heterogeneous group of patients with a variety of SP phenotypes that are most likely
caused by different genetic alterations[191]. At least three
different subgroups have been described: (1) a right-sided
phenotype with large sessile serrated adenomas associated with early-onset CRC characterized by the presence
of a BRAF mutation; (2) a left-sided phenotype with
large amounts of small polyps characterized by the presence of a KRAS mutation; and (3) a mixed phenotype
with features of phenotypes 1 and 2[191,192]. Conventional
colonic adenomas have been identified in up to 80% of
individuals with SP and are more frequently present in
CRC-affected individuals with SP[193,194].
Reported case series indicate that 25%-70% of SP patients had CRC at the time of diagnosis or during followup. Additionally, 10%-50% of SP patients had a family
history of CRC[191,195-199]. In fact, studies have reported
a fivefold increase in the risk of CRC and a 3.5-fold increase in the risk of pancreatic cancer in first-degree relatives of individuals with SP[194,199,200].
Serrated polyps are the precursors of CRC tumors
developed through the serrated neoplasia pathway, which
is characterized by BRAF mutations and the CpG island
methylator phenotype with or without MSI depending on
whether MLH1 is methylated. Several subtypes of serrated polyps have been defined: hyperplastic polyps, sessile
serrated adenomas and traditional serrated adenomas[201].
However, the majority of CRC tumors arising in patients
with serrated polyps exhibit a diverse range of molecular
profiles and generally do not harbor molecular hallmarks
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plain the risk of cancer in familial cases[187,188,239]. Sequencing the loci identified by GWAS to identify common and
rare variants in patients with fCRC-X therefore represents
an alternative approach. This approach has been successfully used in other diseases such as hypertriglyceridemia,
diabetes and inflammatory bowel disease[240-243].
In summary, the genetic basis of fCRC-X will become
clearer when all of the approaches mentioned above are
applied in practice. However, alternative mechanisms
involving gene-gene and gene-environment interactions,
epigenetic and structural alterations and other non-classic
gene silencing mechanisms might explain fCRC-X cases
that are not detected by current risk variant or mutationidentification techniques.

Despite the ability of whole-exome and wholegenome sequencing to uncover numerous new causal
mutations and genes in Mendelian disorders, few such
genes and mutations have been identified in hereditary
cancer syndromes[112,231,232] and none have been identified
in fCRC-X.
Current evidence indicates that families with fCRC-X
constitute a very heterogeneous group. Because the Amsterdam criteria indicate that this disease is characterized
by strong familial aggregation, it is likely that certain
cases of fCRC-X are caused by high-penetrance mutations (i.e., that have a monogenic component). If this is
the case, reports on new hereditary CRC genes identified
by whole-exome or whole-genome strategies will likely be
published in the near future. However, because no such
genes have yet been identified, it is likely that any genes
identified in the future would explain only a small number of fCRC-X cases.
In contrast, candidate-gene approaches have identified several high-penetrance genes that might be involved
in the etiology of uncharacterized familial CRC[233-237].
It is likely that most of the familial aggregation observed in fCRC-X is associated with non-genetic factors.
Lifestyle and environmental factors could interact with
multiple genetic risk factors to increase the risk of CRC
in these families. This scenario is consistent with a multifactorial disease model associated with polygenic diseases
and supported by the less aggressive clinical characteristics of fCRC-X (e.g., the late onset of the disease, the
lower risk of CRC and the almost complete absence of
multiple primary tumors).
Because some families appear to fit the monogenic
model and others the polygenic model, finding the optimal approach for exploring the genetic basis of fCRC-X
remains challenging[238]. The selection criteria used to
identify patients with fCRC-X will need to include the
Amsterdam criteria, a very early onset of cancer and severe clinical manifestations; these criteria and insightful
data analyses will play a key role in determining the ability of exome sequencing to identify rare and deleterious
mutations within gene-coding regions. Furthermore, it is
possible that other mechanisms of gene silencing such as
germline epigenetic or copy number alterations or the deregulation of tumor suppressor genes via regulatory noncoding RNAs such as microRNAs could be associated
with the hereditary forms of the disease.
Elucidating the polygenic component of the disease
will also remain challenging. GWAS of patients with
fCRC-X would be very useful; however, collecting an
adequate number of samples (thousands of samples) is
almost impossible given the rarity of fCRC-X, even if
samples were to be collected worldwide. A closely related
approach based on the hypothesis that variants associated
with the risk of CRC in the general population are also
associated with the risk of CRC in fCRC-X involves genotyping the population-based GWAS CRC risk variants
in a large fCRC-X cohort. GWAS have already provided
evidence suggesting that low-penetrance alleles may ex-
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Core tip: Pathologic assessment plays a key role in management of colorectal cancer. tumor-node-metastasis
staging of colorectal cancer provides prognostic information but some morphological features not included in
the staging system also have prognostic value. However
some of these elements lack agreed definitions, are subjective and poorly reproducible. We discuss controversial areas of colorectal cancer histopathology reporting
including tumor budding, tumor grade, tumor deposits,
tumor regression grade, vascular invasion, perineural
invasion and peritoneal involvement.

Abstract
Pathologic assessment of colorectal cancer specimens
plays an essential role in patient management, informing prognosis and contributing to therapeutic decision
making. The tumor-node-metastasis (TNM) staging system is a key component of the colorectal cancer pathology report and provides important prognostic information. However there is significant variation in outcome
of patients within the same tumor stage. Many other
histological features such as tumor budding, vascular
invasion, perineural invasion, tumor grade and rectal
tumor regression grade that may be of prognostic value
are not part of TNM staging. Assessment of extramural
tumor deposits and peritoneal involvement contributes
to TNM staging but there are some difficulties with the
definition of both of these features. Controversies in
colorectal cancer pathology reporting include the subjective nature of some of the elements assessed, poor
reporting rates and reproducibility and the need for
standardized examination protocols and reporting. Molecular pathology is becoming increasingly important in
prognostication and prediction of response to targeted
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INTRODUCTION
Pathologic assessment of the colorectal cancer (CRC)
resection specimens plays a central role in patient management. The pathology report informs prognosis and
contributes to decisions regarding adjuvant therapy.
Currently, the primary method for assessing prognostic
differences among patients is the tumor-node-metastasis
(TNM) staging system, developed by the American Joint
Committee on Cancer (AJCC) and the International
Union Against Cancer (UICC)[1]. However there is sig-
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Figure 1 Macroscopic and microscopic features of peritoneal involvement. A: Peritoneal puckering; B: Area with peritoneal puckering correlates with the invasive
edge of the tumor on sectioning; C: Adenocarcinoma in a peritoneal cleft in a pT4a case; D: Invasion through peritoneal elastic lamina highlighted with an elastic stain.

nificant variation in outcome of patients even within the
same tumor stage[2]. Many promising prognostic and/or
predictive molecular and immunohistochemical biomarkers are emerging but morphological parameters are still
important predictors of patient outcome.

tation of criteria for peritoneal involvement. Peritoneal
involvement may be difficult to identify both at gross
examination and microscopy and extensive sampling and
sectioning of blocks may be required to detect it. The
serosal surface of the CRC resection specimen should be
carefully examined macroscopically. Block selection may
be focused in areas where there is peritoneal abnormality such as puckering (Figure 1A and B), inflammation
or fibrosis. Detection of peritoneal involvement may be
enhanced with careful sampling of areas with peritoneal
clefts (Figure 1C) and where the peritoneal lining reflects
off the bowel wall on to the mesentery.
There is currently no universally accepted pathologic
definition of peritoneal involvement and this contributes
to the difficulty in making the diagnosis. The current
AJCC Cancer Staging Manual and the RCPath Dataset
for Colorectal Cancer regards tumor penetration of
the peritoneum as either colonic perforation by tumor
or histological detection of cancer cells on the serosal
surface or free in the peritoneal space (Figure 1C)[8,17].
Shepherd et al[5,18] classified different histological patterns
of local peritoneal involvement (LPI). LPI type 1 was
defined as tumor well clear of the closest peritoneal surface; LPI type 2, mesothelial inflammatory reaction with
tumor near but not at the peritoneal surface; LPI type 3,
tumor at the peritoneal surface with inflammatory reaction, mesothelial hyperplasia, and/or ulceration; and LPI
type 4 as tumor cells free in the peritoneum. LPI types
3 and 4 were associated with adverse patient outcomes
whereas types 1 and 2 were not, and so only types 3

PERITONEAL INVOLVEMENT
Peritoneal involvement or serosal invasion is an important
adverse prognostic factor in CRC associated with intraperitoneal recurrence and decreased overall survival[3-7].
Patients with stage Ⅱ CRC and peritoneal involvement
(pT4a according to TNM 7[1]) and invasion into other
structures/organs (pT4b according to TNM 7[1]) may be
considered for adjuvant chemotherapy.
It should be noted that the classification of peritoneal involvement is different in TNM 5 and TNM 7. The
Royal College of Pathologists (RCPath) in the United
Kingdom still recommends use of the TNM5 staging
system[8], while TNM 7 has been adopted in many other
jurisdictions. In TNM 5 tumor directly invading other organs is staged as pT4a while tumor involving the visceral
peritoneum is staged as pT4b[9].
The assessment of peritoneal involvement and the
distinction of pT3 tumors from pT4a tumors can be
particularly challenging for pathologists and there is a
wide variation in the reported incidence of peritoneal
involvement, ranging from 5% to 43% in studies of stage
[3,6,10-15]
. A recent review by Stewart et al[16] highⅡ CRC
lighted the practical difficulties in diagnosis and interpre-
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and 4 were considered to represent ‘‘true’’ peritoneal
involvement. Many pathologists consider tumors associated with a pericolic abscesses that communicate with
the peritoneum as pT4a even if malignant cells are not
identified on the peritoneal surface[14,19,20]. Some authors
draw attention to a group of “occult” pT4 CRCs that
have already breached the serosal surface and are associated with a “cap” of fibro-inflammatory tissue, which
may inadvertently be classified as negative for peritoneal
involvement[21,22].
Ancillary techniques may aid in pathologic diagnosis
of peritoneal involvement. Cytological examination of
serosal scrapings has been explored as a means of detection of peritoneal involvement, revealing malignant
cells in 19% to 26% of tumor specimens staged as pT3
by histological examination alone[20,23]. The peritoneal
lining or serosa is composed of a mesothelial cell layer
supported by a basement membrane with an underlying
elastic lamina just beneath the subserosal layer. Immunohistochemical stains such as cytokeratin 7 highlight the
mesothelial cells on the peritoneal surface and there are
varied opinions as to their usefulness in the detection of
peritoneal involvement[16,24]. Elastic stains have been used
to aid in the diagnosis of pleural involvement by lung
cancer and have recently been applied in CRC to improve
visualization of the peritoneal elastic lamina (Figure 1D).
Four recent studies investigated the use of elastic stains
to detect peritoneal elastic lamina invasion (ELI). Three
studies have found that ELI is associated with adverse
prognosis in pT3 CRCs[6,24,25]. Conversely, ELI was not an
adverse prognostic factor in pT3 CRC in the fourth study
by Grin et al[15]. Despite the recognized limitations associated with this approach such as variability in the detection
and continuity of the peritoneal elastic lamina, ELI has
been shown to be a useful means of risk stratification in
pT3 CRC in some studies. Some pathologists have proposed that subdivision of pT3 tumors based on presence
or absence of ELI should be considered for inclusion in
future staging systems[21,24].

is likely to represent tumor in lymphatic channels and is
associated with nodal metastasis and a better prognosis.
Whether or not TDs should be considered lymph
node metastases or satellite tumor nodules for the purposes of staging has been a topic of debate for many
years, with changes in the approach to TD classification
in the last three editions of the TNM staging system. In
the TNM 5 classification, extramural deposits of tumor
with no lymph node structure were regarded as lymph
node deposits if they measured > 3 mm in diameter and
were staged as pN1[9]. This rule was changed in TNM 6,
when the contour of the deposit became the diagnostic
feature. Deposits with a round contour were classified as
lymph node metastases (pN1) and deposits with an irregular outline were classified as venous invasion[32]. There
was criticism of the TNM 6 approach and the changes
were not considered to be evidence-based or reproducible by some authors[26,33]. In the United Kingdom, the
Royal College of Pathologists (RCPath) recommended
that TNM 5 should be used for the staging of CRC
resection specimens instead of TNM 6[8]. The TNM 7
classification proposed a new pN1c category for tumor
deposits in the absence of lymph node metastases[1].

TUMOR GRADE
Tumor grade is another important variable shown to be
a stage independent prognostic factor on multivariate
analysis[34,35]. One drawback of CRC tumor grading is that
it is largely subjective. The WHO grading system is the
most widely used and defines the histological grade of
CRC based on the percentage of gland formation[36]. Well
differentiated tumors have > 95% glandular structures
and are designated grade 1 (G1), moderately differentiated tumors with 50% to 95% gland formation are grade
2 (G2), poorly differentiated tumors with 5% to 50%
gland formation are grade 3 (G3) and undifferentiated
tumors with less than 5% gland formation are grade 4
(G4). The WHO also suggests dividing CRCs into low
grade (G1 and G2) and high grade (G3 and G4) categories. The diagnosis of G3 and G4 is relatively consistent,
but differentiation between G1 and G2 is associated with
a more significant degree of inter-observer variability[37].
In an attempt to develop a more objective CRC grading system Ueno et al[38] recently proposed a method
based on the number of poorly differentiated clusters.
This group defined poorly differentiated clusters as clusters of ≥ 5 cancer cells in the stroma, lacking a gland-like
structure. The authors studied five hundred stage Ⅱ and
Ⅲ CRCs. Poorly differentiated clusters were counted under a 20X objective lens in a field where they appeared to
be concentrated. Tumors with < 5, 5 to 9, and ≥ 10 clusters were classified as G1, G2, and G3, respectively. The
study showed that grading based on this method is more
reproducible and provides more significant prognostic
information compared with grading based on the extent
of the glandular component in the tumor. Barresi et al[39]
found that this method is also more reproducible and

TUMOR DEPOSITS (DISCONTINUOUS
EXTRAMURAL EXTENSION)
Tumor deposits (TDs) are focal aggregates of adenocarcinoma located in the pericolic or perirectal fat discontinuous with the primary tumor. Studies investigating the
clinical significance of TDs in CRC have found that their
presence is associated with a poorer prognosis and lower
survival rate[26-29]. Their origin has been shown to be heterogeneous. Studies using enhanced pathological assessment such as multiple step sections and histochemical
stains have shown that some TDs represent venous invasion, lymphatic invasion, nerve sheath infiltration, and
continuous growth[29,30]. A recent classification assigns
different prognostic significance to different types of deposits[31]. TDs associated with large veins or nerves may
represent “in transit” metastasis and are associated with a
poor prognosis and distant metastasis while a second type
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Figure 2 Histological appearances of tumor budding and vascular invasion. A: Tumor budding; B: Cytokeratin immunohistochemical stain highlights tumor buds;
C: “Orphan” artery sign - an elongated tumor profile is identified adjacent to an artery with no visible accompanying vein; D: Elastic stain highlights elastic fibres in the
walls of arteries and an adjacent vein filled with tumor.

provides better prognostic stratification of stage Ⅰ CRC
patients than conventional grading.

by immunostaining with cytokeratin and it is particularly
useful in cases where buds are obscured by peritumoral
inflammatory cell infiltrates on H and E (Figure 2B).
Tumor budding has been found to be an independent
adverse prognostic factor in CRC and is a strong predictor of lymph node involvement, venous and lymphatic
invasion, local recurrence, metastases and poor disease
free survival[45-51]. Tumor budding is of particular clinical
interest in two subgroups of patients. Budding is an independent predictor of lymph node metastasis in patients
with submucosal invasive or early pT1 CRC[52-55]. In the
setting of polyp cancer, evaluation of tumor budding in
combination with other prognostically significant clinical
and pathological features aids in risk stratification and
identification of patients who may need segmental resection with lymphadenectomy. Tumor budding has been
associated with a poorer outcome in Stage Ⅱ CRC[45,48,49]
and may guide decisions regarding the use of adjuvant
chemotherapy in these patients.
Two recently published studies investigated the value
of assessing intra-tumoral budding in biopsies. Rogers
et al[56] retrospectively evaluated tumor budding in diagnostic rectal biopsies from patients who had neodjuvant
chemoradiotherapy and found intra-tumoral budding at
diagnosis of rectal cancer to be a poor prognostic marker
and a predictor of poor response to neoadjuvant treatment. A 2012 study from Switzerland found that high
intra-tumoral budding in preoperative CRC biopsies predicted high peri-tumoral budding at the invasive margin
and lymph node metastasis in the subsequent resection

TUMOR BUDDING
Tumor budding is observed at the invasive tumor front,
where isolated or small clusters of tumor cells (up to five
cells) become detached from the neoplastic epithelium
and migrate a short distance into a desmoplastic stroma
(Figure 2A) [40]. It is thought to represent epithelialmesenchymal transition and to be an early step in tumor
invasion and metastasis. Epithelial-mesenchymal transition is a process whereby cells undergo morphologic
changes characterized by a transition from an epithelial to
a mesenchymal phenotype, leading to increased migratory
capacity and invasiveness[41]. The aim of tumor buds appears to be the degradation of the peritumoral connective
tissue, evasion of host response and finally the invasion
of the lymphatic and blood vessels with the consequence
of local and distant metastasis[42]. Loss of membranous
expression of the cell adhesion molecule ecadherin facilitates detachment of buds from the main tumor. Upregulation of proteins involved in extracellular membrane
degradation, migration and angiogenesis, in tumor buds,
enhances their ability to migrate and invade[43].
The majority of CRCs display some degree of tumor
budding. Published scoring systems have attempted to
identify a prognostically significant degree of budding,
commonly termed “high-grade” budding or “high budding”[44]. The identification of tumor budding is facilitated
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specimens as well as distant metastasis[57]. Assessment of
tumor budding in the preoperative setting shows some
potential as a prognostic and predictive marker and if
prospective studies confirm the value of this approach it
may become routine practice in the future.
Despite the proven prognostic significance of tumor
budding it has not yet become part of standard pathology reporting of CRC. The reasons for this are manifold. Although a large number of individual studies have
demonstrated the association with adverse outcome, no
clinical trials have assessed the contribution of tumor
budding in the prospective setting, and in particular its
potential impact among stage Ⅱ patients[42]. Application
of this promising parameter is hampered by the lack of
a standardized scoring system and sufficient evidence of
reproducibility. Several different methods of assessment
(at least seven) have been published and there are currently no consensus criteria for quantitative and qualitative evaluation of tumor budding. Development of an
internationally accepted scoring system to rapidly and
reproducibly identify CRC specimens with prognostically
significant levels of tumor budding is challenging. Finding the right balance between accuracy, reproducibility
and practicality is crucial. Recent multicentre studies have
begun to address these issues[58,59].

between 11% and 89.5%. Venous invasion is widely under-reported[73]. Interobserver variability also poses problems with only low to moderate agreement on reporting
vascular invasion in CRC among pathologists[74,75].
The RCPath use the definition originally proposed by
Talbot et al[61] in their CRC reporting dataset. This group
defined venous invasion as “a rounded mass of tumor in
an endothelium-lined space either surrounded by a rim
of smooth muscle or containing red blood cells.” Venous invasion may also be suspected when a rounded or
elongated tumor profile is identified adjacent to an artery,
especially when no separate accompanying vein can be
identified (the “orphan” artery sign), or where smooth
tongues of tumor extend into pericolic/perirectal fat
(“protruding tongue’’ sign) (Figure 2C and D). Diagnosis
of vascular invasion can be difficult on H and E alone.
Strategies to improve detection of venous invasion in
particular have been the subject of many recent studies.
Increasing the number of tumor blocks taken has been
shown to increase rates of detection[62]. Tangential as
opposed to perpendicular sectioning of the peritumoral
mesocolic/mesorectal fat has also been proposed to facilitate detection of extramural venous invasion[76]. Ancillary
techniques that aid identification of vascular invasion are
used with increasing frequency. Immunohistochemical
markers of endothelial cells such as CD31 and CD34 help
in identification of lymphatic and small blood-vessel invasion[68] but are less helpful for identifying venous invasion
as the endothelium of many involved veins is destroyed.
Specific lymphatic markers such as D2-40 and LYVE-1
can distinguish invasion of lymphatics from invasion of
capillaries and small veins. Histochemical elastic stains
highlight elastic fibres in the walls of veins (but not lymphatic vessels), allowing much more accurate identification
of venous invasion. Studies have shown that use of elastic
stains result in a 25%-53% increase in the proportion
of cases with venous invasion compared with routinely
stained sections[66,72,77-81], and also improve inter-observer
agreement[77]. Many pathologists now advocate the use
of elastic stains in the routine pathological assessment of
CRC. Others warn that over-diagnosis of venous invasion may occur with the use of elastic stains, highlighting
the potential for misinterpretation of other histological
features as venous invasion, e.g., tangentially sectioned
subserosal elastic lamina, mucosal protrusion into the submucosa, periganglionic, perineural and perinodal elastic
fibres or periglandular and perimuscular elastosis[82].

VASCULAR INVASION
Vascular invasion is associated with poor outcome in
CRC[60-62]. Accurate assessment of vascular invasion is
of particular importance in stage Ⅱ CRC, identifying a
high-risk group who may benefit from adjuvant treatment[14,63,64]. Vascular invasion in endoscopically resected
pT1 cancer is seen in patients at higher risk of lymph
node metastasis and may influence the decision to proceed to surgical resection[51,65].
Vascular invasion has two distinct elements: blood
vessel invasion (usually venous, rarely arterial) and lymphatic vessel invasion. Differentiating venous and lymphatic invasion is important as they have different clinical
implications. Venous invasion is associated with the presence of visceral metastases[65-67]. Presence of lymphatic
invasion has been shown to correlate well with lymph
node metastasis[68-70]. There is also debate in the literature
about the importance of the site of vascular invasion,
that is, whether it is extramural or intramural. Vascular
invasion in the submucosal and/or muscular layer is
considered to be intramural invasion, and that beyond
the muscularis propria is extramural invasion. Whilst extramural venous invasion is a well established predictor
of adverse outcome[71], incorporated in CRC reporting
datasets, the clinical significance of intramural venous invasion is less clear. Some investigators have demonstrated
an association between intramural venous invasion and
distant metastases[14,62,64], indicating that the presence of
venous invasion may be more important than its site.
The reporting of vascular invasion is highly variable[72]; the incidence of venous invasion reported varies
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PERINEURAL INVASION
Perineural invasion (PNI) is an important prognostic
marker in CRC and has been shown to be an independent poor prognostic factor on multivariate analysis in
several studies[83-87]. Identification of PNI in CRC is variable with rates between 6% and 31% reported[88,89]. It is
an under-reported parameter[83]. PNI is more frequent
in the non-peritonealized rectum and colon and this is
thought to be due to the relative abundance of nerve
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plexuses in the retroperitoneum[90]. PNI is associated with
other pathological markers of poor prognosis such as
lymphovascular invasion, poor differentiation and tumor
budding[83,85,87].
There is no agreed definition of PNI. The most widely used definition of PNI is broad, including invasion of
tumor cells in, around and through the nerves[91]. Others have defined PNI according to the layers of nerve
sheath involved by tumor. The nerve sheath is composed
of 3 connective tissue layers; the outer epineurium, the
perineurium and the inner endoneurium[92]. Liebig et al[92]
defined PNI as the presence of tumor cells within any of
the 3 layers of the nerve sheath (epineurium, perineurium
and endoneurium) or tumor foci outside of the nerve
with involvement of 33% of the nerve’s circumference.
Some authors report PNI only when tumor cells are observed inside the perineurial layer[84,93].
Studies have evaluated the significance of the localization of PNI both within the neural structure itself
and within the bowel wall. A German group developed
a “Neural Invasion Severity Score” based on invasion of
tumor cells into the epineurium, perineurium or endoneurium, with invasion of endoneurium being assigned
the highest score. These authors found that increasing
“Severity Scores” were associated with a worse prognosis
in both rectal and colon cancer[89,93]. The Japanese Society
for Cancer of the Colon and Rectum conducted a multiinstitutional study involving 2845 patients. This group
proposed a 3-tiered PNI grading system based on location of PNI within the bowel and classified cases as Pn0
(no PNI), Pn1a (intramural PNI only), and Pn1b (extramural PNI)[87]. Using this grading system the investigators
determined 5-year disease-free survival as 88%, 70%,
and 48%, for the three different categories. Multivariate
analysis identified PNI grade as a significant prognostic
marker independent of T or N stage.

cation of small nodes is limited by this approach[100,101].
Alternative techniques to improve lymph node detection
have been proposed and a recently published meta-analysis and systematic review compared different pathological
methods of lymph node retrieval from gastrointestinal
cancer surgical specimens[102]. Meta-analysis showed that
fat clearing and methylene blue staining increased the
mean lymph node yield from gastrointestinal cancer specimens. Despite an improved lymph node harvest these
authors concluded that there was insufficient evidence to
suggest that use of these techniques led to upstaging.

TUMOR REGRESSION GRADING
Preoperative neoadjuvant chemoradiotherapy (CRT) has
become a standard treatment of locally advanced rectal
cancer (clinically T3-4 or node positive rectal cancers).
Rectal tumors from these patients may undergo regression. Careful macroscopic assessment of the resection specimen is necessary as tumors with a significant
response to treatment may be difficult to recognize.
Confirmation of the original site of the tumor will help
in selecting tissue for histological examination. Many regressed tumors are firm, white and fibrotic, resembling
mucosal ulcers or scars (Figure 3A). There are different
approaches to tumor sampling. Some pathologists will
submit the entire fibrotic area for histology upfront while
others will take 5 blocks in the first instance and submit
further tissue for histology if there is no residual tumor
on initial sections. Post-treatment histological changes
include replacement of neoplastic glands by fibrosis or
fibro-inflammatory change, presence of acellular mucin
pools, necrosis, foamy macrophages, haemosiderin and
calcification[103]. For tumor staging following neoadjuvant
therapy, only the presence of tumor cells in the surgical
specimen is taken to determine the stage and cases with
complete regression are staged as ypT0[1,8]. Tumor regression grading (TRG) systems aim to measure response to
neoadjuvant CRT. TRG systems are generally based on
assessing the ratio of histological changes induced by
CRT to residual tumor in the resected specimen. Several
grading systems, some 5-tiered and some 3-tiered, have
been published[104-107]. The 3-tier system used in our own
department is illustrated in Figure 3B-D.
Pathological complete response (pCR) is reported in
9%-27% of patients and is associated with improved clinical outcomes[108-111]. A meta-analysis including 3105 patients treated with neoadjuvant CRT followed by surgery
found that the group with pCR had improved disease
free and overall survival, lower risk of local recurrence or
distant metastasis, compared to those without pCR[112].
The multicenter prospective MERCURY study designed
to assess magnetic resonance imaging (MRI) and pathologic staging after neoadjuvant therapy for rectal cancer,
found that a ypT0 resection following neoadjuvant CRT
was associated with increased disease-free and overall
survival, and decreased rates of local recurrence[113].
While it is now widely accepted that pCR predicts a

LYMPH NODES
Briefly, lymph node metastasis is highly predictive of
outcome for CRC patients and those with lymph node
involvement are likely to be offered adjuvant treatment[94].
This topic has been the subject of a recent comprehensive review in the World Journal of Gastroenterology[94]. An association between lymph node yield and survival has also
been demonstrated[95-97]. Adequate lymph node evaluation
is crucial for accurate staging. Guidelines state that the
minimum acceptable lymph node harvest is 12 nodes[1,8],
but the number of nodes retrieved from CRC specimens
is variable and often falls short of this recommendation[98]. Factors such as age of the patient, body mass
index, location of the tumor, neoadjuvant therapy, surgical technique, and pathologist’s handling of the specimen
may influence the lymph node yield[94,99]. Manual lymph
node dissection is the standard technique used in most
institutions. After formalin fixation the soft tissue around
the specimen is serially sectioned and nodes sought by
visual inspection and palpation. However, the identifi-
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Figure 3 Pathological appearances of tumor regression. A: Regressed tumor with the appearance of a mucosal scar; B: No residual tumor seen in tumor regression grading 1 (TRG1); C: Fibrosis outgrows tumor in TRG2; D: Extensive residual tumor in TRG3.

better prognosis, the clinical significance of “incomplete”
or “partial” regression is not clear. Two recent studies
from Asia have found lesser degrees of tumor regression
to be prognostic factors on multivariate analysis[114,115],
but further investigation is warranted. MacGregor et al[116]
emphasized the importance of addressing this important clinico-pathological question in future research and
stressed the need for a standardized approach to the
analysis of post neoadjuvant CRT rectal cancer resection specimens and a universally accepted TRG reporting
system. An ‘‘International Study Group on Rectal Cancer
Regression Grading’’ also recognizes the need for standardization in order to elucidate the clinical importance
of ‘‘partial regression’’. The group demonstrated that
there is a lack of consensus on pathological sampling of
post treatment specimens and choice of TRG system[117].
Disappointingly, they also found that 17 experienced GI
pathologists could not reach good concordance on TRG
using 3 systems, with only fair kappa values (0.28-0.38)
for all 3 systems[118]. These authors advocate the introduction of an internationally accepted, simplified and
reproducible TRG system with well-validated correlates
to clinical outcomes.

tributing to the development of targeted CRC therapies.
The recognition that activating mutations of the KRAS
oncogene can predict resistance to anti-epidermal growth
factor receptor agents[119], has turned the spotlight on the
clinical value of biomarkers in CRC. Investigation of the
clinical utility of emerging biomarkers such as mutations
of BRAF, PIK3CA and PTEN deletion is ongoing. CRC
genomic profiling and the development of gene expression signature profiles such as ColoPrint® and Oncotype
DX Colon Cancer Assay may also contribute to treatment
planning decisions. There have been interesting developments in relation to biomarkers and the use of aspirin in
CRC. A large 2012 molecular pathological epidemiology
study analyzed data from 964 patients and found that
regular use of aspirin after CRC diagnosis was associated
with longer survival among those with mutated-PIK3CA
tumors, but not among patients with wild-type PIK3CA
tumors. These findings suggest that the PIK3CA mutation, present in 15% to 20% of CRCs, may be a useful
predictive biomarker for adjuvant aspirin therapy in CRC
patients[120].
Molecular pathology testing is a dynamic area with
new biomarkers regularly reported. Many of the biomarkers require validation and are not yet clinically applicable. A National Comprehensive Cancer Network
Task Force publication provides an overview of the role
of molecular testing in oncology, an assessment of clinical and analytic validity of some of the tests available,
and serves as a useful molecular biomarker guideline for
healthcare providers[121].
The role of the surgical pathologist in the manage-

MOLECULAR PATHOLOGY
Molecular pathology can provide prognostic and predictive information for CRC patients and also aids in identification of hereditary CRC syndromes such as Lynch
syndrome. In recent years there have been significant
advances in our understanding of CRC biology, con-
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ment of CRC is evolving and while high quality morphology remains central to CRC pathology reporting it
needs to be integrated with results of molecular pathology testing. It is essential that pathologists are involved
in molecular testing to ensure proper tissue selection and
interpretation of results in the context of the pathological findings.
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Core tip: Personalized treatment of patients with metastatic colorectal cancer (mCRC) based on genetic profiling of individual tumors is considered the future direction
of cancer therapy. The important discovery that mutation
of the K-ras gene is a predictor of resistance to epidermal growth factor receptor (EGFR) monoclonal antibodies is only the first of a series of genetic predictors and
an increasing number of molecular alterations have since
been hypothesized to play a role in resistance to anti-EGFR drugs in CRC, including activating mutations in B-Raf
and PIK3CA, and loss of expression of PTEN. A comprehensive molecular characterization of mCRC and a better
understanding of the functional interactions within the
RTK-activated intracellular pathway will be necessary in
order to select the most appropriate therapy for each
individual patient.

Abstract
Administration of monoclonal antibodies (mAbs) against
epidermal growth factor receptor (EGFR) such as cetuximab and panitumumab in combination with conventional chemotherapy substantially prolongs survival
of patients with metastatic colorectal cancer (mCRC).
However, the efficacy of these mAbs is limited due to
genetic variation among patients, in particular K-ras
mutations. The discovery of K-ras mutation as a predictor of non-responsiveness to EGFR mAb therapy
has caused a major change in the treatment of mCRC.
Drugs that inhibit transformation caused by oncogenic
alterations of Ras and its downstream components
such as BRAF, MEK and AKT seem to be promising
cancer therapeutics as single agents or when given
with EGFR inhibitors. Although multiple therapeutic
strategies to overcome EGFR mAb-resistance are under investigation, our understanding of their mode of
action is limited. Rational drug development based on
stringent preclinical data, biomarker validation, and
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tion to their desired effect on cancer cells.
The recent development of targeted or biological
therapeutics represents a substantial advance in treatment
for mCRC. Although the efficacy of these targeted therapeutics is restricted to certain individuals because the
drugs work on specific target proteins, these approaches
have critically improved the survival of patients with
metastases. When used appropriately to treat patients according to their molecular profiles, targeted therapeutics
significantly prolongs overall survival and disease-free
survival. Moreover, these treatments showed fewer adverse effects such as hair loss and nausea than conventional chemotherapy. Most of the targeted therapeutic
agents currently in development or in clinical usage are
molecules with high affinity for growth factor receptors,
such as epidermal growth factor receptor (EGFR)[4].
The recent introduction of monoclonal antibody
(mAb) drugs targeting EGFR such as cetuximab (Erbitux;
ImClone, Branchburg, United States) and panitumumab
(ABX-EGF; Amgen, Thousand Oaks, United States),
into combination chemotherapy regimens with currently
used drugs for the treatment of mCRC patients has been
shown to be effective and has widened treatment options. However, the efficacy of these two mAbs is limited
by the unresponsiveness of patients harboring a K-ras
mutation[12]. Here, we review the mechanisms underlying
resistance to EGFR mAb therapies due to K-ras mutations and discuss the current status of drug development
strategies to overcome the problem of resistance in the
treatment of patients with mCRC.

Panitumumab
cetuximab

EGFR

Cytoplasm
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PI3K
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Figure 1 Epidermal growth factor receptor and its downstream signaling
in colorectal cancer. Binding of ligands such as epidermal growth factor (EGF)
to EGF receptor (EGFR) activates downstream Ras/ERK and PI3K/Akt pathways and regulates various physiological processes. EGFR administration of
monoclonal antibodies (mAbs) (cetuximab and panitumumab) block activation
of these pathways. Mutations of downstream molecules such as Ras, PI3K or
Raf are associated with resistance to EGFR mAbs in patients with metastatic
colorectal cancer (mCRC).

MONOCLONAL ANTIBODIES TARGETING
EGFR FOR THE TREATMENT OF CRC
EGFR
The EGFR is a receptor tyrosine kinase (RTK) belonging
to the ErbB family of cell membrane receptors. Binding
of ligands, such as EGF or transforming growth factor
alpha (TGFα) to EGFR induces dimerization and activation of the receptors. This RTK is auto-phosphorylated
and induces activation of multiple downstream signaling
pathways including extracellular-signal-regulated kinase
(ERK) and phosphatidylinositol 3-kinase (PI3K)/protein
kinase B (Akt) pathways (Figure 1). These two pathways
are involved in the regulation of various cell physiological cellular processes such as proliferation, migration,
apoptosis, and angiogenesis[13] (Figure 1). Therefore,
dysregulation of EGFR signaling can induce malignant
transformation and tumor progression through activation
of downstream signaling.
EGFR is frequently overexpressed or mutated, and
such changes are associated with tumor progression and
poor prognosis in many types of cancers including head
and neck cancers[14]. EGFR has also been shown to be
highly overexpressed in 25%-82% of cases of CRC[15].
Although the clinical significance of EGFR overexpression or gene copy number in CRC is controversial, recent
studies indicate that these genetic characteristics are as-

INTRODUCTION
Colorectal cancer (CRC) is the third most frequently diagnosed type of cancer and the leading cause of cancerrelated deaths worldwide [1,2]. CRC is highly treatable
when diagnosed and surgically removed at an early stage;
however, 5-year survival is less than 10% in patients with
unresectable metastasis[3,4]. Approximately 40%-50% of
CRC patients develop metastatic cancer and 80%-90%
of these have unresectable metastases[5]. Chemotherapy
is usually suggested for the treatment of metastatic CRC
(mCRC), because surgery is limited to patients who have
no metastasis outside of the liver or those who would
have an appropriate amount of liver left after the surgery[4]. Conventional chemotherapy such as 5-fluorouracil (5-FU)/leucovorin (LV), irinotecan, or oxaliplatin is
still mainly used as treatment for patients with mCRC[6].
Moreover, combinational therapy of oxaliplatin or irinotecan with 5-FU/LV has considerably improved the
therapeutic outcome of this group of patients[7-10]. However, these chemotherapeutic agents have various adverse
effects such as hair loss, nausea and vomiting[11] because
they interfere with the division or reproduction of rapidly
growing normal cells such as bone marrow cells in addi-
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sociated with prognosis or survival of CRC patients[16-18].
Consequently, EGFR has attracted great attention in the
field of anti-cancer drug development because of its presumed role in tumor growth and progression. Cetuximab
and panitumumab, two monoclonal antibodies against
EGFR, have recently been used in the treatment of
mCRC patients and have shown effective clinical benefits
in 10%-20% of patients[19-22].

mAbs. The identification of additional genetic determinants of primary resistance to EGFR-targeted therapies
in CRCs is important to allow prospective identification
of patients who should not be treated with cetuximab,
thus avoiding their exposure to ineffective and expensive
therapy. Recent work has therefore focused on the analysis of oncogenic mutations in genes encoding key downstream effectors of the EGFR signaling pathway[28,29].
K-Ras
K-ras, a member of the rat sarcoma virus (ras) gene family
of oncogenes (which includes K-ras, H-ras and N-ras), encodes the guanosine diphosphate (GDP)- and guanosine
triphosphate (GTP)-binding protein Ras that acts as a selfinactivating intracellular signal transducer[30]. K-Ras act as
an important, but not exclusive effector of EGFR[12,31],
signaling mainly but not exclusively through BRAF and
the ERK axis. K-Ras can also activate PI3K through direct interaction with its catalytic subunit[32]. When K-Ras
is mutated, PI3K results in constitutive activation of its
downstream signaling pathway that causes the cells to become independent of EGFR signaling activation. Somatic
mutations of K-ras occur in 30%-40% of CRCs and predominantly in codon 12 (approximately 70%-80%) and
codon 13 (approximately 15%-20%) of exon 2 (Table 1).
K-ras mutations have emerged as the major negative predictor of efficacy in patients receiving cetuximab. Strong
evidence that K-ras mutations are associated with the lack
of response to cetuximab in chemorefractory mCRC patients led the FDA and the European Medicines Agency
(EMEA) to restrict the use of cetuximab as monotherapy
or in combination with chemotherapy, to patients with
K-ras wild type (WT) tumors[33]. Clearly, the K-ras biomarker identifies CRC patients likely to benefit from antiEGFR therapy. However, because only 20%-40% of patients with K-ras WT will respond to cetuximab, either in
monotherapy or in combination therapy, K-ras status alone
does not accurately predict the subset of CRC patients
that will respond to EGFR mAbs.

CETUXIMAB AND PANITUMUMAB
Cetuximab and panitumumab inhibit EGFR downstream
signaling pathways, such as Ras/ERK and PI3K/Akt
pathways. The safety and efficacy of these two mAbs has
been studied in patients with EGFR-overexpressing CRC,
and both agents have shown reliable efficacy in these patients[19-22]. In a randomized controlled trial including 329
patients who received either cetuximab (400 mg/m2 initial
dose followed by 250 mg/m2) and/or the topoisomerase
I inhibitor irinotecan[23], patients that receive both drugs
had an objective response rate of 22.9% compared with
10.8% for those receiving only cetuximab. Cetuximab is
used in combination with irinotecan to treat mCRC patients who are refractory to irinotecan-based chemotherapy[24]. It is also used as a single agent for mCRC patients
with intolerance to the irinotecan-based chemotherapy[24].
The efficacy of panitumumab was studied in 463 patients
who received panitumumab (6 mg/kg) with the best
supportive care (BSC) or only BSC[25]. Panitumumab significantly prolonged progression-free survival (PFS) of
patients treated with panitumumab and BSC compared
with patients who received only BSC[25]; the mean PFS
in patients receiving both panitumumab and BSC was
96 d whereas that of patients receiving BSC alone was
60 d[25]. Panitumumab is approved by the United States
Food and Drug Administration (FDA) for the treatment
of patients with EGFR expressing mCRC after following
fluoropyrimidine-, oxaliplatin- and irinotecan-containing
chemotherapy[26]. This agent is also approved by the FDA
as a single agent for the treatment of mCRCs[26].
Although cetuximab and panitumumab have been
shown efficacy in patients with EGFR-expressing mCRC,
their benefit is restricted to only a small proportion
(8%-23%) of patients because mCRC harboring a K-ras
mutation is resistant to these mAbs. Therefore, the FDA
suggested that the K-ras gene mutational status of mCRC
patients should be evaluated prior to administration of
EGFR mAbs to avoid wasting time and money[27].

N-Ras
Due to the low frequency of N-ras mutations in mCRC
(approximately 3%-5%; Table 1), mutational status of
N-ras have not been considered as predictive biomarkers in the treatment of mCRC to be applied for the antiEGFR mAb therapy.
Recently, in a randomized phase 3 study of panitumumab monotherapy[34] and other preliminary findings[35-40] suggest that N-ras mutations are associated with
the resistance to cetuximab and panitumumab. In the K-ras
WT patients, carriers of B-Raf and N-ras mutations had
a significantly lower response rate than those harboring
WT B-Raf and N-ras[39]. Therefore, checking the mutational status of all ras isotype can provide additional predictive information for the prescription of EGFR mAb
therapy in mCRC[40].

MECHANISMS OF RESISTANCE TO
EGFR-TARGETED mABs
Despite evidence of the efficacy of cetuximab in the
treatment of mCRC patients, the low response rate was
the proof of concept for resistance to treatment with
anti-EGFR mAbs. There is a large body of evidence supporting the existence of negative predictors that identify
patients who should not be treated with anti-EGFR
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tion of PIK3CA results in increased AKT/mTOR
pathway signaling and increased cellular proliferation[46].
Class IA PI3Ks are heterodimers composed of regulatory (p85) and catalytic (p110) subunits. Mutations in the
PIK3CA gene occur in approximately 15%-18% (Table
1) of CRCs [47,48]. More than 80% of PIK3CA mutations in CRCs occur in exon 9 (60%-65%) or exon 20
(20%-25%)[39]. The gain of function induced by mutation
in exon-9 (helical-domain) is independent of binding to
the p85 regulatory subunit but requires interaction with
Ras-GTP. In contrast, mutations in exon-20 (kinasedomain) are active in the absence of Ras-GTP binding
but are highly dependent on the interaction with p85[49].
PIK3CA mutations can be found together with K-ras
or B-Raf mutations in the same tumor, and this makes
it difficult to evaluate their individual role in defining
sensitivity to anti-EGFR mAbs[39,50]. Patients with mutation in K-ras or B-Raf and WT PIK3CA do not respond
to cetuximab whereas patients with WT K-ras and B-Raf
but mutations in PIK3CA may have different sensitivity
depending on the characteristics of the mutations they
harbor: PIK3CA exon 20 mutations are associated with
resistance to cetuximab whereas PIK3CA exon 9 variants
have no significant effect on response[39]. PI3K-initiated
signaling is inhibited by PTEN. Recent reports suggested
that inactivation of PTEN is associated with resistance to
EGFR targeting agents[51,52]. However, the role of PTEN
loss in CRC is unclear and the lack of a standardized
method for PTEN detection limits the possibility of using this marker in the clinical setting.

Table 1 Components of the epidermal growth factor receptor signaling pathway and their abnormalities in colorectal
cancer
Component
(gene/protein)

Defect in CRC

EGFR/EGFR

Protein expression
Mutation
Increased copy number
K-ras/K-Ras
Activating mutation
(exon 2, codon 12, 13, exon 3/4,
codon 61, 117, 146)
N-ras/N-Ras
Activating mutation
(exon 1, codon 12, 13, exon 2, codon
61)
B-Raf/BRAF
Activating mutation (V600E)
PIK3CA/PI3KCA Activating mutation (exons 9 and 20)
PTEN/PTEN
Loss of protein expression
Mutation
Loss of heterozygosity

Frequency in
CRC
25%-90%
Rare
0%-50%
30%-40%

3%-5%

10%-15%
15%-18%
13%-19%

CRC: Colorectal cancer; EGFR: Epidermal growth factor receptor.

rectly interacts with Ras[41]. Known B-Raf mutations are
mainly located in the kinase domain, with a single substitution of glutamic acid for valine at codon 600 (V600E)
accounting for 80% of all mutations although other, less
frequent, activating mutations affect the same residue,
including V600A, V600D, V600G, V600K, V600M and
V600R[42]. The V600E amino acid substitution is thought
to be responsible for the oncogenic properties of BRAF
through insertion of a negatively charged amino acid in
the activation segment, thus mimicking phosphorylation
of the kinase and causing it to be constitutively active[42].
BRAF V600E is the most common point mutation in
mCRC, and is present in approximately 10%-15% of
cases (Table 1)[43]. K-Ras and BRAF function in the same
pathway downstream of EGFR and mutations in the
genes encoding these proteins are mutually exclusive,
therefore one could speculate that the presence of an
active mutation in one of these two molecules is sufficient to drive constitutive activation of the pathway[43].
Because RAF is an important downstream effector of
Ras, targeting RAF could be an effective strategy for the
treatment of K-ras or B-Raf mutated tumors. Surprisingly,
vemurafenib (PLX4032), a selective BRAF inhibitor that
showed pronounced efficacy in B-Raf-mutant melanoma
patients, had only modest clinical activity in a study evaluating 19 mCRC patients with the BRAF V600E mutation, suggesting that the biology of BRAF activation in
patients with mCRC is more heterogeneous than that in
melanoma[44]. In other studies, no response to cetuximab
or panitumumab was observed in patients with B-Rafmutant mCRC[39,45].

COMBINATIONAL THERAPIES
Because of the crosstalk between many of the RTK signaling pathways, we do not expect a single gene dependency for cancer phenotypes. Moreover, cancer cells that
are treated with drugs that block a single molecular target
are often able to activate alternative pathways as escape
mechanisms to overcome the blockade. In addition, the
effectiveness of drugs varies depending on the mutational status of the relevant gene. Therefore, appropriate
selection of patients for treatment with anti-EGFR drugs
is a major challenge in the management of mCRC. Collectively, the data available from clinical studies suggest
that these drugs are active only in a subset of patients.
The most promising approaches are rational combinations of targeted treatments that include inhibitors of
downstream effectors of the EGFR pathway. At the
present time, several drugs that inhibit activated BRAF,
MEK, PI3K, Akt and mTOR are available and evaluations of these drugs in clinical trials are actively ongoing
(Table 2)[53-77]. However, a comprehensive understanding
of the precise role of these potential drug targets in CRC
and the oncogenic dependence of tumors on these components is still lacking[78].

PI3K/PTEN
One of the major pathways activated by EGFR is the
PI3K/Akt signaling pathway. This pathway can be deregulated by either inactivation of the phosphatase and
tensin homologue (PTEN) or by activating mutations
of the PI3K p110 catalytic subunit (PIK3CA). Activa-
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tive therapeutic agents or regimens available in the clinic
for patients with tumors associated with K-ras mutation.

Table 2 RAF, MEK and PI3K/mTOR inhibitors presently in
the status of clinical trial in colorectal cancer
Drug

Target

Manufacturer

Phase

Sorafenib

BRAF

Bayer

Ⅱ

RAF inhibitors
RAF is an important effector that functions downstream
of Ras in the ERK signaling pathway and therefore represents a potential target for the treatment of tumors
with mutant K-ras. Although the BRAF V600E inhibitor
vemurafenib (PLX4032) shows pronounced activity in
patients with B-Raf mutated melanoma[44], the clinical activity of vemurafenib in previously treated patients with
B-Raf-mutated mCRC was more modest, with a response
rate of only 5% (one partial response, no complete responses) among 20 patients[44]. Interestingly, resistance
to therapy in B-Raf-mutated CRC appears to be caused
by persistent activation of the EGFR signaling pathway.
Recently, two research groups independently reported
that blockade of BRAF causes rapid feedback activation
of EGFR[90,91], which upon phosphorylation triggers sustained activation of ERK signaling and cell proliferation
through activation of Ras and CRAF. In vitro, inhibition
of EGFR activity by cetuximab restores sensitivity to
vemurafenib. Clinical trials of a combination of vemurafenib and cetuximab in metastatic B-Raf-mutated CRC
are currently underway (Table 2)[92]. Additionally, resistance to BRAF inhibition may also develop through activation of other signaling pathways. CRC demonstrates a
higher level of PI3K/Akt signaling than melanoma, and
B-Raf mutated colorectal cells display lower sensitivity
in vitro to vemurafenib in the presence of concomitant
PTEN or PI3K mutations[93]. Although these findings
confirm mutant B-Raf as a therapeutic target in this disease, they also show that the biology of BRAF activation
is clearly more heterogeneous in CRC than in other tumor types.

Indication

Colon cancer
(combination
with cetuximab)
PLX4032
BRAFV600E
Plexxikon
Melanoma,
Ⅰ
colon cancer
XL281
BRAF
Exelixis
Solid tumors
Ⅰ
GSK1120212
MEK
GlaxoSmithKline
Solid tumors,
Ⅰ
Lymphoma
AZD6244
MEK
AstraZeneca
Colon cancer
Ⅱ
(combination
with
capecitabine)
AS703026
MEK
EMD Serono
Solid tumors
Ⅰ
GDC-0973
MEK
Genentech
Solid tumors
Ⅰ
RO5126766
MEK
Hoffman-La Roche Ⅰ
Solid tumors
TAK-733
MEK
Millenium
Solid tumors
Ⅰ
RDEA119
MEK
Ardea Biosciences
Solid tumors
Ⅰ
BGT226
PI3K
Novartis
Ⅰ/Ⅱ Solid tumors,
Her2 positive
Breast Cancer
XL147
PI3K
Exelixis
Solid tumors,
Ⅰ
Lymphoma
XL765
PI3K
Exelixis
Solid tumors
Ⅰ
BEZ235
PI3K
Novartis
Solid tumors
Ⅰ
GDC-0941
PI3K
Genentech
Solid tumors
Ⅰ
PX-866
PI3K
ProIX
Solid tumors
Ⅰ
SF1126
PI3K
Semafore
Solid tumors
Ⅰ
Everolimus
mTOR
Novartis
Colon cancer
Ⅱ
(combination
with cetuximab)

human cancers including CRC, it can bypass the EGFRdriven signaling cascade and reduce the clinical efficacy
of EGFR inhibitors. Therefore, development of new
therapeutic strategies for CRC with mutant K-ras, is
critically needed. Several different strategies have been
applied to target oncogenic Ras. One of the initial strategies used was inhibition of Ras farnesylation, a posttranslational modification that is required for localization
of Ras to the plasma membrane. Preclinical studies of
farnesyltransferase inhibitors (FTIs) in transgenic mouse
models that overexpress oncogenic Ras showed potent
antitumor activity[79]. However, FTIs have shown little, if
any clinical activity in patients with solid tumors, probably because of alternative modification of Ras such as
geranylgeranylation[80,81]. As another approach to targeting
oncogenic Ras, synthetic lethal screening has been used
to identify novel anticancer agents capable of selectively
killing tumor cells harboring a specific mutation[82-84]. The
idea of reducing Ras expression by antisense or RNA interference is promising, but successful application of this
technology is currently limited by lack of efficient delivery, uptake, and gene silencing. Using high-throughput
screening approaches with loss-of-function RNAi, several
groups have identified proteins that, when lost, elicit a
synthetic lethal response when combined with mutant
Ras oncogenes but have no effect on cells with WT
Ras[85-89]. Despite all these efforts, there are still no effec-
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MEK inhibitors
Selective inhibitors of MEK kinases seem an attractive
target for tumors that preferentially signal through the
Ras-RAF-MEK-ERK pathway. Proof of concept was
provided in a preclinical study with the MEK inhibitors
AS703026 or AZD6244 (Table 2), which inhibited the
growth of xenograft tumors formed by CRC cells with
mutant K-ras[94]. We further investigated the effect of
MEK inhibitors on cells with cetuximab resistance attributed to K-ras mutation using isogenic DLD-1 CRC cell
lines (D-WT and D-MUT) that harbor WT or mutant
K-ras alleles respectively, and found that the MEK inhibitors suppressed cetuximab-resistance of CRC cells that
was attributed to K-ras mutation both in vitro and in vivo[94].
Recent studies showed that a compensatory or activating feedback loop between RAF-MEK-ERK and PI3K
pathways counteracts the effect of MEK inhibition[95].
Moreover, dual inhibition with MEK and PI3K inhibitors resulted in marked inhibition of tumor cell growth.
In vitro studies in K-ras-mutant CRC cell lines showed that
the presence of activating mutations in PIK3CA or lossof-function mutations in PTEN resulted in insensitivity
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to MEK inhibitor[96]. These studies also showed that mutational activation of PIK3CA is not functionally equivalent to PTEN loss. Therefore, the authors concluded that
PI3K pathway activation is a major resistance mechanism
that impairs the efficacy of MEK inhibitors in K-ras mutated cancers, and it is therefore important to test whether pan-PI3K inhibitors will act synergistically with MEK
inhibitors in cancers with coexisting PTEN and K-ras mutations. Together with the previous study, this provides
a strong rationale for combination treatment with PI3K
and MEK inhibitors. In conclusion, although MEK inhibition is theoretically an interesting approach to targeting
K-ras activated tumors, it is very likely that MEK inhibitors will only be efficient in a subgroup of K-ras mutant
CRCs. As we discuss in this manuscript, combination
with other targeted agents is probably a more efficient
approach.

ings suggest that resistance to anti-EGFR agents involves
a complex network of molecular alterations. Assessment
of the effects of these alterations on the efficacy of new
drugs that selectively target proteins introduces a new
paradigm to clinical oncology. Because of the complexity and heterogeneity of molecular alterations in patients,
the aim for the near future is the development of personalized anti-cancer drugs for the treatment of mCRC
through definition of the mutation profile of key signaling genes in individual tumors. A comprehensive molecular characterization of mCRC and a better understanding
of the functional interactions within the RTK-activated
intracellular pathway will be necessary in order to select
the most appropriate therapy for each individual patient.
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Core tip: Patients with inflammatory bowel diseases
have a predisposition for the development of colorectal cancer (CRC). We summarize current literature on
the interleukin (IL)-6/signal transducer and activator of transcription 3 (STAT3) inflammatory pathway
and its association with CRC. Recent papers within the
last couple of years have demonstrated the crosstalk
between IL-6, STAT3 and sphingosine-1-phosphate
pathways in inflammation associated tumorigenesis in
intestine. This signaling cascade in tumor cells appears
to be an essential pathway for CRC tumor progression.
Current therapies exploiting sphingolipid signaling have
provided an attractive strategy against inflammationassociated CRC.

Abstract
Accumulated evidences have demonstrated that signal
transducer and activator of transcription 3 (STAT3) is
a critical link between inflammation and cancer. Multiple studies have indicated that persistent activation of
STAT3 in epithelial/tumor cells in inflammation-associated colorectal cancer (CRC) is associated with sphingosine-1-phosphate (S1P) receptor signaling. In inflammatory response whereby interleukin (IL)-6 production
is abundant, STAT3-mediated pathways were found to
promote the activation of sphingosine kinases (SphK1
and SphK2) leading to the production of S1P. Reciprocally, S1P encourages the activation of STAT3 through
a positive autocrine-loop signaling. The crosstalk between IL-6, STAT3 and sphingolipid regulated pathways
may play an essential role in tumorigenesis and tumor
progression in inflamed intestines. Therapeutics targeting both STAT3 and sphingolipid are therefore likely to
contribute novel and more effective therapeutic strategies against inflammation-associated CRC.

Original sources: Nguyen AV, Wu YY, Lin EY. STAT3 and
sphingosine-1-phosphate in inflammation-associated colorectal
cancer. World J Gastroenterol 2014; 20(30): 10279-10287 Available from: URL: http://www.wjgnet.com/1007-9327/full/v20/
i30/10279.htm DOI: http://dx.doi.org/10.3748/wjg.v20.i30.10279

COLORECTAL CANCER AND
INFLAMMATION
Colorectal cancer (CRC) is a third leading cause of cancer death in United States[1]. Patients with inflammatory
bowel disease (IBD) of which two major known types
are ulcerative colitis (UC) and Crohn’s disease (CD) have
a predisposition for the development of CRC[2-5]. IBDassociated CRC occurs frequently in patients at younger
age compared to sporadic CRC[4,6,7]. Among IBD patients, IBD-associated CRC accounts for a high mortal-

© 2015 Baishideng Publishing Group Inc. All rights reserved.

WCGO|www.wjgnet.com

2084

February 8, 2015|First Edition|

Nguyen AV et al . STAT3, Sphingosine-1-phosphate and Inflammation-associated CRC

ity rate (10%-15%) with a 5-year survival of approximately 50%[6]. The association between inflammation
and cancer is well recognized but the mechanistic link
of these events is still under investigation[4]. Although
the pathogenesis of IBD itself is unknown, cumulative
data strongly support the hypothesis that IBD is due to
a genetic predisposition that leads to a dysregulation of
mucosal immune reactions to enteric microbes or environmental antigens[8-10].
In almost every IBD intestines, there is an overproduction of proinflammatory cytokines including
tumor necrosis factor-α (TNF-α), interleukin (IL)-6 and
interferon-gamma (IFN-γ)[11]. These factors have been
known to stimulate the activation of intracellular STAT
proteins, which are phosphorylated, then dimerized, and
translocated to nucleus for transactivation a number of
genes[12]. IL-6 has emerged as a key cytokine mediating
IBD pathogenesis since serum level of IL-6 was shown
to significantly elevate in patients with IBD[13-15] and local
production of IL-6 was highly correlated with degree of
intestinal inflammation[16]. During chronic inflammation,
IL-6 functions are believed to recruit B and T cells to the
inflamed site[17,18] by activation of JAK kinase pathway
which phosphorylates signal transducer and activator of
transcription (STAT) proteins, mainly STAT3[19].
Persistent activation of STAT3 has been observed
in multiple human malignancies including various stages
of colorectal cancer[20-23]. Several studies have shown that
high expression of STAT3 alters the cell cycle[24,25] or
inhibits apoptosis by up regulating anti-apoptotic signaling[26,27] in inflammation-associated CRC or and in other
human cancers[28]. Moreover, STAT3 activation in tumor
is often associated with poor prognosis of various human
malignancies[29-32] suggesting that STAT3 promotes tumor
progression or metastasis.
Recent genome-wide analysis of CD has identified
the Stat3 gene as one of the susceptibility loci for the
development of inflammatory bowel disease[33]. A study
of human ulcerative colitis associated cancer has shown
that dysplastic cells exhibited significantly higher expression of IL-6 and phosphorylated STAT3 (p-STAT3)[34]
suggesting that the signaling cascade involving IL-6 and
STAT3 is one of the important pathways in inflammation associated-CRC development. The potential protumor role of IL-6/STAT3 pathway in inflamed intestine
is also supported by studies using experimental models.
Bollrath et al[35] have shown that mice carrying genetic
modification in IL-6 cytokine family receptor β subunit,
gp130 (gp130Y757F), exhibiting hyperactivation of Jak1/2STAT3 signaling cascade upon IL-6 stimulation, had
increased multiplicity of frequency and size of tumor
in intestine when mice were treated with a carcinogen,
azoxymethane (AOM) followed by dextran sodium sulfate (DSS) to induce inflammation and tumorigenesis
in intestine. The development of tumors in AOM/DSS
model was significantly suppressed when either IL-6 or
epithelial stat3 was inactivated[35,36]. These experiments
suggest that IL-6 plays a crucial role in inflammation-
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induced tumorigenesis in intestine and the activities of
IL-6 is potentially mediated by STAT3[37-40]. We and others have recently demonstrated that IL-6/STAT3 linked
to the sphingosine-1-phosphate (S1P) signaling in CRC
tumor progression[41-43].

S1P/S1P KINASES IN INFLAMMATION
ASSOCIATED HUMAN CANCER
S1P is a signaling sphingolipid characterized by a presence of a particular aliphatic amino alcohol (sphingosine)[44]. S1P is activated from sphingosine, a derivative
of ceramide, by two known sphingosine kinases, SphK1
and SphK2, that have a broad but overlapping tissue
distribution[45-47]. Numerous studies have shown that S1P
signaling orchestrates many important physiological and
pathophysiological processes including cell proliferation,
migration and immune regulations[44,48-50]. As an inflammatory mediator, S1P has a pleotrophic effects including
modulation of macrophage and neutrophil anaphylatoxin
C5a signaling pathway[51,52] and stimulation lymphocyte
trafficking into inflamed area[53]. The chemotatic ability of
S1P to specific cell migration was reported to be dependent on the S1P receptors found on the cell membrane[54].
The uniqueness of S1P as an inflammatory mediator
is ability to function either inside or outside of the cell.
Intracellularly, S1P has been shown to bind to histone
deacetylases regulating epigenic gene expression[55]. It
can form complex with TNF-α receptor and TRAF2 in
activation of NF-κB signaling[56]. S1P can also be transported across the plasma membrane as part of the “inside-out” signaling mediated by inflammation regulator
ATP-binding cassette (ABC) family-member receptors
including ABCC1, ABCG2 and sphingolipid transporter
spinster homolog 2 (SPNS2)[57-61]. In addition, S1P has
also been shown to regulate cell growth in a variety of
cells by increase expression of anti-apoptotic Bcl2 and
MCL1 while down regulate the pro-apoptotic proteins
BAD and BAX[62-64].
Consistent to the potential tumor promoting function
of S1P, increased expression of SphK1 has been found
in multiple types of human cancers including stomach,
lung, brain, colon and kidney[65]. Elevated expression of
SphK1 has been correlated with increased tumor grade
and mortality in several human malignancies including
astrocytoma, gastric cancer and non-Hodgkin’s lymphoma[66-68]. In colon cancer, over-expression of SphK1
exhibits increased cell viability and enhances invasiveness
associated with an upregulation of metalloproteinases
2/9 and urokinase plasminogen activator[69]. Interestingly,
CRC cells resistant to cetuximab, a monoclonal antibody
against epidermal growth factor (EGF) receptor prescribed for treatment of metastatic colon cancer exhibit
an over expression of SphK1 suggesting a cross signaling
between SphK1 and EGF receptor[70]. Further analysis
of human colon cancer demonstrates a strong correlation between upregulation of SphK1 and focal adhesion
kinases in cancer cells indicating that SphK1 activity is
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linked to an increase of tumor cell attachment and migration, initial steps in malignant transition[71].
The significance of S1P signaling in gastrointestinal
tract tumor was demonstrated by Kohno et al[72] in 2006
who initially showed that the expression of SphK1 was
required for intestinal adenoma development in Apc
Min/+ mice. Further studies indicate that SphK1 was
upregulated in colonic adenocarcinoma of rats induced
by AOM[73]. Similarly, inactivation of SphK1 results in
a significant delay in tumor progression in AOM/DSS
induced mouse model of colitis-associated CRC[74]. Collectively, these studies suggest that S1P-SphK1 axis may
also play a role CRC tumorigenesis. Interestingly, a study
by Liang et al[42] observed that AOM/DSS treatment of
SphK2-/- mice did not caused a reduction in tumor formation as expected but rather caused an increase in colitis
associated tumorigenesis. This observation at first seems
counter intuitive as both SphK1 and SphK2 phosphorylate sphingosine to S1P and thus, inactivation of SphK2
would result in a decrease of the overall S1P pool. In
fact, the group reported that deletion of SphK2 caused
a compensatory effect that resulted in an increase of
SphK1 expression hence overall increase in S1P[42]. The
study demonstrates that SphK1 and SphK2 are functionally compensated in the major positive feedback loop of
inflammation-induced tumorigenesis in colon[42].
The potential connection between the two pathways,
IL-6/STAT3 and S1P-SphK1, in tumor biology was not
illuminated until Lee et al[41] who demonstrated that in
many tumors (lymphoma, breast, prostate and adenocarcinoma) with persistently activation of STAT3 correlated
with an elevation of S1P receptor, S1PR1. Enhanced
S1PR1 expression, which activated STAT3 and upregulated IL-6 expression, accelerated tumor growth and
metastasis[41]. The study demonstrates that SphK1/S1P/
S1PR1 axis plays an essential role in regulating the production of IL-6 and persistent activation of STAT3 that
linked to inflammation and tumor progression. Using a
conditional genetic targeting approach, we reported that
mice with Stat3 inactivation specifically in hematopoietic
cells developed chronic inflammation in large intestine
that led to tumorigenesis in the flamed colon[75]. In this
model, termed Stat3-IKO, persistent activation of STAT3
in colonic epithelial cells was found to be associated with
a marked elevation of IL-6 expression consistent to the
observation in human IBD[15,40,75]. The over expression of
IL-6 and persistent activation of STAT3 in epithelial cells
were associated with a significant elevation of S1PR1 and
SphK2 expression in epithelial cells in inflamed colon 43
consistent with the other reports[76-78]. Interestingly, inactivation of epithelial Stat3 in Stat3-IKO mice did not inhibit inflammation-associated epithelial over proliferation
but significantly delayed tumor progression to invasive
stages[43].
The delayed tumor progression was associated with a
significantly decreased expression of S1PR1 and SphK2
in colonic epithelial/tumor cells[43]. We observed that the
decreased expression of S1PR1 and SphK2 in this model
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is associated with marked increase of CD8+ T cell and
regulatory T lymphocytes (Treg) populations in colon
suggesting that epithelial STAT3-S1P pathway may regulate tumor progression through regulating the recruitment
of specific populations of immune cells consistent with
previous studies[41,79]. Based on previous studies including ours, a positive feedback pathway linking inflammation and tumor progression via the IL-6/STAT3/S1PR1
is proposed as illustrated in Figure 1. Proinflammatory
cytokines including IL-6 produced by infiltrated inflammatory cells initiate the activation of STAT3 in epithelial cell. In addition, to promote pathways that regulate
cell proliferation and survival, epithelial STAT3 triggers
the activation of SphK-S1P-S1PR pathway that further
stimulates the activation of epithelial STAT3 through (1)
enhancing the infiltration of inflammatory cells; and (2)
promoting the positive feedback loop via S1PR-STAT3
expressed on epithelial cells. This vicious cycle maintains
the persistent activation of STAT3 in epithelial cells and
consequently leads to malignant transformation in these
cells.

THERAPIES TARGETING INFLAMMATION
AND S1P/SPHK1 PATHWAY IN
COLORECTAL CANCER
In light of mouse models of inflammation associated
colorectal cancer linking persistent activation of STAT3
with S1P signaling pathway, many distinctive features
seen in mice are observed in human CRC. Therefore,
strategies targeting these pathways may improve the current treatment of the disease. Indeed, multiple strategies
have been proposed and currently in clinical trials.
It has been long recognized that the balance between
sphingosine and ceramide known as the sphingosine
rheostat determines the fate of the cell as increase of
ceramide mediates apoptosis while increase of sphingosine/S1P induces cell mitogenesis[80,81], as illustrated in
Figure 2. A therapeutic strategy for the treatment of CRC
is to shift the balance of the sphingosine rheostat in favor
of the increase of ceramide. Inhibitors for ceramidase,
an enzyme that cleaves ceramide to sphingosine, such as,
B13, have been shown to induce apoptosis in metastatic
human colon cancer[82]. Direct application of ceramide
derivatives including ceramide LCL-30 and sphingosine
analogue, (2S,3S,5S)-2-amino-3,5-dihydroxyoctadecane
(Enigmol), have also been used to inhibit CRC development in mice[83-85]. Another interesting approach is to target S1P lyase, an enzyme that cleaves S1P to hexadecenal
and phosphothanolamine. S1P lysase isolated from the
prokaryote Symbiobacterium thermophilum called StSPL was
shown to inhibit MCF-7 human breast cancer cell and
HCT-116 colon carcinoma cell growth by decreasing the
S1P pool[86]. Monoclonal antibody against human S1P,
iSONEP, manufactured by Lpath Inc., provides a direct
method to immuno-deplete S1P and is in lined for clinical testing[87].
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to be tested on patients with colitis-associated CRC, the
pharmacokinetic of ONO-4641 has been tested using
experimental models[98,99]. The most promising drug in
clinical testing for inflammation associated with CRC is
FTY720, fingolimod. This drug is particularly important
since it blocks S1P pathway at multiple levels. Activated
intracellularly by SphK2, phosphorylated FTY720 is
believed to bind to G coupled-protein S1P receptor and
prevents the receptor from recycling to the membrane
thereby rendering cells unresponsive to S1P[100]. FTY720
blocks T and B lymphocyte egression from secondary
lymphoid tissue to the blood[101]. Additionally, the antiinflammatory effect of FTY720 is demonstrated in a
colitis mouse model induced by 2,4,6-trinitrobenzene
sulfonic acid (TNBS) in which FTY720 appears to block
Th1 mediated colitis[102]. Interestingly, FTY720 treatment
of these mice resulted in up-regulation of FoxP3+ T
cells consistent with our hypothesis that the S1P/S1PR1
pathway modulates the activities of FoxP3+ Treg cells[102].
In inflammation associated CRC, FTY720 inhibits tumor
angiogenesis by blocking S1P-mediated Ca+2 mobilization
important for vascular endothelial cell migration[100]. Furthermore, the FTY720 was recently shown to decrease
SphK1 and S1PR1 expression and eliminate the NFκB/IL6/STAT3 amplification cascade critical for the
development of CRC[42].
Additional strategies targeting IL-6/STAT3 in the

Several inhibitors targeting the SphK have been
developed in the treatment of different cancers including CRC[70,88,89]. Of note worth mentioning is methylated sphingosine derivative N,N-dimethylsphingosine
(DMS)[88]. DMS was originally identified as an inhibitor
of protein kinase C that regulates cell growth and induces
apoptosis in number of cancer cells[88,90]. It was later
shown to inhibit SphK’s[91]. Colon cancer cells that are resistant to cetuximab due to over expression of SphK 1[70]
responded well to cetuximab in conjunction with DMS
or with SphK1 siRNA inhibitor[70]. Another inhibitor of
SphK1 is dihydrosphingosine (DHS)[92]. Interestingly,
an increase of intracellular DHS was observed in human PC-3 and LNCaP prostate cancer cells treated with
vitamin E γ-tocotrienol[93]. The elevation of DHS was
associated with an increase of apoptosis, necrosis and autophagy in these cells[93]. Similarly, γ-tocotrienol treatment
of human colon carcinoma SW620 and HCT-8 cells also
caused similar paraptosis-like cell death[94]. These and
other SphK1 inhibitors such as, F-12509a, B-5354c, and
SKI-I-V[89] have been shown to prevent the development
of CRC in AOM/DSS model[95].
Prevention therapy that target S1P mediated inflammation is being developed. For instance, several
drugs that target S1P receptor, such as, ONO-4641 and
KRP-203 have been shown to reduce inflammation in
mouse models of colitis[96,97]. While these drugs have yet
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treatment of colitis-associated CRC are also being developed. Tofacitinib, which targets the Janus kinases, the
major enzyme phosphorylating STAT3, was reported
to have a better clinical remission rates in UC patients
compared to those on other anti-inflammatory drugs,
mesalamine, or glucocorticoids immunosuppressant, or
anti-TNF therapy[103]. Furthermore, chemotherapeutic
agents, camptothecin (CPT) and oxaliplatin (OXP) were
shown to enhance apoptosis by inhibiting IL-6 activation of STAT3 in human colon cancer cells HCT116 and
HT29[104]. Other STAT3 targeting drugs worth mentioning are trichostatin A (TSA), a histone deacetylase inhibitor, but has shown to inhibit Jak2/STAT3 activation
in CRC cells[105,106] and 2 β-cyclodextrin inclusion compounds of auraptene and 4’-geranyloxyferulic acid used
as part of the diet in reducing inflammation[107]. Small
interfering RNA (siRNA) targeting STAT3 has shown to
inhibit colon cancer cell invasion ability[108] and sensitize
the cells to chemoradiotherapy[109]. Collectively, these
drugs and other inhibitor of S1P/SphK inhibitors offering promising therapeutic potential in CRC treatment.

inflammatory drug would likely to add novel and more
effective therapeutic strategies against colorectal cancer
especially those cancers associated with inflammation.
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blockade of known signalling pathways will help us
design better and more rational sequencing of these
treatments, so that we can maximise the survivorship
of mCRC patients. This review outlines treatment strategies for known molecular alterations with new MTAs
and highlights some promising strategies.
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Core tip: Abrogation of the mitogen-activated protein
kinase pathway downstream epidermal growth factor
receptor (EGFR) has emerged as a new potential targetable pathway in the treatment of metastatic colorectal cancer. Similarly, a variety of agents blocking the
PI3K/Akt/mTOR pathway are underway. At the same
time, a combinatorial inhibition of angiogenesis is being
attempted with dual blockade of vascular-endothelial
growth factor and c-mesenchymal-epithelial transition
factor. Indications that HER-2 overactivation can confer resistance to treatment to MoAb against EGFR has
revealed yet another potential target whereas PARP
inhibitors are being tested for their ability to cause synthetic lethality in cancer cells with established defects
in MMR system.

Abstract
The therapeutic landscape of metastatic colorectal cancer (mCRC) has changed substantially with the emergence of new molecularly targeted agents (MTA) used
as single agents or alongside standard chemotherapy.
The use of these MTAs extended the overall survival of
patients with mCRC to a level that current chemotherapeutics alone could not achieve. In addition, improvement in surgical techniques and ablation modalities offer cure to a limited subset of patients with mCRC and
MTAs have been found to have a significant role here
too, as they aid resectability. However, for the majority of patients, mCRC remains an invariably incurable
disease necessitating continued courses of combined
treatment modalities. During the course of these treatments, either cytotoxic or biological, cancer cells maintain their ability to acquire mitogenic mutations which
render them resistant to treatment. Key challenges
remain to identify appropriate subsets of patients who
will most likely benefit from these new MTAs and effectively select these based on validated biomarkers.
Moreover, better knowledge of the biology of colorectal cancer and the mechanisms via which it bypasses
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(cRAF/RAF-1, B-RAF, and B-RAFV600E mt)[9]. The multicentre CORRECT phase-3 study demonstrated a 23%
risk reduction of death (HR = 0.77) in mCRC patients
who progressed through standard therapeutic options
compared to best supportive care[10]. Undoubtedly, this
study yielded a new agent for patients with no remaining
therapeutic options, but clinical benefit vs increased toxicity has to be considered (Table 1).

nosed cancer and the third leading cause of cancer death
in the United States with 142820 estimated new cases in
2013[1].
The combinations of fluoropyrimidine with oxaliplatin (FOLFOX) or irinotecan (FOLFIRI) are all appropriate first-line treatments for metastatic colorectal cancer
(mCRC) with the crossover to the alternate regimen upon
progression[2].
The addition of bevacizumab, a humanized recombinant monoclonal antibody (moAb) which blocks
the vascular-endothelial growth factor-A (VEGF-A or
VEGF) to first line chemotherapy with either FOLFOX
or XELOX (capecitabine, oxaliplatin) resulted in a better
progression free survival (PFS) compared to chemotherapy alone[3]. There is also now evidence that the use of
bevacizumab beyond first-line chemotherapy progression
is increasing overall survival (OS) when added to secondline chemotherapy[4].
Similarly, the MoAb against the epidermal growth
factor receptor (EGFR) cetuximab is approved for use
in the first-line setting for KRAS wild-type (wt) mCRC
combined with FOLFIRI, based on results of the CRYSTAL study[5]. Panitumumab, a fully humanised EGFRantibody, showed superior PFS and overall survival (OS)
compared with FOLFOX alone in the first-line setting[6].
The use of EGFR antibodies is restricted to patients
without an activating mutation in exon 2 of KRAS gene
(KRAS wt) which confers intrinsic resistance of cancer
cells to EGFR blockade[7].

NEW RATIONALLY DESIGNED
TREATMENT MODALITIES
Two major pathways, the mitogen-activated protein kinase (MAPK-kinase) and the PI3K/Akt/mTOR pathways are commonly deregulated in mCRC (i.e., 40%
KRAS mutant, 14.5% PIK3CA mutant and 4.7% BRAF
mutant[11]) and offer a good clinical rationale to target
these alterations. These pathways interact with a variety
of receptor tyrosine kinases (RTK), including EGFR,
HER-2, hepatocyte growth factor (HGF) and others.
MAPK pathway
MAPK pathway regulates various cellular functions including cell proliferation, differentiation, migration and
apoptosis. With recent successes of selected BRAF and
MEK inhibitors in metastatic cutaneous melanoma these
drugs have also been explored in v-Raf murine sarcoma
viral oncogene homolog B1 (BRAF) mutant mCRC.
Vemurafenib, an oral selective inhibitor of BRAF
oncoprotein was tested as single agent in a phase 1 study
in patients with BRAF mutant colorectal cancer. In contrast to its pronounced activity in melanoma patients, the
results of this study were comparably modest, with only
5% rate of partial responses[12]. Prahallad et al[13] investigated reasons for the limited single agent activity and
revealed that BRAF inhibition leads to rapid upstream
activation of EGFR with subsequent bypass signalling via
the PI3K/Akt/mTOR pathway. Interestingly, preclinical BRAF mutant CRC models showed that combined
BRAF/EGFR inhibition resulted in promising antiproliferate effects and this approach is currently tested in
a study, whereby vemurafenib is combined with panitumumab[14] (Table 2).
Another approach to overcome the limited response
to single agent BRAF inhibitors was the addition of
MEK inhibitors which resulted in synergistic anti-tumour
effect in BRAF mutant CRC cell lines[15]. The rationale of
this approach was that the addition of a MEK inhibitor
reduces signalling via RAF-isoforms, especially CRAF, via
MEK. A dual BRAF/MEK combination was clinically
tested with the BRAF inhibitor, dabrafenib, in combination with the MEK inhibitor, trametinib. Despite a combined response rate of only 12% (3%CR and 9%PR),
there was a significant rate of disease stabilisation (53%)
with a median PFS of 3.5 mo (95%CI: 1.8-4.9)[16], justifying to test this combination in later phase trials.
Similarly to the EGFR upregulation that is observed
when BRAF is inhibited, abrogation of MEK activ-

APPROVED NEW MOLECULARLY
TARGETED AGENTS
Based on principles set by EGFR and VEGF inhibition,
new targeted agents that abrogate multiple receptors
emerged, in expectation of achieving greater results than
their predecessors. And yet, their clinical effect can be
characterised as modest. Questions arise as to whether
these agents would exhibit their maximal effect only
when used in selected patient subsets based on relevant
biomarker.
Aflibercept is a recombinant fusion protein (VEGRtrap) that blocks the activity of VEGF-A, VEGF-B and
placental growth factor (PlGF). In the VELOUR study,
aflibercept was combined with FOLFIRI vs FOLFIRI/
placebo in patients with mCRC patients who relapsed
after treatment with oxaliplatin-containing regimen.
Compared to the control group, it produced better PFS
(6.9 mo vs 4.67 mo, HR = 0.758; P < 0.0001) and an
overall response rate of 19.8% compared to 11.1% (P =
0.0001)[8].
Another new MTA is regorafenib, an inhibitor of
several angiogenic and stromal receptor tyrosine kinases,
including VEGFR-1, -2, -3, platelet-derived growth
factor-β (PDGFR-β), fibroblast growth factor receptor
1 (FGFR-1), and TIE2. In addition, regorafenib inhibits various oncogenic receptor tyrosine kinases (RTKs:
c-KIT and RET) and intracellular signaling kinases
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Table 1 Completed trials of approved targeted treatments
Drug
Bevacizumab

Target

Study

Phase patients

Outcome

VEGF-A

Bevacizumab in combination with Oxaliplatinbased chemotherapy as first-line therapy in
metastatic CRC.
Cetuximab combined with FOLFIRI vs
FOLFIRI alone as first line in mCRC.

Phase Ⅲ

Median OS 21.3 mo Bev/chemo arm vs 19.9 mo
chemo alone
(HR = 0.89, 97.5%CI: 0.76-1.03, P = 0.077)
Median OS for KRAS WT patients: 23.5 mo
(97.5%CI: 21.2-26.3) in Cetux/FOLFIRI arm vs 20
mo (97.5%CI: 17.4-21.7) in FOLFIRI alone
Median OS (KRAS wt) 23.8 mo (97.5%CI: 20.0–
27.7) with panitum/FOLFOX vs 19.4 mo (97.5%CI:
17.4-22.6) with FOLFOX alone
Median OS 13.5 mo (97.5%CI: 12.5-14.9) with
Aflibercept/FOLFIRI vs 12 mo (97.5%CI: 11-13)
with FOLFIRI alone

n = 1401
Phase Ⅲ
n = 599

Cetuximab

EGFR

Panitumumab

EGFR

Panitumumab with FOLFOX vs FOLFOX
alone in first line aCRC

Phase Ⅲ
n = 656

VEGFA
VEGFB
PIGF

Addition of Aflibercept to FOLFIRI in
patient with mCRC previously treated with
Oxaliplatin-based chemotherapy (including
patients who received Bevacizumab)
Regorafenib monotherapy for previously
treated metastatic colorectal cancer vs best
supportive care (CORRECT)

Phase Ⅲ
n = 1226

Zivaflibercept

Regorafenib

VEGFR -1, -2, -3
TIE2
KIT, RET, RAF1, BRAF,
and BRAFV600E
PDGFR and FGFR

Phase Ⅲ
n = 760

Median OS 6.5 mo with Regorafenib vs 5 mo
for best supportive care (HR = 0.77, 97.5%CI:
0.64-0.94, P = 0.0052)

VEGF: Vascular-endothelial growth factor; EGFR: Epidermal growth factor receptor; FGFR: Fibroblast growth factor receptor; PDGFR: Platelet-derived
growth factor receptor; mCRC: Metastatic colorectal cancer; OS: Overall survival.

ity with a MEK inhibitor stimulates AKT activity in an
EGFR-dependent way[17]. Therefore, a combinatorial approach is currently underway whereby the BRAF/MEK
inhibitor combination of dabrafenib/trametinib is compared to dabrafenib/trametinib plus panitumumab in an
ongoing phase 2 study[18] (Table 2).
Interestingly, MEK inhibitors have not displayed
promising activity as single agents. However, preclinical data showed that the MEK inhibitor selumetinib
(AZD6244) can augment the efficacy of conventional
chemotherapeutic agents such as temozolamide or
docetaxel[19]. Early results from a small phase 2 study
where reported when selumetinib was combined with
irinotecan in patients with KRAS and/or BRAF mutant
mCRC who progressed on oxaliplatin-containing regimen. Of a total of 32 patients, there was a 10% PR rate
and disease stabilisation in 52% of patients. Interestingly,
the median PFS was 3.4 mo compared with the historic
PFS of 2.5 mo in second line FOLFIRI[4,20].

combination with irinotecan which is currently enrolling
mCRC patients[23] (Table 2).
Loss of PTEN function has been reported in up to
31% of colon cancer[24] and specific isoform inhibition
of the PI3K-beta subunit has been reported to prohibit
proliferation in tumours with PTEN loss[25]. As part
of an ongoing phase-1 study the PI3K-beta inhibitor,
GSK2636711, is currently tested in patients with advanced tumours with PTEN loss - including patients with
mCRC[26] (Table 2).
The multi-tyrosine kinase inhibitor, perifosine, exhibits its main action by inhibiting signalling via Akt[27].
Despite promising results of perifosine in a phase 2 study
in combination with capecitabine a large phase 3 study
(X-PECT study) failed to show overall survival benefit
in unselected mCRC patients who failed standard therapies[28]. Further trials of targeting Akt-signalling are currently underway and one of the biological rational is to
combine both, Akt and MEK-inhibitors, in an attempt to
horizontally target both the PI3K/Akt/mTOR and the
MAP-kinase axis (Table 2).
A pharmacokinetic, biomarker-driven study using the
combination of the AKT-inhibitor (MK-2206) with selumetinib (MEK-inhibitor) is currently recruiting, however
early results indicate that the combination is not well tolerated mandating several dose reductions and leading to
limited drug exposure in target tissue[29]. Further results
will clarify whether the drug combination can enter later
stage trials.
Everolimus is an oral derivative of rapamycin which
inhibits the mTOR1 complex, one of the major effectors
of Akt-signalling. In a phase 2 study of heavily pre-treated mCRC patients, everolimus failed to produce a meaningful PFS and OS benefit[30]. In addition a combination
of everolimus and bevacizumab resulted in modest clini-

PI3K - AKT- mTOR pathway
The PI3K-Akt-mTOR pathway deregulation is often a
result of alterations in the PIK3CA gene or loss of function/expression of the tumour suppressor gene PTEN,
thereby promoting cancer cell survival and motility. As
reported by Perrone et al[21], PIK3CA/PTEN deregulation
can be found in up to 27% of patients not responding to
classical epidermal growth factor receptor blockade with
cetuximab.
BKM120 is a pan-PI3K inhibitor with activity against
all PI3K isoforms and was tested in a classical doseescalation phase 1 study of which 43% were patients
with mCRC - promisingly, 33% of the mCRC cancer
patients had stable disease with good tolerability[22]. This
subsequently led to the initiation of a phase-1 b study in
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Table 2 On-going clinical trials with novel targeted therapeutics
Drug

Target

Study

Phase

Objective

Patients (est.) (primary, secondary)
Vemurafenib plus
Panitumumab

BRAF/EGFR

Vemurafenib,
Cetuximab plus
Irinotecan

BRAF/EGFR plus
chemotherapy

Dabrafenib,
Trametinib
panitumumab

BRAF/MEK and
EGFR

LGX818

BRAF

LGX818
BYL719
Cetuximab
CEP-32496

BRAF
PI3K
EGFR
BRAF

BKM120
Irinotecan

PI3K
plus
chemotherapy
PI3K

BKM120

A Pilot Study of Vemurafenib and Panitumumab Combination
Therapy in Patients With BRAF V600E Mutated Metastatic Colorectal
Cancer
A Phase Ⅰ Trial of Vemurafenib in Combination With Cetuximab
and Irinotecan in Patients With BRAF V600 Mutant Advanced Solid
Malignancies

Ⅰ/Ⅱ
n = 15

ORR
PFS/OS

Ⅰ

MTD

An Open-Label, Three-Part, Phase Ⅰ/Ⅱ Study to Investigate the
Safety, Pharmacokinetics, Pharmacodynamics, and Clinical Activity of
the MEK Inhibitor GSK1120212, BRAF Inhibitor GSK2118436 and the
Anti-EGFR antibody Panitumumab in Combination in Subjects With
BRAF-mutation V600E or V600K Positive Colorectal Cancer
A phase Ⅰ, multicentre, open label, dose-escalation study of oral
LGX818 in adult patients advanced colorectal cancer BRAF mutated

Ⅰ/Ⅱ
n = 200

DLTs
Pharmacokinenics
RR

Ⅰ
n = 126

DLT
Tumour response

A Phase Ⅰb/Ⅱ Multi-center, Open-label, Dose Escalation Study
of LGX818 and Cetuximab or LGX818, BYL719, and Cetuximab in
Patients With BRAF Mutant Metastatic Colorectal Cancer
An open-Label, Phase 1/2, Single-Agent Study of CEP-32496 in
Patients With Advanced Solid Tumors in Phase 1 and in Patients With
Advanced Melanoma and Metastatic Colorectal Cancer With BRAF
Mutation in Phase 2
Phase Ⅰ Trial of Irinotecan and BKM120 in Previously Treated
Advanced Colorectal Cancer

Ⅰ/Ⅱ
n = 124

DLT
PFS

Ⅰ/Ⅱ
n = 154

ORR
PFS

Ⅰ
n = 30

MTD
Pharmacokinetics

Phase Ⅰ/Ⅱ Study of the P13Kinase Inhibitor BKM120 Given in
Combination With Panitumumab in Patients With Metastatic or
Advanced RAS-Wild Type Colorectal Cancer

Ⅰ/Ⅱ
n = 40

MTD
Antitumour activity

n = 63

Panitumumab

EGFR

GSK- 2636771

PI3K-beta

A Phase Ⅰ/Ⅱa, First Time in Human, Open-label Dose-escalation
Study of GSK2636771 in Subjects With Advanced Solid Tumors With
PTEN Deficiency

Ⅰ/Ⅱ
n = 150

Translational
research
MTD
Pharmacokinetics

BKM120
MEK162

PI3K
MEK

Ⅰ
n = 88

Efficacy
Rate of DLTs
ORR and PFS

MK-2206

Akt

A Phase Ⅰb, Open-label, Multi-center, Dose-escalation and Expansion
Study of an Orally Administered Combination of BKM120 Plus
MEK162 in Adult Patients With Selected Advanced Solid Tumors
A Phase 2 Study of MK-2206 in Previously Treated Metastatic
Colorectal Cancer Patients Enriched for PTEN Loss and PIK3CA
Mutation
Pilot Study of the Combination of MK-2206, an AKT Inhibitor, and
AZD6244, a MEK Inhibitor, in Patients With Advanced Colorectal
Carcinoma
Phase Ⅰ/Randomized Phase Ⅱ Study of Second Line Therapy With
Irinotecan and Cetuximab With or Without RAD001, an Oral mTOR
Inhibitor for Patients With Metastatic Colorectal Cancer

Ⅱ
n = 54

ORR
Biomarker validation

Ⅱ
n = 38
Ⅰ/Ⅱ
n = 41

Evaluate reduction
of pAKT, pERK and
Ki-67
MTD
ORR

A Phase 1 Dose Escalation Study of Combination Therapy With Oral
SAR245408 (XL147) and Oral MSC1936369B in Patients With Locally
Advanced or Metastatic Solid Tumors
Randomized, Double-Blind, Phase Ⅱ Study of FOLFOX/Bevacizumab
With Onartuzumab (MetMAb) vs Placebo as First-Line Treatment for
Patients With Metastatic Colorectal Ca

Ⅰ

MTD

n = 170
Ⅱ
n = 196

Pharmacokinetics
PFS
Response rate

Ⅱ
n = 54

ORR
PFS

Ⅱ
n = 33

Tumour response

MK-2206
Selumetinib

Akt
MEK

Everolimus
Irinotecan
Cetuximab

mTOR
EGFR
plus
chemotherapy
mTOR

SAR245408 (XL147)
MSC 1936369B
Onartuzumab
Bevacizumab
FOLFOX
Trastuzumab
Pertuzumab
Lapatinib

Olaparib

MEK
c-MET
VEGF-A
plus
chemotherapy
HER2
EGFR

PARP

WCGO|www.wjgnet.com

A Phase Ⅱ multi-center 2-sequential cohorts trial, designed to
assess the objective response rate of the anti HER2 monoclonal
antibody trastuzumab, used in combination with either the small
molecule tyrosine kinase inhibitor lapatinib (Cohort A) or the
monoclonal antibody pertuzumab (Cohort B), in advanced disease
CRC patients harbouring an amplified HER2 tumor
Phase Ⅱ, Open-Label, Multicenter Trial to Assess the Efficacy and
Safety of the PARP Inhibitor, Olaparib, Alone in Previously-Treated
Patients With Stage Ⅳ, Measurable Colorectal Cancer, Stratified by
MSI Status
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ABT-888
Oxaliplatin
Capecitabine
Brivanib Alaninate
Irinotecan

PARP

A Phase Ⅰ Study of ABT-888 in Combination With Oxaliplatin and
Capecitabine in Advanced Solid Tumors

Ⅰ
n = 36

VEGFR
FGFR plus
chemotherapy

A phase Ⅱ Study of second-line irinotecan plus brivanib, a dual
tyrosine inhibitor of VEGFR and FGFR, in metastatic colorectal
cancer patients enriched for elevated levels of plasma FGF following
progression on bevacizumab-based treatment

Ⅱ
n = 60

MTD/DLTs
Pharmacokinetics
Tumour response
PFS

VEGF: Vascular-endothelial growth factor; EGFR: Epidermal growth factor receptor; FGFR: Fibroblast growth factor receptor; PDGFR: Platelet-derived
growth factor receptor; mCRC: Metastatic colorectal cancer; ORR: Objective response rate; MTD: Maximum tolerated dose; DLTs: Dose limiting toxicities;
RR: Response rate; OS: Overall survival; PFS: Progression free survival.

cal benefit and clinical programmes were stopped[31].

HER2 (ErbB-2), HER3 (ErbB-3) and HER4 (ErbB-4).
They are the main transmembrane mediators for cell
proliferation and survival via the activation of the MAPkinase and PI3K/Akt/mTOR pathways [38]. Between
these receptors there is a fine interaction upon ligand
binding including homodimerisation or heterodimerisation, whereby EGFR is a preferred heterodimerisation
partner of HER2.
Preclinical studies showed that aberrant activation of
HER2 receptor can confer resistance of colorectal cancer
cells to EGFR MoAbs, either via HER2 amplification or
excessive production of the ligand heregulin[39]. Surgical
specimens from patients who did not harbour KRAS/
NRAS/BRAF/PIK3CA mutations but overexpressed the
HER2 receptor, showed substantial tumour response when
they incurred combined EGFR and HER2 inhibition[40].
In this context, the HERACLES phase-2 study investigates the role of either MoAbs trastuzumab/pertuzumab or trastuzumab/lapatinib in patients with HER2
amplified mCRC[41] (Table 2).
Lapatinib is an oral dual EGFR and HER-2 tyrosine
kinase inhibitor which is already known to act synergistically with capecitabine in breast cancer. In a small phase-2
study of 29 patients with heavily pretreated mCRC, the
combination produced a non-significant median PFS
of 2.1 mo[42]. Notably, the patients in this study were
not stratified by KRAS status which might have masked
potential activity of lapatinib/capecitabine on KRAS wt
mCRC patients.

HGF and the receptor tyrosine kinase
mesenchymal-epithelial transition factor
The receptor tyrosine kinase mesenchymal-epithelial
transition factor mesenchymal-epithelial transition factor
(c-MET) and its ligand HGF are currently investigated
as potential active targets in mCRC. Activation of the
axis through c-MET, triggers downstream effectors that
promote mitogenesis and growth via the RAS/MAPK
pathway and prevent apoptosis through activating the
PI3K/AKT signalling route[32]. When colorectal tumours
were examined in various stages including adenomas,
carcinomas and liver metastases, overexpression of the
MET oncogene was detected in more than 50% of each
stage[33].
In preclinical studies, c-MET expressing cancer cell
lines that were exposed to the small molecule ARQ-197
(tivantinib) showed inhibition of their proliferation, as
well as induction of caspase-dependent apoptosis[34]. Tivantinib is a selective non-ATP competitive inhibitor of
the c-MET receptor kinase and it was further investigated
in combination with irinotecan and cetuximab in patients
with KRAS wt mCRC. Although early results of a small
phase 1/2 study demonstrated disease control in 8 out of
9 patients[35], a recently reported phase 2 study could not
confirm these initial promising results (PFS: 8.3 mo vs 7.3
mo, HR = 0.85, 95%CI: 0.55-1.33, stratified log-rank P
= 0.38)[36]. Whether the non-significant 1 mo PFS benefit
will change in selected subgroups, i.e., high c-met expression is currently being investigated.
Cross-talk between c-MET and VEGF pathways led
to the hypothesis that combined abrogation can inhibit
tumour growth. c-MET promotes tumour vasculature
formation through VEGF and conversely, VEGF results
in HGF production which in turn activates c-MET. Onartuzumab (MetMab), a novel “one-armed” monovalent
antibody which prevents antibody-induced dimerization
of c-MET was tested in combination with bevacizumab
in a phase 1 study and dual-agent safety was confirmed.
A randomized, phase 2, placebo-controlled study evaluating onartuzumab in combination with mFOLFOX6 plus
bevacizumab vs mFOLFOX6/bevacizumab/placebo in
patients with mCRC is underway and results are awaited[37] (Table 2).

Microsatellite instability
Microsatellite instability (MSI) produces a phenotype
which characterises hereditary colorectal cancer, but
can also be found sporadically in approximately 4% of
patients with mCRC; it is the consequence of a defective mismatch repair system of proteins (MLH1, MSH2,
MSH6 and PMS2)[43,44]. Recent studies suggested that the
sporadic MSI occurs as a consequence of CpG island
methylator phenotype (CIMP) in which high rates of
MLH1 DNA is hypermethylated. Interestingly, in this
context, there is a strong correlation with BRAF mutations[45]. The role of demethylating agents is currently
under clinical investigation and it could be of interest in
selected subgroups, i.e., CIMP.
In addition, there is mounting evidence that MSI
tumours are associated with a high rate of deficiency of
homologous recombination due to mutations in coding
microsatellites suggesting that synthetic lethality can be

HER-2 (ERBB2) signalling pathway
The HER (ErbB) family of receptors consists of EGFR,
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achieved by using Poly-(ADP-ribose) Polymerase (PARP)
inhibitors[46]. In preclinical models increased cytotoxicity
could be achieved with the PARP inhibitor (ABT888) in
MSI cell lines with mutant copies of MRE11A compared
to wild type MSI[47]. Results of clinical trials of single
agent PARP inhibitors (e.g., Olaparib) or in combination
with chemotherapy in MSI mCRC patients are awaited
(Table 2).

in creating a stratification model for colorectal cancer, in
a similar way as breast or lung cancer has been stratified.
A defined molecular “signature”, could be used for multiple therapeutic interventions or clinical trials.
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Core tip: Occult disease or minimal residual disease is
defined by the presence of tumor cells in the blood,
bone marrow or lymph nodes not found in conventional
staging procedures. Occult disease in form of circulating tumor cells in the blood, disseminated tumor cells in
the bone marrow and micrometastases and isolated tumor cells in the lymph nodes is a prognostic marker for
survival in colorectal cancer. Future research should be
directed to test the predictive value of occult disease as
an additional staging tool to identify high risk patients.
The patient group at risk might benefit from additional
individualized treatment options and this should be investigated in future clinical trials.

Abstract
Presence of occult minimal residual disease in patients
with colorectal cancer (CRC) has a strong prognostic
impact on survival. Minimal residual disease plays a
major role in disease relapse and formation of metastases in CRC. Analysis of circulating tumor cells (CTC)
in the blood is increasingly used in clinical practice for
disease monitoring of CRC patients. In this review article the role of CTC, disseminated tumor cells (DTC)
in the bone marrow and micrometastases and isolated
tumor cells (ITC) in the lymph nodes will be discussed,
including literature published until September 2013.
Occult disease is a strong prognostic marker for patient
survival in CRC and defined by the presence of CTC in
the blood, DTC in the bone marrow and/or micrometastases and ITC in the lymph nodes. Minimal residual
disease could be used in the future to identify patient
groups at risk, who might benefit from individualized
treatment options.

Original sources: Bork U, Grützmann R, Rahbari NN, Schölch
S, Distler M, Reissfelder C, Koch M, Weitz J. Prognostic relevance of minimal residual disease in colorectal cancer. World J
Gastroenterol 2014; 20(30): 10296-10304 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v20/i30/10296.htm DOI:
http://dx.doi.org/10.3748/wjg.v20.i30.10296

INTRODUCTION
Although tremendous progress has been made in surgical technique and medical treatment, colorectal cancer
remains the third most common malignancy among both
genders with estimated incidence rates of approximately
one million new cases each year[1,2]. Five year survival
rates exceed 80% for Union for International Cancer
Control (UICC) stage I disease and are below 10% for
patients in stage Ⅳ[1,2]. However, colorectal cancer (CRC)
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neoplastic cells[12-17]. Metastasis requires disseminated cells
having self-renewing capacities, similar to the process of
organ formation and is at least theoretically similar to
processes occurring during embryological development.
Therefore, it is likely that EMT and MET play important
roles in generating cells within tumors, which may enter
the blood-stream and have the capabilities to survive in
the circulation and to form distant metastases in secondary tissues. These CTC can also enter the bone marrow
as DTC as an exit reservoir and remain there in dormant
states until reactivation before entering the blood-stream
again[10,18]. CTC can also be released by manipulation of
the tumor, e.g., by mechanical forces during surgery or
colonoscopy[19-22]. They may also be found as cell clusters
or tumor microemboli[23].
Figure 1 summarizes the metastatic cascade with the
key elements in CRC: Tumor cells are disseminated from
the primary CRC and may enter either the circulation
or the lymphatic vessels and lymph nodes. Once tumor
cells have entered the circulation or lymphatic system
most of them will undergo apoptotic cell death, while
some will have the capacity to form distant metastases;
for CRC mostly in the lung and liver. It is assumed that
CTC in the blood will also have the capacity to enter the
lymphatic system and/or that ITC in the lymphatic system have the capacities to enter the blood vessels as CTC
and/or to form distant metastases. It is likely, but has not
been proven, that metastases themselves have the ability
to release tumor cells into the circulation or lymphatic
system as secondary DTC. At any point tumor cells can
also enter the bone marrow as DTC and remain there in
a dormant state or evade the vascular structures again by
means of MET. The whole process must be regarded as
a dynamic state with various interactions and structural
changes occurring at all times[24-26].
DTC are tumor cells, which can be found in the bone
marrow or lymph nodes. Most research about DTC
originates from patients with breast cancer and is usually
undertaken on biopsies from the bone marrow of the
iliac crest. Tumor cells in the bone marrow often enter
a dormant state and can eventually be reactivated after
several years of dormancy. DTC are thought to be one
of the key elements in late disease recurrence[24,27]. DTC
in lymph nodes are called isolated tumor cells (ITC). Micrometastases and ITC in lymph nodes are tumor cells in
lymph nodes not detected by conventional hematoxylineosin (HE) staining done by the pathologist for routine
staging. They will only be found by using molecular biology techniques, such as staining with tumor specific antibodies, reverse-transcriptase polymerase chain reaction
(RT-PCR) or FACS analysis of lymph node tissue[28].
CTC, DTC, ITC and micrometastases are all regarded
as occult tumor burden and are termed as minimal residual disease. Minimal residual disease is a sign for a
systemic disease progression which may have significant
impact on patient survival and disease progression in
many solid cancers. Most research about minimal residual
disease was performed in patients with breast-, prostate

is still the third most common cause of cancer related
death worldwide[1]. Patients with UICC stage Ⅰ and Ⅱ
disease are regarded as patients with non-systemic, localized disease and are in general treated with surgery alone
and no further adjuvant medical treatment[3,4]. However,
up to 25% of the patients with localized disease will die
of disease relapse and metastases, potentially due to occult disease not recognized during conventional staging[2].
Research about minimal residual disease in solid
cancers and our knowledge about the role of circulating
tumor cells (CTC), disseminated tumor cells (DTC) and
micrometastases in colorectal cancer has rapidly progressed during the last two decades. Understanding the
role of CTC in the blood, DTC in the bone marrow and
disseminated (isolated) tumor cells or micrometastases
in lymph nodes has helped us deciphering the pathways
of disease relapse and metastases formation in colorectal
cancer and will be focused in this review article.

DEFINITION OF OCCULT DISEASE:
MINIMAL RESIDUAL DISEASE IN CRC
The first description of a circulating tumor cell in the
blood-stream dates back to Ashworth in 1869[5]. However, research on CTC only began to progress during
the last two decades after the introduction of modern
molecular biology techniques, which made it possible to
identify and isolate CTC from cancer patients[5,6].
CTC are defined as circulating cells in the bloodstream originating either from the primary tumor or distant metastases. They can be found in the central venous
blood compartment, the peripheral blood compartment,
the tumor draining veins, the portal venous system or
within the arterial blood system. It is estimated that approximately 106 cells per gram of primary tumor are
released into the systemic circulation on a daily basis[7].
However, most of these cells will not have the capacity to
survive in the bloodstream or to form distant metastases
as they will ultimately undergo cell death by apoptosis or
will die due to shearing forces within the blood-stream.
Data from animal models show that less than 0.1% of
tumor cells released into the circulation have the ability
to form distant metastases[8]. It is now well understood,
that a key prerequisite for metastases formation is the
dissemination of CTC from epithelial malignant cells
into the blood-stream by the process of epithelial mesenchymal transition (EMT). EMT and the reverse process,
which is called mesenchymal epithelial transition (MET)
are key processes in early embryogenic development and
differentiation of cells and tissues[9,10]. During early embryogenic development EMT is necessary for the differentiation of the mesoderm into different tissues, whereas
later during development MET is important for the differentiation of mesodermal cells into epithelial organs,
such as kidney or colon[11]. Various key transcription factors for the embryological induction of EMT and MET
have been linked to malignant capacities, such as evasion
of apoptosis, invasive growth patterns and motility of
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Hematogenous dissemination

Lymphatic dissemination

Lymph node metastasis

Distant metastases

Figure 1 Model of the metastatic cascade in colorectal cancer. Cancer cells (red cells in Figure 1) are released from the primary tumor and enter the circulation
and/or the lymphatic system (lymphatic vessels and lymph nodes) by various mechanisms, such as epithelial mesenchymal transition. The circulating tumor cells in
the circulation are called circulating tumor cells (CTC) and may form distant metastases, for colorectal cancer (CRC) commonly in the liver and lung. However, more
than 90% of the CTC in the vascular system will undergo cell death and will not have the malignant traits necessary to form distant metastases. Disseminated tumor
cells (DTC) in the lymph nodes can either form micrometastases or remain in the lymph nodes as isolated tumor cells which are not detected by conventional HE
staining. Cross talk between the vascular and lymphatic system likely exists and it is hypothesized that disseminated tumor cells in the lymphatic system may also
form distant metastases. It is also assumed that metastases themselves have the capacity to release tumor cells back into the systemic or vascular circulation. Cross
talk also exists with DTC (not shown in the figure) in the bone marrow, where cells enter from the blood-stream and remain in a silent state for several years before
they may reenter the circulation to form distant metastases. Dotted lines indicate hypothesized pathways and straight lines show established and accepted mechanisms of tumor cell dissemination.

and colorectal cancer.

also be taken from the tumor draining veins (mesenteric
venous blood compartment), the portal vein (PVBC) or
the liver veins (liver venous blood compartment). Several
groups have compared cell count of CTC in CRC patients in these different blood compartments[29,30].
A CTC is described as an intact cell, originating from
either a primary tumor or a metastasis, which has an intact nucleus and positive staining for cytokeratins (in case
of cancers originating from epithelia). CTC can be discriminated from leucocytes via staining for CD45, a panleucocyte marker. Tests for CTC need to be very specific
and sensitive, as CTC are relatively rare compared to the
high number of hematopoetic cells in the blood: Depending on the tumor load and CTC load of the patient
one CTC needs to be identified within 56-106 leucocytes
and 5 × 109 red blood cells per mL of blood[31]. Almost
all tests for CTC in the blood use an enrichment procedure, usually via density gradient centrifugation and/or
lysis of red blood cells. This step is in general followed
by isolation from contaminating leucocytes prior to the
CTC isolation step. For CRC patients the enrichment
step can be done via an epithelial cell adhesion molecule
(EPCAM) dependent step, using the cell surface protein

DETECTION METHODS OF OCCULT
DISEASE
To date there are numerous detection methods for minimal residual disease in colorectal cancer patients, which
will be discussed briefly below. Most of the detection
methods are not standardized and protocols vary widely
between research groups, which makes comparison of
results difficult. Endpoints of clinical trials and the used
markers and detection methods are not standardized and
many trials have low sample sizes. In addition, CTC and
micrometastases represent an extremely heterogeneous
group of cells and, depending on the detection method,
different subpopulations of CTC or micrometastases will
be detected while other subgroups will not be identified.
Usually, for identification and enumeration of CTC
blood will be taken from a central venous catheter (central
venous blood compartment) or from a peripheral vein
(peripheral venous blood compartment, PVBC). For patients undergoing surgery various sites of blood sampling
exist: Once the abdominal cavity is opened, blood can
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EPCAM for detection of CTC, which is expressed on
epithelial cells and many carcinoma cells. Non-EPCAM
dependent enrichment techniques for CTC use other
tumor cell traits, such as cell size or cellular morphology. The only completely standardized and United States
food and drug agency (FDA) approved detection method
is the Cell Search technique, which uses an EPCAM
dependent enrichment step and is described elsewhere
in detail[30,32]. This system has been FDA approved only
for the detection and enumeration of CTC in patients
with metastasized colorectal-, prostate- and breast cancer. New technologies are usually compared to the Cell
Search system. In brief, the system uses 7.5 mL of patient
blood, which are initially processed during an enrichment
step via density gradient centrifugation. Blood samples
are then processed and the CTC immunomagnetically
separated from contaminating cells by EPCAM labeled
ferrofluids. The nucleus and cytokeratins 8, 18 and 19 (for
positive CTC detection) are stained with immunofluorescent antibodies. CD45 is stained with a labeled antibody
for negative leucocyte exclusion. Cells are than analyzed
and photographed by a semiautomatic microscope and
trained operators identify CTC according to certain
specified criteria (cell and nuclear morphology, size and
staining behavior)[30]. However, the Cell Search system
will only detect the EPCAM positive CTC subpopulation,
which makes detection of CTC in pancreatic cancer and
other cancer entities with low EPCAM expression difficult. It is also not possible to detect the subpopulation of
CTC in CRC patients which may have significantly downregulated EPCAM expression (for example due to EMT).
Other detection techniques are described elsewhere in
more detail[33]. In brief, many mRNA-based strategies
were used in the early years of CTC detection, targeting
specific genes, such as CK18, CK19, CK20, MUC1, CEA
and others. However, these markers are also present at
low levels in normal blood, the tests are not standardized between laboratories and quantitative RT-PCR is
necessary with validated cut-off values for each test[34,35].
Other techniques, such as the non EPCAM dependent
EPISPOT assay (Epithelial ImmunoSPOT assay) do exist
and are currently validated[35]. Various microfluid devices
have been developed during the recent years, isolating
CTC via morphology and cell size or by surfaces coated
with antibodies, such as EPCAM[36-38]. As CTC are very
rare cells the introduction of in vivo tests with the capability of analyzing higher volumes of blood are promising.
One such technique is a nanodetector device inserted
into a peripheral arm vein for 30 min, coated with anti
EPCAM antibiodies and capturing CTC from a bypassing
blood volume of approximately 1.5 L during 30 min[39].
Live CTC and DTC can also be manually picked under
the microscope with a micromanipulator and be further
processed or used for single-cell analyses.
DTC are identified in the bone marrow, which can
be taken from the iliac crest in patients undergoing surgery for CRC or CRC liver metastases resection. The
procedure is invasive, compared to a simple blood draw,
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but safe in experienced hands and from major research
groups doing routine sampling of bone marrow for research no serious adverse events have been reported to
date. Detection and isolation of DTC is similar as for
CTC while various enrichment and detection techniques
can be used. Detection methods for DTC are not standardized and vary widely between research groups. The
Cell Search system cannot be used for DTC detection.
Micrometastases and ITC in lymph nodes are identified from the lymph nodes, which are routinely sent to
pathology. Occult disease in lymph nodes can be identified using either RT-PCR detection methods and/or immunohistochemistry. The majority of published studies
uses cytokeratins as a marker for molecular tumor cell
detection, while some studies use other markers, such
as CEA or GUCYC[28]. In general, detection methods
are not standardized and vary between laboratories. Additionally, no technology exists so far which would make
it feasible to routinely analyze all harvested lymph nodes
for occult disease outside of clinical studies. Harvesting
of sentinel lymph nodes in CRC surgery has been investigated by several groups, however with frustrating results,
due to the complex abdominal lymphatic drainage, which
makes routine use of sentinel node techniques in CRC
difficult[28].

CTC AS PROGNOSTIC MARKERS
The prognostic relevance of CTC in CRC has been
shown in large trials and was confirmed in a meta-analysis[29,32,40-44]. Recently, the notion of CTC as the primary
driving force of metastases formation has been widely accepted. In the past, many studies about the role of CTC
in CRC had controversial results, lacked statistical power
and used different study protocols or non-standardized
detection methods of CTC detection. The introduction
of the Cell Search system for detection and enumeration
of CTC has brought further insights to CTC research
and large trials have been published about the prognostic
role of CTC in patients with UICC stage Ⅳ CRC[32].
In a recent meta-analysis about the role of CTC in
CRC 3094 patients from 36 studies were included and
showed that detection of CTC in the peripheral blood
of patients with CRC is a strong prognostic marker for
overall survival. Pooled analysis from all sampling sites
showed an association of CTC detection with poor recurrence free survival [HR = 3.24 (95%CI: 2.06-5.1)] and
overall survival [HR = 2.28 (95%CI: 1.55-3.38)]. Interestingly, data for CTC detection in the mesenteric venous
blood and portal venous blood were inconsistent; mainly
due to the low number of studies performed on CTC in
CRC in different blood compartments these results were
not significant prognostic markers in the meta-analytic
approach[40].
In the era of personalized medicine the idea of CTC
as a liquid biopsy, easily taken at different time points
via a simple blood draw, provides a promising tool for
individualized therapeutic and treatment decisions and
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prognostic outcome calculations. Until now routine measurements of CTC in CRC patients has not become the
standard of care and it is not clear which detection method will provide the most valuable information: Using the
Cell Search System only EPCAM positive CTC will be
identified, possibly missing a high number of CTC within
this heterogeneous cell group with low EPCAM expression (for example due to low EPCAM because of EMT).
So far the Cell Search system has only been approved for
the purpose as a prognostic marker in patients with metastasized CRC in UICC stage Ⅳ[45]. It is likely that CTC
detection in patients with CRC UICC stage Ⅰ-Ⅲ may
also have a prognostic relevance, which has been already
proven for CTC detection in breast cancer[46].
Recently, in a trial including 200 patients with CRC, it
was shown that the detection rate and number of CTC in
the mesenteric venous blood compartment is significantly
higher than in the central venous blood compartment[30].
There was also a significant correlation between the
number of detected CTC in the mesenteric venous blood
compartment and the central venous blood compartment, supporting the theory of the liver acting as an incomplete CTC filter[34,47]. It was also shown that the count
of tumor cells in the central venous blood compartment
is higher for patients with low rectal tumors compared to
patients with high rectal tumors. This is possibly due to
the filtering function of the liver as the blood from the
lower rectum drains via the iliac veins into the inferior
vena cava, therefore bypassing the liver[30,48].
A recent analysis of more than 20000 Medicare CRC
patients in the United States showed no benefits of adjuvant chemotherapy in patients with stage Ⅱ disease with
or without the routinely used prognostic criteria[49]. CTC
could provide a potential decision tool for this patient
population regarding further adjuvant therapy regimes.
More randomized controlled trials are needed in the
future to implement the use of routine pre-, intra- and
postoperative CTC detection for therapeutic treatment
guidance.

bone marrow will be found in 15%-40% of the patients,
independent of nodal or metastatic stage of disease[50].
The exact role of DTC and contribution in the metastatic cascade has not been elucidated. It is estimated that
depending on the primary cancer DTC possess varying
degrees of capability to undergo dormancy, migrate into
the blood and/or form distant metastases or bone metastases[19,40,51]. A recent study has shown that DTC in the
bone marrow negatively influence survival after resection
of colorectal liver metastases[52]. Further studies about the
role of DTC in tumor cell dormancy, prognosis, disease
progression and late relapse of disease are necessary.

MICROMETASTASES AND ISOLATED
TUMOR CELLS IN LYMPH NODES AS
PROGNOSTIC MARKERS
Tumor infiltration of loco-regional lymph nodes, represents one of the strongest prognostic factors in CRC[2].
Resected lymph nodes are routinely isolated from the
pathological specimen and several representative sections
of each lymph node will be analyzed by the pathologist
using routine hematoxylin and eosin (HE) staining procedures. However, using conventional staining techniques
only major tumor infiltration of lymph nodes will be observed, and ITC and micrometastases cannot be detected
with this method. Various groups have observed ITC and
micrometastases in lymph nodes of up to 50% of the patients staged lymph node negative (UICC stage Ⅰ and Ⅱ)
in conventional HE staining[53-55]. The prognostic role of
micrometastases and ITC in lymph nodes was confirmed
in a meta-analysis including a cumulative sample size of
more than 4000 patients from 39 trials[28]. Independent
of the used detection methods (RT-PCR, immunohistochemistry, FACS analysis) and the used markers (mostly
cytokeratins) the detection of micrometastases and/or
ITC in lymph nodes had a strong prognostic effect on
OS and PFS in CRC patients[28]. Molecular detection of
minimal residual disease in regional lymph nodes was significantly associated with poor overall survival [HR = 2.20
(95%CI: 1.43-3.4)], disease specific survival [HR = 3.37
(95%CI: 2.31-4.93)] and disease free survival [HR = 2.24
(95%CI: 1.57-3.20)]. Similar to CTC and DTC detection
the analysis of micrometastases and ITC in lymph nodes
could help to build additional criteria to identify patients
at risk for disease recurrence in early CRC. Current criteria to identify the 25% subgroup of stage Ⅱ disease CRC
patients who will develop disease recurrence are insufficient[49]. However, limitations in human-, infrastructuraland financial resources would currently make it unfeasible
to screen all retrieved lymph nodes for ITC and micrometastases. Using techniques to identify and thoroughly
analyze the sentinel lymph node (as in breast cancer treatment) have mainly failed and provided frustrating results
for CRC[28]. Until the development of high throughput
standardized screening techniques, based on techniques
such as FACS analysis and/or RT PCR routine screening

DTC AS PROGNOSTIC MARKERS
DTC have been widely accepted as prognostic markers
for patients with breast cancer, as most research about
DTC and metastases formation has been done in these
patients[24,25,27]. For CRC the role of DTC remains controversial. A recent meta-analysis included six studies
investigating the prognostic role of DTC detection in the
bone marrow in patients with CRC. However, the analysis failed to show a prognostic effect of DTC in CRC
patients[40]. This was mostly due to the lack of studies
done in this field and the high inter-study heterogeneity,
as to date there are only few trials investigating the role
of DTC in CRC patients and most of them lack statistical power. It is highly likely, that just as in breast cancer
patients DTC play a special role in tumor cell dormancy
and late relapse after curative resection. It has been
shown that in patients with solid carcinomas DTC in the
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of all lymph nodes for minimal residual occult disease
will likely remain unfeasible outside of clinical research
use. Future research is needed in the development and
evaluation of standardized screening methods for ITC
and micrometastases in lymph nodes and their implementation into routine use in clinical practice[28].

enabling the clinician to follow non-invasively the genetic
evolution of the disease.
Mouse models
The metastatic cascade is a complex, multi-step process
that cannot be reproduced by current in vitro methods.
Owing to the above mentioned obstacles in translational
CTC research, significant efforts have been made to
reproduce tumor cell dissemination in animal models.
Several mouse models of metastatic CRC have been
published. They can be categorized into chemically induced mouse models[58-60], models based on tumor cell
injection[61-65] and genetically engineered mouse models
(GEMM)[66,67]. Chemically induced mouse models develop genuine mouse tumors and therefore realistically
mimic the disease; however, their induction is bothersome and the incidence of tumors varies both temporally
and spatially[58-60]. Also, the detection of CTC is complicated by the same problems (rarity, detection method) as
in humans.
Depending on the cell line, tumor cell injection-based
tumor models yield highly aggressive and widely metastatic tumors[64]. The detection of CTC is easy as the cells
can be labeled prior to injection. However, as most CRC
cell lines have been in culture for decades and are monoclonal and highly anaplastic, the tumors as well as the resulting CTC may not be representative of human disease.
Genetically engineered mouse models, in which specific
CRC-related driver mutations (e.g., APC, KRAS, TP53)
are induced in the colonic epithelium, develop genetically
well-defined, invasive tumors which also metastasize and
mimic well the clinical situation[66]. Analyses of GEMMderived CTC are currently underway in several laboratories. The results may add significant information to the
field of CTC research.

LESSONS FROM IN VITRO AND IN VIVO
EXPERIMENTS
Translational research
CTC and DTC are the biological correlate of tumor cell
dissemination and their occurrence significantly influences the patients’ fate[40,42]; therefore, numerous groups
have focused on the in-depth characterization of these
cells to find novel therapeutic targets in these cells. Unfortunately, translational CTC/DTC research in CRC
faces two major problems: (1) CTC and, even more so,
DTC are extremely rare cells in CRC[30,34]. Especially in
early stage patients, CTC and DTC can be found in only
few patients. To overcome this problem, researchers have
focused on late-stage patients[32], obtained blood samples
directly from tumor-draining veins[30], or analyzed significant amounts of peripheral blood. The first two approaches may bias the results of the analyses; the latter
may produce ethical problems, especially in serial blood
draws of significant volumes. Despite all efforts, insufficient sample size has limited research on CTC/DTC until
recently, when better amplification protocols and highly
sensitive analytic tools such as next-generation sequencing became available; and (2) The true origin of CTC/
DTC is not always clear and their phenotype may change
over the course of disease or even during the process of
dissemination. The currently most widely used definition
of CRC-derived CTC is set by the Cell Search System
as intact EPCAM+, cytokeratin 8, 18 or 19+ and CD45cells[31]. As the Cell Search System is currently the only
FDA approved CTC detection method, almost all clinical
trials and many preclinical trials have used this system to
isolate and quantify CTC. However, it is unclear whether
CTC retain their epithelial phenotype, especially during
EMT. A significant downregulation of epithelial genes
such as EPCAM or cytokeratins in CTC seems to be possible. This would mean that the EPCAM+ cell fraction
does not contain all CTC; in fact, the metastasis-inducing
CTC may be contained in the EPCAM- fraction as these
cells have a more mesenchymal and thus more invasive
phenotype. Different detection methods (e.g., cell size,
elasticity, novel surface markers) are currently being developed and tested.
Despite these obstacles, very interesting findings have
been published during the last year. Genomic analyses
of single CTC have revealed significant genetic heterogeneity between CTC and the tumor as well as between
CTC themselves[56,57]. In fact, mutations detected in CTC
that were previously unknown in the tumor could be
confirmed by deep sequencing of the primary tumor,
indicating the possibility of CTC-based “liquid biopsies”
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CONCLUSION
Occult disease as guidance for treatment decisions and
monitoring disease progression
According to current treatment guidelines patients with
non-systemic CRC disease (i.e., UICC stage Ⅰ and Ⅱ)
are cured by surgery alone[4]. However, up to 25% of
these patients will ultimately die of tumor relapse and/or
distant metastases[2]. Current staging procedures are insufficient to identify the patient cohort at high risk, who
might benefit from additional adjuvant medical treatment
and/or close follow up surveillance. Minimal residual
disease has been shown to act as a strong prognostic
parameter in these patients and could ultimately be used
to identify patients with occult systemic disease who
will need additional treatment besides surgical therapy.
Therefore, the idea to use occult disease as guidance for
treatment decisions and monitoring disease progression
seems very promising. Occult disease such as CTC in the
blood, DTC in the bone marrow and micrometastases
and ITC in the lymph nodes of patients with CRC is a
strong prognostic marker for patient survival. Future re-
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search should be directed to identify patients with UICC
stage Ⅰ and Ⅱ who have already systemic disease despite
negative conventional staging. These patients at risk
might benefit from additional adjuvant treatment and this
should be investigated in future randomized controlled
trials.
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ing evidence suggests that BBI exert their preventive
properties via protease inhibition; in this sense, serine
proteases should be considered as primary targets in
early stages of carcinogenesis. The validation of candidate serine proteases as therapeutic targets together
with the identification, within the wide array of natural
BBI variants, of the most potent and specific protease
inhibitors, are necessary to better understand the potential of this protein family as colorectal chemopreventive agents.
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Core tip: Bowman-Birk inhibitors (BBI) from legumes,
such as soybean, pea, lentil and chickpea, are a class
of naturally-occurring serine protease inhibitors with
potential anti-inflammatory and chemopreventive properties within the gastrointestinal tract (GIT). BBI are
extensively disulphide-linked within proteins and have
been demonstrated to be structurally and functionally
resistant to the challenges of the GIT in vivo . Recent
data suggest that trypsin- and chymotrypsin-like proteases involved in early stages of carcinogenesis should
be primary targets in investigating the potential of
BBI as colorectal chemopreventive agents; so far, the
therapeutic targets as well as action mechanism of BBI
remain unknown.

Abstract
Aberrant functioning of serine proteases in inflammatory and carcinogenic processes within the gastrointestinal tract (GIT) has prompted scientists to investigate
the potential of serine protease inhibitors, both natural
and synthetic, as modulators of their proteolytic activities. Protease inhibitors of the Bowman-Birk type, a
major protease inhibitor family in legume seeds, which
inhibit potently and specifically trypsin- and chymotrypsin-like proteases, are currently being investigated
as colorectal chemopreventive agents. Physiologically
relevant amounts of Bowman-Birk inhibitors (BBI) can
reach the large intestine in active form due to their extraordinary resistance to extreme conditions within the
GIT. Studies in animal models have proven that dietary
BBI from several legume sources, including soybean,
pea, lentil and chickpea, can prevent or suppress carcinogenic and inflammatory processes within the GIT.
Although the therapeutic targets and the action mechanism of BBI have not yet been elucidated, the emerg-
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necessarily identical, simultaneously and independently,
without any significant conformational adjustment[17]; the
resulting non-covalent complex renders the protease target inactive. Molecular recognition of serine proteases is
governed by the P1 residue[18]; this residue inserts into the
S1 cavity of the cognate enzyme upon protease-inhibitor
formation[19]. In legume seeds, the target enzyme for the
N-terminal inhibitory domain is trypsin with BBI having a positively charged residue, either Arg or Lys, at the
P1 position; the presence of Ala determines inhibition
for elastase, as reported in wild soybean (Glycine soja)[20]
and grass pea (Lathyrus sativus)[21]. Greater variation exists
at the P1 position for the C-terminal inhibitory domain,
with Arg, Phe, Tyr or Leu at this position, with predictions of either trypsin or chymotrypsin inhibition. The
high affinity of chymotrypsin-like proteases for aromatic
residues within substrates (Tyr or Phe at position P1) is
well documented, as is reflected in their inhibitors, with
Tyr showing the strongest binding[22,23]. A limited number
of amino acids located within the inhibitory domains
of BBI seem to be responsible for their primary functional and biological properties. By using synthetic cyclic
peptides mimicking the inhibitory domains of BBI, the
significance of additional residues adjacent to the reactive site peptide bond (P1-P1’) on potency and resistance
to hydrolysis against specific target proteases has been
revealed[24,25]. BBI from legumes exert extremely potent
inhibitory activity against both trypsin and chymotrypsin
enzymes, with Ki values within the nanomolar range reported for different legume species, such as soybean[26],
pea[27,28], lentil[29,30] and lupin (Lupinus albus) BBI[31].
Protease inhibitors of the Bowman-Birk family show
considerable variation between and within legume species where seed and vegetative isoforms may be distinguished[32,33]. The expression of distinct genes, together
with the post-translational modifications of primary gene
products, which mainly occurs during seeds desiccation,
is responsible for the wide array of isoinhibitors reported
for different legume species. As an example, protease
inhibitors from winter pea seeds (cv. Frilene) comprise up
to six isoforms (PSTI Ⅰ, Ⅱ, Ⅲ, Ⅳa, Ⅳb and Ⅴ) which
all belong to the Bowman-Birk family[34]. An amino acid
sequence alignment of major BBI isoinhibitors from soybean and those from other representative legume species
shows that there is a high sequence homology among
BBI isoforms (Table 1). For the N-terminal inhibitory domain, there is a consensus amino acid sequence,
P3-P6’: CTP1SXPPQC, where P1 is the position providing specificity for trypsin inhibition, and X (at P2’ position) can be any amino acid but with predicted significant
effect on inhibitory potency and hydrolysis rates. Within
the C-terminal inhibitory domain, amino acid sequence
variation profoundly affects inhibitory potency against
trypsin- or chymotrypsin-like enzymes[33] (Table 1).
BBI from legume seeds contain high levels of cysteine
residues involved in a conserved network of disulphide
bridges (Figure 1B). Circular dichroism spectroscopy and
fluorescence studies have revealed that the cysteine resi-

INTRODUCTION
Proteases are hydrolytic enzymes acting on peptide bonds,
in a process termed proteolysis. The serine proteases constitute one of the largest families of proteolytic enzymes
and are well recognized for their pivotal roles in a wide
range of physiological processes as diverse as digestion,
blood coagulation, fibrinolysis, immune responses, cell
cycle progression and apoptosis. Their proteolytic activities are tightly controlled by an array of regulatory mechanisms, such as gene expression, substrate recognition,
activation of inactive protease precursors (zymogens) by
specific and limited proteolysis, localization of both enzyme and substrate, cofactor binding, post-translational
modifications and interaction with other proteins and/or
protease inhibitors than can form tight complexes with
target enzymes[1]. Aberrant functioning of certain serine
proteases underlies pathological disorders such as cancer,
angiogenesis, rheumatoid arthritis, neurodegenerative
and cardiovascular diseases[2-4]. Understanding the fundamental role played by serine proteases and their cognate
inhibitors in pathological disorders offers challenging
opportunities for preventive and/or therapeutic intervention[5]. Naturally-occurring plant protease inhibitors are
being investigated for their potential in the prevention
and/or treatment of a diverse set of human pathologies,
including cancer, neurodegenerative and cardiovascular
diseases, muscle atrophy and inflammatory processes[6,7].
In this context, the United States Food and Drug Administration (FDA) granted a protein extract of soybean
(Glycine max) enriched in Bowman-Birk inhibitors (BBI),
namely Bowman-Birk inhibitor concentrate (BBIC), as
investigational new drug. Up to six clinical trials has been
accomplished in patients with benign prostatic hyperplasia[8], oral leukoplakia[9-12] and ulcerative colitis (UC)[13].
The inherent ability of BBI to inhibit serine proteases
has been related to their potential health benefits; however, the mechanism/s of action and the identity of their
therapeutic targets remain unknown[14]. Herein, we report
recent evidences regarding the contribution of BBI from
legumes as colorectal chemopreventive agents.

BOWMAN-BIRK FAMILY IN LEGUMES
Legumes seeds, compared to other vegetative organs and
botanical families, are particularly rich in protease inhibitors of the Bowman-Birk family. BBI from legumes,
such as soybean, pea (Pisum sativum), lentil (Lens culinaris),
field bean (Vicia faba) or chickpea (Cicer arietinum), are
canonical serine protease inhibitors of molecular weight
in the range 7-9 kDa and usually contain two protease
inhibitory domains, located in the external loops of the
so-called “bow tie” motif, centred around residues 16
and 43[15]; each inhibitory domain is located within a
nonapeptide region joined via a disulphide bond between
flanking cysteine residues[16]. The inhibitory domains of
BBI are very exposed and easily accessible to proteolytic
enzymes (Figure 1A). This structural arrangement allows
the interaction of BBI with two enzyme molecules, not
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A

Trypsin reactive
site

Chymotrypsin
reactive site

B
*
*
GDDVKSACCDTCLCTKSNPPTCRCVDVRETCHSACDSCICAYSNPPKCQCFDTHKFCYKACHNSEVEEVIKN

Figure 1 Bowman-Birk family in legumes. A: Homology model of TI1, a major pea Bowman-Birk inhibitor (BBI) isoinhibitor, showing the trypsin and chymotrypsin
inhibitory domains[33]; B: Amino acid sequence deduced from the TI1 gene from the pea cultivar Birte. The sequence of both inhibitory domains are underlined and the
positions of the seven disulphide bonds are indicated by connecting lines[39]. K and Y at position P1(*) determines specificity for trypsin and chymotrypsin, respectively.

Table 1 Amino acid sequence alignment of Bowman-Birk inhibitor-like proteins from several legumes species
Species

Entry name
(accession number)

Dolichos biflorus
Glycine max

Lens culinaris
Lupinus albus
Phaseolus vulgaris

Pisum sativum

Vicia faba
Vigna unguiculata

IBB_DOLBI
(Q9S9E3)
IBB1_SOYBN
(P01055)
IBBD2_SOYBN
(P1064)
IBBC2_SOYBN
(P01063)
IBB_LENCU
(Q8W4Y8)
IBB1_LUPAL
(P85172)
IBB2_PHAVU
(P01060)
IBB3_PHAVU
(P81484)
IBBA_PEA
(Q41065)
IBB2_PEA
(Q41066)
IBBB_PEA
(P56679)
IBB_VICFA
(P24661)
IBB_VIGUN
(P17734)

Amino acid sequence
EPSESSKPCCDQCTCTKSIPPQCRCTDVRLNSCHSACSSCVCTFSIPAQCVCVDMKDFCYAPCKSSHDD
DDESSKPCCDQCACTKSNPPQCRCSDMRLNSCHSACKSCICALSYPAQCFCVDITDFCYEPCKPSEDDKEN
DDEYSKPCCDLCMCTRSMPPQCSCEDIRLNSCHSDCKSCMCTRSQPGQCRCLDTNDFCYKPCKSRDD
DDESSKPCCDLCMCTASMPPQCHCADIRLNSCHSACDRCACTRSMPGQCRCLDTTDFCYKPCKSSDEDDD
GDDVKSACCDTCLCTRSQPPTCRCVDVRESCHSACDKCVCAYSNPPQCQCYDTHKFCYKACHNSEIEE
SLASKPCCDSCLCTRSIPPQCRCTDIGETCHSACKSCICTRSFPPQCRCSDITHFCYKPCTSS
EPSESSEPCCDICVCTASIPPICQCTDVRLNSCHSACKSCMCTRSMPGKCRCLDTTDYCYKSCKSSGEDDD
ASXSSKPCCBHCACTKSIPPQCRCSBLRLNSCHSECKGCICTFSIPAQCICTDTNNFCYEPCKSSHGPBBNN
GDDVKSACCDTCLCTKSNPPTCRCVDVRETCHSACDSCICAYSNPPKCQCFDTHKFCYKACHNSEVEEVIKN
GDDVKSACCDTCLCTKSDPPTCRCVDVGETCHSACDSCICALSYPPQCQCFDTHKFCYKACHNSEVEE VIKN
GDDVKSACCDTCLCTKSNPPTCRCVDVGETCHSACLSCICAYSNPPKCQCFDTQKFCYKACHNSELEEVIKN
GDDVKSACCDTCLCTKSEPPTCRCVDVGERCHSACNSCVCRYSNPPKCQCFDTHKFCYKSCHN
ZASZSSKPCCRZCACTKSIPPZCRCSZVRLNSCHSACKSCACTFSIPAZCFCGBIBBFCYKPCKSSHSBBBBWN

The primary accession numbers below are reported in UniProtKB database. P1-P1’ are the reactive peptide bond sites, in bold text. Either K or R at P1 position determines specificity for trypsin, whereas L, Y or F determines specificity against chymotrypsin; A determines specificity for elastase.

dues, involved in seven intramolecular disulphide bridges,
provide extreme stability to high temperatures and resistance to proteolysis and help to maintain the structural
and functional features of the inhibitory domains[35,36].
Mutational studies of the disulphide bonds in the N-terminal inhibitory domain of soybean BBI and the consequences of such mutations on inhibitory activity against
serine proteases have been reported[37]. In particular, the
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mutations induced a dramatic effect on trypsin inhibition, with Ki values diminishing more than one order of
magnitude in most of the mutants, compared with native
BBI. A significant contribution of disulphide bonds in
the anti-trypsin domain of BBI from horsegram (Dolichos
biflorus) to thermal stability and control of the inhibitory
activities, towards both trypsin and chymotrypsin, has
been recently reported[38].
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SURVIVAL OF BBI TO GUT DIGESTION

COLORECTAL CHEMOPREVENTIVE
PROPERTIES OF BBI

In order to exert any physiological effect in large intestine, physiologically relevant amounts of dietary BBI
must survive, after food processing and further passage through the GIT, in biologically active form(s)[39].
In vitro and in vivo studies have demonstrated that BBI
are functionally and structurally resistant to the extreme
conditions within the GIT. Under acidic conditions, BBI
are highly resistant to severe heat treatment, retaining
their ability to inhibit serine proteases[40]. In processed
legumes or their derived products, a high percentage of
the trypsin inhibitory activity is associated to heat-stable
BBI. In addition, soybean BBI have demonstrated to be
remarkably resistant to the action of proteolytic enzymes
under simulated gastric and intestinal digestion[41]. Soybean BBI is active at low pH in the presence of pepsin
with no significant loss of protease inhibitory activity[42].
The structural rigidity provided by the disulphide bridge
network play an essential role in maintaining both correct
folding and functional structure of BBI[38,43,44]. Reduction
of disulphide bridges and subsequent alkylation of the
cysteinyl sulfhydryl groups abolishes almost completely
both trypsin and chymotrypsin inhibitory activity of
soybean BBI due to conformational changes and/or
unfolding[26]; these structural changes increase the vulnerability of BBIs to digestive proteases and decrease thermal stability. The survival of functional BBI in the small
intestine of animal models (rodent and pig) has been
clearly demonstrated. Hajós et al[45] reported the presence
of immunological reactive forms (5% of total ingested)
of soybean BBI in the small intestine of rats; similar results were shown for cowpea (Vigna unguiculata) BBI in
rat feeding trials[46]. Due to methodological difficulties,
the protease inhibitory activities of BBI were not evaluated in these experiments. In pigs, generally held as a suitable model for human digestive physiology[47], it has been
demonstrated that significant amounts of ingested chickpea BBI (5%-8%) can survive the extreme conditions
within the GIT; chromatographic, electrophoretic and
enzymatic data obtained from ileal samples revealed that
both trypsin and chymotrypsin inhibitory activities were
associated to a protein core comprising the two binding
loops. Although processing at both N- and C-terminal
ends of BBI during passage within the GIT was revealed,
the network of disulphide bridges seems to exert a protective effect, avoiding an extensive proteolysis. By using
mixed faecal samples from pigs, fermentation assays for a
period of 24 h demonstrated that soybean BBI remained
active and their ability to inhibit trypsin and chymotrypsin were not significantly diminished by the enzymatic
and/or metabolic activity of faecal microbiota[48]. All of
these results make protease inhibitors of the BowmanBirk family attractive for further pharmacological and
pre-clinical studies in order to assess their potential as
colorectal chemopreventive agents.
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Colorectal carcinogenesis is one of the major causes
of cancer-related mortality worldwide in both men and
women, with over 1.2 million new cases diagnosed globally[49]. In recent years, substantial evidence has pointed
to the link between dietary patterns and lifestyle in primary prevention and control of colorectal cancer (CRC).
The anti-cancer effects of legumes have been explored
extensively; although the evidence is still limited, several
studies have claimed that a high intake of legumes may
decrease risk of CRC. In a case-control study, Aune et al[50]
reported that the level of legume intake necessary for being protective against different types of cancer, including
CRC, is easily achievable by populations by including two
small portions or 100 g of legumes per week. A metaanalysis of three cohort studies and eleven case control
studies suggested an inverse association between legume
intake levels and CRC risk[51]. It has been hypothesized
that the direct contact of potential cancer preventive constituents of legumes with organs of the digestive system
may be responsible of such beneficial effects. In particular, several studies suggest that dietary BBI from different
legumes sources are effective at preventing or suppressing
radiation- and chemical carcinogen-induced transformation in vitro, as well as carcinogenic and associated inflammatory processes within the mammalian GIT[14,39] (Table
2). The anti-carcinogenic properties of soybean BBI
has been extensively investigated, both in purified form
and as a BBIC. Soybean BBI exerted a protective role in
dimethylhydrazine (DMH)-treated rats when ingested at
low concentrations (10 mg/100 g diet), decreasing the
frequency and incidence rates of colorectal tumours; no
adverse effects on animal growth and organ/tissue morphology were observed[52]. These results are consistent to
those reported previously on the suppression of colon
carcinogenesis in DMH-treated mice when BBIC was
administrated[53]. Autoclaved BBIC, in which the protease
inhibitory activity was abolished, had no significant suppressive effects on DMH-induced colon carcinogenesis in
rats, suggesting that the inherent ability of BBI to inhibit
serine proteases is required for their reported chemopreventive properties[52].
Immortalized human epithelial cell lines are wellestablished models to investigate the action mechanism/s
by which certain bioactive compounds might exert a
chemoprotective effect in early stages of colorectal carcinogenesis. Recent studies have demonstrated a significant concentration- and time-dependent decrease in the
proliferation of colorectal human adenocarcinoma cells
(HT29, Caco2, LoVo), following treatment with BBI
variants from pea[54], lentil[30] and soybean[26]. The BBI
concentration that reduced cell viability by 50% (IC50),
as compared with untreated controls, ranged from 32 to
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Table 2 Preclinical studies showing colorectal chemopreventive properties of Bowman-Birk inhibitor-like proteins from several
legume species
Species
(common name)

Model system (carcinogen)

Effect and/or mechanisms of action

Ref.

Glycine max (soy)

Rodent colon carcinogenesis
Soybean BBI is effective at concentrations as low as 10 mg/100 g diet in reducing the
[52,53]
(DMH)
incidence and frequency of colorectal tumors. Its ability to inhibit serine proteases is required
for their chemopreventive properties. No adverse effects are observed in treated animals
Mouse colorectal
Soybean BBI, when simultaneously treated with DMH, prevent the development of
[79]
carcinogenesis (DMH)
neoplastic lesions and protect against the onset of severe inflammatory processes
Mouse colon inflammation
A soybean Bomwan-Birk inhibitor concentrate reduces colon inflammation in mice with
[58]
(DSS)
induced ulcerative colitis. Lower mortality rates and delayed onset of mortality are observed
Colon cancer cell
The antiproliferative properties of BBI isoinhibitors, IBB1 and IBBD2, reveal that both
[26]
proliferation
trypsin- and chymotrypsin–like proteases involved in carcinogenesis should be considered
as potential targets
Lens culinaris (lentil)
Colon cancer cell
Lentil BBI is able to inhibit the growth of HT29 colon cancer cells at concentrations as low as [30]
proliferation
19 μmol/L, in a concentration-dependent manner; by contrast, colonic fibroblast CCD-18Co
cells are unaffected
Pisum sativum (pea)
Colon cancer cell
TI1B, a major pea protease inhibitor, affect in a dose-dependent manner the growth of HT29 [55]
proliferation
colon cancer cells whereas an inactive mutant did not show any significant effect
Vicia faba (field bean)
Mouse stomach
BBI proves to be biologically active, under acidic conditions, in suppressing benzopyrene[93]
carcinogenesis
induced forestomach carcinogenesis in mice following oral treatment; the oncopreventive
(benzopyrene)
properties are related to its protease inhibitory activity
DMH: Dimethylhydrazine; DSS: Dextran sulphate sodium; BBI: Bowman-Birk inhibitor.

radiation-induced transformation in vitro whereas the
BBI fragment having only ability to inhibit trypsin-like
proteases was ineffective. These observations led to the
hypothesis that chymotrypsin-like proteases are potential
therapeutic targets of BBI in clinical research; however,
the enzymatically modified soybean BBI may have been
impaired in the inhibition of several molecular targets
compared with the native protein. Later on, it was demonstrated that a major soybean BBI isoform, IBBD2,
which inhibits trypsin-like proteases only, exerts antiproliferative effect against HT29 colon cancer cells in a
dose-dependent manner[26] (Figure 2). These studies revealed that both trypsin- and chymotrypsin-like proteases
involved in the early stages of carcinogenesis should be
considered as potential targets of BBI. No data regarding
the effectiveness of BBI variants having elastase inhibitory activity[20,21] on colon cancer cell proliferation has
been reported so far.
A growing body of evidence suggests that dietary
BBI may exert anti-inflammatory properties within the
GIT. Soybean BBI and BBIC appears to exert a potent
suppressive effect on colon and anal gland inflammation
of carcinogen-treated rodents[57], or when assessed in
the dextran sulfate sodium (DSS) model of UC[58]. Histological studies and mortality rates show that the DSS
treatment induced a severe inflammatory condition in
mice that was reduced in extent and severity by soybean
BBIC. These preclinical studies suggest that soybean BBI
might exert beneficial effects in inflammatory processes.
In order to evaluate safety and efficacy of soybean BBI
in patients with active UC, a randomized double-blind
placebo-controlled trial was performed[13]. A daily dose
of 800 chymotrypsin inhibitor units was administrated
in patients receiving 12 wk of therapy. The BBIC treatment exerted a potential benefit over placebo in terms of

73 μmol/L. Neither protein affected the growth of nonmalignant colonic fibroblastic CCD18-Co cells. By using
reducing and alkylating agents, the inhibitory activity of
soybean BBI against serine proteases was abolished; inactive BBI was unable to inhibit cell proliferation of HT29
colon cancer cells suggesting that, in order to exert antiproliferative effect on colon cancer cells, BBI need to be
in active form(s)[26]. Nevertheless, when severe disruptive
treatments are used, the native conformation of BBI is irreversibly affected, alongside significant reduction in both
trypsin and chymotrypsin inhibitory activities, making the
relationship between protease inhibitory activities, protein
structure and health beneficial effects unclear. To answer
this crucial question, a comparative study with rTI1, a
major BBI from pea seeds expressed heterologously in
Pichia pastoris, and a related synthetic mutant derivative
lacking trypsin and chymotrypsin inhibitory activity was
carried out[55]. rTI1 inhibited both trypsin and chymotrypsin, with Ki values at nanomolar concentrations, whereas
the mutant protein was inactive against both enzymes.
The proliferation of HT29 colon adenocarcinoma cells
was significantly affected by rTI1 in a dose-dependent
manner; in contrast, the inactive derivative did not show
any suppressive effect on cell growth. Although the molecular mechanism(s) of such anti-proliferative activity
remains unknown, the reported data indicate that cellular
serine proteases should be considered as BBI primary
targets in early stages of colorectal carcinogenesis.
The scission of soybean BBI with cyanogen bromide
followed by pepsin treatment results in two active fragments, one having trypsin inhibitory activity and the
other having chymotrypsin inhibitory activity. In early
studies, Yavelow et al[56] using these two active fragments
concluded that the chymotrypsin inhibitory domain
of soybean BBI was responsible for suppression of
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increase of serine protease activity when compared to
healthy controls was observed[66,67]; these proteolytic activities can be completely abolished by soybean BBI[68].

IBBD2
IBB1

80
60

SERINE PROTEASES AS POTENTIAL
TARGETS OF BBI IN COLORECTAL
CHEMOPREVENTION

a
40
20
0

15 μmol/L

31 μmol/L

The homeostatic control between proteolytic enzymes
and their cognate inhibitors plays a fundamental role in
a number of physiological as well as pathological processes, where their activities become dysregulated. Serine
proteases are involved in crucial biological functions
associated to tumor development, such as cell growth
(dys)regulation, cell invasion, angiogenesis and inflammatory processes. Some of these serine proteases have
been proposed as candidate cancer biomarkers[69-71] (Table
3). An understanding of the role played by certain serine
proteases in pathological processes may suggest modes
of therapeutic intervention[1,72]. In eukaryotes, the ubiquitin-proteasome pathway regulates many fundamental cellular processes such as protein quality control, cell cycle,
signal transduction and DNA repair[73]. The 20/26S proteasome complex is the most downstream element of the
ubiquitin-proteasome pathway. Inhibition of proteasome
activity leads to accumulation of poly-ubiquitinylated and
misfolded proteins, endoplastic reticulum stress, reduction in cell proliferation rates and induction of apoptosis
through multiple mechanisms[74,75]. The proteasome complex is currently considered an important intracellular
target for the treatment of cancer; proteasome inhibition results in cellular homeostasis disruption and in the
induction of apoptosis. Until now, only a few studies
have demonstrated the use of BBIs as potential inhibitors of proteasomal activities. BBI from soybean inhibits
the chymotrypsin-like proteasomal activity of MCF7
breast cancer cells in vitro and in vivo[76]. The proteasomal
inhibition results in the accumulation of ubiquitinated
proteins and proteasome substrates, p21 Cip1/WAFF1 and
p27Kip1, and the consequent down-regulation of cyclin
D1 and cyclin E that modulate the G1/S phase progression, suggesting that BBI might induce cell-cycle arrest.
Soybean BBI decrease proteasomal function and results
in up-regulation of MAP kinase phosphatase-1 (MKP-1),
which in turn suppresses phosphorylation coupled to
extracellular signal-related kinase activity in MCF7 treated
cells. The inhibition of proteasomal chymotrypsin-like
activity in vivo reveals that MCF7 cellular membranes are
very permeable to soybean BBI facilitating the inhibition of intracellular target proteases. Soybean BBI has
been demonstrated to be taken up by intestinal epithelia
cells in a time-dependent manner, being the bulk of the
internalised protease inhibitor present in the cytosol in
active form[77]. It has been also reported that soybean
BBI is internalised into NIH/3T3 mouse embryo fibroblastic cells and is localized in the nucleus[41]. More
recently, confocal microscopy studies have demonstrated

62 μmol/L

Figure 2 Effect of the major soybean isoinhibitors, IBBD2 and IBB1,
on the in vitro growth of HT29 human colorectal adenocarcinoma cells.
Growth media were supplemented with protein in the concentration range
0-62 μmol/L and cells harvested after a period of 96 h. Values are means, with
standard deviations represented by vertical bars of at least three independent
experiments, each having four technical replicates. aP < 0.05 vs IBBD2 group
(Bonferroni´s test)[26].

clinical response and induction of remission in patients
with active UC, as assessed by the Sutherland Disease
Activity Index (an index that consist of four major criteria as follows: stool frequency, rectal bleeding, mucosal
appearance, and physician rating of disease activity)[59].
After BBIC treatment, no adverse side-effects or apparent toxicity in UC patients were observed. Approximately
50% of patients responded clinically and 36% showed
remission of disease; in contrast, only 29% and 7.1% on
the placebo group achieved a partial response or remission, respectively.
Although not fully understood, several mechanisms
of action have been proposed to explain the anti-inflammatory properties of BBI within the GIT. Soybean BBI
or BBIC has been shown to decrease the production and
release of superoxide anion radicals and hydrogen peroxide, mediators of acute and chronic inflammation, in
purified human polymorphonuclear leukocytes[60] and in
differentiated HL60 cells[61]. The decrease in superoxide
radical levels might reduce levels of oxidative damage
to DNA, lipid peroxidation of cellular membranes and
incidence of malignant transformation. Although BBI
do not function as free radical-scavenging agents, they
prevent the release of oxygen free radicals from cells,
which would be expected to contribute to their reported
anti-inflammatory properties[62]. Serine proteases are key
components of the inflammatory response, as they can
trigger hypersensitivity and may cause severe proteolytic
damage to the extracellular matrix[63,64]. Dysregulation of
the epithelial barrier function play a central role in either
the etiology or the pathology of intestinal inflammation.
Currently, there is a strong interest in identifying candidate serine proteases involved in pathogenesis and in designing selective protease inhibitors to regulate their proteolytic activities[39]. In this sense, the use of anti-tryptase
therapy on human inflammatory bowel disease and experimental colitis has been demonstrated[65]. In intestinal
lesions and faecal samples from UC patients, a significant
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Table 3 Serine proteases as potential therapeutic targets of Bowman-Birk inhibitor-like proteins in pathological processes
Serine
protease
Proteasome

Matriptase

Chymase

Cathepsin G

Duodenase

Elastase

Function

Pathological
processes

Evidence of interaction with BBI-like proteins

Control of the turn-over of regulatory
proteins involved in critical cellular
processes including cell cycle progression,
cell development and differentiation,
apoptosis, angiogenesis and signaling
pathways

Cancer,
inflammatory
processes,
autoimmune
diseases and aging

Soybean BBI specifically and potently inhibits the proteasomal
chymotrypsin-like activity in vitro and in vivo in MCF7 cancer breast
cells[76]

Mice treated simultaneously with BBI and DMH show a significant
decrease in the chymotrypsin- and trypsin-like proteasomal activity in
comparison with those treated with DMH only[79]
Soybean BBI suppress proteasomal chymotrypsin-like activity in U2OS
human osteosarcoma cells in vitro[80]
Differentiation and function of epithelial
Activator of critical SFTI-1, a cyclic peptide from sunflower having similar features to the
tissues
molecules associated trypsin inhibitory binding domain of BBI, is a very potent inhibitor (Ki:
with tumor invasion
0.92 nmol/L)[85]
and metastasis
BBI from soybean and lima bean have been reported to inhibit
matriptase activity in vitro[86]
Key mediator in inflammatory cell signaling
Inflammatory
Soybean BBI strongly inhibits chymase from rat mast cells
pathways
processes, allergic
(Ki: 13.2 nmol/L)[94]
reactions and
pulmonary fibrosis
Soybean BBI is a highly effective inhibitor of human mast cell
chymase, being not effective against human tryptase[88]
Degradation of extracellular matrix
Inflammatory
Soybean BBI inhibits strongly cathepsin G (Ki: 1.2 nmol/L)[86]
components, regulates inflammatory
processes, cancer
response and promotes apoptosis
and aging
Morphogenesis and tissue repair;
Inflammatory
Duodenase interacts specifically with the chymotrypsin inhibitory
inflammatory and mitogenic role;
processes
domain of soybean BBI (Ki: 4 nmol/L)[87]
participation in activation cascade of
digestive proteases
Degradation of extracellular matrix
Pulmonary
Soybean BBI inhibits hydrolysis of extracellular matrix components by
components
emphysema, cystic
leukocyte enzymes[95]
fibrosis, infections,
inflammation and
atherosclerosis
Soybean BBI inhibit human leukocyte elastase (Ki: 2.3 nmol/L)[96]

BBI: Bowman-Birk inhibitor; DMH: Dimethylhydrazine; Ki: Constant of inhibition; SFTI-1: Sunflower trypsin inhibitor.

that black-eyed pea BBI crosses the membrane of breast
MCF7 cancer cells, likely via endocytosis, and co-localizes
with the proteasome in cytoplasm and mainly in nucleus,
inhibiting the chymotrypsin-, trypsin- and caspase-like
activities of the 20S proteasome[78]. Further studies to
determine the correct localization of BBI in colon cancer
cells will be relevant in order to identify serine proteases
as potential therapeutic targets. Either soybean or perennial horsegram BBIs, when administrated at a dose of
30 mg/kg during 12 wk, exerted a protective role in the
development of pre-neoplastic lesions induced by intraperitoneal injections of DMH in mice; such effect seems
to be associated to the inhibition of both the lysosomal
and proteasome-dependent proteolytic pathways[79]. Although soybean BBI has been demonstrated to inhibit
the proteosomal activity of MCF7 breast cancer cells[76]
and U2OS osteosarcoma cells[80], the proteosomal inhibition in colon cancer cells need to be unambiguously
demonstrated. Another potential therapeutic target of
BBI is matriptase (also known as MT-SP1 or epithin), an
epithelial-specific member of the type Ⅱ transmembrane
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serine protease family, which is a key activator of multiple
signaling pathways associated with cell proliferation and
modification of the extracellular matrix. Matriptase is recognized as a cancer-associated trypsin-like protease, being
over-expressed in malignant prostate, ovarian, uterine
and colon tumors[81,82]. This serine protease contributes to
the epithelial integrity and upstream activation of cellular
regulatory proteins, including urokinase-plasminogen
activator, hepatocyte-growth factor/scatter factor and
protease-activated receptor, being also involved in cancer invasion and metastasis[83,84]. Although the ability of
naturally-occurring protease inhibitors, including soybean
BBI, lima bean trypsin inhibitor and sunflower trypsin
inhibitor (SFTI-1), to inhibit a secreted form of recombinant MT-SP1 has been demonstrated[85,86], the clinical
relevance of such inhibition has not been yet elucidated.
Serine proteases are extensively involved in immunological responses and pro-inflammatory actions; therefore, there is a growing interest towards determining
the therapeutic potential of serine protease inhibitors in
treatment of inflammatory diseases by modifying vari-
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ous inflammatory pathways[4]. The inhibition of serine
proteases involved in inflammatory processes, such
as cathepsin G[87,88], elastase and mast cell chymase[89]
by soybean BBI has been reported (Table 3). Secreted
chymases promote inflammation[90], matrix destruction,
tissue remodelling as well as the regulation of collagenase[91] and interleukin 1β (IL-1β)[92]. Nevertheless, a
clinical correlation between the inhibition of these serine
proteases and the anti-inflammatory properties associated with soybean BBI and homologous proteins is still
far of being elucidated.

9

10

CONCLUSION

11

In vitro and in vivo studies have demonstrated that soybean BBI and homologous proteins can exert a protective and/or suppressive effect on cancer development
and inflammatory processes within the GIT; so far, the
therapeutic targets and the action mechanism of BBI
as colorectal chemopreventive agents remain unknown.
Recent investigations suggest that cellular serine proteases should be considered as potential targets of BBI in
further investigations of their chemopreventive properties. The validation of serine proteases as clinical targets
together with the identification and elucidation of the
molecular basis for variation in the biological activity of
natural BBI variants and/or design of selective potent
inhibitors against their putative protease targets will
contribute to the assessment of BBI as colorectal chemopreventive agents for preventive and/or therapeutic
medicine[39].
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quantity of the drug targets. Enzymes active in drug
metabolism and transport represent important determinants of the therapeutic outcome. The aim of this review was to summarize published data on associations
of gene and protein expression, and genetic variability
of putative biomarkers with response to therapy of
colorectal cancer to 5-fluorouracil/leucovorin/oxaliplatin
and 5-fluorouracil/leukovorin/irinotecan regimens. Gaps
in the knowledge identified by this review may aid the
design of future research and clinical trials.
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Core tip: 5-fluorouracil/leucovorin combined with oxaliplatin (FOLFOX) and irinotecan (FOLFIRI) represent the
most effective chemotherapy regimens for colorectal
carcinoma patients with distant metastases. Pharmacogenetics represents a promising strategy for the
individualization of therapy, including identification of
patients at increased risk of toxicity. This review summarizes contemporary knowledge about associations of
gene and protein expression and genetic variability of
putative biomarkers for the response of colorectal cancer to FOLFOX/FOLFIRI regimens. From the published
data reviewed it is obvious that the problem is highly
complex and the ultimate profile of the drug-sensitive
or resistant patient will most probably be jointly defined
by genetic, epigenetic, intracellular, extracellular, and
extrinsic factors.

Abstract
While 5-fluorouracil used as single agent in patients
with metastatic colorectal cancer has an objective response rate around 20%, the administration of combinations of irinotecan with 5-fluorouracil/folinic acid
or oxaliplatin with 5-fluorouracil/folinic acid results in
significantly increased response rates and improved
survival. However, the side effects of systemic therapy
such as myelotoxicity, neurotoxicity or gastrointestinal
toxicity may lead to life-threatening complications and
have a major impact on the quality of life of the patients. Therefore, biomarkers that would be instrumental in the choice of optimal type, combination and dose
of drugs for an individual patient are urgently needed.
The efficacy and toxicity of anticancer drugs in tumor
cells is determined by the effective concentration in
tumor cells, healthy tissues and by the presence and
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the side effects of systemic therapy have a major impact
on the quality of life of the patients. Common to fluoropyrimidines, irinotecan and oxaliplatin is myelotoxicity,
the administration of fluoropyrimidines and irinotecan
is frequently accompanied by gastrointestinal toxicity[15],
while neurotoxicity regularly complicates the administration of oxaliplatin[16,17]. The administration of targeted
agents is also not devoid of side effects that may be very
annoying, e.g., skin toxicity associated with the administration of anti-EGFR agents[18] or hypertension after
anti-VEGF therapy[11]. Liver toxicities that accompany
the administration of agents used in colorectal carcinoma
encompass non-alcoholic fatty liver disease after 5-FU,
sinusoid obstruction syndrome after oxaliplatin or steatohepatitis after irinotecan[19]. These toxicities could result
in postoperative complications in patients undergoing
subsequent liver resection[19].
The role of pharmacogenetics in the management
of patients with colorectal carcinoma has long been neglected. The significance of genetic polymorphisms of
enzymes responsible for fluoropyrimidine degradation,
e.g., dihydropyrimidine dehydrogenase, has been known
for some time, but the assessment of these biomarkers
has still not found routine use[20]. With the advent of targeted therapy, the presence or absence of RAS mutations
has been identified as a predictive biomarker of efficacy
of anti-EGFR antibodies[21].

INTRODUCTION
Colorectal carcinoma is one of the most common causes
of cancer mortality. While localized tumors are amenable
to curative surgical resection, the curative potential of
surgery in patients with metastatic disease is limited.
Intuitively, the best approach to treat metastatic (systemic) disease is the systemic administration of therapy.
Systemic therapy may also be used as adjuvant treatment
after the resection of primary tumors in patients who
have no evidence of metastatic disease, but are suspected
to harbor microscopic metastases. Among the modalities
of systemic treatment, chemotherapy has been the most
widely used in patients with colorectal carcinoma, and in
recent years several targeted agents have complemented
the therapeutic armamentarium in patients with metastatic colorectal carcinoma.
Over the past half-century, fluoropyrimidines have
constituted the backbone of chemotherapeutic regimens
in colorectal carcinoma. Early randomized clinical trials
demonstrated that the administration of fluoropyrimidine-based chemotherapy results in statistically significant prolongation of survival in patients with metastatic
colorectal carcinoma [1,2]. Among fluoropyrimidines,
5-fluorouracil (5-FU) has been the most commonly used
agent. Prospective studies have demonstrated the benefit
of the administration of 5-FU in an infusional regimen
and in combination with folinic acid[3]. In addition, in patients with isolated liver metastases the benefit of hepatic
arterial infusion of fluoropyrimidines has also been demonstrated[4].
The next generation of regimens for the treatment
of metastatic colorectal carcinoma has been introduced
with the advent of two cytotoxic agents, irinotecan, a
topoisomerase I inhibitor, and oxaliplatin, a platinum derivative, in the late 1990s. The activity of irinotecan and
oxaliplatin was first demonstrated in patients that failed
on fluoropyrimidines. While 5-FU alone has an objective
response rate around 20%[3,5], the combinations of irinotecan with 5-FU/folinic acid and oxaliplatin with 5-FU/
folinic acid result in significantly increased response rates
and improved survival[6-8]. The activity of 5-FU/leucovorin combined with oxaliplatin (FOLFOX) or irinotecan
(FOLFIRI) in the first-line treatment of metastatic
colorectal carcinoma is comparable[9].
Another major step forward in the systemic management of colorectal carcinoma was the advent of monoclonal antibodies targeting vascular endothelial growth
factor (VEGF) pathway or epidermal growth factor
receptor (EGFR)[10-14]. Currently available targeted agents
active in metastatic colorectal carcinoma include the antiVEGF antibody bevacizumab, the anti-EGFR antibodies
cetuximab and panitumumab, and the anti-VEGF agents
aflibercept and regorafenib. These agents are active,
mostly in combination with cytotoxic drugs, both in the
first-line of therapy as well as in previously treated patients with metastatic colorectal cancer.
Besides causing morbidity and occasional mortality,
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PHARMACOGENETICS OF FOLFOX/
FOLFIRI REGIMENS IN COLORECTAL
CANCER
In general, the use of chemotherapy to treat cancers is
limited by the inter-individual variability in drug response
and by the development of resistance. Anticancer drugs
are metabolized predominantly in liver, subsequently
transported in conjugated or unconjugated form to the
tumor microenvironment, where drug uptake/efflux
transporters modulate intracellular levels of the drug or
its active metabolites. The efficacy of anticancer drugs in
tumor cells is dependent on the effective concentrations
and on the presence and quantity of the drug targets.
There are marked inter-individual differences in expression levels and activities of enzymes modifying efficacy,
as well as toxicity, of anticancer drugs. From this point of
view it seems obvious that biomarkers enabling prediction of optimal type, combination and dose of drugs for
each patient may exist, and their use for individualization
of therapy is envisaged. Such individualization would be
highly cost-effective and socially desirable because of the
prolonged survival and improved quality of life of large
number of cancer patients.
However, this task is very complicated because of
numerous factors determining the final functional phenotype of enzymes responsible for the drug metabolism,
transport and targets. On the intracellular level, genotype
vs phenotype relations must be considered along with
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612779), thymidine phosphorylase (TYMP, OMIM:
131222), thymidine kinase 1 (TK1, OMIM: 188300), uridine monophosphate synthetase (UMPS/OPRT, OMIM:
613891)[22] (Table 1).
A low accumulation of 5-FU in cancer cells may be
caused by altered membrane transport, namely drug efflux, mediated mainly by ATP-binding cassette (ABC)
transporters, or reduced drug uptake into the cancer cells,
mediated mainly by solute carrier (SLC) transporters[23,24].
5-FU is phosphorylated to FdUMP by TYMP and
TK1. FdUMP then inhibits an important enzyme for
nucleotide synthesis - thymidylate synthase (TYMS,
OMIM: 188350)[22]. 5-FU is also indirectly phosphorylated by UMPS via fluorouridine monophosphate (FUMP)
to fluorouridine diphosphate (FUDP) and then converted by ribonucleotide reductase (RRM1 and 2, OMIM:
180410, OMIM: 180390, respectively) to FdUMP. The
nucleotide diphosphate kinase (NME1/NM23, OMIM:
156490)-formed fluorodeoxyuridine triphosphate
(FdUTP) incorporates into DNA and fluorouridine
triphosphate (FUTP) incorporates into RNA and both
cause chain termination[25]. It appears that the spectrum
of 5-FU metabolites depends on the administration
schedule, as bolus treatment favors RNA damage by
FUTP and continuous regimen favors DNA damage by
FdUTP[26]. DPYD catalyzes inactivation of 5-FU into inactive dihydrofluorouracil, mostly in the liver[27].
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Figure 1 Chemical structures of components of 5-fluorouracil/leucovorin
combined with oxaliplatin and irinotecan regimens.

epigenetic factors, such as methylation of regulatory
DNA elements, histone acetylation, the presence of micro RNAs and other non-coding RNA species, proteinprotein and DNA/RNA-protein interactions. Extracellular factors may include immune response or hormonal
balance that could determine the expression pattern of
intracellular enzymes, drug-drug and drug-environmental/alimentary interactions and other as yet unknown
factors. Last, but not least, enzymes responding to drug
administration may be induced to a high extent by repeated doses of the drug and the study of this phenomenon
in vivo is very difficult. Investigation of such a complex
system where the roles of a number of factors remain
unknown is significantly limited by the currently available equipment and empirical approaches. Thus, from
many published studies, very few of the most pertinent
biomarkers emerged, which should be verified by upcoming controlled prospective clinical trials. This review
summarizes the most promising predictive biomarkers
for FOLFOX/FOLFIRI regimens in advanced colorectal
cancers and highlights potential research trends.

Biomarkers of 5-FU chemoresistance in colorectal
cancer
Deregulation of ABC transporters in CRC tumors compared to non-malignant colon tissue has been reported recently[28]. Interestingly, the best-known ABC transporter,
ABCB1 coding P-glycoprotein (OMIM: 171050), has not
been shown to modify the sensibility of human-derived
esophageal carcinoma cell lines to 5-FU[29]. Moreover,
lack of relationship between the ABCB1 protein or transcript expression, genotype and long-term prognosis of
patients treated by 5-FU was reported[28,30]. Transporters
from the ABCC family can collectively confer resistance
to anticancer drugs and their conjugated metabolites,
platinum compounds, folate antimetabolites, nucleoside
and nucleotide analogues in vitro[31]. In particular, the expression of ABCC2 (OMIM: 601107), ABCC3 (OMIM:
604323), ABCC4 (OMIM: 605250), ABCC5 (OMIM:
605251), ABCC6 (OMIM: 603234) and ABCC11 (OMIM:
607040) induced resistance to 5-FU in vitro[29,32-34]. Nevertheless, the results obtained using cell line models treated
by the studied drug for a long time may not reflect the
real situation in such a heterogeneous entity as a colorectal tumor. In breast cancer patients treated with neoadjuvant chemotherapy, ABCA1 (OMIM: 600046), ABCA12
(OMIM: 607800), ABCB6 (OMIM: 605452), ABCC5,
ABCC11 and ABCC13 (OMIM: 608835) transcript levels
were downregulated in patients with a complete pathological response compared with patients with residual disease[35]. Oguri et al[36] discovered that ABCC11 expression
is induced by 5-FU and that ABCC11 is directly involved

5-FU
5-FU belongs to fluoropyrimidine drugs (Figure 1), which
are widely used in the therapy of gastrointestinal cancers
including colorectal cancer. Research on 5-FU pharmacogenetics (and pharmacogenomics) focused mainly on
interindividual differences in 5-FU pharmacokinetics and
genetic alterations in genes encoding transmembrane
transporters and 5-FU-metabolizing enzymes, such as dihydropyrimidine dehydrogenase (DPD/DPYD, OMIM:
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Table 1 Putative biomarkers of efficacy and/or toxicity of 5-fluorouracil in colorectal cancer
Gene
SLC29A1
ABCC11
TYMP

UMPS

DPYD

TYMS

Transcript

Protein

SNP

Effect

Ref.

Low
High
High
No association
No association
No association
No association
Low
Low
-

High
High
High
High cytoplasmic
No association
No association
High
High (tumor cells)
High (stromal cells)
Low
Low1
Low
No association
-

Rs3918290

-

-

Rs55886062

-

-

Rs67376798

-

No association
-

Rs45445694

Inferior clinical response
Inferior response and shorter DFS
Longer DFS and OS
Better clinical response
Longer OS
pCR
DFS and OS
OS
OS
Clinical response
PFS and OS
Longer OS
Longer OS
Shorter OS
Longer OS
Longer OS
Longer OS
Longer OS
Longer OS1
Longer OS
DFS
Higher toxicity
Dose reduction recommended
Higher toxicity
Dose reduction recommended
Higher toxicity
Dose reduction recommended
Clinical response
Lower protein expression, clinical benefit and
higher toxicity improved

Phua et al[40] 2013
Hlavata et al[28] 2012
Meropol et al[48] 2006
Sadahiro et al[51] 2012
Mitselou et al[52] 2012
Chiorean et al[50] 2012
Ciaparrone et al[42] 2006
Lassmann et al[43] 2006
Soong et al[44] 2008
Vallbohmer et al[45] 2007
Koopman et al[49] 2009
Yanagisawa et al[54] 2007
Tokunaga et al[55] 2007
Koopman et al[56] 2009
Koopman et al[56] 2009
Yanagisawa et al[54] 2007
Vallböhmer et al[45] 2007
Tokunaga et al[55] 2007
Koopman et al[56] 2009
Ciaparrone et al[42] 2007
Westra et al[59] 2005
Caudle et al[27] 2013
Swen et al[62] 2011
Caudle et al[27] 2013
Swen et al[62] 2011
Caudle et al[27] 2013
Swen et al[62] 2011
Jennings et al[57] 2012
Jennings et al[57] 2012

1

Only when combined with irinotecan. PFS: Progression-free survival; DFS: Disease-free survival; OS: Overall survival; pCR: Complete pathological response.

with gemcitabine, but not for patients treated by 5-FU[41].
The issue of predictive value of phenotype and/or
genotype of drug transporters remains open, mainly because of the complex nature of this phenomenon. No
study investigated either the balance between uptake/efflux (status of both SLC and ABC transporters in the
same cohort of patients) or the relationship between of
drug transport and subsequent 5-FU metabolism and/or
targets. The majority of available studies addressed single
or isolated groups of biomarkers and contradictory results were often obtained.
Inside the tumor cells, 5-FU is converted to its
monophosphate by TYMP, an angiogenic factor also
known as platelet-derived endothelial cell growth factor
(PD-ECGF). The question is whether TYMP acts as a
predictor of poor prognosis because of its neoangiogenic activity in tumors or whether it may predict good
prognosis because of activation of 5-FU. This dual role
of TYMP may be one of the reasons for contradictory
results of studies aiming to evaluate the role of TYMP as
a prognostic biomarker. No association has been found
in smaller studies with colorectal cancer patients treated
by adjuvant 5-FU therapy[42-45]. TYMP protein expression also was not associated with disease-free survival
and overall survival of the advanced colorectal cancer
patients in other studies[46,47]. On the other hand, look-

in resistance by the efflux transport of the active metabolite FdUMP in human small-cell lung cancer cell lines in
vitro. High expression of ABCC11 has been associated
with significantly better response and longer disease-free
interval in colorectal cancer patients treated by first line
5-FU-based chemotherapy in either the palliative or adjuvant setting[28].
In humans, there are two major families of SLC
transporters that transport nucleoside analogs including
5-FU: SLC28A (human concentrative transporters, namely SLC28A1, SLC28A2 and SLC28A3, OMIM: 606207,
606208, 608269, respectively) and SLC29A (human equilibrative transporters, namely SLC29A1, SLC29A2, SLC29A3 and SLC29A4, OMIM: 602193, 602110, 612373,
609149, respectively)[37,38]. A pilot study has indicated that
colorectal tissue specimens from tumors that were resistant to 5-FU in an in vitro cell viability assay had higher
expression of SLC29A1 mRNA [39]. These data were
recently corroborated by another study showing correlation between high pre-treatment intratumoral SLC29A1
protein levels with worse clinical response to 5-FU[40].
The predictive significance of SLC29A1 has been studied
extensively in pancreatic cancer. In contrast to colorectal
cancer, the majority of studies on patients with pancreatic cancer have suggested that high SLC29A1 expression
may be predictive of improved survival in patients treated

WCGO|www.wjgnet.com

2124

February 8, 2015|First Edition|

Mohelnikova-Duchonova B et al . FOLFOX/FOLFIRI pharmacogenomics

sensitivity predictive factor in vitro[58]. Low expression of
both DPYD mRNA[54] and protein[42,47,55] was associated
with longer overall survival or disease free survival in
numerous studies on colorectal cancer patients treated by
5-FU in the adjuvant or advanced setting. Soong et al[44]
observed only a trend of shorter overall survival in patients with low DPYD protein expression. On the other
hand, no association of DPYD mRNA or protein levels
with disease-free or overall survival was observed in
other studies[45,59]. Retrospective analysis of DPYD protein expression in well-defined groups of patients in the
phase Ⅲ randomized CAIRO study did not confirm the
predictive value of DPYD[49], except for the subgroup
of patients treated with the combination of capecitabine
plus irinotecan.
The B-CAST multicenter, prospective cohort study
aims to analyze TYMP, DPYD and UMPS in a group
of more than 2000 patients with stage Ⅲ colon cancer
treated with adjuvant 5-FU-based regimens. The results
of this first prospective clinical trial studying predictive
biomarkers of 5-FU will hopefully define the effect of
these three enzymes on treatment outcome[60].

ing at the studies with capecitabine, high expression of
TYMP mRNA and protein was associated with longer
overall and disease-free survival in patients with advanced
colorectal cancer treated by capecitabine plus irinotecan
as in the first-line setting[48]. In 566 advanced colorectal
cancer patients treated with capecitabine, irinotecan and
oxaliplatin enrolled in the phase Ⅲ CAIRO study, TYMP
was neither a predictive nor prognostic factor[49]. In a
phase Ⅱ trial of neoadjuvant capecitabine plus irinotecan
and radiation therapy for locally advanced rectal cancer (n
= 22 patients), high tumor TYMP transcript expression
was associated with complete pathological response[50].
Similarly, right-sided colon tumors with high TYMP transcript levels had higher response rate to neoadjuvant chemotherapy with oral fluoropyrimidine tegafur[51]. TYMP
protein expression has been observed not only in tumor
cells, but also in the stroma and in endothelium and tumor-associated macrophages[52]. Previously, higher TYMP
expression was reported in stromal and tumor cells compared with normal tissue[53]. TYMP expression levels in
the cytoplasm of tumor cells and stromal cells correlated
with vascular endothelial growth factor (VEGF, OMIM:
192240) expression by tumor cells and vessels. However
only high cytoplasmic expression of TYMP was associated with longer overall survival of these patients[52]. This
study further supported the view concept of a differential
role of TYMP in tumor cells compared with the stroma.
The reported data regarding UMPS and uridine phosphorylase (UPP1, OMIM: 191730) are again conflicting.
UMPS transcript levels did not correlate with overall
survival of colorectal cancer patients[54], but Tokunaga et
al[55] reported that high expression of the UMPS protein
is associated with longer overall survival of patients with
advanced colorectal cancer. On the other hand, high
expression of UMPS in tumor cells was an unfavorable
prognostic parameter for overall survival in the CAIRO
study; however, the opposite effect was observed in stromal cells, with high stromal cell UMPS expression was
being associated with favorable prognosis[54]. Moreover,
UPP1 bypasses UMPS and is suggested to be the key
enzyme in conversion of 5-FU to the active metabolite
FUMP[56].
It becomes obvious that further studies on the role
of metabolic pathway of 5-FU in the treatment outcome
of patients should also consider the localization of biomarker expression within the various cell types and even
intracellular components.
A recent meta-analysis of 39 studies that investigated
2402 patients for the most commonly studied polymorphic biomarkers TYMS (rs45445694) and MTHFR
(rs1801133) revealed that the TYMS polymorphism is
significantly associated with protein expression, clinical benefit and adverse effects[57]. However, the authors
concluded that the association between treatment effect
and TYMS genotype and subsequently protein level is so
small that it is of limited clinical relevance.
5-FU is deactivated mainly by DPYD, and this enzyme has also been shown to be an independent chemo-
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Biomarkers of 5-FU toxicity in colorectal cancer patients
The expression of genes involved in 5-FU metabolism
mentioned above may affect not only drug efficacy and
resistance, but also toxicity (Table 1). However, data
about the majority of these genes and their association
with 5-FU toxicity are inconsistent and cannot be applied
in clinical practice. The only exception is DPYD, for
which evidence for the dosing recommendations comes
from two large prospective studies, small studies and case
studies[27]. Patients with DPYD deficiency treated with
fluoropyrimidines suffered from severe toxicity, including
mucositis and diarrhea, myelosuppression, neurotoxicity
and hand-food syndrome[61]. The United States Food and
Drug Administration (FDA) has added statements to the
drug labels for 5-FU that contraindicate its use in DPYD
enzyme deficient individuals. The Dutch Pharmacogenetics Working group and Clinical Pharmacogenetics Implementation Consortium (CPIC) recommends the use
of alternative drugs for heterozygous carriers of a decreased-activity allele[27,62] such as DPYD*2A (rs3918290),
DPYD*13 (rs55886062) or rs67376798. For heterozygous
carriers, it is recommended to start with at least a 50% reduction of initial dose and re-adjust dosing according to
patient’s tolerability or pharmacokinetic tests[27]. Perhaps
because of a number of other so far uncharacterized
SNPs in DPYD, the presence of these variants does not
always result in toxicity and the results of available studies are not consistent and have not been replicated.
In summary, the positive predictive value of DPYD*2A
and DPYD*13 variants to predict a severe toxicity
(grade Ⅲ and Ⅳ) is 62% and negative predictive value
is 95%[63,64]. Thus, the absence of these DPYD variants
does not eliminate the risk of high-grade toxicity caused
by additional rare variants in DPYD or from other factors
including genetic, epigenetic, environmental or alimentary
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towards anticancer drugs[75].

factors. Moreover, the combination of 5-FU with other
anticancer drugs or bolus administration of 5-FU may
further increase the risk of severe toxicity in heterozygous carriers[27,64].
The individual risk/benefit ratio should be estimated
for all patients because for some patients, the potential
benefit may still exceed clinically tolerable toxicity.

Biomarkers of chemoresistance to oxaliplatin in
colorectal cancer
Enhanced expression of members of ABCC family of
efflux transporters can lead to a decreased cellular glutathione level and thus indirectly cause decrease of oxaliplatin inactivation[76]. Overexpression of ABCC2 and
ABCG2 (OMIM: 603756) resulted in increased activity of
oxaliplatin in vitro[77]. Oxaliplatin is administered in combination with 5-FU, and 5-FU significantly suppressed ATP7B and SLC22A2 and simultaneously increased ABCC2
mRNA expression[77]. The synergistic action of these two
drugs on transport direction has been demonstrated in vitro. Low ATP7B mRNA and protein expression is associated with longer time-to-progression of colorectal cancer
patients receiving oxaliplatin-based chemotherapy[78]. The
role of ABCB1/P-glycoprotein in the oxaliplatin pathway
has not yet been proven. Lack of association of ABCB1
transcript level in tumors with therapy outcome of
colorectal cancer patients treated by FOLFOX has been
reported recently[28]. However, ABCB1 polymorphisms
were shown to be significantly associated with survival of
colorectal cancer patients treated by oxaliplatin[79]. Carriers of the AG genotype in rs1045642 had significantly
longer time to recurrence than AA homozygotes, and
carriers of AA genotype in rs1128503 had better overall
survival compared to GG homozygotes. Moreover, carriers of the AA-GG-TT haplotype constructed from
rs1045642-rs1128503-rs2032582 polymorphisms had an
inferior progression-free and overall survival compared
to carriers of other haplotypes[79].
Excision nucleases such as ERCC1 and ERCC2 play
a major role in the repair of DNA adducts in tumor cells
after chemotherapy. Thus, in theory, low ERCC1 gene
expression leading to a decreased DNA repair should
be a positive predictive factor of therapeutic effect of
oxaliplatin. High ERCC1 mRNA expression was associated with shorter overall survival in patients treated with
oxaliplatin-based chemotherapy[80,81]. Overexpression of
ERCC1 protein has been shown to represent an independent predictor of early failure of adjuvant therapy by
FOLFOX and short disease-free and overall survival[80].
In contrast to the above-mentioned results, the prognostic importance of ERCC1 protein expression has not
been observed in the phase Ⅲ CAIRO trial (n = 506)[49].
In another study, neither tumor ERCC2 nor XRCC1
protein expression was associated with overall survival of
patients treated by adjuvant FOLFOX therapy[82].
Carriers of the GG genotype in rs11615 of ERCC1
were reported to have better progression-free and overall
survival than carriers of the A allele[83] after FOLFOX
therapy, but this was not been confirmed in another
study[84]. The latter study also found no association of
rs13181 in another DNA repair gene ERCC2 with the
survival of colorectal patients treated by irinotecan. In an
earlier study, Huang et al[85] observed a significant association of ERCC2 polymorphism rs13181 with increased

OXALIPLATIN
Oxaliplatin (trans-1-diaminocyclohexane oxalateplatinum, Figure 1) is a third-generation platinum derivative
that is widely used in the therapy of colorectal cancer.
Compared with cisplatin, oxaliplatin has enhanced water solubility[65]. Research into the pharmacogenetics of
oxaliplatin focused mainly on interindividual differences
in oxaliplatin pharmacokinetics and genetic alterations
in genes coding ABC/SLC transporters, DNA damage
repair machinery, such as excision cross-complementing
genes (ERCC1, ERCC2, OMIM: 126380, OMIM:
126340, respectively) and X-ray repair cross-complementing protein 1 (XRCC1, OMIM: 194360), and conjugating
enzymes glutathione S-transferases (GSTM1, GSTP1,
GSTT1, OMIM: 138350, OMIM: 134660, OMIM:
600436, respectively)[66] (Table 2).
The principal mechanism of action of oxaliplatin is
inhibition of DNA synthesis in cancer cells by the formation of crosslinks in DNA. There is no evidence of cytochrome P450-mediated metabolism in vitro. Inactivation
of reactive oxaliplatin species is mediated by conjugation
to glutathione, which is mediated by GSTs. DNA damage
by oxaliplatin is repaired mainly by nucleotide excision
repair (NER), base excision repair (BER) and by replicative bypass[67]. Interestingly, the mismatch repair complex
important for resistance to other platinum drugs has not
been shown as crucial for oxaliplatin resistance[68].
Oxaliplatin is transported mainly by the uptake
transporters SLC22A1/OCT1 (OMIM: 602607) and
SLC22A2/OCT2 (OMIM: 602608), which play a critical
role not only in cellular uptake but also in the associated
cytotoxicity[69]. Other important transporters are human
copper transporters (SLC31A1 and 2 OMIM: 603085
and 603088, respectively) that mediate cellular uptake of
oxaliplatin and P-type ATPases ATP7A and 7B (OMIM:
300011 and 606882, respectively) that promote efflux of
oxaliplatin and its sequestration into subcellular compartments[70,71].
ABCC2, ABCC4 and ABCC5 transporters are potentially involved in disposition of platinum compounds[72,73].
However, the data on clinical implications of the genotype
and/or phenotype of these transporters with regard to
platinum efficacy or toxicity are scarce and inconclusive[71].
GSTP1 is involved in the detoxification of cisplatin
by the formation of cisplatin-glutathione adducts[74] and,
consequently, the putative role of GSTs in resistance to
platinum compounds is generally accepted. The suggested link between GSTs and the MAP kinase pathway may
also contribute to the common mechanisms of resistance
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Table 2 Putative biomarkers of efficacy and/or toxicity of oxaliplatin in colorectal cancer
Gene

Transcript

Protein

SNP

Effect

Ref.

ATP7B
ABCB1

Low
No association
-

Low
-

Longer PFS
DFS and OS
Longer DFS
Longer OS
Shorter PFS and OS

Martinez-Balibrea et al[78] 2009
Hlavata et al[28] 2012
Wu et al[79] 2013
Wu et al[79] 2013
Wu et al[79] 2013

ERCC1

High
High
-

High
No association
No association
No association
-

AG genotype in rs1045642
AA genotype in rs1128503
AA-GG-TT haplotype in
rs1045642-rs1128503-rs2032582
GG genotype in rs11615
Rs11615

Shorter OS
Shorter OS
Shorter DFS and OS
PFS and OS
Longer OS
No association with OS
DFS and OS
Shorter OS
DFS and OS
Longer OS
Longer OS
Higher neutropenia
Inferior response
No association
No association
No association
Higher neurotoxicity
No association with toxicity
No association
No association
No association

Shirota et al[80] 2001
Grimminger et al[81] 2011
Huang et al[82] 2013
Koopman et al[49] 2009
Huang et al[83] 2011
Martinez-Balibrea et al[84] 2011
Huang et al[110] 2013
Le Morvan et al[86] 2007
Huang et al[82] 2013
Huang et al[83] 2011
Funke et al[87] 2010
McLeod et al[90] 2010
Kumamoto et al[88] 2013
Funke et al[87] 2010
Huang et al[85] 2008
Le Morvan et al[86] 2011
McLeod et al[90] 2010
Peng et al[91] 2013
Funke et al[87] 2010
Huang et al[85] 2008
Le Morvan et al[86] 2011

ERCC2
XRCC1
GSTM1 deletion
GSTP1

GSTT1

Variant allele in rs1052559
CC genotype in rs25487
One copy
Null genotype
AA genotype in rs1695
Rs1695
Rs1695
Rs1695
AA genotype in rs1695
Rs1695
Deletion
Deletion
Deletion

PFS: Progression-free survival; DFS: Disease free survival; OS: Overall survival.

risk of early relapse in patients with metastatic colorectal
cancer treated by irinotecan-based chemotherapy. Carriers
of the variant allele in ERCC2 polymorphism rs1052559
had shorter disease-free and overall survival after treatment by oxaliplatin than wild type carriers[86].
XRCC1 is involved in repair of DNA single-strand
breaks formed by exposure to ionizing radiation and alkylating agents. Carriers of CC genotype in rs25487 of
XRCC1 had better progression-free and overall survival
after treatment by FOLFOX4 than T allele carriers[83].
GSTM1 DNA copy number was inversely associated
with survival in colorectal cancer patients treated with
chemotherapy[87]. Mortality was significantly reduced in
patients with one GSTM1 copy (HR = 0.45, 95%CI:
0.23-0.90, P = 0.02) and non-significantly reduced
in those with the null genotype (HR = 0.67, 95%CI:
0.35-1.27, P = 0.22) compared with carriers of two copies[87]. Neither functional GSTP1 polymorphism rs1695
nor GSTT1 deletion (null) were associated with survival
of colorectal cancer patients in earlier studies[83,84,86,87].
However, a recent study reported that FOLFOX6-treated
metastatic colorectal cancer patients (n = 63) with the
GSTP1-rs1695 AA genotype had inferior responses to
the treatment compared with G allele carriers[88].

polymorphisms in genes related to oxaliplatin mechanism
of action and toxicity. No clear recommendations are
currently ready for clinical practice. ERCC1 rs11615 and
GSTP1 rs1695 are the most studied polymorphisms in
relation to neutropenia. Carriers of the CC genotype in
XRCC1 rs25487 had decreased the risk of neuropathy
in colorectal cancer patients treated by adjuvant FOLFOX[89]. Carriage of the AA genotype in GSTP1 rs1695
predisposed patients with the TT genotype treated by
FOFOX in a large N9741 clinical study to increased
neurotoxicity, but the meta-analysis provided by McLeod
et al[90] and Peng et al[91] (2013) showed no association
between GSTP1 polymorphism rs1695 and the development of neurotoxicity (Table 2).

IRINOTECAN
Irinotecan is a camptothecin analog (Figure 1). Irinotecan
is converted to an active metabolite, SN-38, by carboxylesterases CES1 and CES2 (OMIM: 114835 and 605278,
respectively)[92]. SLCO1B1 (OMIM: 604843) mediates the
uptake of irinotecan in hepatocytes[93]. SN-38 is transported by ABC transporters, namely by ABCC1, ABCC2,
ABCB1, and ABCG2[94-97]. Inside a cell, the active metabolite SN-38 inhibits topoisomerase Ⅰ and subsequently
stalls both DNA replication and transcription[98].
SN-38 is further metabolized by glucuronidation by
uridine diphosphate glycosyltransferase 1A1 (UGT1A1,
OMIM: 191740) to its inactive glucuronide conjugate,
SN-38G[99]. An alternative pathway of irinotecan inactiva-

Biomarkers of toxicity of oxaliplatin in colorectal cancer
patients
A number of studies, including prospective clinical trials, provided conflicting results regarding the impact of
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Table 3 Putative biomarkers of efficacy and/or toxicity of irinotecan in colorectal cancer
Gene
ABCB1
ABCB1

ABCG2
ABCC2
SLCO1B1
SLC19A1
UGT1A1

Transcript

Protein

SNP

Effect

Ref.

-

-

Decreased clearance of irinotecan
Higher levels of SN-38

Mathijssen et al[103] 2003
Sai et al[104] 2010

-

-

Shorter OS

Glimelius et al[106] 2010

-

-

rs11288503
rs112503T-rs2032582T-rs1045642T
haplotype
rs112503T-rs2032582T-rs1045642T
haplotype
rs7699188
GG genotype in rs425215
CC genotype in rs717620
CC genotype in rs562
GA/AA genotype in rs2306283
GA genotype in rs 2306283
GG genotype in rs1051266
28 allele in rs81753471
28 allele in rs81753471
28 allele in rs81753471
28 allele in rs81753471

Associate with RR
Higher GI toxicity
Longer PFS
Higher GI toxicity
Higher RR
Lower GI toxicity
Higher RR
No association with RR
Lower RR
Reduced activity of UGT1A1
Increased toxicity, dose reduction
recommended

De Mattia et al[105] 2013
Di Martino et al[117] 2011
Akiyama et al[109] 2012
Di Martino et al[117] 2011
Huang et al[110] 2013
Di Martino et al[117] 2011
Huang et al[82] 2013
Dias et al[115] 2012
Marcuello et al[114] 2011
Swen et al[62] 2011
Swen et al[62] 2011

1

Due to lower tolerated dose. PFS: Progression-free survival; RR: Response rate; OS: Overall survival; GI: Gastrointestinal.

also reported[106]. The ABCG2 rs2231142 T-allele reduced
expression in comparison with the GG genotype and led
to resistance towards irinotecan in cancer cell lines[107].
15622C>T and rs7699188 variants of ABCG2 were associated with the response rate of colorectal cancer patients
treated with FOLFIRI [105]. The haplotype ABCC2*2
(rs717620C-rs2273697A-rs3740066C) was associated
with lower irinotecan clearance in Caucasian cancer
patients[108]. Akiyama et al[109] analyzed ABCC2 polymorphisms in a well-defined cohort of Japanese colorectal
cancer patients who harbored UGTA1*1/*1, *1/*6, or
*1/*28 genotypes, which are associated with similar irinotecan pharmacokinetics and responses to FOLFIRI.
The ABCC2 rs717620 CC genotype has been associated
with a higher response rate and longer progression-free
survival, followed by CT and TT genotypes[109].
Genotype GA/AA of SNP rs2306283 of the gene SLCO1B1 and genotype GG of SNP rs1051266 of the gene
SLC19A1 were associated with a higher response rate in
colorectal cancer patients treated with irinotecan[110].
The expression of CES1 and CES2 is organ-specific.
CES1 is expressed mainly in the liver, whereas CES2 is
predominantly expressed in the small intestine. CES1
is 100-fold less effective than CES2 at drug activation
of irinotecan, but plays a significant role, mainly in the
liver[111]. Until recently, CES was believed to play only a
minor role in irinotecan metabolism and no functional
polymorphisms have been identified[112]. Sai et al[104] reported a gene-dosage effect of functional CES1A on
SN-38 formation for the first time and suggested its potential role in irinotecan toxicity.
The reduced mRNA expression of UGT1A1, 1A3,
1A4, lA6, 1A9 and overexpression of UGT1A5, UGTlA8
and UGTlAl0 in colorectal tumors compared with nonmalignant tissues from the same patient has recently been
reported[113]. Interestingly, despite the fact that UGT1A1
is the most studied gene with regard to irinotecan toxicity, little is known about the association of its expression

tion is oxidation, mediated by members of cytochrome
P450 3A subfamily[100]. Research on the pharmacogenetics of irinotecan focused mainly on interindividual differences in genetic alterations of genes coding transmembrane transporters and irinotecan-metabolizing enzymes,
such as UGT1A1[98] (Table 3).
Biomarkers of irinotecan chemoresistance in colorectal
cancer
Deficiency of the Abcc4 protein in Abcb1a/b; Abcg2
(-/-) mice in vivo model significantly increased the brain
concentration of all camptothecin analogs, suggesting
a possible role of ABCC4 in irinotecan efflux[101]. Interestingly, 5-FU significantly decreased the expression of
ABCC2, ABCB1, and ABCG2 in the small intestine and
increased the concentration of SN-38 in the blood of
rats[102]. Thus, a synergistic action on efflux transporters of these two drugs used in FOLFIRI regimen has
been described in the rat in vivo model. Colorectal tumors
had significantly downregulated ABCB1, ABCC4 and
ABCG2 transcripts compared with non-malignant tissues from the same patients before any chemotherapy[28].
Therefore, it appears that colorectal tumors have favorable expression profiles of ABC transporters active in
irinotecan efflux.
ABCB1 polymorphism rs1128503 has been associated
with a decreased clearance of irinotecan in cancer patients
(mostly with gastrointestinal malignancies)[103]. Higher
SN-38 levels in carriers of the *2 haplotype, which harbors 1236C>T, 2677G>T and 3435C>T, in ABCB1
(rs1128503T-rs2032582T-rs1045642T) among cancer
patients receiving irinotecan have been observed[104]. On
the other hand, ABCB1 polymorphism rs2032582 was
not associated with pharmacokinetic parameters of metastatic colorectal cancer patients receiving first-line FOLFIRI treatment[105]. The association of carrying the most
common ABCB1 haplotype (rs1128503T-rs2032582Trs1045642T haplotype) with shorter overall survival was
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with the prognosis of colorectal cancer patients. Tailored
dosing based on UGT1A1 genotype was tested in a prospective trial[114]. The dose of irinotecan in the biweekly
schedule (standard dose 180 mg/m2) could be escalated to
450 mg/m2 in patients with the UGT1A1*1/*1 genotype
and to 390 mg/m2 in patients with the UGT1A1*1/*28
genotype, but only to 150 mg/m2 in patients with the
UGT1A1*28/*28 genotype. The maximum tolerated
dose was 390 mg/m2, 340 mg/m2 and 130 mg/m2 for patients with the UGT1A1*1/*1, UGT1A1*1/*28 and UGT1A1*28/*28 genotypes, respectively. Significantly higher
objective response rates was observed in patients with the
UGT1A1*1/*1 (60%) and UGT1A1*1/*28 (39%) genotypes compared with patients with the UGT1A1*28/*28
genotype (13%). A marked difference in response rate
was observed between patients treated with an irinotecan
dose of 260 mg/m2 and higher (67%) vs patients treated
by the lower dose (24%). In the multivariable logistic regression analysis irinotecan 260 mg/m2 or higher was the
only predictor of objective response. The time-to-disease
progression was also significantly increased in patients
treated with higher irinotecan dose[114].
According to the meta-analysis published by Dias et
al[115], the individual response to irinotecan is unlikely to
be affected by the presence of the UGT1A1*28 variant
because of the lack of statistically significant differences
in objective response rates between irinotecan-administered cancer patients divided by UGT1A1 polymorphism
rs8175347.

FOLFIRI are currently lacking. Only a few studies on
colorectal carcinoma patients treated by regimens involving FOLFOX may be found in the recent literature. Watanabe et al[118] analyzed microarray expression profiles of 46
patients with metastatic or recurrent colorectal carcinoma
who received modified FOLFOX6. As a result, a 27-gene
FOLFOX response predictor with an overall accuracy of
92.5% was constructed for selection of patients who may
benefit from therapy with this regimen in the adjuvant or
advanced disease setting[118]. Another Japanese study suggested that the absence of ERCC1 or GSTP1, but not
TYMS, as assessed by immunohistochemistry, predicts a
favorable response of colorectal cancer patients to FOLFOX[119]. Interestingly, concurrent methylation of transcription factor neurogenin 1 (NEUROG1, OMIM: 601726)
and tumor suppressor p16 (CDKN2A, OMIM: 600160)
was recently associated with shorter DFS following adjuvant FOLFOX in Stages Ⅱ/Ⅲ colorectal cancer[120].
Carriers of the T allele in ERCC1 polymorphism
rs11615 among colorectal cancer patients (n = 168) had
significantly lower response to FOLFOX and shorter
PFS than CC wild-type genotype carriers[121]. Similarly,
FOLFOX4-treated colorectal cancer patients with Gln
allele in ERCC2 rs13161 had a significantly shorter PFS
and OS than Lys/Lys wild-type carriers[122]. The same
authors also reported that Val allele (rs1695 in GSTP1)
carriers had longer PFS and OS, but also a significantly
higher incidence of grade 3/4 cumulative neuropathy after FOLFOX4 therapy than wild-type Ile/Ile carriers[123].
Metastatic colorectal cancer patients treated with FOLFOX4 carrying either the CC genotype in ERCC1 rs11615
or the GG genotype in XRCC1 polymorphism rs25487
had significantly longer PFS and OS than the respective
variant allele carriers[83]. The combination of these two
polymorphisms indicated an even higher survival benefit
than carriage of a single predictor genotype[83].
There are currently no studies focusing on the evaluation of predictive biomarkers of FOLFIRI in colorectal
cancer patients. Therefore, a retrospective study based on
putative predictive biomarkers for 5-FU and irinotecan so
far identified (Tables 1 and 3) are now highly desirable in
a cohort of patients treated with this regimen.

Biomarkers of toxicity in colorectal cancer patients
treated with irinotecan
Studies on polymorphisms in ABC transporters have
shown some promising results; several potential biomarkers have been describe such as ABCB1 (rs1045642),
ABCC2 (rs3740066), ABCC5 (rs562), ABCG1 (rs425215)
and ABCG2 (rs3832043) (Table 3)[106,112,116,117]. However,
in terms of clinical practice, The Royal Dutch Pharmacists Association (RDPA) posted the only recommendation on genetic testing of colorectal cancer patients
before treatment by irinotecan in FOLFIRI. The Pharmacogenetics Working Group of RDPA has assessed
therapeutic dose recommendations for irinotecan pursuant to the UGT1A1 genotype. Dose reduction for UGT1A1*28 homozygous patients receiving more than 250
mg/m2 has been recommended[62]. This recommendation
is not applicable for FOLFIRI regimen where a dose of
180 mg/m2 is prescribed. Homozygous carriers for the
UGT1A1*28 allele have reduced UGT1A1 enzyme activity leading to an increased risk for neutropenia[62].

Future directions
Despite remarkable progress during the past two decades
that resulted from the introduction of new drugs, including targeted agents, the potential of systemic pharmacologic therapy has still not been fully translated into effective treatments in daily practice. Optimized algorithms
for use of the available active agents are urgently needed.
The pharmacogenomic approach has been promising
in not only identifying the patients at increased risk of
toxicity, but also in allowing a more tailored approach in
pharmacotherapy of colorectal carcinoma.
From the reviewed information it is obvious that
there are many important factors in resistance of colorectal tumor cells to FOLFOX/FOLFIRI regimens. The
broad individual variability and cell- and tissue-specific

RESULTS OF CLINICAL TRIALS ON
BIOMARKERS FOR FOLFOX/FOLFIRI
REGIMENS
Studies on predictive biomarkers useful for deciding
whether patients should be treated by FOLFOX or
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pattern of expression, including complicated regulation, cause difficulties in drawing conclusive remarks
on clinical application of currently identified putative
biomarkers. The lack of functional studies on relations
between genotype and phenotype, including activity and
pharmacokinetics, of the majority of biomarkers also
greatly complicates translation of results into biologicallyrelevant mechanisms that are necessary for recommendations on the further use of biomarkers.
The majority of studies reviewed provided conflicting
results, which can be attributed to the different methodologies used, such as antibodies for immunohistochemistry, lack of statistical power, possible selection bias associated with the heterogeneity of the cohorts of patients
in terms of ethnicity or clinical characteristics, including
treatment, drug-drug interactions as well as drug-alimentary interactions.
The unprecedented increase in the knowledge concerning the pathogenesis of malignant tumors, together
with the advent of new agents, has created a basis for
clinical cancer pharmacogenetics. Enormous progress in
the area of analysis of both genotype and phenotype that
has been made possible by the advent of next generation
sequencing, the application of strict methodical guidelines such as MIQE or REMARK, and the establishment
of public databases and pharmacogenetics consortia for
rigorous evaluation of existing studies may be instrumental for further advancement of our knowledge in this
field.
The pursuit of research in the following directions
may further accelerate the evolution of the field of
pharmacogenetics: (1) studies on the functionality of
haplotypes and the associations with cellular and clinical phenotypes should shed more light on the utility of
the biomarkers identified so far. Such exploration is now
made much easier with the advent of next generation
sequencing; (2) very little is known about the regulation
of expression and posttranslational processing of putative biomarkers. Also the role of epigenetic factors, such
as methylation of promoter regions or noncoding RNAs
will require more investigation. Interaction of drug
transporters or metabolizing enzymes with oncogenic
or tumor suppressor pathways is also a highly attractive
topic because there are already several examples of such
interactions, including p53, N-myc, or ERK/MAPK,
but their clinical relevance remains unknown; and (3) the
time for prospective clinical trials aimed at personalized
chemotherapy defined by biomarkers has already come.
Genotyping is not routinely used for prediction of therapeutic effect or toxicity of anticancer drugs in clinical
practice. The lack of alternative treatments for patients
carrying the risk genotype represents the main obstacle.
It is also essential to clearly determine the sensitivity and
specificity of genotyping tests and to define positive and
negative predictive values before the introduction of
these methods into routine practice.
Taken together, there are many opportunities to
increase our insight into the importance of the above

WCGO|www.wjgnet.com

reviewed putative biomarkers of drug resistance and to
look for others. The final profile of the drug-sensitive
or resistant patient will most probably be a mixture of
genetic, epigenetic, intracellular and extracellular factors, whose timing and interaction with extrinsic factors
should also be considered.
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knowledge in the field of molecular biology, including
genetic mutations and polymorphisms, we know better
why patients respond so differently to the same treatments. So, in the future we can develop increasingly
personalized treatments to the patient and not the disease. This review aims to summarize some molecular
pathways and their relation to tumor growth, as well
as novel targeted developing drugs and recently approved for mCRC.
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Core tip: Metastatic colorectal cancer (mCRC) treatment remains a challenge for clinicians worldwide. Recently, tumor molecular profile and tailored therapies
are objects of great interest throughout the scientific
community. Our manuscript will give the readers an
interesting overview regarding the innovative drugs
developing and recently approved for the treatment of
mCRC.

Abstract
Metastatic colorectal cancer (mCRC) is still one of the
tumor types with the highest incidence and mortality. In 2012, colorectal cancer was the second most
prevalence cancer among males (9%) and the third
among females (8%). In this disease, early diagnosis
is important to improve treatment outcomes. However,
at the time of diagnosis, about one quarter of patients
already have metastases, and overall survival of these
patients at 5-years survival is very low. Because of
these poor statistics, the development of new drugs
against specific targets, including the pathway of angiogenesis, has witnessed a remarkable increase. So,
targets therapies through epidermal growth factor
and its receptor and also KRAS pathways modulation
acquired a main role whether in association with standard chemotherapy and radiotherapy. With the current
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INTRODUCTION
Colorectal cancer (CRC) has high incidence and mortality
worldwide. In 2012, CRC was the second most prevalent cancer type among males (9%) and the third among
females (8%)[1]. Approximately 15%-25% of patients
with CRC present with synchronous liver metastases, and
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PIGF
VEGF-B

VEGF-A

endothelial proliferation and survival it promotes endothelial cell migration, increases vascular permeability, and
alters gene expression. Tyrosine kinases are receptors for
VEGF ligands and they are found primarily on vascular
endothelial cells[11].
Tumor angiogenesis has peculiarities relating to the
same process in healthy tissue. The endothelial layer
is irregular and contains spaces that contribute to the
extravasation of particles as large as 2 μm from tumor
vessels[12], proliferating tumor cells cause compression
of vessels[13], and interstitial pressure is increased. This
causes an inadequate delivery of therapeutic agents such
as monoclonal antibodies[14]. The ability of tumor vessels to supply oxygen and remove waste products is thus
compromised, resulting in hypoxia and acidosis in the
tumor microenvironment. This further lowers the effectiveness of anti-tumor treatments such as radiation
therapy and chemotherapy[15].

VEGF-C
VEGF-D

Bevacizumab

VEGFR1

VEGFR2

VEGFR3

Key signaling of angiogenesis

Figure 1 Exemplification of bevacizumab mechanisms of action, which
acts by inhibiting the vascular endothelial growth factor family ligands
to their receptors and thus blocking tumor angiogenesis. VEGF: Vascular
endothelial growth factor; PlGF: Placental growth factor.

80%-90% of these have unresectable metastatic liver disease[2,3]. In addition to this, nearly 50% of patients who
are initially diagnosed with localized disease ultimately
develop metastases[4]. Despite recent advances in the
treatment of advanced disease, the 5-year survival rates
for patients with advanced CRC remain low[5]. Nowadays,
in combination with standard therapy, two therapeutic
strategies have demonstrated activity in metastatic CRC
(mCRC) targeting the epidermal growth factor receptor
(EGFR) and vascular endothelial growth factor (VEGF)
both in first and second-line therapy[6,7]. Therefore, with
developed in the knowledge and understanding of molecular pathways was possible to the identification of
genetic markers existed in some patients. This can be
used as a therapeutic target or may to explain why some
patients do not respond to target therapy. For example,
tumors that have a mutation in codon 12 or 13 of the
KRAS gene are not sensitive to EGFR inhibitors. There
is also some evidence that mutation in the BRAF gene
conferring resistance to anti-EGFR therapy in the nonfirst-line setting of metastatic disease[8]. Thus, the role
of molecular biology in the characterization of tumor is
object of great interest in order to improve the systemic
treatment for mCRC. This review will focus briefly on
novel issues related to personalizing medicine for mCRC.

CHEMOTHERAPY FOR ADVANCED OR
mCRC
Relative to the standard chemotherapy for advanced or
mCRC; the guidelines advocate the use of the following
schemes in initial therapy: fluorouracil, leucovorin, and oxaliplatin-based chemotherapy (FOLFOX), fluorouracil, leucovorin, and irinotecan-based chemotherapy (FOLFIRI)[16],
capecitabine plus oxaliplatin (CapeOx or XELOX)[17] and
fluorouracil, leucovorin, oxaliplatin and irinotecan-based
chemotherapy (FOLFOXIRI)[18]. These drugs have been
used since the 90’s for providing an improvement in the
overall survival (OS) for metastatic patients[19].
In chemotherapy for advanced and mCRC, the addition of a biologic agent is also advocated. The biologics
agents for CRC include an anti-VEGF (bevacizumab)[20]
or an anti-EGFR (cetuximab or panitumumab) for KRAS
wild-type (WT) gene patients. They are recommended or
listed as an option in combination with some of the regimens above. The OS was not found to be associated with
the order in which these drugs were received. After the
first progression of the disease, the therapeutic regimen
used should be changed, but some studies have demonstrated the benefit of continuing angiogenic suppression
after first-progression following bevacizumab-containing
cytotoxic regimen[21] though no benefit was observed
with the use of bevacizumab in the adjuvant setting.

ANGIOGENESIS PATHWAYS
Angiogenesis is a complex process mediated by a number of intersecting pathways, including VEGF, angiopoietins, notch, and integrins (Figure 1). In normal
tissues, there is a balance between proangiogenic and
antiangiogenic factors[9]. The VEGF family comprises
VEGF-A, VEGF-B, VEGF-C, VEGF-D, and placental growth factor (PlGF), 3 receptors [VEGF receptor
(VEGFR)-1 (FLT-1), VEGFR-2 (FLK-1/KDR), and
VEGFR-3 (FLT-4)], and 2 co-receptors [neuropilin
(NRP)-1 and NRP-2]. VEGF-A binding to VEGF receptor (VEGFR)-2 is believed to be the key signaling
pathway mediating angiogenesis[10]; by the increase of

WCGO|www.wjgnet.com

ANTI-EGFR THERAPY
In mCRC, the anti-EGFR therapy that can be used is
cetuximab and panitumumab. These are monoclonal
antibodies that can be administered as monotherapy for
patients with the KRAS wild type, or in association with
standard chemotherapy [22]. Cetuximab was approved
with 5-FU, leucovorin and irinotecan (FOLFIRI) for
first-line therapy[23], on the other hand panitumumab was
approved for use as monotherapy.
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Sunitinib
Sunitinib is a small-molecule inhibitor of the VEGF pathway. It is a multi-targeted receptor tyrosine kinase inhibitor (TKI), with both direct anti-proliferative effects and
anti-angiogenic properties, targeting the VEGFR-2 as well
as PDGFR-b, c-Kit and Ret[35]. However a recent study
showed that sunitinib plus FOLFIRI was not superior to
FOLFIRI alone and has a poorer safety profile in treatment of mCRC patients[36].

ANTI-VEGF THERAPY
In the class of Anti-VEGF therapy, bevacizumab and
aflibercept are currently interesting options. Bevacizumab
is a recombinant humanized monoclonal IgG1 antibody
that binds to and inhibits the biologic activity of VEGF
by preventing its binding to VEGFR-1 and VEGFR-2
on the surface of endothelial cells. The result is inhibition of endothelial cell proliferation and new blood vessel formation[24-26]. Aflibercept (VEGF Trap, known in
the United States as ziv-aflibercept), is a recombinant
fusion protein with receptor components of VEGFR-1
and VEGFR-2 that binds multiple ligands in the angiogenesis network (VEGF-A, VEGF-B, and PlGF). It was
demonstrated that this targeted therapy improved the
survival of mCRC patients as second-line treatment in
combination with the FOLFIRI regimen in patients who
had disease progression during first-line oxaliplatin-based
chemotherapy[27,28]. Despite the demonstrated effectiveness in progression-free-survival (PFS) and OS with the
use of bevacizumab in combination with common cytotoxic chemotherapies[7], there are some mechanisms of
resistance to VEGF targeting[29]. In this framework, some
hypotheses have been raised, such as the VEGF axis related resistance, the role of non-VEGF modulators of
angiogenesis in resistance, and the significance of the
stroma in the response to angiogenesis targeting[30].

Vatalanib
Another biological agent is vatalanib, a TKI that blocks
the activity of VEGFR-1, VEGFR-2 and VEGFR-3. It
also inhibits other class Ⅲ kinases, such as the plateletderived growth factor (PDGF) receptor beta tyrosine
kinase, c-Kit, and c-Fms, but at higher concentrations[37].
Phase Ⅰ/Ⅱ studies have shown good results, but the
data from a phase Ⅲ study, CONFIRM-1, showed that
the addition of vatalanib to FOLFOX-4 did not improve
PFS. This was compared with FOLFOX-4 alone in patients with mCRC in first line treatment[38]. Nevertheless,
the CONFIRM-2[39], which evaluated the same therapy
as second line, showed that in patients with high levels
of lactate dehydrogenase, vatalanib could be useful[40].
Semaxanib
Semaxanib is an inhibitor of VEGFR-1 and 2 tyrosine
kinases that was shown to inhibit VEGF-dependent mitogenesis of human endothelial cells without inhibiting
the growth of a variety of tumor cells in vitro[41]. However, the results in phase Ⅲ trials did not show any improvement in clinical outcome with semaxanib in combination with irinotecan vs fluorouracil irinotecan alone,
as therapy for advanced CRC patients that had failed at
least one prior treatment[42]. As well as this, severe toxicity was observed.

CLINICAL DATA
At the current time, there are 8 new anti-angiogenic agents
in trials and a new molecule approved by Food and Drug
Administration (FDA) and European Medicine Agency
(EMA)[31]. We will summarize below some important aspects regarding the main drugs in this field (Table 1).
Aflibercept
First, aflibercept, a fully humanized recombinant fusion
protein that is composed of domain 2 of VEGFR-1 and
domain 3 of VEGFR-2 with the Fc fragment of IgG1[32]
as mentioned above. The phase Ⅲ VELOUR trial determined that patients receiving aflibercept with irinotecan/
5-FU as second line chemotherapy for mCRC experienced increased time of outcomes: median PFS for the
aflibercept plus FOLFIRI arm was 6.90 mo vs 4.67 mo
for the placebo-plus-FOLFIRI arm; and median OS for
the aflibercept-plus-FOLFIRI arm was 13.50 mo vs 12.06
mo for the placebo plus FOLFIRI arm. In this study,
1226 patients were randomized to receive FOLFIRI plus
placebo or aflibercept. However, toxicity (grade 3 or 4 of
adverse events) were more common with the addition of
aflibercept (n = 614) than in placebo (n = 612); also, nearly 1/3 of these patients had previously been treated with
bevacizumab[33]. The most common adverse events were:
fatigue (63.8%), nausea (36.2%) and vomiting (27.7%),
while the most common toxicities included dysphonia
(46.8%), hypertension (38.3%) and proteinuria (10.6%)[34].
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Regorafenib
Regorafenib is a TKI against various pro-angiogenic and
pro-proliferation targets[43]. It is the first anti-angiogenic
molecule with survival benefits in mCRC which has progressed after all standard therapies[44]. In the CORRECT
phase Ⅲ trial, it was randomized for 753 patients to
initiate treatment (regorafenib n = 500; placebo n = 253;
population for safety analyses). Median OS, the primary
end-point, was 6.4 mo in the regorafenib group vs 5.0
mo in the placebo group (HR = 0.77; 95%CI: 0.64-0.94;
one-sided P = 0.0052). Treatment-related adverse events
occurred in 465 (93%) patients assigned regorafenib and
in 154 (61%) of those assigned placebo. The most common adverse events of grade three or higher related to
regorafenib were hand-foot skin reaction (83 patients,
17%), fatigue (48.10%), diarrhea (36.7%), hypertension
(36.7%), and rash or desquamation (29.6%). These results were interesting, particularly, for the patients with
KRAS mutant mCRC.
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Table 1 Summary of the main clinical trials regarding anti-angiogenic therapies
Drugs

Ref.

Trial

Aflibercept

[33]

VELOUR
trial

Sunitinib

[36]

Carrat et al[36]

Vatalanib

[38-40]

Semaxanib

[42]

Regorafenib

[44]

CORRECT
trial

Brivanib

[47]

Siu et al[47]

Cediranib

[48]

HORIZON

Summary of the study

Results (PFS; OS)

Toxicity (grade 3 or 4 adverse
events)
aflibercept with irinotecan/5-FU/
Median PFS for the aflibercept plus
Grade 3 or 4 adverse events were
LV as second line chemotherapy FOLFIRI arm was 6.90 mo vs 4.67 mo for more common with the addition
for mCRC
the placebo-plus-FOLFIRI arm
of aflibercept (n = 614) or placebo
(n = 612), nearly 1/3 of these patients had previously been treated
with bevacizumab
Median OS for the aflibercept-plusFOLFIRI arm was 13.50 mo vs 12.06 mo
for the placebo plus FOLFIRI arm
Double-blinded, phase Ⅲ study
Median PFS for the sunitinib arm was
Diarrhea, stomatitis/oral
participants were randomly as7.8 mo (95%CI: 7.1-8.4 mo) vs 8.4 mo
syndromes, fatigue, hand-foot
signed to sunitinib plus FOLFIRI (95%CI: 7.6-9.2 mo) for the placebo arm syndrome, neutropenia, thromor placebo plus FOLFIRI
bocytopenia, anemia, and febrile
neutropenia)

CONThese are multinational, randomFIRM-1/
ized, double-blinded, phase Ⅲ
CONFIRM-2 studies. Patients were randomly
assigned to receive vatalanib plus
FOLFOX4 or placebo plus FOLFOX4 in 1ª or 2º line respectively for
CONFIRM-1 or CONFIRM-2

Ⅲ

Vatalanib and placebo, respectively,
The incidence of grade 3/4
presented median OS was 13.1 and 11.9
neutropenia was similar for
mo (HR = 1.00; 95%CI: 0.87-1.16; P =
both groups; however, a higher
0.957). Median PFS was with placebo
percentage of patients in the
(5.6 and 4.2 mo, respectively; HR = 0.83;
vatalanib group experienced
95%CI: 0.71-0.96; P = 0.013). An explorgrade 3/4 hypertension, diaratory, post hoc analysis demonstrated rhea, fatigue, nausea, vomiting,
improved PFS in patients with high
dizziness, confused state, deep
LDH, regardless of WHO PS (HR = 0.63; vein thrombosis, and pulmonary
95%CI: 0.48-0.83; P < 0.001)
embolism
Study conducted with the objecNA
There were no drug-related
tive of determining the maximum
Grade 4 toxicities. There was one
tolerated dose and dose-limiting
episode of Grade 3 headache and
toxicities in combination with
one episode of Grade 3 vomiting
weekly irinotecan in patients with
advanced CRC who had failed at
least one prior treatment
Patients with mCRC and progresMedian OS was 6.4 mo in the regoThe grade 3 or higher of adverse
sion during or within 3 mo after
rafenib group vs 5.0 mo in the placebo
effects related to regorafenib
the last standard therapy were group (HR = 0.77; 95%CI: 0.64-0.94; one- were hand-foot skin reaction (83
randomised to receive best supsided P = 0.0052)
patients, 17%), fatigue (48, 10%),
portive care plus oral regorafenib
diarrhoea (36, 7%), hypertension
160 mg or placebo once daily, for
(36, 7%), and rash or desquamathe first 3 wk of each 4 wk cycle
tion (29, 6%)
Patients previously treated were Median OS in the intent-to-treat popula- Grade ≥ 3 adverse events was
assigned 1:1 to receive cetuximab tion was 8.8 mo in arm A and 8.1 mo in 78% in arm A and 53% in arm B
400 mg/m intravenous loading arm B (HR = 0.88; 95%CI: 0.74-1.03; P =
dose followed by weekly main- 0.12). Median PFS was 5.0 mo in arm A
tenance of 250 mg/m plus either and 3.4 mo in arm B (HR = 0.72; 95%CI:
brivanib 800 mg orally daily (arm
0.62-0.84; P < 0.001)
A) or placebo (arm B)
Patients randomly assigned 1:1:1 There are not significant differences in
Cediranib arm adverse events
received mFOLFOX6 with cedira- PFS (HR = 1.10; 95%CI: 0.97-1.25; P =
included diarrhea, neutropenia,
nib or bevacizumab
0.119), OS (HR = 0.95; 95%CI: 0.82-1.10;
and hypertension
P = 0.541) and overall response rate
(46.3% vs 47.3%)

PFS: Progression free survival; OS: Overall survival; HR: Hazard ratio; 5-FU: 5-fluourouracil; LV: Leucovorin; FOLFIRI: 5-FU, LV and irinotecan; FOLFOX:
5-FU, LV and oxaliplatin; mCRC: Metastatic colorectal cancer; NA: Not available.

Brivanib
Another molecule being studied is brivanib, a TKI that
specifically inhibits the VEGR-2 and FGFR-1 signaling[45]. Some studies have been showed that brivanib can
be used to restore the antiangiogenic activity in bevacizumab-resistant patients[46]. A recent phase Ⅲ trial that
compared the use of brivanib and cetuximab with or
without chemotherapy, demonstrated that despite positive effects on PFS and objective response, cetuximab
plus brivanib increased toxicity and did not significantly
WCGO|www.wjgnet.com

improve OS in patients with metastatic, chemotherapyrefractory, wild-type K-RAS colorectal cancer[47]. Taking
this in account, more data are needed to clarify this issue.
Cediranib
Cediranib, a VEGFR tyrosine kinase inhibitor (VEGFR
TKI), was tested in the HORIZON Ⅲ trial[48] in which
cediranib plus FOLFOX6 was compared with bevacizumab plus FOLFOX6 in patients with untreated mCRC.
The results did not show significant differences in the
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use of cediranib or bevacizumab with respect to OS and
PFS. Thus, this drug is not currently used in our clinical
practice.

9
10

CONCLUSION
Nowadays, the new era of molecular cancer profiling
has emerged in order to help clinicians in their decision
making. Taking this into account, many targeted drugs
are objects of extensive interest for the scientific community. In colorectal cancer, only bevacizumab, cetuximab,
regorafenib and panitumumab have acquired sufficient
evidence to be used in combination with standard chemotherapy to improve patient outcomes. However, the
results are not strong enough for the national public
systems to support their complete use in all countries.
Pharmaco-economics studies are needed prior to approve those biological drugs towards the cancer care institutions. However, it is important for oncologists to be
aware of patients cost and benefit in order to provide the
best care for mCRC patients.
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Core tip: There is a growing interest in the possibility
of the preoperative identification of locally advanced
rectal cancer patients who will or will not benefit from a
preoperative chemoradiotherapy. This review evaluates
the role of current available imaging techniques in this
decision process and critically analyzes the results and
future scenarios of the more limited surgical or observational approaches. In particular, the new trends following a pathologic complete response (i.e. , local excision, wait and see approach) are discussed on the basis
of randomized trials and meta-analyses which form the
basis for present treatment recommendations.

Abstract
In the present review we discuss the recent developments and future directions in the multimodal treatment of locally advanced rectal cancer, with respect to
staging and re-staging modalities, to the current role of
neoadjuvant chemo-radiation and to the conservative
and more limited surgical approaches based on tumour
response after neoadjuvant combined therapy. When
initial tumor staging is considered a high accuracy has
been reported for T pre-treatment staging, while preoperative lymph node mapping is still suboptimal. With
respect to tumour re-staging, all the current available
modalities still present a limited accuracy, in particular
in defining a complete response. The role of short vs
long-course radiotherapy regimens as well as the optimal time of surgery are still unclear and under investigation by means of ongoing randomized trials. Observational management or local excision following tumour
complete response are promising alternatives to total
mesorectal excision, but need further evaluation, and
their use outside of a clinical trial is not recommended.
The preoperative selection of patients who will benefit
from neoadjuvant radiotherapy or not, as well as the
proper identification of a clinical complete tumour response after combined treatment modalities,will influence the future directions in the treatment of locally
advanced rectal cancer.
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INTRODUCTION
The treatment of rectal cancer has dramatically changed
over time. Evidence exists from literature that up to 70%
of patients with non metastatic rectal cancer present
themselves as T3 or node positive rectal cancer[1]. This
finding implies that major efforts should be directed in
the cure of advanced rectal cancer. Current strategies in
the management of rectal cancer are moving toward a
tailored approach which is based on preoperative staging
results, in their accuracy in re-staging the patient, determining how the patients have responded to the therapy,
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and thus having a pivotal role in the selection of the different therapeutical options that could be potentially offered to a patient with locally advanced rectal cancer[2-7].
This is extremely fascinating since it represents the result
of continuous research in rectal cancer biology, preoperative staging, surgical strategies including laparoscopic
approach of rectal cancer and trans-anal surgery. The
main progress in rectal cancer treatment, however is represented by the understanding that the overall five-year
survival improvement which has been reported in the
last two decades, could be only sustained by a multimodal
therapy approach. This term means an interdisciplinary
cooperation between surgeons, oncologists, radiologists
and radiotherapists.
The present paper is directed to evaluate the state
of the art in the multidisciplinary treatment of locally
advanced rectal cancer and to evaluate which are the possible future scenarios in the treatment of locally advanced
rectal cancer.

tially responsible for this wide variability in results. Wang
et al[15] demonstrated that the majority of involved nodes
following rectal cancer surgery has a diameter smaller
than 5 mm and thus other factors are now considered
in the determination of the nature of the nodule, such
as roundness, border irregularity and hypoechoic nature.
Even with these improvements, an overall false negative
rate of 20% has been recently reported by Beets in a review article on this issue[16]. Other factors are potentially
responsible for the reported wide variability in staging
accuracy of ERUS: different probes, different professional figures (radiologist, gastroenterologist, colorectal
surgeon performing the examination) and long learning
curve[9,17,18]. Moreover an operator dependence has been
reported with an inter-observer variation of 10% to 15%
for T staging[10].
MRI: MRI has been demonstrated to be superior in imaging of the more advanced tumours, when compared
to ERUS[16,19-22]. Moreover, another advantage of MRI,
when compared to ERUS is the relatively small learning
curve for the interpretation of the images, which could
be more easily interpreted by other radiologists and clinicians[16,19]. This finding is of pivotal role when considering the multidisciplinary approach to rectal cancer. The
main advantages of MRI have been reported to its ability
in the identification of the mesorectal fascia, in particular
in the threatened circumferential margin (CRM), while
other diagnostic tools have showed low to intermediate
accuracy in the evaluation of tumour penetration and involvement of the mesorectal fascia[19,23,24]. This correlates
to its high accuracy in the preoperative identification of
patients at risk of incomplete surgical excision[11,16,19,24,25].
Data from the multicenter, multinational MERCURY
study group have demonstrated that MRI has an accuracy
of 91% in predicting a clear CRM[26]. Recently, a metaanalysis on the same issue, reported figures in term of
specificity in the prediction of an involved CRM ranging
between 73% and 100% confirming the high accuracy
of MRI in predicting CRM involvement[27]. Prognostic
MRI features also include cancer less than 5 mm beyond
the muscularis propria, mesorectal fascia more than 1
mm from the advancing edge of the tumour and absence
of extramural vascular invasion. These features have
been recently proposed to select patients who potentially
do not need preoperative CRT[28]. Using these criteria,
patients who underwent surgery alone had a local recurrence rate of 3% and a 5-year survival rate of 85%[29].
Phased-array MRI represents a step forward, in particular
when an accurate assessment of tumor encroachment of
the CRM is needed[25].
Current guidelines indicate pelvic phased-array coil
as the most reliable tool in order to provide the most detailed depiction of the rectal wall and surrounding structures[24,30,31]. On the other hand, despite the continuous
improvement in MRI technology, the use of new morphologic and signal-related criteria for lymph-node evaluation[32] and the introduction of lymph-nodes specific

RECTAL CANCER STAGING
Preoperative staging is a crucial step in the multidisciplinary
approach to rectal cancer, and it could be considered the
base for a tailored approach to the tumour. The decision
to submit a patient to preoperative chemoradiation (CRT)
is mainly based on staging. Other factors include tumour
histology, location, patient’s morbidity, patient’s age and
medical diseases. Digital rectal examination, widely used
in the past, for primary staging, can give information
about the fixation of the tumour, sphincter involvement,
distance from anorectal ring as well as to the size of the
tumour, however it has a limited accuracy in establishing
the depth of invasion which is approximately 65%[8].
The most common imaging modalities currently used
in preoperative staging of rectal cancer are endorectal
ultrasound (ERUS), magnetic resonance imaging (MRI)
positron emission tomography (PET) scan and computed
tomography (CT). This latter imaging technique however
is mainly used to rule-out the presence of systemic metastasis, and it will be not discussed in the present review.
Pre-operative staging
ERUS: Data emerging from recent meta-analyses and
cohort studies, showed that ERUS has an overall accuracy for T staging which ranges from 80% to 95%. In
particular, the highest accuracy and specificity have been
observed in the evaluation of early rectal cancer and in
the assessment of tumour extent into the layers of rectal
wall[9-14].
With respect to nodal staging, ERUS is less accurate,
tends to overstage the patients with a reported overall
sensitivity and specificity of 55% and 78%, respectively[10,11]. In particular data from a recent meta-analysis
including 35 studies reported a pooled sensitivity and
specificity of about 75%[14]. The sole size criteria used in
the past for pathological node identification (i.e., nodule
of 10 mm or larger are certainly malignant) could be par-
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means of small series and cohort studies[43,45-47].

MRI contrast agents, such as nano-paramagnetic particles
of iron oxide[33], the accuracy of MRI in the preoperative
identification of pathological lymph-nodes is still unreliable. Beaumont in a recent review of the role of MRI on
rectal cancer staging has reported an overall accuracy of
69% and a sensitivity of 77% in the pathological lymphnode preoperative evaluation[24].

MRI: The role of MRI in the restaging process is still
sub-optimal[48,49]. A recent paper evaluating data from 5
institutional prospectively-maintained database demonstrated, using a sophisticated statistical method, the poor
accuracy of MRI in predicting ypT, ypN, as well as the inability to predict a PCR or to discriminate a T4 disease[50].
Kim et al[51] reported an accuracy of 50% and 65% for
rectal wall invasion and nodal involvement, respectively.
Moreover, data from an Italian study, reported an accuracy
in correctly identifying a ypT0 after neo-adjuvant therapy
of 77% and of 65% for ypN0[52]. Radio-induced fibrosis,
ulceration and proctitis might be responsible of this lack
of accuracy[41,51,52]. This is particularly true for lymphnodes restaging in which fibrosis makes it difficult to differentiate a metastatic lymph node and irradiated lymph
node changes. In particular, a change in a lymph node
with or without metastasis after neoadjuvant CRT is assumed to be associated with metastasis, resulting in lymph
node overstaging[51]. The technical evolution of the MRI
imaging with the introduction of the diffusion weighted
MRI, perfusion MRI, lymph-nodes specific MRI contrast
agents, seems to improve the accuracy of the imaging
technique, in particular in the proper identification of a
T0 lesion, however more data are needed to validate the
role of these new imaging modalities[33,53-55]. Nevertheless,
the actual prediction of a complete pathologic response is
within the range of 66% to 85%[51,56,57].

Positron emission tomography-CT scan: Positron
emission tomography (PET)-CT scan has been recently
proposed to be added to MRI for initial rectal cancer
staging. However its role in T staging is low, due to its
relatively low spatial resolution that ranges between a 0.4
and 1.0 cm and poor anatomical details[34]. The aforementionded limits also apply in the research of lymphnodes micrometastases. Recent reports show that the
accuracy of FDG-PET-CT in the evaluation of lymphnodes is similar to the one of MRI with a reported sensitivity of 72%, and a specificity of 95%[34-37]. Nevertheless, FDG PET/CT maintains a consolidated role in M
staging for rectal cancer and in detecting lymph-node at
distant site, especially in the paraortic nodes[34,35]. Some
reports have shown FDG PET/CT to detect 30% more
distant lesions compared with CT scan, mainly in liver
and lungs[11,37,38].
Re-staging modalities
As seen for the primary staging of the tumor, the accuracy in the restaging process after CRT is of paramount
importance when deciding in favour of a more limited
surgical procedure or when a non operative approach is
contemplated. Both these new trends, in fact, are contemplated in case of extensive tumor response.

PET: Concerning the role of PET in tumour response
to therapy, some authors have suggested the complementary role of these imaging techniques to the most
used MRI, CT scan and ERUS[34,58]. A growing interest
among the scientific community in the potentiality of
FDG PET/CT in evaluating the response of neoadjuvant therapy in rectal cancer has been reported, due to
the promising results of the technique[59]. However, there
is an urgent need for the standardization of the criteria
used to measure the response[34,60]. Results, from recent
reports, in fact, showed a wide range of values in term
of sensitivity and specificity of FDG-PET in predicting
a response after neoadjuvant therapy, which varies from
45% to 100% and from 59% to 96%, respectively. These
results are related to different time-intervals in which the
response is evaluated, different cut-off values and criteria
used to define the response[34,59-62]. Moreover, with respect
to the relation between PET and PCR, controversial results have been reported using 18-FDG-PET/CT[60,63-65].
These findings should be ascribed to the limit of the
FDG PET/CT which has a spatial resolution of 5 mm,
and it is not able to detect small cluster of cells, potentially limiting at present time its role in the prediction of
complete response following CRT.

ERUS: With respect to ypT stage, ERUS shows an accuracy which varies between 27% to 72% with a high
tendency to overstage the patient[39,40]. Figures within 0%
to 60% have been variously reported when the accuracy
to correctly diagnose a T0 is considered[39,41-44]. This low
accuracy has been attributed to the difficulties in discriminating cancerous mass from desmoplastic reaction,
peritumoral vasculopathy and radio-induced overgrowth
fibrosis. This latter feature is particular difficult to differentiate at ultrasound for its hypoechoic pattern[45].
Better results have been reported when lymph nodal
involvement restaging is considered, with figures ranging between 39% and 83%, resulting in a mean value of
70%[38,39,42,44]. For this parameter, overstaging was only
slightly more common than understaging (8%-39% vs
11%-28%) as emerged in a recent review on this issue[43].
A higher diagnostic accuracy in N staging has been reported when patients were re-evaluated after 7 wk from
the completion of CRT, compared to the 4-6 wk used by
the majority of the authors, probably due to a reduction
in the radio-induced fibrosis[46].
With respect to the accuracy in predicting a pathologic complete response (PCR), figures in term of accuracy ranging between 0% and 50% have been reported by
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In Table 1 are summarized the pro and cons of each imaging technique in the staging and restaging process of
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Table 1 Pro and cons of each imaging technique in the staging/restaging process
Staging

Restaging

Pro

Cons

Pro

Cons

ERUS

High accuracy and specificity for early rectal cancer
(T)

High accuracy for persistent
lymph nodal involvement

Low accuracy for T restage

MRI

Ability to evaluate CRM
Best tool to select patients for neoadjuvant treatment
High accuracy in advanced tumors
Confirmation of M and N at distant sites

Tends to overstage N
Operator dependent
Long learning curve
Low accuracy
for lymph-nodes
involvement
Low accuracy for T
staging

Good prediction for CRM
involvement

Poor accuracy in predicting ypT0
and ypN0

Detection of progression at
distant sites

Lack of standardization of the
criteria used to assess the response

PET

MRI: Magnetic resonance imaging; ERUS: Endorectal ultrasound; PET: Positron emission tomography; CRM: Circumferential margin.

rectal cancer. An high accuracy has been reported for T
staging using ERUS and MRI, while, despite the continuous technical progress in preoperative staging, preoperative lymph node mapping is still suboptimal with a false
negative rate of 20%. PET scan is a promising imaging
tool, but more data are needed to confirm its accuracy.
With respect to the restaging process of rectal cancer following neo-adjuvant chemo- or radio-therapy (CT-RT),
all the current available modalities still present limited accuracy, in particular when an accurate definition of clinical complete response is required.
In our opinion, the complementariness of these diagnostic tools should be kept in mind by the multidisciplinary team to obtain the most reliable information on
the state of the tumour.

amputation of the rectum (APE), thus resulting in an
increased rate of sphincter preservation is still unclear
and debatable. This issue has been recently addressed by
Gerard et al[73] who analyzed the results of 17 trials randomizing close to 10800 patients. In this elegant analysis,
none of the studies tested was able to demonstrate a
beneficial effect of neo-adjuvant treatment on the rate
of sphincter preservation. Other factors, such as the acceptance of progressive smaller distal margins, advances
in surgical technology such as staplers, improvement in
surgical techniques as inter-sphincteric resection could be
responsible for the observed increased sphincter-saving
reported by literature[7,74,75]. Another controversial issue
is the role of neoadjuvant CT-RT in the management
of unresectable rectal cancer (i.e., palpably fixed lesion
involving adjacent organ or structures, not amenable for
primary surgical resection) which represented 15% of all
rectal cancer at presentation. Chemoradiation aims for
tumor shrinkage to allow radical resection. Two RCT trials demonstrated a higher resectability rate when chemoradiation was compared to radiation alone with figures
in the range of 80%-85% for CRT vs 68%-75% for RT
alone[76,77]. Moreover, the effect of boosted radiotherapy
alone vs conventional neoadjuvant CRT on resectability
has been recently evaluated by Engineer et al[78] in another
RCT trial in which 90 patients with advanced or unresectable rectal cancer were included. Escalated radiation dose
was not associated to a higher resectability rate, while
it resulted in an increased wound infection and delayed
wound healing. On the other hand preoperative shortcourse radiation could represent a valid alternative to
CRT in elderly patients with primary unresectable rectal
cancer unfit for preoperative chemotherapy due to severe
co-morbidities[79].
The importance of adding chemotherapy to preoperative radiation was stressed in EORTC RCT trial published in 2006 (European Organization for Research and
Treatment of Cancer). More than 1000 patients with locally advanced rectal cancer were recruited. A significant
reduction of local recurrence from 17.1% to 8.7% was
observed when chemotherapy was preoperatively added
to 45 Gray (Gy) radiation delivered over 25 fractions[80].
The current recommended chemotherapeutic agent to
use with preoperative radiation is capecitabine[81]. At

CURRENT ROLE OF PREOPERATIVE CTRT
The current standard protocol in United States and Europe in patients with locally advanced cancer (T3, or any
N1) is neo-adjuvant combined modality therapy (chemotherapy plus radiotherapy) prior to surgery[2,4-7,66,67].
Different randomized studies with high level of evidence
were responsible for the adoption of this consolidated
strategy[68-72].
The German CAO/ARO/AIO-94 trial, the Dutch
TME trial, the MRC CR0//NCIC-CTG-C016 all demonstrated in patients who underwent preoperative CT/RT, a
significantly lower local recurrence (LR) rate, a decreased
toxicity, and increased sphincter preservation rate when
compared with patients who underwent postoperative
chemotherapy or surgery alone, while no significant difference was observed with respect to overall survival
rate[68-70]. In contrast, data coming from another randomized controlled trial (RCT) trial, in which 240 patients
with locally advanced cancer were enrolled, showed no
difference in term of acute and late toxicity between preoperative and postoperative CRT, while a higher rate of
sphincter preservation has been reported in patients who
underwent preoperative CT (68% vs 42% )[72].
Sphincer preservation seems to have increased over
time in the last 15 years. However, the role of preoperative CRT in decreasing the rate of abdomino-perineal
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present time there is no consensus on which preoperative CRT scheme should be used; short or long-course
CRT. Long-course scheme (LCRTCT) is the treatment
of choice in North America and Canada[66]. In Europe,
the scheme used to deliver preoperative CRT varies from
country to country and different recommendations come
from a panel of experts representing the most important European societies[82]. A moderate consensus to use
short-course regimen (SCRT) was achieved for cT3 any
NM0 disease. Agreement was reached on either SCRT
followed by immediate surgery or LCRTCT with delayed
surgery in patients with no CRM involvement. Moreover
in patients not candidate for chemotherapy, SCRT with
delayed surgery is an option/alternative. LCRTCT was
recommended in patients with CRM involvement at presentations and in any cT4 any NM0. In this decision process, MRI prognostic features play a key role, in particular
in the assessment of CRM involvement[67,82,83].
The main advantages of LCCRT over SCRT are tumour regression and downsizing as reported in the Polish
and Trans-Tasman Group RCT trials which compare
the two schemes[84,85]. In the Polish trial, a 16% complete
pathologic response was reported for LCCRT, while it
was 1% in the SCRT. Similar results were reported by the
Trans-Tasman Group trial (15% vs 1% CR). No statistical difference was observed with respect of local recurrence and overall survival rate and late toxicity in both
studies. A better downstaging response after long-course
CRT when compared to short-course was also observed
when a 6 wk interval to surgery was considered[86,87]. Data
coming from the ongoing Stockholm Ⅲ trial will further
clarify this issue. In this trial, three different randomization arms are considered; LCRT without concomitant
chemotherapy, SCRT with immediate surgery or SCRT
with surgery delayed for up to 8 wk in order to assess
which treatment arm is more favourable in term of
tumour regression, local recurrence rate and reduced
toxicity[88]. An interim analysis of the Stockholm Ⅲ trial
recently published, showed a close to 10% PCR rate,
when SCRT followed by delayed surgery was considered,
while figures of 0.4% and 2% were reported, in case of
SCRT followed by immediate surgery and LCRT alone,
respectively. Moreover SCRT followed by immediate
surgery resulted in a higher complication rate when compared to the other treatment arms[88,89]. The use of SCRT
and delayed surgery (6-8 wk after the completion of the
treatment) has been recently proposed in patients with
non resectable rectal cancer (synchronous/distant metastases) with contraindication to long-course CRT. These
are patients in whom tumour regression and downsizing
would not improve resection or sphincter preservation[90].
The results from this small series including 46 patients,
show that delayed surgery was performed in all but nine
patients, and that a complete pathologic response was
obtained in 8.7% of the patients. The SCRT was well tolerated in the majority of the patients. Only one patients
died due to sepsis with fever and neutropenia.
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SELECTIVE USE OF PREOPERATIVE RADIATION
The well-recognized benefits of RT or CRT, in term of
reduced local recurrence, increase rate of sphincter saving procedures, however need to be balanced against the
risk of increased faecal incontinence, genitourinary disorders, impaired sexual function and bowel disorders[14].
Moreover, there is evidence in literature that TME surgery alone in the absence of preoperative radiation leads
to local recurrence rates less than 10% and in a overall
survival rate equivalent to preoperative radiation plus total mesorectal excision of the rectum (TME)[71,85,91].
Based on these results, several authors have focused
their efforts to better identify the patients who are at low
risk of local recurrence, and ideally may not benefit from
neoadjuvant therapy[58,92,93].
Data from a Spanish institutional retrospective series
on a population of 152 consecutive preoperatively stage
Ⅱ or Ⅲ rectal cancer patients who underwent surgery
alone, identified threatened mesorectal fascia at preoperative staging as the only independent preoperative factor
associated with a significantly higher risk of local recurrence with a median follow-up of 39 mo[94]. This prognostic role of CRM was also confirmed by a Natgegaal
and Quirke[95] on more than 17500 rectal cancer patient.
Moreover data coming from NCRI colorectal cancer
study group on 1156 patients identified the histological
involvement of the circumferential margin as a powerful predictor of local recurrence, distant metastasis and
survival rate[96]. On the basis of this evidence, it has been
advocated the crucial role of CRM in the preoperative
assessment of rectal cancer, in the light of neoadjuvant
treatment, also suggesting that its assessment is more
informative in treatment planning than the T stage[96-100].
Guidelines from an European consensus conference on
rectal cancer, suggest that surgery alone is indicate in the
early cT3N0 in presence of a clear circumferential margin
assessed by MRI, unless the tumour is located at the level
of the levators[67,82]. More recently, in a prospective single
centre study, in presence of a good-quality TME, radiotherapy has been reserved only in patients with threatened or involved mesorectal margin irrespectively of the
nodal status, with no adverse effect on local recurrence[99].
Guidelines from ESMO and EURECCA collaborative
group proposed to sub-categorize rectal tumours in different subgroups (favourable, intermediate “bad group”,
advanced “ugly group”) based on MRI findings in order
to define the extent of surgery and whether neo-adjuvant
CRT is required[101,102].
In summary, a predicted clear CRM as well as the
other prognostic MRI features proposed by Heald et al[28]
and stressed by others[25,29,30,67] already mentioned in this
review (i.e., absence of vascular invasion, upper third rectal cancer, absence of extramesorectal lymph-adenopathy,
absence of neural or vascular invasion ) seem to be able
to identify patients at low risk, who will potentially not

2147

February 8, 2015|First Edition|

Vignali A et al . Multidisciplinary treatment of rectal cancer

beneficiate of preoperative radio and chemo-therapy.
However, large randomized studies with high level of
evidence are needed to implement this strategy.

diosensitive tumours re-staged as ypT2-T4 in which the
risk of harbouring nodal metastasis could be as high as
29%-64%[117]. According to the aforementioned findings,
PCR may indicate a subset of patients associated with
good outcome, but still at risk of lymph node metastasis, even low. This latter point is of crucial importance,
since these patients could potentially beneficiate of a less
invasive approach, avoiding a surgical procedure which
is associated with a significant morbidity and long-term
sequelae in term of sexual, urinary dysfunction and fecal
incontinence[91,119-121]. According to these principles, a wait
and watch approach has been proposed by Habr-Gama et
al[122] from Brasil in patients in whom a clinical complete
response (CCR: i.e., absence of clinically detectable residual tumour) after neo-adjuvant therapy has occurred.
CCR rates in the international literature range from
10.9% to 38.7% as recently reported in a review paper
by Glynne-Jones et al[123], who evaluate the role of non
operative approach after CRT in 650 patients. The Brasilian group has the largest experience on the non-operative
approach to rectal cancer in patients who had a clinical complete response after neoadjuvant CRT. In their
historical series published in 1998, of 118 patients with
advanced low rectal cancer who underwent neoadjuvant
therapy, 36 (30.8%) achieved a CCR. In these patients an
observational approach was chosen with no immediate
surgery, but a local recurrence which required a salvage
resection occurred in 8 (27%) patients within 3 to 14 mo.
Local recurrence and survival rate, however were similar
to that of the patients with a PCR at surgery with a mean
follow-up of 36 mo[122]. More recently published studies
from the same institution, reported an early tumour regrowth (within one year) in approximately 17% of the
patients[124,125]. However all the patients were amenable
to salvage surgery with R0 resection, and the three-year
overall and disease-free survival rate for patients with a
sustained CCR was 94% and 75% respectively, with a
median follow-up of 53 mo[125]. Authors from academic
Institution from Holland and preliminary results from
a phase Ⅱ clinical trial from England have recently reported their experience on the non operative approach to
rectal cancer in patients with a complete clinical response
reporting similar results in term of recurrence and overall
and disease free-survival[126,127]. On the other hand, other
studies, mainly of retrospective nature with inherent limitations in term of response assessment which was not
standardized, reported disappointing results in term of
local recurrence with figures ranging from 21% to 83%
when a non-operative management following preoperative RT or CRT was considered[128,129]. The reproducibility
of the results obtained by Habr-Gama et al[122], for the scientific community would be of fundamental importance
for the wide application of a non-operative approach in
patients with a clinical complete response following neoadjuvant treatment. Different variables should be considered in the interpretation of current available results.
Major drawbacks are the definition of CCR which has
evolved the course of published studies, in particular for

Conclusion: Current role of preoperative CT-RT
According to these findings, one option could be to give
neo-adjuvant therapy in the majority of patients, irrespective from their nodal status, leading to an overtreatment
and its related consequences. The other future scenario
is to reserve preoperative CRT only to patients with
threatened CRM. This strategy should be indicated only
by weighting the risk of unnecessary treatment against
the possibility that these patients would ultimately require
postoperative chemo-radiation which has a higher toxicity and it is less effective in term of local control when
compared to preoperative CRT. However, this hypothesis
is still awaiting, since more RCT trials and long-term
follow-up studies are needed.
Which strategy following neo-adjuvant therapy
Current guidelines from the American Society of
Colorectal surgeons indicate that radical surgery by means
of TME with or without sphincter saving or partial TME
depending on tumour localization should be offered to all
patients following neoadjuvant treatment[66]. However, in
light of the significant response rate that can be achieved
with preoperative therapy, we have to consider and critically analyze the current role and implications of the new
strategies proposed.
The benefits of neoadjuvant CRT have been well
documented and include, among the others, tumour
downstaging and tumour sterilization (i.e., pathologic
complete response) defined as the absence of cancer
cells on histological examination in the resected specimen following radical surgery. PCR has been reported
in 8%-40% of the patients either in phase Ⅱ/Ⅲ trials
as well as in non-randomized trials as emerged in two
recently published meta-analysis on this subject[103-105].
Different factors have been identified to influence the
occurrence of PCR, such as the timing of response assessment, indicating that a longer interval between the
completion of neoadjuvant therapy and surgery compared to the standard 4-6 wk adopted in the past by the
surgical community, could increase the rate of PCR[106-108].
Moreover additional radiotherapy or dose escalation[109,110],
novel chemotherapeutics agents and additional chemotherapy after preoperative CRT and before surgical resection have been variously documented to be able to
improve PCR[104-106,110,111]. Patients who achieve a PCR
have a favourable prognosis, with very low local recurrence rate (0%-1%) and 5-year survival rates greater than
95%[104,105,112-115]. Moreover there is evidence in literature
that the risk of lymph-node metastases among patients
with pathologic complete response is considerably low
and frequently less than 5%[104,112,113,116,117]. A recent large
series form Ireland, including 276 patients showed that
in patients down-staged as ypT0/T1 the risk of nodal
metastases was 2.3%[118]. This is in contrast with less ra-
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the Habr-Gama group series, the retrospective nature in
the majority of published series, the absence of standardization in the methods used for determining response
both in term of clinical and imaging modalities, the size
of the tumour at initial evaluation, and the follow-up
protocols which have been changed over time as underlined by Solanki et al[130] in a review paper on non operative management of rectal cancer after preoperative CRT.
Another matter of criticism and caution in considering
a non-operative approach, is represented by the fact that
CCR does not necessarily correlate with PCR. A poor
25% to 30% concordance between clinical and pathological response has been reported by means of a large retrospective study from Memorial Sloan-Kettering Cancer
Center and a review paper by Glynne-Jones in which 38
trials reporting data on complete/partial clinical response
were analyzed[131,132]. Lastly, the rationale of the wait and
see approach is based on an optimal restaging process
following neoadjuvant treatment, but at present time,
despite continuous technical advances in imaging techniques both with respect to MRI and PET-CT, restaging
is still sub-optimal[33,56,57,60,63-65]. In summary, the need for
a standardization both in definition of clinical complete
response as well as in the follow-up procedure are of
paramount importance, and only recently an expert consensus article has defined both clinical and endoscopic
findings for CCR standardization that will be useful for
future studies and their interpretation[133].

and 2% for ypT1, while for ypT2 figures between 6% and
20% were reported. According to the high recurrence
rate reported in ypT2, the role of TEM in this sub-group
of patients is controversial and there is no consensus on
its use, at present time[116,145,146]. A recently published prospective multicenter phase Ⅱ study from Italy in which
63 patients with major clinical response after CRT were
enrolled, reported a 0% LR rate after a mean followup time of 36 mo in the 43 patients who were ypT0 or
ypT1/tumor regression grade (TRG) 2. Twenty patients
resulted ypT > 2 or TRG > 3 or had positive margin
following local excision; 11 underwent a TME, while 9
refused a TME. Among these latter 9 patients, a 22% LR
was observed[147]. Similarly, another surgical group from
Italy, found no local recurrence rate or distant metastases
in patients in whom a PCR has occurred[148]. The interpretation of these data, however, needs some caution due to
heterogeneity in staging as well in neoadjuvant regimens,
to the inclusion of patients with high-co-morbidities or
unfit for major surgery. Moreover, median follow-up
times in the majority of published series, ranged from 19
to 56 mo[140]. This follow-up period has to be considered
relatively short, since it has been demonstrated that pelvic
recurrence following local excision may occur even after
5 years[146,147]. Finally, not in all studies, a sub-categorization of ypT1, ypT2 (i.e., G1-2, vs G3, absence vs presence
of lymphovascular invasion) has been reported[140]. The
presence of lymphovascular invasion, as well as a poor
tumour differentiation are well-known prognostic factors
for risk of nodal metastases after neoadjuvant chemotherapy followed by TME and local excision and should
be taken into account when considering a trans-anal excision[115,118,150]. Another matter of debate is the fact that
local excision following radiotherapy increases postoperative morbidity in particular wound dehiscence[142,149].
Perez et al[145] comparing patients having CRT and TEM
vs TEM alone, reported a 70% wound dehiscence in patients who underwent CRT and TEM vs 23% in patients
who underwent TEM alone. A significant higher 30-d
readmission rate was also reported in the same series, in
the CRT plus TEM vs TEM alone (43% vs 7%, P = 0.02).
A higher wound complication rate in the CRT plus TEM
was also reported by others[143]. However in the majority
of cases, they were treated conservatively as outpatients.
Moreover, preliminary data from ACOSOG Z6041 trial
also showed that preoperative CRT followed by local excision either by conventional transanal technique or TEM
resulted in a persistent anal pain in 9% of the patients[151].
TEM excision can cause alteration or disruption of the
surgical planes, resulting in a high risk of APE when a
salvage or radical surgery is considered[152-154]. The true
morbidity of TEM, postoperative quality of life as well
as the risk of APE in case of salvage surgery need further investigation. The current CARTS (chemoradiation
therapy for rectal cancer in the distal rectum followed by
organ-sparing trans-anal endoscopic microsurgery) multicentric trial still ongoing will probably further clarify this
issue[155].

ROLE OF LOCAL EXCISION AFTER
PREOPERATIVE CRT
Conventional TME is considered the standard of care
following preoperative CRT. However, in selected patients in whom a significant tumour regression has occurred after neoadjuvant therapy, another surgical option
is now represented by local excision. Moreover local excision using different surgical techniques has been recently
proposed as a restaging biopsy, since both mucosal and
submucosal endoscopic biopsies following CRT as well
as digital examination should not be considered reliable
procedures in the determination of a clinical complete
response[3,39,68,134,135]. The main issue with respect to this
approach, independently from the technique adopted; i.e.,
transanal with retractors, TEM (trans-anal endoscopic approach)[136] or trans anal mini invasive surgery (TAMIS)[137]
lies in the fact that only the rectal wall harbouring the
tumour is removed without appropriate lymph-node
dissection. Nevertheless, the rationale of proposing a local excision in patients who had a major response after
CRT is based on the observation that the risk of nodal
metastases depends from ypT status[62,138-140]. Different
retrospective papers, small single series, have analyzed the
role of local excision after major response to complete
response following CRT[140-149]. In a recent pooled analysis
by Borschitz et al[140] in which 270 patients were included,
a strict correlation between local recurrence and pathological staging was reported. LR rate was 0% for ypT0
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of infiltrating adenocarcinomas in these lesions. In spite
of the generally good results with T1, some authors
have published surprisingly high recurrence rates; this
is due to the existence of two types of lesions, tumors
with good and poor prognosis, divided according to
histological and surgical factors. The standard treatment for rectal adenocarcinoma T2N0M0 is TME without adjuvant therapy. In this type of adenocarcinoma,
local surgery obtains the best results when complete
pathological response has been achieved with previous chemoradiotherapy. The results with chemoradiotherapy and TEM are encouraging, but the scientific
evidence remains limited at present.
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Core tip: This review describes the indications for local
surgery for rectal cancer using transanal endoscopic microsurgery (TEM). Careful selection of patients with T1
adenocarcinomas is required. We describe the promising results obtained in T2 adenocarcinoma with a combination of TEM and preoperative chemoradiotherapy.

Abstract
Total mesorectal excision (TME) is the standard treatment for rectal cancer, but complications are frequent
and rates of morbidity, mortality and genitourinary
alterations are high. Transanal endoscopic microsurgery (TEM) allows preservation of the anal sphincters
and, via its vision system through a rectoscope, allows
access to rectal tumors located as far as 20 cm from
the anal verge. The capacity of local surgery to cure
rectal cancer depends on the risk of lymph node invasion. This means that correct preoperative staging of
the rectal tumor is necessary. Currently, local surgery
is indicated for rectal adenomas and adenocarcinomas
invading the submucosa, but not beyond (T1). Here
we describe the standard technique for TEM, the different types of equipment used, and the technical limitations of this approach. TEM to remove rectal adenoma
should be performed in the same way as if the lesion
were an adenocarcinoma, due to the high percentage

WCGO|www.wjgnet.com

Original sources: Serra-Aracil X, Mora-Lopez L, AlcantaraMoral M, Caro-Tarrago A, Gomez-Diaz CJ, Navarro-Soto S.
Transanal endoscopic surgery in rectal cancer. World J Gastroenterol 2014; 20(33): 11538-11545 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v20/i33/11538.htm DOI:
http://dx.doi.org/10.3748/wjg.v20.i33.11538

INTRODUCTION
Total mesorectal excision (TME) is the standard treatment for rectal cancer. It achieves locoregional control
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of the disease, and the rate of local recurrence is below
5%[1]. TME involves low anterior rectal or coloanal resection, very often combined with a protective ostomy, or
abdominoperineal resection (Miles operation) and definitive colostomy. However, complications are frequent;
associated morbidity is around 33%, mortality 2%[2], and
20%-30% of patients present genitourinary alterations
and sexual dysfunction[3,4].
The capacity of local surgery to cure rectal cancer
depends on the degree of lymph node invasion. The risk
of possible metastatic lymph nodes has been reported
to range between 0% and 12% in T1, between 12% and
28% in T2 and between 36% and 79% in T3[5]. In local
surgery, endoanal excision is limited by the height of the
lesion with respect to the anal verge; it is difficult to control the resection limits and to perform complete removal
of the rectal wall. Local surgery via trans-sphincteric
exposure as described by Mason[6] has been used to treat
lesions in the middle third of the rectum located in the
anterior face, but the sectioning of the sphincters raises
the morbidity rate. Kraske’s trans-sacral rectal excision[7]
made it possible to reach the upper third of the rectum,
but it has also been abandoned due to its high morbidity
and mortality.
Transanal endoscopic microsurgery (TEM) provides
a solution to these problems. First described by Buess et
al[8], this endoscopic procedure allows preservation of the
anal sphincters and, through its excellent viewing system,
allows access to rectal tumors as far as 20 cm from the
anal verge. TEM facilitates the maneuvers of dissection,
cutting, coagulation and suturing. Postoperative morbidity rates are below 10%, and no mortality, genitourinary
alterations or sexual dysfunction have been reported[9,10].
So what is the place of local surgery using TEM in
rectal cancer? In this review, we examine the following
aspects of its use: patient selection; surgical technique
and types of equipment; risk of adenocarcinoma in rectal
adenomas; its indication in T1 rectal adenocarcinomas,
and its application in T2 tumors.

termine tumor markers carcinoembryonic antigen (CEA)
and carbohydrate antigen 19-9. All patients are administered the Wexner sphincter function questionnaire[12], if
there are signs of fecal incontinence, anorectal manometry is performed to obtain baseline parameters. We have
found that TEM causes manometric alterations but does
not affect clinical continence scores[13].
After these complementary examinations, patients are
classified into preoperative indication groups from Ⅰ to
[10,14]
. Group Ⅰ, with curative intent, includes rectal leⅣ
sions with biopsy revealing adenoma and staged uT0, uN0
by EUS and pelvic MRI. Group Ⅱ, also with curative intent, includes adenocarcinomas [either well differentiated
(G1) or moderately differentiated (G2)], and staged uT0-1,
uN0. Group Ⅲ, indication by consensus, includes adenocarcinomas [either well differentiated (G1) or moderately
differentiated (G2)], with staging uT2, uN0[15]. Group Ⅳ
includes palliative indications regardless of the tumor
stage. Therefore, it is patients in groups Ⅰ and Ⅱ who
are candidates for TEM.
Certain rectal and pelvic pathologies are habitually
treated by laparotomy or laparoscopy via an abdominal
approach. The use of TEM by expert groups allows
some of these surgeries to be performed using a less aggressive approach which achieves lower morbidity rates.
These indications are termed “atypical”, as they do not
involve removal of rectal tumors[16,17].

SURGICAL TECHNIQUE
On the day prior to surgery all patients undergo mechanical preparation of the colon and thromboembolism prophylaxis. With the induction of anesthesia, they
are administered the standard antibiotic prophylaxis in
colorectal surgery.
In the classical technique of TEM[8], correct positioning of the patient on the operating table is vitally important. In TEM the surgeon works with the tumor visible
in the lower part of the rectoscope at all times, so the
positioning of the patient depends on the location of the
rectal tumor. The TEM equipment comprises a 4 cm diameter rectoscope with two different lengths (12 and 20
cm) selected according to the location of the tumor. The
pneumorectum is maintained at a constant pressure (10-12
mmHg). The rectal distension created in this way exposes
the tumor and the rectal wall. Our group[10] begins the
dissection by making a dotted line with the monopolar electric scalpel 10-15 mm from the tumor. We then
open the mucosa over the dotted line and begin the full
thickness excision of the rectal wall using an ultrasound
scalpel (Ultracision, Ethicon, Endo-Surgery, Cincinnati,
OH, United States). The defect of the lesion in the rectal
wall is sutured to avoid stenosis of the rectal lumen and
postoperative bleeding due to feces. The suture is made
transversally so as not to compromise the rectal lumen.
Oral diet is initiated on the day after surgery and increased progressively depending on tolerance. Standard
analgesia is administered with non-steroid anti-inflamma-

SELECTION OF PATIENTS FOR TEM:
TREATMENT GROUPS
All possible candidates for TEM must undergo full preoperative staging of the tumor: total colonoscopy with
multifocal biopsy, and rigid rectoscopy prior to endorectal
ultrasound (EUS), to confirm tumor size, the distance of
its lower and upper edge from the anal verge, and location by quadrant (anterior, posterior, right or left lateral).
EUS allows staging of the lesion according to Hildebrandt’s criteria[11] and pelvic magnetic resonance imaging
(MRI) is an important complement, although MRI is not
more accurate than EUS, in rectal adenocarcinomas it is
needed to confirm the tumor stage and the absence of
metastasis to lymph nodes.
If adenocarcinoma is either suspected or has been
diagnosed, abdominal and chest computed tomography
is performed to rule out distance metastasis and to de-
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Figure 1 Transanal endoscopic microsurgery equipment.

Figure 3 Transanal minimally invasive surgery or transanal single port
microsurgery equipment.

or TEO. TAMIS/TSPM requires an assistant to hold and
move the camera. From the technical point of view, the
introduction of the single port into the anal canal is more
complex than in TEM/TEO; a further disadvantage is
that the rectoscope cannot be mobilized at the site of the
lesion, a maneuver that can be performed with TEM/
TEO.
We carried out an economic study comparing TEM/
TEO/TAMIS based on the following assumptions: The
economic aspects are analysed annually [estimating 50
surgical interventions (SI) per year and a useful life of the
non-expendable material of 5 years], divided into variable
and fixed costs; The variable annual costs are determined
by applying the equation (1): n annual surgeries × (surgical
time + hospital stay + consumable material). Consumable
material: Ultracision scalpel, single port, sutures…; The
annual fixed costs are determined by applying the equation (2): non-expendable equipment/time of useful life;
The annual cost for each technique is given by the equation (3): annual fixed costs + annual variable costs; the
estimated cost of the use of the operating theatre is 10
€/min and the cost of hospitalization in a conventional
ward is 220 €/d.
The variable annual costs calculated are [equation (1)]:
TEO: 93000 €/year [50 SI × (700 €/SI + 660 €/SI + 500
€/SI)]; TEM: 104500 €/year [50 SI × (830 €/SI + 660
€/SI + 600 €/SI)]; TAMIS: 111000 €/year [50 SI × (760
€/SI + 660 €/SI + 800 €/SI)].
The fixed annual costs calculated are [equation (2)]:
TEO: 3000 €/year (15000 €/5 years); TEM: 11000 €/
year (55000 €/5 years); TAMIS: 0 €/year.
The total annual costs calculated for each technique
are [equation (3)]: TEO: 96000 €/year (93000 €/year +
3000 €/year); TEM: 115500 €/year (104500 €/year +
11000 €/year); TAMIS: 111000 €/year.
Finally, under these assumptions, we obtain the following mean costs: TEO: 1920 €, TEM: 2310 €, TAMIS:
2220 €.

Figure 2 Transanal endoscopic operation equipment.

tory drugs and morphine as rescue medication. The bladder catheter is withdrawn after surgery and the patient
is mobilized after eight hours. The patient is discharged
from hospital between days 2 and 4 post-surgery.
Different types of transanal endoscopic surgery
As noted above, TEM[8] is an endoscopic procedure with
three-dimensional vision (3-D) (Figure 1). Transanal
endoscopic operation (TEO) provides two-dimensional
vision also through a 4 cm diameter rectoscope of various lengths (7.5, 15 and 22 cm) and on-screen vision.
The introduction of a high-definition camera and its application in a panoramic thin-film transistor screen provides an image that is very similar to 3-D. The surgeon
is seated in front of the monitor, as in laparoscopy; this
makes the learning process easier (Figure 2). Like Nieuwenhuis et al[18], we performed a comparative study of our
experience with the 2-D system (TEO) and the classical
3-D system (TEM). Our results with regard to surgical
difficulty, postoperative morbidity, quality of surgical
resections were similar for the two approaches, but the
economic cost was lower in the case of TEO[19].
Recently a new transanal endoscopic surgery technique has been introduced termed transanal minimally
invasive surgery (TAMIS)[20] or transanal single port microsurgery (TSPM)[21], which uses a single laparoscopic
port via the anus (Figure 3). We have considerably less experience with TAMIS/TSPM approaches than with TEM
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Technical limitations of TEM: Height and morphology
Limitations due to height: The distance of the upper edge of the lesion from the anal verge is of vital
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importance. Conventional endoanal excision is limited
to lesions at distances of up to 7-8 cm. With TEM, classically the limits were set by the risk of perforation of
the peritoneal cavity: it was possible to perform the excision with a low risk of perforation at a distance of up to
18-20 cm when the tumor was located in the posterior
quadrant, and up to 15 cm when its location was anterior
or lateral. Today, perforation of the peritoneal cavity is
not considered a contraindication for TEM[22]. There are
no limits in terms of the location of the lesion (i.e., anterior, posterior, or lateral). The limit due to height is determined by the length of the rectoscope, and on occasion
by anatomical features: narrow rectosigmoidal junctions
with a small rectal ampulla (below 10 cm), or a history of
abdominal surgical interventions that immobilize the rectosigmoidal junction and impede the progression of the
rectoscope further than 10 cm. The limit for low lesions
is the anal verge itself.

meal endoscopic resection or mucosectomy is insufficient
treatment[26]. In the case of large rectal adenomas we
advocate full-thickness rectal wall resection using TEM,
leaving adequate safety margins for correct staging by the
pathologist[27]. In our series, half of the infiltrating adenocarcinomas resulting from adenomas were pT1[26]. This
means that, with adequate resection and pathological
diagnosis, in the absence of factors of poor prognosis,
these patients will not require radical rescue surgery[14,28,29].
The factors associated with malignancy in rectal adenomatous tumors have not been clearly established.
Among epidemiological variables, it has been postulated
that male patients aged under 65 may present a higher risk
of adenocarcinoma. Nonetheless, multivariate analyses
have not identified age or sex as predictive factors[30,31].
Among morphological factors, an association between lesion size and malignancy risk has often been proposed. Years ago, Muto et al[32] reported that with lesion
size above 2 cm the risk rises to 53%. Other authors have
suggested an association between the size of colorectal
adenomas and the risk of adenocarcinoma, but have not
been able to demonstrate it[33]. Several studies have also
established that villous adenomas present a high risk of
malignancy. In our series we have not found differences
with respect to tubular and tubulo-villous adenomas;
however, the sessile type presents a higher risk of adenocarcinoma than other morphologies[30,31,34]. As for dysplasia, it is natural to assume that lesions with high-grade
dysplasia present a higher risk of malignancy[30,33].
If the preoperative study of these lesions includes
only rigid rectoscopy and/or colonoscopy with biopsies there is a high risk of understaging, because these
techniques do not provide information on the extent of
the invasion of the wall and the possible lymph node involvement in the case of infiltrating adenocarcinoma[35].
For this reason, the preoperative study of these lesions
should include EUS and pelvic MRI[34]. Preoperative EUS
identifies lesions with invasion beyond the submucosa
(T1)[11,36], and we regard pelvic MRI as an important complement to endorectal ultrasound, even though it is less
effective in discriminating between lesions affecting the
submucosa and the muscle layer (T1 and T2), it identifies
lesions of stages above T2, and can also detect the presence of lymph nodes in which metastasis is suspected[37].

Limitations due to morphology: It is possible to excise
adenomatous lesions that cover up to three quadrants of
the circumference (10-12 cm Ø). In fact all four quadrants can sometimes be reached if the lesions are not particularly wide and if the size does not exceed the height
permitted. The problem presented by large lesions is the
need to suture the defect, due to the risk of stenosis. If
the defect cannot be completely closed, it should be reduced to the maximum - especially the upper part, due to
the risk of perforation.
Follow-up protocol for rectal adenocarcinomas after TEM
In accordance with international guidelines, in our treatment group Ⅱ we recommend strict follow-up of these
lesions. The follow-up schedule comprises rectosigmoidoscopy-biopsy, EUS and CEA determination every four
months during the first and second years; rectosigmoidoscopy-biopsy, EUS and CEA every six months from the
third to fifth year; complete colonoscopy, abdominal CT
and pelvic MRI annually until the fifth year; and from the
fifth year onward, the standard follow-up protocol for
colon polyps. The usefulness of EUS after TEM is limited due to the difficulty of interpreting the scar fibrosis,
and so it is substituted by pelvic MRI.

HIGH FREQUENCY OF
ADENOCARCINOMA IN LARGE RECTAL
ADENOMAS

T1 RECTAL ADENOCARCINOMA:
TUMORS WITH GOOD OR POOR
PROGNOSIS

Colorectal adenomatous polyps are considered premalignant lesions with a risk of developing into adenocarcinoma[23]. Early detection and removal are the best means
to avoid the appearance of adenocarcinoma[23,24]. In our
series and in the study by Absar and Haboubi[25], the rate
of invasive adenocarcinomas in adenomatous polyps of
the colon was above 18%. Therefore, almost one of every five rectal tumors with a biopsy of adenoma is likely
to be an invasive adenocarcinoma. For this reason, piece-
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The treatment of rectal tumors depends on several factors of prognostic significance: the penetration of the
tumor in the thickness of the rectal wall, the involvement
of the mesorectal fascia, and the presence of lymph node
and distance metastasis[38]. According to the TNM classification, T1 rectal adenocarcinoma presents invasion of
the submucosa, but not beyond[39-41].
Local surgery is an alternative to TME for treatment
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In conclusion, if the histological and surgical characteristics are favorable the risk of local recurrence is
below 5%, and the lesion is considered to be a T1 rectal
adenocarcinoma with good prognosis[39]. T1 with poor
prognosis are lesions with predictors of lymph node involvement and deficient surgery (for example, fragmentation, surgical margins affected, or less than 1 mm from
the lesion). In these circumstances the risk of local recurrence can rise to 29%.

of T1. In long-term series using classical endoanal resection, local recurrence rates are as high as 29%[9,42,43].
TEM has demonstrated its effectiveness in treating these
tumors[44] and achieves initial results for local recurrence
below 10%. Recently, however, some alarming figures for
local recurrence of T1 with TEM have been published[45],
and Doornebosch et al[46] also reported a rate of 20.5%.
Tytherleigh et al[39] offered a possible explanation for these
high rates by classifying T1 rectal adenocarcinoma according to good or poor prognosis, which may be related
to surgical and pathological factors.
The depth of the submucosal invasion is considered
the most important predictor of locoregional lymph node
involvement[39,41]. Several methods have been described
to assess submucosal invasion. All of them present advantages and disadvantages, and there is no single system
based on scientific evidence that can be recommended
for all situations. At present the Haggitt classification is
proposed for polypoid lesions and the Kikuchi classification for non-polypoid lesions[39,40,47,48].
Haggitt et al[48] staged polypoid lesions according to
the invasion of the carcinoma, as follows: invading the
mucosa (level 0), invading the submucosa but limited to
the head of the polyp (level 1), invading the neck (level
2), invading any part of the stalk (level 3), or invading beyond the stalk or base (level 4). Level 4 is associated with
a high risk of locoregional lymph node involvement.
Kikuchi et al[47] divided the invasion of the submucosa
into three levels: Sm1, submucosal invasion that does not
extend beyond 200-300 µm from the muscularis mucosae; Sm2, intermediate submucosal invasion; Sm3, submucosal invasion near the surface of the muscularis propria. In this classification, the frequency of locoregional
lymph node involvement varies according to the depth
of the submucosal invasion: 2% in Sm1 lesions, 8% in
Sm2 lesions, and 23% in Sm3 lesions. So, in the absence
of other risk factors, Sm3 is sufficient to indicate radical
surgery.
The Kikuchi classification can be related to the Haggitt levels: levels 1, 2 and 3 correspond to Kikuchi Sm1,
while Haggitt level 4 may be Sm1, Sm2 or Sm3[39].
In addition to the depth of submucosal invasion,
other predictors of locoregional lymph node involvement
have also been reported in the literature. These include
the degree of tumor differentiation, vascular invasion,
lymph node invasion, perineural invasion, involvement of
the resection margin (≤ 1 mm), lymphocyte infiltration,
tumor budding (presence of neoplastic cells below the
invasive front), demarcation of the submucosal invasive
front, and tumor differentiation at the leading edge of
the lesion[38-41].
Adequate selection of patients for local surgery on
the basis of pathological criteria is essential. In addition,
the surgical procedure must comply with a series of standards to ensure its effectiveness: complete excision of
the lesion in a single piece (i.e., without fragmentation),
complete rectal wall excision, and tumor-free resection
margins of at least 1 mm from the lesion[38,39,46,49].
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LOCAL SURGERY IN T2 RECTAL
ADENOCARCINOMA
According to the NCCN-2013[50], the standard treatment
of rectal adenocarcinoma T2N0M0 (ADC-T2) is TME
without adjuvant therapy. These guidelines no longer propose local surgery associated with adjuvant therapy as an
alternative, as they did in 2008[51]. The local surgical approaches for ADC-T2 described in the literature are simple local excision (either via endoanal excision or TEM),
local surgery with postoperative chemoradiotherapy (CTRT), and preoperative CT-RT and local excision[14,49,52-55].
As we noted above, radical surgery (TME) reduces quality
of life and may lead to death due to causes not directly
related to cancer. So it is important to be able to assess
the results obtained with these alternatives in order to
choose the most suitable approach in each case.
Describing simple local excision with TEM for
ADC-T2, Borschitz et al[49] reported a local recurrence
rate of 35%. In our study of a series of 11 patients and a
mean follow-up of 59 mo, local recurrence was recorded
in 22.2%. These results suggest that local excision alone
at this stage of the disease should only be used with palliative intent.
The possibilities of postoperative adjuvant therapy
have received considerable attention. This is not surprising, since with adequate pathological diagnosis of the
lesion (avoiding understaging or overstaging) adjuvant
care can control the disease at a lower cost than radical
surgery. However, the review of the literature on CT-RT
after local surgery presents disappointing results, with
local recurrence ranging from 0% to 45%[56]. Our experience has been unfavorable, with two out of six patients
(33%) presenting local recurrence despite adequate surgical resection and with tumors defined as low risk on the
strength of histological findings[15]. We agree with Baxter
et al[56] that although postoperative adjuvant therapy appears to reduce local recurrence compared to simple local
excision, the rate still remains higher than with TME.
In a review of the literature on preoperative CT-RT
and local surgery in ADC-T2, Borschitz et al[55] observed
that when complete pathological response (CPR) is
achieved (that is, ypT0), local recurrence (LR) was 0%
and systemic recurrence was 4%. With ypT1 tumors, LR
was 2% and systemic recurrence was 7%. In ypT2, LR
rose to 7% and systemic recurrence also to 7%. However, when there was no response to neoadjuvant therapy
(ypT3), the LR rate was 21% and systemic recurrence
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12%. Although the experience is limited, promising results have also been reported in T3, although the reports
do not specify whether the lesions were superficial or
deep[57,58].
The main objective of neoadjuvant treatment is to
achieve CPR. The CPR rates reported for T2 and T3
range widely, between 11.7% and 73% [59,60]. The immense majority of CPRs are obtained with a long CT-RT
regimen (5-fluorouracil or capecitabine, combined with
radiotherapy of 50.4 Gy for five weeks). The adverse
effects (AE) due to the toxicity of the CT-RT should
be borne in mind. In 11 of the 40 patients (26.5%), Yu
et al [57] reported toxicity following neoadjuvant treatment; ten of them had AE grade ≥ 2, although none
abandoned treatment. In attempts to improve the CPR,
adjuvant treatment regimens have been modified. GarciaAguilar et al [59] proposed the association of standard
doses of capecitabine and oxaliplatin with radiotherapy,
and achieved a CPR of 48%. However, 44% of patients
had AE grade ≥ 3, which obliged a reduction in the
capecitabine dose; with the new dose the CPR rate was
36%, and 30% presented AE grade ≥ 3.
Complete clinical response (CCR) is not always the
same as CPR. Attempts have been made to determine
clinical and radiological predictors of CPR, but no definitive conclusions have been reached[59,61,62]. Due to the lack
of correlation between CCR and CPR, the combination
of CT-RT and local surgery is not suitable for all types
of rectal cancer that present CCR. For this reason, we
advocate exhaustive selection of patients by a multidisciplinary team[63,64]. The most favorable results reported
in the literature were in adenocarcinomas staged by EUS,
MRI and abdominal CT as T2N0M0 with degrees of differentiation G1-2[50], size ≤ 4 cm, and CPR after CT-RT.
Adequate excision of the lesion is most important,
avoiding fragmentation of the specimen and involvement
of the surgical margins (> 1 mm)[49]. As noted above,
TEM also achieves better results than conventional local excision with regard to the resection margins and the
quality of the specimen[44].
The results obtained so far with TEM are promising.
However, the scientific evidence is still limited, and these
findings need to be confirmed in prospective randomized
control trials.

Maudsley for the translation into English.
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MicroRNAs as novel predictive biomarkers and therapeutic
targets in colorectal cancer
Verena Stiegelbauer, Samantha Perakis, Alexander Deutsch, Hui Ling, Armin Gerger, Martin Pichler
molecule multi-kinase inhibitor regorafenib. One of the
major problems for the management of CRC is the inherent or acquired resistance to therapeutic approaches. The discovery of microRNAs (miRNAs), a class of
small, endogenous, non-coding, single-stranded RNAs
that play a role as post-transcriptional regulators, has
added new dimensions to the diagnosis and treatment
of cancer. Because miRNAs are important regulators of
carcinogenesis, progression, invasion, angiogenesis and
metastases in CRC, they might serve as potential predictive and prognostic factors and even as therapeutic
targets themselves. Several miRNAs are already known
to be dysregulated in CRCs and have been linked to
biological processes involved in tumor progression and
response to anti-cancer therapies. This review summarizes current therapeutic approaches for treating CRC
and highlights the role of miRNAs as novel predictive
biomarkers and potential drug targets in CRC patients.
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Core tip: In this review article, we summarize the status quo of the current literature regarding microRNAs
and their role in resistance against anti-cancer drugs
in colorectal cancer. This Review Article explains how
microRNAs influence colorectal cancer, and how these
small molecules might be useful as predictive factors
and drug targets by themselves.

Abstract
Colorectal cancer (CRC) is the third most common cancer in western countries. Despite significant improvement in available treatment options, CRC still remains
the second leading cause of cancer-related death.
Traditionally, 5-fluorouracil has been used as the main
chemotherapy drug for treatment of metastatic CRC
(mCRC). However, during the last two decades more
effective chemotherapeutic agents such as oxaliplatin,
irinotecan and the monoclonal antibodies cetuximab,
panitumumab and bevacizumab have been used in
clinical practice. More recently, the therapeutic armamentarium has been supplemented by the monoclonal
antibodies bevacizumab, cetuximab and panitumumab
as well as the protein-trap aflibercept and the small
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EGFR inhibitors
The epidermal growth factor receptor (EGFR) belongs
to the ErbB family of receptors that are able to promote
tumor cell proliferation in diverse epithelial malignancies[12]. For this reason, EGFR has become an important target in oncology. Monoclonal antibodies against
EGFR are used as a standard therapy for some types of
solid tumors. The chimeric IgG1 mouse/human antibody cetuximab and the human IgG2 antibody panitumumab are considered to be equally effective in mCRC.
However, it has been extensively reported that primary
resistance to these agents is mediated by mutations in
downstream signaling molecules[13]. Misale et al[14] showed
that the development of resistance to anti-EGFR treatment in CRC is associated with molecular alterations of
KRAS. Although KRAS mutations confer strong resistance to anti-EGFR antibodies, not all CRC patients with
KRAS wildtype (KRASwt) benefit from these agents.
Therefore, there is a need for novel biomarkers to better
identify which KRASwt patients would benefit from this
therapy[15]. A few studies have shown that high EGFR
gene copy number could be a potential favorable marker
for anti-EGFR therapy in CRC, as patients with low
gene copy number are unlikely to respond to anti-EGFR
agents[16,17]. Very recently, rare mutations in exons 3 and 4
in the both the KRAS gene and NRAS gene have demonstrated predictive potential in regards to panitumumab
treatment[18].

INTRODUCTION
Colorectal cancer (CRC) is the third most common cancer in western societies with about 1.2 million new cases
and 608700 deaths estimated to have occurred in 2008[1].
Outcomes for patients with mCRC still remain poor,
with an average survival of less than 30 mo[2]. The majority of CRC cases arise from dysplastic adenomatous
polyps. The process of transformation includes a few
essential events characterized by the activation of oncogenes such as KRAS (Kirsten rat sarcoma viral oncogene
homolog), c-MYC (v-myc avian myelocytomatosis viral
oncogene homolog) and NRAS (neuroblastoma RAS
viral oncogene homolog) and by inactivation of tumor
suppressor genes [e.g., p53 (tumor protein p53) and APC
(adenomatous polyposis coli)] or DNA repair genes such
as hMSH2 (human mutS homolog 2) or hMSLH1 [3].
Although 5-fluorouracil (5-FU) has proven to be moderately effective in CRC as a monotherapy, its combination
with the chemotherapeutic drugs oxaliplatin and irinotecan improved the therapeutic outcome. During the last
few years, the combination of chemotherapeutic agents
with more effective systemic agents such as bevacizumab,
panitumumab or cetuximab has been established in clinical practice and improved survival rates in patients with
CRC[4,5].

CURRENT COLORECTAL CANCER
TREATMENT REGIMENS

VEGF targeted therapy
Angiogenesis is widely regarded as an important therapeutic target in many different types of cancer, including
CRC[19]. It has been suggested that inhibition of angiogenesis in tumors can influence the development of new
tumor blood vessels and probably lead to normalization
of the existing tumor vasculature. The vascular endothelial growth factor (VEGF) is a pro-angiogenic factor
that plays a key role in tumor vascular development[20].
VEGF-neutralizing antibodies can prevent the binding to
and activation of VEGFR1 (vascular endothelial growth
factor receptor 1), VEGFR2 (vascular endothelial growth
factor receptor 2) and the co-receptors NP1 (Neuropilin
1) and NP2 (Neuropilin 2). Bevacizumab, a humanized monoclonal antibody that binds to all isoforms of
VEGF, is the first anti-angiogenic therapy approved for
treatment of CRC[21,22]. It has also been used in combination with common chemotherapeutic agents, such as 5-FU
and capecitabine as well as irinotecan and oxaliplatin[23].
Resistance to combinatorial therapy in CRC treatment
may be due to resistance to bevacizumab, resistance to
the chemotherapeutic with which bevacizumab was administered or a resistance to both. As observed, several
pathways in addition to the VEGF pathway are involved
in angiogenesis. Therefore, mechanisms of resistance to
anti-angiogenic therapy may also include VEGF-independent anti-angiogenesis pathways[24].

5-fluorouracil
5-FU is one of the main chemotherapeutic drugs used
for treatment of CRC[6,7]. It exhibits its cytotoxicity by
incorporating fluoronucleotides into RNA and DNA
molecules, but its main toxic effects are mediated by
inhibiting the nucleotide synthetic enzyme thymidylate
synthase (TYMS)[7]. However, one of the major problems
in managing progressed colorectal cancer is both the
inherent and acquired failure of 5-FU-based therapy. Several analyses of 5-FU resistance in CRC have focused on
genes involved in pharmacodynamic and pharmacokinetic
pathways. One main point has been the activity of TYMS,
a key therapeutic target of 5-FU. CRCs that are resistant
to 5-FU-based chemotherapy have been shown to possess
greater TYMS enzymatic activity than cancers that are
sensitive to this therapy[8]. High levels of TYMS mRNA
or protein expression in liver metastases have also been
linked to lack of clinical response to 5-FU in vivo[9]. Moreover, a meta-analysis of 24 studies demonstrated that low
expression levels of TYMS in metastatic colorectal tumors
are associated with greater sensitivity to fluoropyrimidinebased chemotherapy[10]. Additionally, the activity of thymidine phosphorylase (TP), a key enzyme that catalyzes
the transformation from 5-FU prodrugs of 5′-deoxy5-fluorouridine (5′-DFUR) to 5-FU, is closely linked to
failure of 5-FU and targeted therapy in CRC cells[11].
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therapy approaches.
In the next few pages, we will discuss particular miRNAs which have been experimentally proven to play a
role in drug resistance in the past few years.

MIRNA BIOGENESIS AND FUNCTION
MiRNAs are a class of small, endogenous, non-coding,
single-stranded RNAs that play a role as post-transcriptional regulators by suppressing the translation or inducing the mRNA degradation of their target genes[25].
Dysregulated miRNA expression in human cancers plays
a role in carcinogenesis mainly by regulating their mRNA
targets, which could be oncogenes or tumor suppressors[26]. Various combinations of miRNAs are expressed
in different cell types and regulate cell-specific target
genes. MiRNAs regulate about one-third of all human
genes and a single miRNA can target around 200 or more
transcripts that are key regulators of multiple signaling
pathways in the cell[27,28]. Aberrational miRNA expression
patterns, commonly seen in human diseases including
various types of cancer, can serve as prognostic factors
and may have implications for cancer stem cell regulation [29-32]. More than 50% of known human miRNA
genes are localized in fragile chromosomal regions that
are susceptible to amplification, deletion or translocation
during cancer development[33].
MiRNAs are transcribed as long primary transcripts
called pri-miRNAs and are processed into precursor
miRNAs (pre-miRNAs) in the nucleus by the enzyme
Drosha. These short hairpin RNAs of approximately
70 nt are then translocated to the cytoplasm where they
are cleaved by the enzyme Dicer to generate the miRNA
duplex[34,35]. Afterwards, the miRNA is unwound by a
helicase and one of the strands is defined as the mature
strand while the other one is quickly degraded. The mature miRNA is incorporated into an RNA-induced silencing complex (RISC) that mediates gene silencing[36].
MiRNAs are important regulators of oncogenesis,
progression, invasion, angiogenesis and metastasis in
colorectal cancer. Both upregulation and downregulation
have been linked to carcinogenesis in CRC[37]. Many proteins that play a role in key signaling pathways of CRC
seem to be influenced by miRNA regulation, such as
members of the Wnt/beta-catenin and phosphatidylinositol-3-kinase (PI-3-K) pathways, KRAS, p53, extracellular matrix regulators as well as epithelial-mesenchymal
transition (EMT) proteins and transcription factors[26,38,39].
New findings suggest that miRNAs could be linked
to sensitivity to chemotherapeutic drugs in tumor cells.
For this reason, researchers are interested in the potential role of miRNAs in pharmacogenomics[40]. A recent
study by Pardini et al[41] provided evidence that a modulation of the expression of base excision repair (BER)
genes, such as a post-transcriptional change caused by
microRNAs, could influence the efficiency of this repair
system. Single-nucleotide polymorphisms (SNP) within
the 3′-untranslated regions (UTR) of target genes could
lead to an alteration in binding of specific miRNAs that
modulate gene expression. Such changes could affect
cancer prognosis and therapy outcomes. Hence, characterization of polymorphisms in miRNA-related genes
or target sites might afford a basis for miRNA-based
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MIRNAS AND THEIR INVOLVEMENT
IN RESISTANCE TO ANTI-CANCER
THERAPIES
let-7
Clinical trials have demonstrated that KRAS mutations
are negative predictive biomarkers for EGFR-targeted
therapy in CRC. Mechanisms of post-transcriptional
downregulation of mutated KRAS might therefore be
of clinical relevance in patients with mCRC[42,43]. The
members of the let-7 family are known to target KRAS
and their involvement in response to EGFR-targeted
therapy has already been reported[44]. Upregulation of
let-7 expression levels might provide a survival advantage by inhibiting mutated KRAS under EGFR-targeted
therapy. In addition, let-7 may reveal further favorable
effects by regulating other genes such as the cell cycle
regulators, Myc, Bcl-2 (B-cell CLL/lymphoma 2), integrins
and signal transducers. Ruzzo et al[45] analyzed the expression levels of let-7a in colorectal carcinomas with mutated
KRAS and in mCRC patients treated with cetuximab and
irinotecan. Their study revealed that intra-tumor expression of let-7a correlates with tumor response and overall
survival in mCRC patients treated with anti-EGFR-based
therapy in both KRAS mutant and wildtype populations.
Moreover, they showed that downregulation of let-7e and
let-7b can potentially be used to predict resistance to the
monoclonal antibody cetuximab. Cappuzzo et al[46] investigated whether microRNAs can predict sensitivity to
EGFR-targeting monoclonal antibodies in patients with
mCRC. They identified the cluster Let-7c/miR-99a/miR125b as a signature linked to an outcome different from
that of EGFR targeting therapies. In the first cohort,
patients with high-intensity signatures showed a significantly longer progression-free survival and longer overall
survival. Moreover, in the KRAS wild-type population,
high-intensity signature patients had a significantly longer
progression-free survival, as demonstrated in the validation cohort. Therefore, the miR-99a/let-7c/miR-125b
signature could improve the selection of patients with
KRAS wild-type mCRC for treatment with EGFR targeting therapies.
Salendo et al[47] performed a genome-wide miRNA
profiling in 12 colorectal cancer cell lines and established
an individual in vitro signature for chemoradiosensitivity. Their study demonstrated that high expression of
let-7g was linked with a good prognosis in rectal cancer
patients. This finding suggests that let7g expression may
serve as potential predictive biomarker.
miR-126
An increasing number of studies proposed miR-126
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trol and prevent sensitivity to 5-FU. Zhang et al[56] identified a set of 6 miRNAs including miR-215 which could
serve as an authentic prognostic and predictive tool for
determination of disease recurrence in patients with stage
Ⅱ colon cancer. miR-215 could potentially predict which
patients would benefit from adjuvant chemotherapy,
which can in turn facilitate patient consultation and help
individualize management of patients with this disease.

as a player in the regulation of angiogenesis, a process
that has already been considered as a target for development of novel drugs. High expression of miR-126 has
already been associated with increased vascular endothelial growth factor A (VEGF-A) mediated signaling in
endothelial cells and a higher blood vessel integrity[48].
Additionally, miR-126 has been identified as a putative
tumor suppressor in primary tumors[49-51]. Hansen et al[48]
investigated the role of miR-126 as a predictive marker
in patients with CRC in relation to first-line treatment
with capecitabine, a precursor of 5-FU, and oxaliplatin
(XELOX). They demonstrated a significant relationship
between expression of miR-126 in the primary tumor and
sensitivity to first-line XELOX treatment. Low expression of miR-126 might therefore lead to tumor vessels
with decreased integrity followed by an increase in interstitial pressure, which may explain the lower sensitivity in
patients treated with XELOX. A recent study by Hansen
et al[52] revealed that high expression of miR-126 in mCRC
patients was strongly related to a longer progression-free
survival. Their results confirm their previous findings on
the prognostic value of miR-126 in mCRC. As VEGF-A
may be a target of miR-126, the results of their study
might provide predictive information in regards to nextgeneration anti-angiogenic therapy approaches.

miR-148a
It has been shown that miR-148a is a pro-apoptotic miRNA in CRC which acts by targeting Bcl-2, a regulator of
apoptosis. In addition, several in vitro studies have demonstrated that miR-148a functions as a tumor suppressor
by targeting several genes such as PXR (nuclear receptor subfamily 1, group Ⅰ, member 2), TGIF2 (TGFBinduced factor homeobox 2), MSX1 (msh homeobox
1), CDC25B (cell division cycle 25B), DNMT1 [DNA
(cytosine-5-methyltransferase 1)] and DNMT3b [DNA
(cytosine-5-methyltransferase 3 beta)][57]. Takahashi et al[58]
showed that low expression of miR-148a is significantly
linked to an unfavorable outcome in treatment of stage
Ⅲ CRC patients with 5-FU. They also demonstrated the
link between decreased miR-148a expression and poorer
sensitivity and survival rate in patients with stage Ⅳ
CRC treated with oxaliplatin combined with 5-FU. Stage
Ⅳ CRC patients that showed a high miR-148a expression level were shown to benefit from chemotherapeutic
drugs, indicating that miR-148a may have predictive value
in the assessment of response to CRC treatment. In addition, their data suggested that downregulation of miR148a is mediated by DNA methylation. Takahashi et al[58]
showed that there is a significant and independent association between miR-148a methylation and poor survival
in stage Ⅳ patients. Therefore, the methylation status of
miR-148a might be a potential prognostic marker in CRC.
Kjersem et al[59] investigated microRNAs in plasma as
potential predictive markers for sensitivity to oxaliplatinbased chemotherapy. Their study revealed that a high expression level of miR-148a is associated with a decrease in
progression-free survival. The results of their study suggest that miR-148 could serve as a non-invasive biomarker
for predicting outcomes in mCRC patients treated with
5-FU and oxaliplatin-based chemotherapy.

miR-31
Several studies revealed that miR-31 is upregulated in
CRC, but there is little known about its role in modulating tumor cell response to chemotherapeutic drugs. Wang
et al[53] showed that the treatment of HCT-116 colon cancer cells with an anti-miR-31 inhibitor increased the sensitivity to 5-FU as early as 24 hours after exposure without
affecting cell proliferation. Combination of 5-FU treatment with a respective negative control did not lead to a
reduction in cell viability. The apoptosis rate of HCT-116
cells treated with both 5-FU and the anti-miR-31 inhibitor
was the highest among respective control groups, indicating that these agents inhibited proliferation via the apoptotic mechanism.
miR-192/miR-215
The expression levels of miR-192 and -215 were shown to
be significantly reduced in CRC tissues compared to nontumor counterparts. Furthermore, Chiang et al[54] demonstrated that low expression levels of miR-192 and -215 are
related to increased tumor size in CRC. Thus, miR-129
and miR-215 could be useful biomarkers in the carcinogenesis of CRC. In addition, miR-192 and miR-215 were
reported to negatively regulate CRC cell proliferation[55].
Boni et al[40] showed that miR-192 and -215 downregulate
TYMS expression and thus increase resistance to 5-FU in
CRC cell lines. TYMS plays a role in normal cell function
and is a potential target for chemotherapeutic drugs such
as 5-FU. Transcriptional and translational regulation of
TYMS most likely affect cell chemosensitivity. Additionally, they demonstrated that miR-192 and miR-215 inhibit
progression into the S phase, play a role in cell cycle con-
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miR-21
Upregulated miR-21 expression is associated with some
types of human cancer, including CRC. It has been
demonstrated that miR-21 regulates several tumor suppressors such as p21, TGF-beta receptor Ⅱ and B-cell
leukemia/lymphoma 2-associated X protein. Moreover,
overexpression of miR-21 is linked to poor response to
5-FU-based chemotherapy. Valeri et al[60] found an inverse
expressional correlation of miR-21 and the tumor suppressor hMSH2. They demonstrated that miR-21 directly
targets the 3’ UTR of hMSH2 mRNA and significantly
reduces its protein expression. CRC cells that showed
high expression levels of miR-21 have decreased hMSH2
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including CRC[66]. Moreover, miR-34a was observed as one
of the most downregulated miRNAs in the 5-FU-resistant
DLD-1 CRC cell line. Akao et al[67] showed that exposure
to 5-FU activated the PI3K/Akt signaling pathway in the
resistant DLD-1 cell line in comparison to the parental
cells and led to an apparent increase in growth. In addition, miR-34a expression in the 5-FU-resistant cell line was
prolonged at a low level, whereas it showed an upregulation in the parental cells after treatment with a 5-FU-based
drug. They observed an upregulation of Sirt-1, a target
gene of miR-34a which is associated with drug resistance,
in the 5-FU-resistant cells and also that silencing of Sirt-1
significantly increased the sensitivity to 5-FU in the 5-FUresistant cells. This suggested that miR-34a is a negative
regulator of 5-FU resistance in the CRC cell line DLD-1.

protein expression and revealed significantly reduced
5-FU-induced G2/M damage arrest and apoptosis. This
indicates a characteristic defect in the core mismatch repair system, suggesting that miR-21 might act as a regulator of genes associated with cell-cycle arrest and/or drug
resistance. In addition, Deng et al[61] showed that forced
miR-21 expression in HT-29 colon cancer cells significantly inhibited apoptosis, enhanced cell proliferation and
invasion and increased resistance to the chemotherapeutic agent 5-FU. Moreover, they demonstrated that silencing of miR-21 inverted these effects on HT-29 cells and
restored the sensitivity to 5-FU.
miR-129
Reduced miR-129 expression levels have been reported
in several tumor cell lines and primary tumors including
CRC[62]. Karaayvaz et al[63] demonstrated that miR-129 expression was clearly lower in CRC patients. There was no
significant difference between adenoma and stage I and Ⅱ
carcinomas. They observed that miR-129 expression was
dramatically reduced in stage Ⅲ and Ⅳ cancers. Hence,
their results suggested that loss of miR-129 is linked to
progression in CRC. Additionally, they identified miR-129
as a novel regulator of Bcl-2 expression. The expression
of miR-129 promoted apoptosis, inhibited cell proliferation and caused cell-cycle arrest in CRC cells. miR-129based therapies could help to achieve a multi-targeted anticancer therapeutic strategy. 5-FU-based chemotherapy still
remains the main option for advanced mCRC treatment,
but the possibility of miR-129 restoration may lead to a
new strategy in reducing resistance to chemotherapeutic drugs. Furthermore, Karaayvaz et al[63] showed that
miR-129 is a suppressor of the 5-FU target protein TYMS
and therefore enhances chemosensitivity to 5-FU. In their
in vivo tumor xenografts, they demonstrated that increasing
miR-129 expression to normal levels using synthetic miRNAs made tumors more sensitive to 5-FU-based drugs.

miR-143
A few studies showed that miR-143 expression is low in
tumors compared to their normal counterparts, both at
adenomatous and cancer stages of colorectal neoplasia,
as well as in CRC cell lines[68]. In addition, miR-143 has
been identified to directly target the KRAS mRNA[69].
Borralho et al[70] investigated the role of miR-143 in the
HCT116 CRC cell line. They showed that transient overexpression of miR-143 led to a 60% reduction in cell
viability and stable overexpression of miR-143 resulted
in decreased viability and increased cell death after treatment with 5-FU. These changes were linked to increased
nuclear fragmentation and caspase -3, -8 and -9 activities.
Furthermore, they demonstrated that exposure of miR143-overexpressing cells to 5-FU resulted in downregulation of the extracellular-regulated protein kinase 5 and
Bcl-2 protein expression. In addition, miR-143 led to increased sensitivity to 5-FU- based drugs, suggesting that
miR-143 is involved in CRC development and plays a role
as a chemosensitizer to 5-FU.

miR-19b
MiR-19b is one of the 6 miRNAs which are encoded by
the miR-17-92 cluster. The activation of this cluster is
mediated by the transcription factor E2F1 which accumulates early in the G1 phase of the cell cycle, suggesting
that miRNAs generated from this cluster might play a
role in the G1 phase. Kurokawa and collegues found that
miR-19b expression is upregulated in the DLD-1/R colon
cancer cell line, but they did not observe any changes in
the cell cycle profile after 5-FU treatment. In addition,
they demonstrated that miR-19b expression correlated
with response to the widely-used anti-cancer drug 5-FU[64].
Likewise, a recent study showed that miR-19a, a paralogue
of miR-19b, is upregulated in HCT-119 and HT29 cells in
response to 5-FU-based treatment[65].

miR-203
Zhou et al[71] recently showed that miR-203 is upregulated in three oxaliplatin-resistant CRC cell lines. They
demonstrated that exogenous expression of miR-203
in chemonaïve CRC cells reduced sensitivity of cells to
oxaliplatin treatment. Silencing of miR-203 expression
led to increased sensitivity of CRC cells to oxaliplatin.
Furthermore, they performed an in-silico analysis and
identified ataxia telangiectasia mutated (ATM), a primary
mediator of the DNA damage response, as a potential
target of miR-203. Their study showed that mutation of
the putative miR-203 target region in the 3’ untranslated
region of ATM mRNA eliminated the inhibitory effect
of miR-203 on ATM. In addition, they demonstrated that
stable knockdown of ATM led to resistance to oxaliplatin in chemo-naïve CRC cells.

miR-34a
MiR-34a is a member of the miR-34 family which also
includes miR-34b and miR-34c. Low expression levels of
miR-34a have been identified in various types of tumors,

miR-200c
Hur et al[72] reported that miR-200c expression modulates EMT in colorectal metastasis. In their study, they
demonstrated for the first time that the miR-200c/429
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cluster was significantly overexpressed in liver metastasis
in comparison to primary CRC and that the expression
of these miRNAs was specifically regulated by aberrant
methylation of their promoter regions. A recent study
by Toiyama et al[73] revealed that the serum levels of miR200c might serve as potential prognostic and metastaticpredictive biomarkers in CRC patients. They showed that
miR-200c expression in serum is strongly associated with
a metastatic phenotype in CRC; in particular, expression
of miR-200c in serum was a good predictive marker for
lymph node metastasis. Moreover, they demonstrated that
miR-200c expression in serum can be used as a prognostic
and predictive marker of tumor recurrence in patients
undergoing curative surgery.
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CONCLUSION
Currently, therapeutic agents including 5-FU, oxaliplatin, irinotecan, bevacizumab cetuximab, panitumumab,
aflibercept and regorafenib are widely used in clinical
practice for CRC treatment. However, many patients are
resistant or develop secondary resistance to these agents,
highlighting the necessity for the development of novel
prognostic markers for drug resistance. As important
regulators of gene expression, miRNAs possess high
potential as predictive markers for therapeutic response
to chemotherapeutic drugs. On the other hand, targeting
miRNAs that are involved in the resistance mechanism
may improve the therapeutic efficacy in chemo-resistant
patients. We foresee that in the near future, miRNAbased prognostic tools could be developed to aid in patient selection for certain treatments, and miRNA-based
therapeutics may finally reach the clinical stages.
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Core tip: Colorectal cancer is one of the commonest
cancers in the world. The management of metastatic
colorectal cancer has changed significantly in last
decade or so; primarily based on better understanding of the molecular complexity of colorectal cancer
coupled with aggressive approach in management of
colorectal liver metastases. Colorectal liver metastasises were once considered as incurable disease but
with better treatment options and valuable input from
multi-disciplinary teams, this disease can be cured in a
proportion of patients. This review takes into account
various clinical scenarios and their complexity that the
clinicians may face during management of this disease.

Abstract
Colorectal cancer (CRC) is one of the commonest cancers with 1.2 million new cases diagnosed each year in
the world. It remains the fourth most common cause
of cancer-related mortality in the world and accounts
for > 600000 cancer-related deaths each year. There
have been significant advances in treatment of metastatic CRC in last decade or so, due to availability of
new active targeted agents and more aggressive approach towards the management of CRC, particularly
with liver-only-metastases; however, these drugs work
best when combined with conventional chemotherapy
agents. Despite these advances, there is a lack of biomarkers to inform us about the accurate management
of the patients with metastatic CRC. It is therefore
imperative to carefully select the patients with comprehensive multi-disciplinary team input in order to
optimise the management of these patients. In this
review we will discuss various treatment options avail-
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INTRODUCTION
Colorectal cancer (CRC) is a leading cause of cancerrelated mortality in the world with over 1.2 million new
cases diagnosed each year along with > 600000 death
per year[1,2]. Curative surgery is the mainstay of treat-

2173

February 8, 2015|First Edition|

Khan K et al . Colorectal cancer with liver metastases

ment for early stage CRC with pathological staging being considered as the most important predictor of postoperative outcome. Majority of the patients could have
relatively good outcomes with 5-year survival ranging
from 50%-90%[3] depending upon the initial stage of the
disease and other prognostic factors; however, despite
significant improvements in screening and management
of CRC in recent times, the 5-year survival rate for patients with metastatic CRC (mCRC) remains poor[4]. In
these patients, the prognosis is closely related to the location and extent of distant metastatic disease.
In patients with unresectable mCRC, improvement
in survival from 12 mo with fluorouracil therapy to approximately 2 years has been observed with combinations
with oxaliplatin (FOLFOX) or it’s pro-drug capecitabine
(CAPOX), or with irinotecan (FOLFIRI) [5-8]. Recent
randomised control trials suggested that median overall
survival (OS) of over 30 mo can now be achieved[9,10] in
patients with mCRC. Approximately 50% of the patients
tend to have involvement of liver during the course of
their disease[11,12] and a proportion of them with colorectal liver-only metastases (CLM) can undergo liver metastasectomy; this could result in significant improvement
in their outcomes. Many patients however develop liver
metastases which are unresectable. Earlier reports suggested that with oxaliplatin-based chemotherapy, 13%
of patients with initially non-resectable liver metastases
could have their disease resected after chemotherapy[13].
Five- and ten-year overall survival rates of 33% and
27% have been observed respectively in this cohort of
patients[14]. Moreover, approximately 15% of patients
never developed recurrent disease, thus they were considered “cured”[15]. Furthermore, liver resection rate after
chemotherapy correlates significantly with radiological
objective response rate (ORR)[16] and in addition resected
patients enjoy significantly prolonged survival compared
to those who can’t undergo resection[17].
The treatment options for CLM include (Figure 1):
surgical resection, systemic chemotherapy, localised treatment options: radiofrequency ablation (RFA), selective
internal radiotherapy (SIRT), chemoembolization, other
local ablative methods.
In this review we will discuss the most common
treatment options with particular emphasis upon the
role of systemic therapy in CLM, either deemed resectable or un-resectable at the initial presentation. We will
also discuss the key molecular pathways and emerging
areas of interest that may provide new opportunities for
therapeutic intervention in this context.

and colonic resections of the synchronous tumours.
However, in most high volume surgical centres with experience in CLM metastasectomy, surgical mortality rates
are reported to be less than 5%[30,31]. The modern approach to resectability of CLM has largely changed with
emphasis of most MDT decisions in favour of offering
surgery to the patients, in the absence of extra-hepatic
disease. Due to its clear impact on overall outcome, surgical resection is the treatment of choice, where possible;
however, these decisions should be made after comprehensive discussion in the regional hepato-biliary MDT.
Resectability criteria and prognostic factor: Although
there is published literature on various treatment approaches, universal agreement on the resectability criteria
in the context of CLM, remains not well defined. The
distinction between resectable and non-resectable CLM
varies from institute to institute and this was highlighted
in the large CELIM study which identified 64.5% discordance within a board of surgeons when they were
blinded to baseline or post-treatment scans and patient
clinical outcomes; this included 6.8% disagreement in
critical decisions of resectability vs non-resectability[32].
Some authors have defined risk-scoring systems to guide
the MDTs about the patient selection, but most MDTs
rely on clinical assessment and local surgical expertise
rather than the set scoring criteria. This reflects on the
heterogeneity of patient population treated within the
context of different clinical trials and lack of reliable
data to inform us about the prognostic factors being examined in these trials.
One of the commonly used scoring system to help
patient selection was described by Fong and colleagues[33],
where a retrospective review of 1001 patients after hepatic
resection for mCRC was conducted. In this study clinical,
pathological and outcome data were collected. Five year
and 10-year survival rates were 37% and 22% respectively.
The authors identified seven independent factors including positive margins, extra-hepatic disease, node-positive
primary, disease-free survival from primary to metastatic
disease, number of hepatic tumour > 1, largest tumour >
5 cm and carcinoembryonic antigen > 200 ng/mL which
were found to be predictive of survival. The last five of
the above factors were combined to form a prognostic
score, with each factor assigned one point. The combined
score was found to be highly predictive of the outcome.
Patients with < 2 score had a favourable outcome; those
with three, four or five criteria were recommended to
be considered for adjuvant chemotherapy trials in view
of high risk and poor outcomes. Patients with score of
5 had 5-year survival of 14% with a median survival of
22 mo compared to 44% and 51 mo in patients with one
risk factor. This score however only was validated for patients with upfront resection and doesn’t include patients
who underwent preoperative chemotherapy; its validity
in modern treatment paradigm is therefore often limited.
Following that many scoring systems have been developed but none of them have been validated and thus have

CURRENT TREATMENT OPTIONS
Surgical resection of CLM
If CLM are amenable to surgery, then this can be offered
with curative intent. Post metastasectomy the 5-year survival rates vary between 27%-58% and 10-year survival
rates are 15%-17%[18-29]; Post-operative complication rates
are higher in patients undergoing simultaneous hepatic

WCGO|www.wjgnet.com

2174

February 8, 2015|First Edition|

Khan K et al . Colorectal cancer with liver metastases
Colorectal liver only metastases

Discussion in MDT re: suitability of resection,
utilising imaging modalities including CT
scan, MRI scan and whole body PET scan

Suitable for R0 resection

Borderline or unsuitable for upfront R0 resection

Consider 12 wk of neo-adjuvant
chemotherapy (mostly doublet ± antiVEGF therapy)

Surgery

Offer 12 wk of neo-adjuvant
chemotherapy (doublet or triplet) with
anti-VEGF or anti-EGFR therapy

Suitable for surgery

Not suitable for surgery

SD/PR, consider 12 wk
of further chemotherapy
± localised treatment
options”

Following R0 resection,
consider adjuvant
chemotherapy

follow up for ten years

PD or intolerability:
stop treatment and
consider alternative
chemotherapy

Follow up until death

Figure 1 The treatment options for colorectal liver-only metastases. MDT: Multi-disciplinary team; CT: Computed tomography; PET: Positron emission tomography; MRI: Magnetic resonance imaging; VEGF: Vascular endothelial growth factor; EGFR: Epidermal growth factor receptor; PD: Progressive disease; SD: Stable
disease; PR: Partial response.

limited utility in clinical practice[34,35].
The limitations for hepatic resection in general are
considered to be, based on one of the following: (1) no
upfront R0 resection of all hepatic lesions possible; (2)
less than 30% estimated residual liver after resection;
(3) disease in contact with major vessels of the remnant
liver (vessels remaining after potential hepatectomy); (4)
significant co-morbidities excluding surgery; and/or (5)
presence of extra-hepatic disease.

again been challenged in recent times, with several authors
recognising that although this could be considered a poor
predictor of outcome but can not be considered an absolute contraindication to hepatectomy[43,44]. Similarly, the
presence of limited extra-hepatic metastatic disease is no
longer considered an absolute contraindication to surgery;
however, the outcomes may not be as favourable as with
CLM or thoracic metastases alone[45-47].
Importance of imaging modalities: The above discussion highlights the importance of having detailed baseline information about the actual extent of the disease
in order to make best possible decisions for the patients.
Modern techniques of imaging including contrast-enhanced computed tomography (CT), contrast enhanced
magnetic resonance imaging (MRI) scan of the liver and
whole body positron emission tomography (PET) with
computed tomography (PET-CT) have made significant
contributions in assessment of resectability of CLM. However, PET-CT is limited in the diagnosis of liver metastases smaller than 1cm[48]. A large meta-analysis[49] including
39 studies with 3391 patients examined the sensitivity
estimates of CT, MRI and fludeoxyglucose FDG PET on
per-lesion basis. All included patients had histologically
proven CRC along with CLM. The study showed 74.4%,
80.3% and 81.4% sensitivity respectively; however on per-

Detection of number and location of metastases:
Based on several retrospective analyses, in the past, number of metastatic sites was considered as one of the major
contraindications to hepatic resection in CLM but with
modern surgical techniques and more encouraging role
of preoperative chemotherapy, patients could still be
deemed resectable with multiple CLM; although several
studies have identified the prognostic value of number of
metastatic sites at initial presentation[36,37]. Furthermore,
bilobar involvement previously deterred the surgeons
from offering curative hepatic resection but these concepts have been challenged by several other groups[28,38-42].
Additionally, one of the classic contraindication to surgery
in CLM is considered to be portal node metastases due to
an old perception that these patients were at higher risk
of developing systemic disease; however, this concept has
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patient basis the sensitivity was 83.6%, 88.2% and 94.1%
with three modalities respectively. Per-patient sensitivity
of CT was found to be lower than FDG PET (P = 0.025).
For lesions smaller than 10 mm, the sensitivity estimates
for MR imaging were better than CT scan; no difference
was seen for lesion above 10 mm. The study authors concluded that the MRI scan was better imaging modality for
detection of liver metastases; however, limited data were
available on FDG PET.
Given the sensitivity of MRI scan of the liver is proven to be superior to CT scan, even in the presence of
new generation CT scanners using triple phase imaging
with contrast administration, multiple imaging modalities including both CT and MRI scans are often used in
evaluation of CLM. Additionally, the apparent diffusion
coefficient (ADC), derived from diffusion-weighted
MRI (DW-MRI), may provide information on predicting
response to chemotherapy[50,51]. Our group performed a
recent retrospective series including 102 patients, who
underwent pre-treatment DW-MRI; we found that the
CLM with higher pre-treatment mean ADC were associated with poorer response to chemotherapy but this
didn’t co-relate with the outcome of the patients. This
technique can nevertheless be utilised in clinical setting
especially in patients undergoing neo-adjuvant chemotherapy[52].
FDG-PET scan is considered to be more sensitive
investigation than CT for detection of metastatic disease
and thus can have an impact in the clinical management
of CLM patients. A pooled analysis on six previously reported articles showed that the sensitivity and specificity
of FDG PET for hepatic disease were 79.9% and 92.3%
compared to 82.7% and 84.1% with CT scan; for extrahepatic disease those were 91.2% and 98.4% with PET
scan compared to 60.9% and 91.1% with CT respectively.
This had a significant impact on clinical management
in 25% of the cases[53]. Subsequent studies showed that
the use of PET as an adjunct to CT could be associated
with alteration in patient’s management in one-third of
the patients[54].
These data indicate that treatment approach in CLM
could be significantly influenced by the extent and resectability of disease; therefore, multiple imaging modalities should be considered, in order to optimise the
management of patients with CLM and indeed in order
to avoid un-necessary surgical morbidity and mortality.

the role of neo-adjuvant chemotherapy in this context.
This trial recruited 364 patients with 1:1 randomisation to FOLFOX4 [fluorouracil (5-FU)/leucovorin and
oxaliplatin] six cycles before and six cycles after surgery
(n = 182) vs upfront surgery alone (n = 182). Patients
assigned to chemotherapy arm had an ORR of 36%
with four patients achieving a complete response (CR).
Eleven patients progressed, of which 8 were no longer
resectable. Eighty-three percent patients were resected
after a median of 6 cycles of preoperative chemotherapy
compared to 84% in the surgery group. The absolute increase in progression free survival at 3 years for patients
undergoing liver resection after chemotherapy was 9.2%.
Reversible complications occurred more frequently in the
chemotherapy group (25% vs 16%); however, no impact
on post-operative mortality was observed. Five year OS
improvement of 4.1% with median OS of 64 mo (vs 55
mo) in favour of chemotherapy arm was observed; however, this was not statistically significant. It is however
worth-noting that the trial was not powered to detect OS
benefit. Furthermore a recent retrospective study analysing 466 patients with CLM, concluded that there was no
significant difference observed between the outcomes
of the patients receiving preoperative neoadjuvant chemotherapy compared with those who didn’t receive neoadjuvant treatment[57]. This study had however serious
limitations including the retrospective nature of the study,
imbalanced sample size between the two groups and heterogeneity of the patient population treated in the study.
Although these data show that the benefit for upfront
chemotherapy in patients with CLM remains controversial; decision about scope of systemic therapy must be
made on case-to-case basis with consideration of tumour
biology, previous response and PFS on chemotherapy in
the event of metachronous CLM, other co-morbid conditions and local surgical expertise.
Conversion chemotherapy for borderline CLM: Most
patients with CLM may present with extensive hepatic
disease which may not be amenable to surgery. These
patients require systemic chemotherapy, either given with
palliative intent or as neo-adjuvant treatment to downsize their tumours in order to make them operable. This
treatment is referred to as, “conversion therapy (Figure
2)”. Three conventional cytotoxic drugs are available for
treatment of mCRC: fluoropyrimidines, oxaliplatin and
irinotecan. The exposure to all there drugs during the
course of patients illness correlates strongly with median
OS of the patients with mCRC. Sequential use of these
drugs can sometimes be justified in order to reduce toxic
effects and eventual exposure to all of these drugs. The
major caveats however to this approach include: not
exploiting the synergistic potential of the drugs, lack of
intrinsic anti-tumour activity of oxaliplatin as monotherapy and tendency of some patients to deteriorate prior
to receiving all of these drugs.
In patients where downsizing the tumour to optimise
the chances of surgery is an option, one of the aims of

Systemic therapy options for CLM
Neo-adjuvant chemotherapy for clearly R0 resectable CLM: Surgical resection is regarded as the standard
of care for patients with CLM, but relapse is common.
Patients with potentially resectable CLM can therefore
be considered for neoadjuvant chemotherapy. Recent
data, however suggests that the initial advantage seen
in progression free survival (PFS) for patients receiving
additional systemic treatment may not actually translate
into a meaningful OS advantage[55]. EORTC 40983[56] is
the largest randomised double blinded trial examining
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B
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Figure 2 Computed tomography images. A: Computed tomography (CT) scan of a patient showing extensive liver metastatic disease prior to systemic therapy; B:
CT scan after 4 cycles of neo-adjuvant chemotherapy demonstrating excellent partial response to the treatment along with intra-tumoural calcification; C: CT scan following left hepatectomy.

conversion chemotherapy should be to achieve the highest possible ORR. The association of better ORR with
improved resection rates has been previously demonstrated[16]. It is also been reported that 12%-33% of the
patients who were treated with doublet chemotherapy
regimen and had initially un-resectable CLM were able
to achieve significant response so that they could undergo surgery[13,58-60]. In addition, epidermal growth factor receptor (EGFR) targeted therapy along with twodrug regimen resulted in one of the highest ORR for
CLM in patients with no mutations in Kirsten sarcoma
virus (K-RAS) genes[32]. Also, CAPOX along with vascular endothelial growth factor (VEGF) targeted therapy
with bevacizumab has been shown to result in similar
ORR for CLM[61]. Both aforementioned studies demonstrated similar R0/R1 liver resection rates after conversion chemotherapy. Ye et al[62] performed one of the first
randomised studies of chemotherapy with or without
cetuximab in patients with unresectable CLM. This study
did confirm the general belief that chemotherapy plus
cetuximab led to significantly higher ORR, liver resection rate, PFS and OS. The study therefore provided
considerable weight to support the use of chemotherapy
plus cetuximab as a standard treatment option in the
K-RAS wild type (WT) disease. Nevertheless, as the primary endpoint of this study was the conversion rate to
liver resection, the number of patients included was relatively small. The survival outcomes were only secondary
endpoints and this could not be deemed to be definitive
that chemotherapy plus cetuximab would improve OS,
especially given the short follow up in this study. Therefore there remains a need for a phase Ⅲ study to address
this question. One of the major strengths of this study
however, was the multi-disciplinary approach in the
management of patients with CLM. The authors chose
the criteria of unresectability which would be in line with
modern international practice and given that this study
was conducted in a single institution, it was likely that
the decision-making process of resectability was uniform
and consistent both among patients as well as over time.
It was however unclear both from the paper and the
protocol of the study as to what pre-treatment evalua-
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tions were undertaken. United Kingdom-based phase Ⅲ
study which randomised patients with KRAS WT CLM
between surgery and surgery with chemotherapy along
with cetuximab failed to show any survival advantage
in favour of cetuximab plus chemotherapy arm[63]. Although the final results of this study are still awaited, the
proposed reasons for failure include heterogeneity of
selected patient population (patients could represent either resectable or un-resectable CLM with no restriction
to number of liver lesions) and use of capecitabine and
oxaliplatin in number of patients in the study, which may
not have synergised well with cetuximab, as previously
demonstrated in the COIN study[64].
In recent times, the triplet FOLFOXIRI was investigated as first-line treatment in un-selected patients
with mCRC and showed higher ORR (66% vs 41%, P =
0.0002), and better secondary metastasectomy rate (15%
vs 6%, P = 0.003) when compared to FOLFIRI[65]. PFS
(9.8 mo vs 6.9 mo) and OS (22.6 mo vs 16.7 mo) were
also both significantly better and in favour of FOLFIXIRI. This trial however reported benefits in mCRC with
all comers (with extra-hepatic disease) and thus the results couldn’t be interpreted in patients with CLM alone.
Recently data from a phase Ⅱ study reported 5-year survival of 42% in patients who were converted by FOLFOXIRI to undergo liver resection[66]. In another phase Ⅱ
study, the addition of bevacizumab to FOLFOXIRI[67]
resulted in ORR of 80% and R0 resection rate of 40%
in patients with CLM. The ORR to FOLFOXIRI plus
bevacizumab did not appear to be influenced by K-RAS
or B-RAF mutational status of the tumour. More recently, a randomised phase Ⅲ study showed a significant improvement of PFS in patients receiving FOLFOXIRI +
bevacizumab compared to those who received FOLFIRI
+ bevacizumab [68]. Likewise, the addition of another
EGFR targeting drug, panitumumab to FOLFOXIRI
resulted in ORR of 89%, with 43% patients undergoing secondary for metastatic disease and R0 resection
in 35% of the patients with K-RAS WT patients was
achieved in this single-arm phase Ⅱ study[69]. All these
studies strengthen the need for conducting a randomised
phase Ⅲ trial evaluating the role of triplet chemotherapy
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treatments like RFA at the time of recurrence[79]. The
above discussion on DLM highlights the importance
of baseline and pre-operative imaging and the fact that
there are currently no standard guidelines to manage
DLM. All the imaging modalities including DW-MRI
scan and PET scan should be utilised in order to be
certain about the nature of response to neo-adjuvant
therapy; in the event of definite CR, we adopt “watch
and wait” policy in our institute with frequent clinical,
and imaging monitoring of these patients on 3-monthly
basis during the first three years followed by 6-monthly
imaging by CT scan for another two years. We suggest
that for patients where DLM are left in situ, there should
be a low threshold for repeating the imaging on any rise
of tumour markers or in the event of clinical symptoms;
(3) there are growing numbers of reports suggesting
liver toxicity as results of neo-adjuvant chemotherapy.
Whilst, oxaliplatin-based backbone is associated with
risk of increased vascular lesions, irinotecan-based
combinations can cause steatohepatitis[84,85]. In addition
chemotherapy carries risk of systemic toxicities including post-operative bleeding, neutropenia and associated
infections, pot-operative complications and poorer functional reserve in the presence of vascular lesions. It is
however re-assuring that the impact of these complications on surgical mortality is insignificant; however, the
impact on co-morbidities remains controversial in view
of conflicting evidence from different reports[85,86]. In
addition, bevacizumab which is commonly used along
with chemotherapy back-bone can theoretically increase
the risk of thrombo-embolic events including stroke
and arterial thromboembolism, bowel perforation and
wound healing. Nevertheless, our own experience and
those of others using chemotherapy in conjunction with
bevacizumab is satisfactory and doesn’t seem to influence the liver regeneration after surgery[61,87]. Furthermore, some retrospective data suggests that addition of
bevacizumab to oxaliplatin-based regimen may actually
reduce the risk of oxaliplatin induced liver toxicity[88-90];
and (4) we therefore suggest that all the patients should
be individually assessed for the risk of potential complications with neo-adjuvant therapy; however, this on its
own shouldn’t deter the physicians from adopting the
approach of upfront systemic treatment. Because of the
half-life is bevacizumab (20 d), at least 3-wk interval between the last dose of chemotherapy and surgery should
be considered; thus the last treatment may be offered
without bevacizumab. The choice of chemotherapy
regimen in relation to toxicities remains controversial
and may depend on the local guidelines and physicians
discretion.

with targeted therapies in order to have more robust data
to support the initial clinical findings.
With the current evidence, we support the view of
using doublet chemotherapy with bevacizumab or cetuximab in K-RAS WT patients and that of using doublet
chemotherapy with bevacizumab in K-RAS mutant
patients; however, where possible, triplet chemotherapy
along with targeted agents should be considered.
Challenges associated with neo-adjuvant chemotherapy for CLM: Although neo-adjuvant chemotherapy
has the potential to convert initially un-resectable disease
into resectable one for some patients, the frequency with
which this happens is still relatively low. There are some
important considerations in adapting this approach
which are summarised below: (1) one of the common
concerns about the neo-adjuvant chemotherapy in
initially resectable disease is the associated risk of progression of the disease due to delay in surgery. In the
EORTC 40983 study, 7% of the patients experienced
progressive disease during the time of pre-operative
chemotherapy leading to un-resectability; half of them
however had new lesions[56]. Some old reports indicate
poor prognosis in such patients partly attributable to the
inability to offer these patients surgical resection[70]; this
concept has however been challenged in recent times
with others suggesting that the progression of disease
rather reflects upon the aggressive disease biology and
may in fact prevent unnecessary surgical morbidity or
indeed mortality [14,71,72]; (2) with the recent advancements in cytotoxic and targeted therapy regimens, and
aggressive management of CRC, radiological CR to the
treatment can be observed in a proportion of patients.
This could lead to disappearance of initially observed
liver metastases and can pose a potential challenge for
physicians to form an appropriate treatment strategy.
Many published series have reported the increasing incidence and management of disappearing liver metastases
(DLM) with variety of chemotherapy regimens with out
without hepatic arterial infusion (HIA)[73-81]. The rate of
DLM has varied from 6.5% to 36%, partly due to the
fact that CR is largely dependent on the quality of preoperative imaging. It is important to recognise that CR
on imaging doesn’t always mean complete pathological
response. The true CR in the context of CLM could be
best defined as either complete pathological response
or no recurrence of the CLM, if let in situ[82]. The rate
of reported pathological response in the CLM setting is
largely variable, ranging from 9% to 58%[73,76,77,81,83]. This
could be attributed to several heterogeneous factors including the use of HIA, number and size of metastatic
sites, disease biology, pre-operative imaging techniques
and the number of cycles and duration of neo-adjuvant
chemotherapy. When CLM are left in situ, after achieving
CR on imaging, the recurrence rates have varied from
38% to 74%[74,76]; however, this had no major impact on
the OS of the patients when the CLM were left in situ as
the patients were offered re-resection or other localised
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Post-operative chemotherapy: Post-operative adjuvant
chemotherapy has well-defined role in high-risk patients
with CRC; however the data for adjuvant therapy in
stage Ⅳ disease is still limited. Two randomised phase Ⅲ
studies evaluated the role of adjuvant treatment in this
setting and their pooled analysis[91] the French FFCD
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9002[92] and EORTC trials (n = 278 patients) showed
median disease free survival (DFS) of 28 mo vs 19 mo
(P = 0.058) and OS of 62 mo vs 47 mo in favour of
chemotherapy (P = 0.095). Both trials used the same
chemotherapy regimen of 5-FU and leucovorin, administered for five days consecutively in a 4-wk cycle for
6 mo; however, both closed pre-maturely due to poor
accrual. The improvement in DFS and OS was deemed
statistically insignificant but could represent clinically
meaningful advantage.
The major criticism on these trials was the choice of
contemporary regimen which can be more toxic and possibly not active enough to reflect any significant advantage. Post-operative treatment with irinotecan in addition
to 5-FU in a multicenter phase Ⅲ trial showed no additional benefit compared to 5-FU alone. Although there
was a non-significant 3-mo increase in DFS (24.7 mo vs
21.6 mo), the 3-year survival rates with combination were
strikingly similar (73% vs 72%) to single agent therapy[93].
These results however need to be interpreted with caution
as at least three previous adjuvant trials utilising FOLFIRI
in stage Ⅱ/Ⅲ disease have failed to demonstrate any DFS
benefit[94-96].
The role of adjuvant chemotherapy in this setting
remains controversial partly due to the poor accrual and
pre-mature closure of clinical trials designed to address
this question; however, based on the benefit demonstrated in several clinical trials in high-risk CRC patients,
consideration should be given to adjuvant therapy particularly if the patient gained benefit from neo-adjuvant
therapy.

The NICE guidelines recommend that RFA is used
to treat CLM in patients who are unfit or unsuitable for
surgery, for those with recurrent disease or increasingly
as an adjunct to hepatic resection as a curative treatment
option (NICE, radiofrequency ablation for colorectal
liver metastases 2009). In addition RFA may be used repeatedly to achieve local tumour control.
The CLOCC study was a prospective trial which
examined the use of RFA in patients with CLM. This
randomised phase Ⅱ study aimed to establish the added
benefits of using RFA in addition to chemotherapy in
patients with unresectable liver metastases but no extrahepatic disease[99]. One hundred and nineteen patients
were recruited in the study; of those 59 patients had
chemotherapy alone, 60 had chemotherapy and RFA.
Median PFS was 16.8 mo in the RFA + chemotherapy
group, compared to 9.9 mo in the chemotherapy alone
group (P = 0.025). Thirty-month OS was 61.7% in
the RFA + chemotherapy arm, and 57.6% in the chemotherapy alone arm. The authors concluded that the
benefit of RFA in the treatment of liver metastases was
uncertain and further work was required. Otherwise,
the published data on efficacy of RFA in CRC mostly
comprises of retrospective series and requires cautious
interpretation. Minami et al[100] performed a review of
local tumour progression and OS after RFA and found
variable local recurrence rates after RFA (ranging from
8.8% to 40%) and described that 5-year OS ranged from
20% to 48.5%. The authors also reviewed the survival
rates after RFA in comparison to survival after hepatic
resection. For the majority of published papers OS after
RFA was significantly less than survival after hepatic resection[25,101,102]. The authors summarised that this difference may be due to the selection bias as RFA was mostly
used in patients who are unsuitable for hepatic resection
and thus may represent aggressive disease biology.
The variable and high local tumour progression rates
may limit the use of RFA. Some authors have therefore
tried to identify factors which affect tumour progression;
to date blood vessel proximity, the size of the metastasis
and the size of the radiofrequency ablation margin have
been shown to affect local recurrence rates in small series[24,103,104]. Although further work is required to validate
these findings, we suggest that these factors should be
carefully considered when offering RFA to the patients
with CLM.

LOCALISED TREATMENT OPTIONS
RFA
RFA is a local ablative method which can be carried out
using an open, laparoscopic or percutaneous technique;
the choice of procedure is often operator choice as there
is not any current evidence to support a superior approach. Lesions along the inferior edge of the liver and
multiple lesions are difficult to treat with RFA. Lesions
located close to large vessels (> 1 cm) may be incompletely treated as the proximity of a large vessel means
optimal tissue heating cannot be achieved, so called
the “heat sink effect”[97]. In these cases other treatment
methods may be more appropriate.
RFA is performed under local or general anaesthesia;
a high frequency alternating current is applied through
needle electrodes which are placed under imaging guidance, either with CT or ultrasound. Heat is generated
which results in localised coagulative necrosis and causes
destruction of the tumour [National Institute of Clinical Excellence (NICE), radiofrequency ablation for
colorectal liver metastases 2009]. RFA is a relatively welltolerated procedure; however the reported complications
range from 6%-9% with mortality of 0%-2%[98]. These
include liver abscess, pleural effusions, pneumothorax,
acute renal insufficiency and hypoxemia.
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SIRT: SIRT with or without chemotherapy can be used
to treat patients with CLM alone, or patients with limited extrahepatic disease. Localised high dose radiation
is applied to the metastases by the embolisation of small
vessels around the metastases. It is indicated for patients
who are unsuitable for treatment with surgery or ablation. As with local ablation the treatment can be repeated
(NICE IPG401 selective internal radiation therapy for
non-resectable colorectal metastases in the liver 2011).
To date only small randomised controlled trials
have been performed but some have been able to show
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improved median survival when SIRT was used with
systemic chemotherapy compared to systemic chemotherapy alone[105] and improved tumour response when
SIRT was used with hepatic artery chemotherapy (HAC)
compared to HAC alone[106].
SIRT may be potentially beneficial for the treatment
of unresectable CLM but more research is required to
demonstrate its efficacy and to establish the potential
use of SIRT in treatment naive liver metastases (NICE,
2011).

local ablation.

OTHER IMPORTANT CONSIDERATIONS
IN MANAGEMENT OF CLM
CLM with limited extra-hepatic disease
The presence of both synchronous liver and lung metastases doesn’t necessarily represent an absolute contraindication to surgery, as long as complete resection of
all metastatic sites is possible. One of the earlier studies
reported on the outcome of a series of 165 patients with
mCRC with 5 and 10 year survival rates of 39.6% and
37.2% respectively in un-selected population. Those patients who underwent hepatic metastasectomy (n = 26)
had 10 year survival of 34.1%; 21 patients had two or
three thoracotomies for recurrent CRC and for those the
reported 5 year survival was 52.1 mo from the time of
second thoracotomy. Patients with hilar or mediastinal
lymph nodes had the worst outcome with 5-year survival
of 6.2%[115]. Another study including 63 patients with
either lung only metastases (group 1, n = 45) or synchronous lung and liver metastases (group 2, n = 18), treated
aggressively with surgery showed no significant difference in survival at median follow-up of 24 and 27 mo
respectively in the two groups[45]. More recently, Gonzalez
et al[116] conducted retrospective analysis of 27 consecutive patients who underwent lung resection after previous hepatic metastasectomy for CRC. They reported 3
and 5-year survivals of 56% and 39% respectively with a
median survival of 46 mo. Likewise, another recent study
reported on the outcome of sixty-five patients who underwent surgery for liver and lung metastases from CRC.
In 33 cases, the first distant metastasis was diagnosed
synchronously with the primary tumour; for the remaining, median time interval between primary tumour and
first distant metastasis was 18 mo (5-69 mo). Five- and
10-year survival rates for all patients were 57% and 15%
from diagnosis of the primary tumour, 37% and 14%
from resection of the first metastasis and 20% and 15%
from resection of the second metastasis. After complete
resection, 5- and 10-year survival rates improved to 61%
and 18%, 43% and 17%, and 25% and 19%, in the three
scenarios respectively. Negative margins (P = 0.002), the
absence of pulmonary involvement in synchronous metastases (P = 0.0003) and single metastases in both organs
(P = 0.036) were associated with a better prognosis[117].
Some other studies also illustrated the importance of offering surgical resection in this context, where possible[118].
Although these data are largely based on retrospective
experience of various institutes, considering the difficulty
in designing prospective studies to evaluate outcome of
patients with limited extra-hepatic disease in the presence
of CLM, and based on our own experience[119,120], we feel
that aggressive surgical management of CLM patients
should still be considered where synchronous or metachronous limited extra-hepatic disease can be potentially
resected.

HIA CT: HIA chemotherapy with or without systemic
therapy can be used to downstage the tumour size or
following metastasectomy; based on the biological rationale that liver metastases primarily derive their blood
supply from the hepatic artery. Some studies have shown
encouraging results with HIA following metastasectomy;
however, sample sizes have often been small[107,108]. A
large randomised trial aiming to address the question of
post-operative HIA was closed pre-maturely due to poor
accrual[109], while another study was closed prematurely
on grounds of worst outcome[110]. The combination of
systemic chemotherapy with HIA has been evaluated
in a phase Ⅰ study[111]. This study recruited 49 patients.
Patients were treated with HIA plus systemic oxaliplatin
and irinotecan. ORR was 92% with 8% CR and 84% PR.
43% of the patients were able to undergo resection of
the tumour, with free margins in 19. Median OS for the
entire cohort was 40 mo.
Although these results were promising, and also some
other studies utilising this approach with various chemotherapy regimens showed improvement in the rate of
hepatic recurrence and recurrence-free survival[112]; OS
benefit was not gained with this approach[112,113]. HIA has
not so far been evaluated in large randomised clinical trials and is not routinely used in many parts of the world
in management of CLM.
Other local ablative methods: Microwave ablation and
cryotherapy are other ablative techniques which are used
to treat CLM. These also suffer from problems of high
local progression rates and the lack of prospective data.
Pathak et al[114] performed a systematic review of the use
of ablative methods for CLM. They found variable local progression rates and OS for RFA as Minami et al[100].
Twenty six cryotherapy studies were included showing,
local progression rates of 12%-39% and mean 5-year
overall survival of 17%. Thirteen microwave studies,
also showed variable local progression rates (5%-13%)
and mean 5- year OS of 16%.
Local ablative techniques are increasingly used for
patients with CLM, in both a curative and palliative setting. RFA, cryotherapy and microwave ablation have the
potential to improve survival for patients with CLM;
however these techniques are hampered by variable local
progression rates and survival rates are lower than those
for curative resection. Evaluation in large randomised
trials is required to further clarify the emerging role of
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Re-resection of CLM or oligo-metastatic disease
Up to 70% of the patients, who had hepatic resection
for CLM, could present with recurrent disease and the
most frequent site of recurrence is liver[19,121,122]. In the
presence of controlled primary disease, recurrent hepatic metastases could be a result of the development of
occult tumours not detected at the time of initial resection or with more recent evidence, could represent metastases from the previous hepatic secondary[123,124]. Lung
is the second most common site of metastatic disease
from CRC; however, the frequency of isolated lung metastases with CRC is 1%-5%. Lung metastases tend to be
more commonly associated with rectal rather than colon
primary[125]. This perhaps suggests that majority of pulmonary metastatic disease grows from the CLM[126,127].
Regardless of the pathophysiology, re-resection of
oligo-metastatic disease, where possible has been the only
treatment modality that has shown improvement in longterm survival[46,128-130]; in the absence of randomised controlled trials, these data are valuable and demonstrate the
safety of the aggressive surgical approach[131-136]. There is
however some conflicting evidence questioning the efficacy of re-resection[137]; nevertheless, most reported series show promise with achievement of better long-term
survival[138,139].
We suggest offering surgical resection in the event
of recurrence; however, careful consideration should be
given to the disease biology, relapse-free interval from
the last resection, extent of metastatic disease and comorbidity status of the patients.

mutations in the context of CRC. Additionally, ARID1A,
SOX9 and FAM123B were also found to be frequent mutations, which were not previously defined as common
mutations in CRC. WNT signalling pathway was found to
be altered in 93% of all tumours[145]. All these data highlight the genetic complexity of CRC and associated significant challenges in management of this disease. At the
same time, this however, allows a wide window of opportunity for further research in order to form effective
and more robust strategies in targeting these pathways.
Heterogeneity between the primary and secondary CRC
Intra-tumour heterogeneity is a well-established phenomenon which can contribute to treatment failures and
drug resistance in various malignancies[123,146-151]. Other
important consideration is the heterogeneity of mutations between the primary and the secondary tumours.
This is particularly important in the context of CRC, as
treatment plan could vary significantly based on the RAS
status of the tumour. Several studies have examined the
heterogeneity of CRC and any existence of discordance
in the mutations between primary and secondary tumour
with variable results. Baldus et al[152] found that heterogeneity between primary and secondary tumours in CRC
samples was present in 10% for KRAS and 5% with
PIK3CA mutations. A large systemic review included 21
studies, examining the concordance of KRAS between
the primary CRC and metastases. This study found an
overall concordance rate of 93% (range 76%-100%),
98% and 68% in KRAS, BRAF and PTEN loss respectively[153]. It is however noteworthy that KRAS mutation
has always been considered as one of the early events in
CRC tumorigenesis[140,154]; nevertheless, the small rates of
discordance may have an impact on the choice of treatment as KRAS/RAS is currently the only validated biomarker in management of CRC. The molecular profiling
of primary and metastatic disease in modern era will
perhaps further unfold the late events causing heterogeneity of the primary tumour followed by progression of
one clone, resulting in metastases[142]. Given that CLM
patients can potentially live longer than they used to live
a decade ago, the development of late mutations leading
to drug resistance will become more relevant in the context of systemic management of CLM.

CHALLENGES AND FUTURE DIRECTIONS
Molecular complexity in CRC
The complex stepwise process of CRC tumorigenesis
was first proposed by Vogelstein two decades ago[140].
Over the years, our understanding about the heterogeneity in CRC tumorigenesis has improved exponentially.
Traditionally, CRC is biologically divided into those with
microsatellite instability (MSI) which is frequently associated with CpG island methylator phenotype and hypermutation and those with microsatellite stable but chromosomally unstable disease[141]. Other investigators[142,143]
unfolded the critically important genes and pathways
important to CRC tumorigenesis; those included WNT,
RAS-RAF-MAP, P53 and DNA mismatch-repair pathways[144]. In 2012, the cancer genome atlas network published results of molecular characterization performed
in CRC[145]. Genome-scale analysis comprising of whole
exome sequencing, DNA copy number, promoter methylation, messenger RNA and microRNA expression were
performed on 276 samples with CRC. This consortium
highlighted the complex molecular biology of CRC; 16%
of CRC were found to have hypermutation (75% with
expected high MSI and 25% with somatic mis-match repair gene). Excluding the hypermutated patients, 24 genes
were mutated in other patients; of those APC, TP53,
SMAD4, PIK3CA were previously established relevant
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Emerging therapies
A variety of drugs are under evaluation in management
of CRC. They can be broadly divided into growth factor
receptor inhibitors targeting EGFR and VEGF pathways, RAS pathway inhibitors and PI3K-AKT-mTOR
pathway inhibitors. There is also growing interest in
targeting WNT pathway due to the frequent aberration
of this pathway in CRC. At the same time, there remain
challenges in aberrant compensatory pathways, which
could lead to resistance to these targeted therapies. Additionally, the druggability of these targets is yet under
evaluation. The two new agents approved by United
States Food and Drug Administration are regorafenib
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and aflibercept[155-158]. These new drugs are likely to be
investigated in clinical trial setting in the management
of CLM, particularly in patients with disease, which
is deemed borderline or un-resectable at the outset.
There are several other new drugs under evaluation
in phase Ⅰ setting as single agent and as combinations[159-161]; these may become part of armoury of CRC
management in future.

6

7

CONCLUSION
CRC is one of the commonest cancers with high incidence and mortality associated with metastatic disease.
Vast majority of patients with metastatic disease may present with CLM; of those some have CLM alone or in the
presence of limited extra-hepatic disease. Surgical resection of CLM, where possible remains the most effective
treatment to achieve long-term cure; however, optimal
patient selection with utility of available imaging techniques and comprehensive multi-disciplinary involvement
is paramount to avoiding un-necessary surgical complications and achieving long-term cure.
Where R0 resection is possible, perioperative chemotherapy should be considered for three months preoperativey followed by another three months of postoperative chemotherapy.
For patients where R0 resection is not possible, aggressive preoperative chemotherapy approach with EGFR
or VEGFR targeted therapy along with chemotherapy
backbone of FOLFOX or FOLFIRI should be considered. Where possible, either in the context of clinical
trials or local availability of drugs, triplet chemotherapy
should be encouraged as this can potentially increase the
chances of resectability by optimising the response to the
treatment. For patients who present with synchronous
CLM, the optimal timing for resection of primary and
the metastatic disease is uncertain. One-stage surgery
with resection of both primary and the secondary can be
considered, where surgical expertise allow that; otherwise
resection of CLM could be performed 6-8 wk after resection of the primary or vice versa. The role of localised
treatments as an adjunct to systemic therapy and surgery
is rather uncertain but these approaches can be considered on case-to-case basis.
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Core tip: Immune reactions accompany all stages of
colorectal carcinogenesis and cancer progression. Recent evidence has shown that innate immunity pathways play a fundamental role in maintaining colorectal
epithelial homeostasis and confer antitumor protection.
However an excessive and unresolved innate immune
reaction is the base of chronic colitis which is a wellknown risk factor for colorectal cancer. Once the tumor
has developed a number of immune cells may either
favorably take under control its growth (CD45RO+CD8+
T cells) or favor its progression and metastatic spread (T
regulatory cells). A fine regulation of all antitumor immune components is therefore necessary to design a
proper immune-based therapeutic approach in colorectal cancer care and prevention.
Original sources: Formica V, Cereda V, Nardecchia A, Tesauro M,
Roselli M. Immune reaction and colorectal cancer: Friends or foes?
World J Gastroenterol 2014; 20(35): 12407-12419 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v20/i35/12407.htm
DOI: http://dx.doi.org/10.3748/wjg.v20.i35.12407

Abstract
The potential clinical impact of enhancing antitumor
immunity is increasingly recognized in oncology therapeutics for solid tumors. Colorectal cancer is one of the
most studied neoplasms for the tumor-host immunity
relationship. Although immune cell populations involved in such a relationship and their prognostic role in
colorectal cancer development have clearly been identified, still no approved therapies based on host immunity
intensification have so far been introduced in clinical
practice. Moreover, a recognized risk in enhancing immune reaction for colitis-associated colorectal cancer
development has limited the emphasis of this approach.
The aim of the present review is to discuss immune
components involved in the host immune reaction
against colorectal cancer and analyze the fine balance
between pro-tumoral and anti-tumoral effect of immunity in this model of disease.

INTRODUCTION
Colorectal cancer is the third leading cause of cancer death
worldwide and it is estimated that 190000 new cases of
and 35000 deaths from colorectal cancer will be recorded
in 2014 in the United States[1]. It is now accepted that the
original carcinogenetic event hits the stem cells lying at
the base of the intestinal crypts[2], and in many cases a
developing process from epithelial hyperplasia, through
dysplasia and adenomatous polyposis, to malignant
transformation occurs, with accumulating gene mutations underlying this phenomenon[3-5].
There is an interesting debate among several scientists
and clinicians on the dual role of immune/inflammatory response in colon carcinogenesis[6]. A considerable
amount of preclinical and clinical findings have showed
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that mucosal immune/inflammatory cells can either promote or inhibit colorectal cancer (CRC) cell growth.
According to the association with inflammatory processes, two types of CRC are recognized: Sporadic CRC
(SCRC) that is thought to arise from intrinsic genetic instability with inflammation being subsequent to cancer onset,
and inflammation-induced CRC (colitis-associated CRC,
or CAC) that is initiated by chronic inflammatory bowel
disease (IBD). Two major forms of IBD occur in humans,
ulcerative colitis (UC) and Chron’s disease (CD), and both
of them may associate with CRC development, with CD/
CRC correlation being moderate, whereas UC patients
have a well-defined elevated risk of cancer diagnosis[7,8].
The extension and duration of the chronic inflammation
correlate with the entity of cancer risk, however, it is not
fully understood why CRC occurs only in a minority of
IBD patients.
Like most solid tumors, both SCRC and CAC exhibit
immune/inflammatory infiltrates, referred to as ‘tumorelicited inflammation/immunity’, and a differential effect
on patient outcome has been observed for distinct immune ‘players’. As an example, CD4(+) T-helper 1 (T(H)1)
cells and CD8(+) cytotoxic T cells seem to constitute a
positive prognostic sign in CRC, whilst it has been shown
that myeloid cells, T regulatory cells (Tregs) and T-helper
interleukin (IL)-17-producing (T(H)17) cells can promote
tumorigenesis and associate with a drastic decrease in
disease-free survival in stage Ⅰ/Ⅱ CRC[9].
Finally many epithelial cancers develop proximally to
microbial communities, which are physically separated
from immune cells by an epithelial barrier. Baseline immune response to these commensals and perhaps the epithelial barrier deterioration induced by the tumor tissue with
invasion of microbial products may substantially contribute to the extent and nature of the inflammatory/immune
response seen in CRC[10].
It is conceivable that the type, degree and timing of
inflammatory/immune infiltrates and related cytokines
can have a pivotal role in the initiation and progression
of colon carcinogenesis, response to standard antitumor
therapy and patient clinical outcome.
In the present review, we describe recent findings on
the link between inflammation/immunity and CRC and
summarize the role of different tumor-infiltrating innate
and adaptive immune cells in promoting, sustaining or
restraining CRC growth.

a growth advantage to a particular subset of opportunistic bacteria colonizing the intestine. In particular, the opportunistic pathogens Streptococcus spp have been put
forward as co-causative tumor factor.
In the 1950s, reports were published indicating a possible association between streptococcal infection and carcinomas of the gastrointestinal tract[11]. Boleij et al[12] have
recently reviewed 31 studies documenting overall a 65%
probability of colorectal neoplasia in patients with Streptococcus Bovis infection. Not all streptococcus bacteria seem
to have the same carcinogenic potential and only a subspecie of Streptococcus Bovis, the Streptoccucus gallolyticus gallolyticus, has been found to be strongly related to colorectal
cancer[13].
The suggested pathogenetic model relies on the preferential colonization by S Gallotycus of preneoplastic adenomatous lesions as a result of favourable metabolic and
nutritional changes occurring in the dysplastic epithelium
microenvironment (in particular high concentrations of
lactate and carbohydrates)[14]. Once S Gallolyticus infection of adenomatous sites is established, the bacterium
induces an inflammatory reaction consisting of hyperexpression of (COX-2) pathway[15,16].
COX-2 determines sustained epithelial cell proliferation and inhibition of apoptosis and triggers neoangiogenesis[17]. High COX-2 levels have been detected in approximately 85% of colon carcinomas[18], and consistent
evidence suggests a protective role for anti-COX drugs (i.e.,
non-steroidal anti-inflammatory drugs, such as aspirin)
against colorectal cancer development and progression[19].
The use of microbiological tests for streptococcal infection in human samples (e.g., fecal or peripheral blood
serological tests) has raised interest as a potential tool
of early CRC detection. However, early attempt to diagnose colorectal neoplasia on the basis of Streptococcal
colonization have proven of limited value. In particular,
it is estimated that only half of colorectal neoplasia are
colonized by S gallolyticus, moreover current serological
assays exploit immune recognition of antigens expressed
on S gallollyticus pilus, which are characterized by a wide
sequence heterogeneity[20]. Results of serological testing
for S gallolyticus with the multi-antigen approach produced sensitivity results between 16% and 43%[21].
The association between bacterial infection and CRC
development was also studied in the context of chronic
inflammation in patients with IBDs. Several commensals,
such as Fusobacterium varium, Bacteroides vulgatus,
Escherichia coli, Helicobacter Hepaticus and Clostridium
Clostridioforme, are commonly isolated from the mucosa
of IBD. It has been demonstrated that these bacteria can
adhere to colonic epithelial cells and invade their cytoplasms, resulting in the release of tumor necrosis factor
(TNF)-α, IL-8 and IL-6. All such cytokines may predispose to IBDs and CRC[22].
In particular, recent findings in mouse model of CAC
have indicated that H. hepaticus and E.Coli promote
chronic colitis and tumorigenesis with E. Coli inducing
also the expansion of pathogenic viruses, fungi and para-

IMMUNITY AND CRC DEVELOPMENT
Bacterial-induced immunity and risk of developing
colorectal cancer
A great amount of research has dealt with the possibility
that intestinal infection by “carcinogenic” bacteria might
be linked to colorectal cancer development, with the assumption that pro-tumoral effect of infective processes
is associated with a persistent and unresolved inflammatory reaction triggered by certain microorganisms.
In presence of a colorectal cancer, it has been shown

WCGO|www.wjgnet.com

2190

February 8, 2015|First Edition|

Formica V et al . Immunity and colorectal cancer

sites with genotoxic capabilities[23,24].
Overall these results indicate that colonisation of certain
microorganisms in the background of predisposing factors
contribute to CRC carcinogenesis. Their main effect seems
to rely on fuelling protracted inflammatory reaction which
is a well-known cause of cancer development, rather than
a direct mutagenic attack of the host.

for RIP2. They found that TLRs on Intestinal Epithelial
Cells (IECs) are normally activated by commensal microorganisms and this symbiotic recognition is required
for epithelial physiology. The initial hypothesis was that
deficiency in TLRs pathway would determine attenuated
inflammatory response and hence reduced colitis.
They unexpectedly observed in MyD88-/- mice severe colitis and increased mortality upon DSS administration, as compared to wild type (WT) mice, suggesting
a protective role of MyD88-dependent axes. MyD88 is
an essential mediator for many molecular cascades including those activated by TLRs, and receptors for IL-1
and IL-18. Authors decided to further explore the role
of TLR2 and TLR4.
TLR2-/- or TLR4-/- partly reproduced MyD88-/susceptibility to DSS colitis, with less severe clinical effects, thus inducing authors to conclude that MyD88
protective action was the result of influence on multiple
molecular pathways including TLR4 and TLR2. They also
investigated MyD88-independent inflammatory axes, in
particular those dependent on the receptor-interacting
protein (RIP)2, a mediator of cytoplasmic PRRs (the
NOD1 and NOD2 receptors) which ultimately determines activation of the NF-κB transcriptional factor and
MAP kinases, but found no increased susceptibility to
DSS in RIP2-/- mice.
DSS induced limited damage in colon of WT mice
that started from day 5 and resolved by day 12 with
complete epithelial regeneration in 100% of cases. In the
MyD88-/- mice, epithelial ulcers and erosions occurred
as early as day 3, were more severe and persisted after
day 12 with lethal effect, suggesting a role of MyD88
in regulating both epithelial resistance to injury initiation and post-injury epithelial repair. An uncontrolled
bacterial overgrowth as the cause of severe DSS-colitis in
MyD88 -/- mice was excluded as treatment with broadspectrum antibiotics did not change the experimental
results and, before DSS administration, there was no difference in faecal bacterial load between WT and MyD88
-/- mice. In an assay of intraperitoneal injection of Bromo deoxyuridine, more proliferating intestinal epithelial
cells (IECs) were found in MyD88 -/- mice at baseline,
but in the meantime, after DSS administration and injury, a defect in IEC proliferation and crypt repopulation
was observed as compared to WT, indicating that a baseline hyperproliferative state may partly explain increased
susceptibility to injury, but a reduced reparative capacity
may account for the prolonged and lethal effect of DSS
in these mice. MyD88 intervenes in the functioning of
multiple molecular pathways and authors did not evaluate if the dual and opposite effect of MyD88 in cell cycle control derives from two distinct MyD88-dependent
molecular signals.
Authors also explored MyD88-induced cytokines potentially responsible for epithelial resistance and regeneration, and in particular focused on IL-6, which had been
found to contribute to gastrointestinal wound healing[31].
TLR/MyD88 axis regulates gene expression (including

Innate immunity pathways and CRC development
Innate immunity is the first-line defence against microbial
attack on intestinal surface. Microbes are initially recognized by means of surface and intracellular receptors that
link to conserved molecular patterns of microbial origin,
the so called pattern recognition receptors (PRRs). Several types of PRRs have so far been identified in humans,
but two classes of PRRs seem to play a major role in
intestinal innate immunity: the cytoplasmic NOD (nucleotide-binding and oligomerization domain) and NODlike receptors (NLRs) and the membrane-bound toll-like
receptors (TLRs)[25,26].
PRRs function on both epithelial and stromal myeloid
cells, and excessive and uncontrolled PRRs activation by
commensal and pathogen bacteria has long been considered the base of permanent inflammation in IBDs and
CAC[27]. CAC approximately accounts for 2%[28] of all
diagnosed CRCs, whereas sporadic cancers (SCRC) cover
about 95% of cases. Even though SCRCs are thought to
progress through a carcinogenetic process different from
that of CAC, that is distinctive multiple step genetic loss,
involving initial mutation of APC and activation of betacatenin and subsequent mutations of K-Ras, PIK3CA
and TP53[29], some of SCRCs may hold an ‘inflammatory
gene signature’ reminiscent of CAC genetic landscape.
Three remarkable researches have explored the role
of PRRs in CAC development using a murine model of
chemical induced colitis with dextran sulfate sodium, DSS,
which recapitulates human IBDs, and of CAC induced
with DSS and the addition of azoxymethane (AOM).
These researches have called into question the univocal
protumoral role of innate immunity as innate immunity
pathways are active both in inflammatory cells of the lamina propria (macrophages, dendritic cells and neutrophils)
and in epithelial cells and in the epithelial tissue they seem
to favourably contribute to cell homeostasis and protect
against colitis and CAC.
These studies were focused on the transmembrane
receptors TLR-4 (recognizing lipopolysaccharide, LPS,
of gram negative bacteria) and TLR-2 (recognizing lipoteichoic acid, LTA, of gram positive bacteria) and their
related intracellular signal transducer Myeloid Differentiation 88 (MyD88), on the NOD1 and NOD2 receptors
and their mediator Receptor-interacting protein 2 (RIP2),
and on the NLR-P3 and its final molecular effectors caspase 1 and 12.
TLR-2/TLR-4/MYD88 axis: Rakoff-Nahoum et al[30]
explored in 2004 the susceptibility to DSS-induced colitis of mice knockout for TLR4, TLR2 and MyD88, and
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Figure 1 Model proposed by Rakoff-Nahoum et al[30]. Competent TLR4/TLR2/Myd88 pathway is physiologically activated by commensal micro-organisms and
maintains epithelial homeostasis (A). Deficiency in TLR4/TLR2/Myd88 signal determines increased epithelial vulnerability and bacterial translocation with chronic colitis
and cancer development (B). IECs: Intestinal epithelial cells; TLR: Toll-like receptor; CRC: Colorectal cancer; IL-6: Interleukin-6; MyD88: Myeloiddifferentiationfactor88.

IL-6) via NF-κB transcriptional factor[32] and IL-6 was
upregulated in WT mice (IL-6 flare) after DSS injury.
Conversely, IL-6 upregulation was not seen in MyD88
deficient mice after DSS. Moreover, since antibiotic treatment abrogated baseline IL-6 production in WT mice,
they argued that commensal flora determines physiological activation of MyD88 signal with induced IL-6 secretion, indispensable for epithelial regeneration after DSS
injury.
IL-6 flare after DSS administration in WT mice, in
fact, was abrogated by intense treatment with four antibiotics which sterilized from all commensal microflora,
making these mice similar to MyD88-/- in that they displayed severe colitis and died after 12 d (Figure 1). However, Rakoff-Nahoum et al[30] did not investigate whether
exogenous IL-6 administration was able to restore epithelial competence against DSS insult in this model. Moreover, it was not evaluated the cell type source of MyD88induced IL-6. Stromal macrophages would be the most
probable IL-6 suppliers, however also epithelial cells may
express TLRs, MyD88 and IL-6 as suggested by a baseline
IL-6 production in WT mice with intact epithelium.
Finally, the crucial interaction between MyD88 and
TLR4 and TLR2 receptors was investigated in the RakoffNahoum study. Experiments with TLR4-/- and TLR2-/mice and with the specific agonists LPS for TLR4 and
LTA for TLR2 were performed. They found that resistance to DSS-colitis was restored in mice completelydepleted by commensals if either LPS or LTA was coadministered. Specificity of these findings was confirmed
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by the fact that the rescue administration of LPS was
ineffective in TLR4-/- and effective in TLR2-/-. This
final finding suggests that one of the two axes (TLR4
or TLR2) is sufficient to maintain homeostasis, which
is slightly in contrast with their initial observation that
knockout mice for either TLR4 or TLR2 still suffer from
severe DSS-induced colitis. Rakoff-Nahoum et al[30], moreover, did not evaluate if MyD88-/- model was also associated with increased tumorigenesis upon administration of
DSS+AOM, however they affirmed that any component
contributing to persistent inflammation would also potentially associate with high risk of cancer development.
Rakoff-Nahoum’s results were reproduced in 2005 in a
separate study by Araki et al[33].
NLRS/caspase 1/caspase 12/IL-18 axis: DupaulChicoine et al[34] evaluated the role of caspase 1 and 12 on
the risk of colitis and CAC. The molecular cascade terminating with caspase-1 inflammasome is a well-established
pathway activated during colorectal inflammation both
in mesenchymal and epithelial cells. Caspase-1 is the
downstream target of a number of intracellular receptors sensing a potential harm,and in particular for NLRs,
including those containing the pyrin domain (NLRPs),
those containing caspase recruitment domain - 4 (NLRC4)
and those inhibiting apoptosis. Caspase-1 ultimately determines the proteolytic cleavage of pro-IL1beta and proIL-18 in their respective active forms and induces an ‘inflammatory cell death’ named pyroptosis[35]. Caspase-1 is
counterbalanced by caspase-12 which possesses inhibitory
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function on inflammasome activity.
At the end of this inflammatory cascade, IL-18 seems
to play the more ‘articulated’ and complex role, with apparently contradictory evidence. Increased circulating
and mucosal levels of IL-18 are associated with severe
IBD[36]. Moreover in a study by Sivakumar et al[37] using
the mouse model of DSS-induced colitis, a selective
IL-18 inhibitor (the IL-18 binding protein IL-18bp.Fc)
was able to reduce IBD manifestations (such as weight
loss) and down-regulate many cytokine transcripts
known to drive inflammation, including IL-1alpha, IL1beta, TNF-alpha and IFN-gamma. In contrast to these
observations, in humans genetic variants associated with
reduced functionality of IL-18 axis are risk factors for
IBD[38].
It is hypothesized that IL-18 plays a dual role: it maintains intestinal epithelial homeostasis by inducing epithelial cell regeneration and wound healing upon commensal
microbial attacks under physiological conditions; while
in pathological conditions, when the epithelial barrier is
breached and chemical or microbiological colitis is initiated, it sustains the excessive inflammatory reaction within
the stroma with increased risk for CAC[39].
Dupaul-Chicoine et al[34] analysed three genotypes of
mouse (WT, caspase 1 -/- and caspase 12 -/-) and assessed
their ability to repair colon tissue damage induced by DSS
administration. As caspase 1 drives inflammasome formation and robust inflammatory responses, authors would
have expected an attenuated colitis in Casp1-/- mice after
DSS insult. Surprisingly, they found that caspase 1 has
a crucial role in epithelial proliferation and regeneration
after injury and, while on day 5 of DSS administration
mice of all genotypes displayed epithelial erosion, by day 8,
only WT mice had epithelial recovery and restitution, conversely casp1-/- displayed persistent signs of colitis, developed severe diarrhoea and rectal bleeding and all died
by day 9. Interestingly, as well as wt mice, also Casp 12-/recovered by day 9. However casp12-/- mice showed exaggerated tissue repair with hyperplastic crypts at the end
of the experiment, suggesting a possible role for caspase
12 as a brake for excessive tissue regeneration acting at
the end of the injury and repair process. In Casp1-/- mice
there was also at day 5 an enhanced infiltration of inflammatory cells (macrophage, CD4+ cells and neutrophils) in
the lamina propria, and increased translocation of commensal bacteria in the colonic stroma as measured by a
16S rRNA qPCR assay. The NF-κB pathway, as measured
by the total colonic expression of its target gene IkBa, was
also hyperactivated. Exogenous administration of IL-18,
a final product of caspase 1 activity, completely reversed
the Casp1-/- mice susceptibility to DSS-colitis, suggesting
that IL-18 is the pivotal mediator of caspase-1 dependent
epithelial regeneration. IECs seemed the principal source
of ‘reparative’ IL-18, as adoptive transfer of wild type myeloid cells (normally secreting IL-18) to casp1-/- mice did
not reverse DSS-induced colitis as did IL-18 exogenous
administration. Moreover, protein expression analysis of
different cellular compartments in wild type mice (IECs,
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macrophages, dendritic cells, and lymphocytes) demonstrated the highest IL-18 production by IECs after 5 d of
DSS administration.
An interesting “disease profile” was seen in casp12-/mice. Even if the recovery, as mentioned above, was
‘clinically’ the same as WT mice, stromal inflammation
on day 5 to 8 was enhanced with robust macrophage
infiltration and increased expression of several NF-κB
gene targets and inflammatory cytokines (COX2, Bcl-xl,
cyclin D1, IL-1, IL-6, TNFa, MCP-1, Il11, ccl7 and TNFa-induced protein 2), thus confirming a role of caspase
12 in limiting stromal inflammation. Moreover, cap12-/mice were more susceptible than WT mice to colitis induced by chronic low doses of DSS, which is driven by a
sustained inflammation in the lamina propria rather than
by a direct epithelial injury.
Both Caspase 1 and caspase 12 deficiency also rendered
the mice more prone to tumorigenesis in the DSS+AOM
model, suggesting how crucial the uncontrolled chronic
inflammation is for colorectal carcinogenesis.
Even though the findings were reminiscent of Rakoff-Nahoum model, authors did not investigate possible
connections between TLR/MyD88 and caspase 1/IL-18
signals. TLR4, apart from NF-κB, can activate caspase
1 via the intracellular mediator TRIF[40], and MyD88, as
mentioned, regulates also the IL-18 receptor signal. Interaction between MyD88 and caspase 1 activity has been
reported by other authors[41]. Moreover, experimental
manipulations applied were not consistent across the two
studies. For example, the contribution of commensal
flora to caspase-1/IL-18 driven repair was not assessed as
no test with antibiotics was performed.
IL-18/IL-18R/MYD88 axis: The third key research
was published by Salcedo et al[42]. They assessed whether
MyD88 deficiency was also associated with increased tumorigenesis by maintaining alive with hydration MyD88-/mice after the DSS course, and then administering AOM
to recapitulate the pathogenesis of CAC. Authors confirmed a much higher mean number of colonic polyps in
Myd88 -/- than in WT mice at day 60 after AOM challenge, thus suggesting that the pro-inflammatory state of
these mice enhances also the tumorigenic effect of AOM.
It was shown, however, by labelling test for Ki67, that
epithelial proliferation and regeneration were impeded
in Myd88-/- mice, a feature that is difficult to reconcile
with the increased susceptibility to the development of
polyps after AOM/DSS treatment. To clarify this aspect,
authors performed a gene expression profiling of the
total colons of AOM/DSS-treated Myd88-/- and WT
mice and looked at the expression of cell proliferationassociated genes. They found that genes of the epidermal
growth factor receptor, Met, and beta-catenin pathways
were preferentially induced in Myd88-/- mice after
AOM/DSS administration, indicating that compensatory mechanisms are apparently activated in the abortive
attempt to maintain the integrity of the colonic mucosa.
Such an ‘abortive attempt’ would therefore fail in repair-
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ing the tissue while rendering the mice more sensitive to
the tumorigenic action of AOM. Moreover a decreased
expression of mismatch DNA repair genes was also observed, which correlated with a higher frequency of betacatenin mutations and colon adenocarcinomas formation
after a prolonged period of observation. In parallel IL-18
-/- and IL-18 receptor (IL-18R) -/- mice were also investigated, observing a similar phenotype, although attenuated, to MyD88-/-. Moreover, similar gene expression
profiles were seen for IL-18-/- and IL-18R-/- mice. The
precise connection between MyD88 and IL-18 was still
not investigated, and Salcedo et al[42] concluded that the
more probable explanation of such an interplay would
rely on the permissive role of MyD88 upon IL-18R
activation, which allows for epithelial regeneration. As
mentioned above, a possible MyD88-dependent production of IL-18 cannot be excluded[43]. Moreover, it was not
clarified whether this MyD88/IL-18 circuit that implies
self-regulation of epithelial cell growth is completely
‘epithelium confined’ (autocrine loop) or involvement of
stromal components is required. Experienced researchers argue that an involvement of stromal macrophages
is necessary in the reparative process, so that IL-18 is
released by IECs upon injury and activates underlying
IL18-R-expressing macrophages which in turn produce
epithelial growth factors targeting IECs for the regenerative task[44]. Nonetheless, a completely autocrine circuit
cannot be excluded since IECs express IL-18R[45], and it
has been demonstrated that stromal infiltration by myeloid cells does not influence the DSS-induced colitis in
the casp1-/- model.
Overall these three studies highlight the dual role of
innate immunity. The baseline natural immune response
to commensal microbes is mainly epithelium-confined, is
necessary to protect against inflammation and cancer not
only for its bactericidal effect but also for a fine regulation of epithelial cell cycle, and alteration with antibiotics
of the intestinal ecology is a cancer predisposing factor.
On the other hand, the same innate immunity pathways
are responsible for cancer development in chronic colitis thorough maintenance of an “inflammatory vicious
circle” which is mainly stromal-based.

meostasis seen for TLR4-/-, TLR2-/- and MyD88-/models.
It was suggested that epithelial SIGIRR functions as regulator of normal immune response to commensal microbes
and when absent an excessive inflammatory response to
normally colonizing bacteria occurs thus determining epithelial disruption and increased severity of DSS-induced
colitis and AOM+DSS tumorigenesis.
However SIGIRR is also an inhibitor of IL-18/IL-18R
axis[47], which has been demonstrated pivotal in epithelial
regeneration. On that respect SIGIRR -/- mice should
be more protected from, rather than susceptible to, DSS
insult, but this was not the case of Xiao’s model. Effect of
SIGIRR deficiency on IL-18 function was not investigated
by Xiao et al[46].
NLRP6: The second investigated ‘inflammatory brake’
was a member of NLR family containing a pyrin domain,
the NLRP6. Some NRLs (e.g., NOD1 and NOD2) induce anti-microbial cytokines expression via NF-κB and
MAPK signalling, whereas others (e.g., NLRP1, NLRP3
and NLRC4) trigger inflammatory caspases and formation of inflammasome protein complexes [48]. NLRP6
has only recently been characterized and seems to downregulate inflammatory response in the intestinum[49] thus
preventing chronic colitis and subsequent tumorigenesis.
In a recent research by Normand et al[50], a mouse model
of genetic NLRP6 deficiency (nlrp6 -/-) was used to demonstrate that this receptor is mainly expressed by fibroblast
within the colonic mucosa and its absence is associated
with enhanced and prolonged inflammatory reaction following DSS administration for 7 d. Mice had also worse
surrogate-markers of colitis as compared to WT animals,
such as weight loss, rectal bleeding and diarrhoea. Moreover NLRP6 deficiency was also associated to superior
tumorigenesis in the DSS + AOM experiment.
Overall, these studies exploring knockout models for
‘brakes’ of inflammation confirm that all molecular components (negative or positive regulators) are fundamental
for the fine epithelial homeostasis and cancer prevention.
Altering in any direction pro-inflammatory and/or antiinflammatory mediators leads to the same pro-colitic/
pro-cancerogenic effect.

Role of ‘inflammatory brakes’ in carcinogenesis
Apart from caspase 12, the “inflammatory brake” investigated in the study by Dupaul-Chicoine et al[34] other two
studies have explored molecules known for dampening
the inflammatory response.

IL-23/IL-17 and colorectal cancer
The IL-23/T helper 17 cells (Th17) pathway is recognized as one of the most important etiological factors in
IBD and CRC development and studies evaluating the
pro-inflammatory or anti-inflammatory roles of IL-17,
the distinctive cytokine of Th17, are ongoing.
Th17 are a subset of T helper cells producing IL-17
discovered in 2007. They are considered developmentally
distinct from Th1 and Th2 cells and excessive amount
of these cells is thought to play a key role in autoimmune
pathologies such as Crohn’s disease[51].
The physiological role of Th17 cells is suggested by
studies that have demonstrated preferential induction of
IL-17 in cases of host infection with various bacterial and

SIGIRR: In a genetic engineered mouse model by Xiao
et al[46] the effect of the inhibitory SIGIRR (Single immunoglobulin IL-1-related receptor) molecule was investigated for relation to colitis and CAC. SIGIRR is an
intracellular inhibitor of the TLRs pathway, yet SIGIRR
-/- mice have an higher susceptibility to DSS similar
to TLR4 and TLR2 -/- mice, suggesting that SIGIRR
deficiency may contribute to enhanced DSS-colitis with
a mechanism different from the impaired epithelial ho-
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fungal species at the epithelial/mucosa interface. Among
the cytokines released by Th17 is also IL-22 which stimulates epithelial cells to produce anti-microbial proteins
specifically directed against certain types of microorganisms such as Candida spp and Staphylococcus spp. A lack
of Th17 cells has been demonstrated to render the host
more susceptible to opportunistic infections[52].
The process of Th17 maturation and differentiation
from naive T cells is not yet completely understood.
A combination of cytokines, including transforming
growth factor (TGF)-β , IL-6, IL-1, IL-21 and IL-23
have been implicated, whereas IFNγ and IL-4, the main
stimulators of Th1 and Th2 differentiation, respectively,
have been shown to inhibit Th17 differentiation [53].
IL-23, however, is thought to be the main stimulator of
IL-17 production by Th17 and other IL-17 producing
cells[54].
Gene expression signature compatible with Th17 cell
infiltration has been associated with shorter disease free
survival in patients with radically resected stage Ⅰ/Ⅱ
colorectal cancer, and this was explained by the immunosuppressive role of Th17 cells[55].
Grivennikov et al[56] confirmed a nearly three-fold higher
expression of IL-23 and IL-17 in tumor tissue of 7 colorectal cancer patients as compared to the adjacent normal
mucosa. They also studied the role of IL-23 and IL-17 in
a mouse model of colorectal carcinogenesis based on
the preferential allelic loss of Apc in the colonic epithelium (the so-called CPC-APC mice). CPC-APC mice
reproduce human colorectal cancer development in that
preneoplastic lesions may be indentified (dysplasia) that
progress to overt adenocarcinoma in the distal colon.
IL-23 and IL-17 were upregulated also in CRC of CPCAPC mice and this upregulation was seen at early phases
of tumor progression. Flow citrometry analysis demonstrated that IL-23 producing cells within the tumor were
mainly CD11b+ and F4/80+ myeloid cells infiltrating
the stroma.
In CPC-APC mice knockout for IL-23, both number
and size of spontaneously developing CRCs were reduced, as were IL-23-induced cytokines (IL-17, IL-6 and
IL-22) and epithelial STAT3 phosphorylation, a mediator
of epithelial proliferation. The same effect was seen in
CPC-APC chimeras mice where IL-23 was specifically
knocked-out in bone marrow-cells confirming that this
cell type generates the tumorigenic IL-23 signalling. Similar effect was seen in CPC-APC mice knockout for the
receptor of IL-17.
Basal IL-23 intestinal production is thought to be
maintained by commensal flora and signalling through
the innate immunity pathway TLRs and MyD88[57]. As
for other mouse models[58], also CPC-APC mice with
ablated MyD88 had reduced IL-23 and IL-17 production
with reduced spontaneous tumor load, thus indicating the
importance of innate immunity signalling for the IL-23/
Th17 pathway. This effect was prevented by bone marrow transplantation of MyD88 competent cells. Broadsprectum antibiotics also reduced IL-23 colonic synthesis
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and spontaneous tumorigenesis in CPC-APC mice.
Grivennikov et al[56] also demonstrated that preneoplastic lesions in CPC-APC mice are associated with
altered mucin production and epithelial barrier homeostasis, which favour commensal bacterial translocation
with activation of lamina propria myeloid cells to produce IL-23. Authors postulated that, following an initial
cancerogenic mutation, integrity of epithelial barrier in
colonic adenomas is lost and stimulation of underlying
myeloid cells by translocated commensals is the promoting loop that ultimately leads to adenocarcinoma growth
and progression.
A relationship between IL-17 and CRC formation
was also identified using another spontaneous intestinal
tumorigenesis mouse model (mice bearing a heterozygote
mutation of APC: ApcMin/+ mice) targeting the small intestine. Specifically, it was reported that enterotoxigenic
Bacteroides fragilis, a human intestinal commensal bacteria, promoted intestinal tumor formation and that tumor
formation was inhibited when the IL-17 or its receptor
were blocked[59,60].
In a recent study by Hyun et al[61], it was also demonstrated a role for IL-17 in the tumor initiation stage of
CAC development, using the DSS+AOM experiment in
both wild type and IL17-/- mice. Indeed, the ablation of
IL-17 signalling significantly decreased the expression of
IL-6, STAT3, TNF-alpha and IFN-gamma in the IL17-/group, indicating a significant change in the environment
driven by this cytokine upon DSS+AOM administration.
The degree of epithelial proliferation observed after
hematoxylin and eosin staining was also significantly
reduced in the IL17-/- group. Furthermore, Ki-67 immunohistochemical staining was performed, and the number
of stained cells was found to be significantly decreased in
both normal intestinal crypts and tumor specimens. This
reduction correlated with decreased b-catenin, cyclin D1,
cyclin-dependent kinase 2 and cyclin E expression, suggesting a prominent role of IL-23/Th17 pathway at early
stages of tumor development.

CRC-INDUCED IMMUNE RESPONSE
Once a CRC is established, a number of immune cell
types may differentially contribute to its progression or
its growth control (Table 1).
Cytotoxic immune cell infiltration at the tumor sites
A wealth of evidence has documented the favorable effect of infiltrating cytotoxic lymphocytes (adaptive immunity) on prognosis for many human cancer types[62-72].
Identification of reliable immune prognostic factors
for colorectal cancer patients is the focus of intensive clinical and translational research, and a cornerstone study was
published by Pagès et al[73] in 2009. They demonstrated that
the combined immunohistochemical analysis of CD8+
and CD45RO+ cells in specific tumor regions may be
predictive of disease recurrence and overall survival in patients with early-stage, radically resected colorectal cancer.

2195

February 8, 2015|First Edition|

Formica V et al . Immunity and colorectal cancer
Table 1 summarizes main cell types involved in immune reaction during colorectal cancer disease
Immune cell type: phenotype and description
Effect on colorectal cancer prognosis
CD8+CD45RO+ T cells: memory cytotoxic T cells, associated with a
Favorably influencing relapse-free, progression-free and overall survival
T helper 1 orientation
FOXP3+CD25+CD4+ T cells: Regulatory T cells with suppressive
Unfavorably influencing relapse-free and overall survival
effect on effector cytotoxic lymphocytes
CD14+CD163-IL10high M1 macrophages: classically activated macro- Favorably influencing prognosis by enhancing Th1-type antitumor immune response
phages
CD14+CD163+IL12high M1 macrophages: classically activated macUnfavorably influencing prognosis by exerting immunosuppressive effect and
rophages
enhancing Th2-type response
Lin-HL-ADR-CD11b+CD33+ cells: Myeloid-derived suppressor
Unfavorably influencing prognosis by promoting metastatic spread
cells
TH: Helper T cell; IL: Interleukin.

First, authors demonstrated an upregulation of gene
clusters referring to CD8 cytotoxicity and Th1 orientation
in 15 tumors with high density of memory CD45RO+
cells at the immunohistochemistry, and in particular an upregulation of CD8, granzyme, perforin, T-bet, interferongamma, interleukin 12Rb 1 and 2, and IL-18 genes. They
then demonstrated, in a cohort of 411 colorectal cancer
patients with apparently good prognosis (all stage Ⅰ or
Ⅱ), that low density of both CD8+ and CD45RO+ was
associated with a six-fold to seven-fold increased risk of
death. In the multivariable analysis, infiltration of CD8+
and/or CD45RO+ cells was an independent prognosticator together with pT stage and clinical presentation with
bowel perforation. These results were further confirmed
in an independent cohort of 191 patients (validation cohort). In another dataset by the same authors[74], degree of
cytotoxic CD8-positive and memory CD45RO-positive
T cell infiltration at the primary tumor site (the so-called
immune score, Im) displayed a discriminatory prognostic
power superior to that of standard staging system and patients with high Im had a significantly prolonged diseasefree and overall survival. The Im ranged from 0 to 4 and
was based on the assignment of 1 point for the presence
of high density of either CD8+ or CD45RO+ cells evaluated at both the central zone and the invasive margins of
the primary tumor. In a sample of 415 patients, proportions of cases falling in Im0, Im1, Im2, Im3 and Im4
classes were 9%, 12%, 27%, 22%, and 30%, respectively.
The 5 year disease free survival rate was 85%, 53% and
32% for Im4, Im1 and Im0, respectively, with statistically
significant P-value. Immune cell infiltration correlated
significantly with tumor stage, in particular a decrease of
50% in CD8+ cell density was seen between stage Ⅰ and
Ⅳ. Same authors documented, in a separate study, that
effector T cells prevented from more aggressive tumor
behavior such as early lymphovascular embolisation[75].
We also confirmed the prognostic value of memory
CD8+CD45RO+ cells in metastatic patients[76] by evaluating peripheral expression of CD45RO, PD-1, and TLR4
immune pathways in metastatic CRC. We enrolled 31
patients in a prospective study which included a standard
firstline chemotherapy with fluorouracil, irinotecan and
bevacizumab (clinical trial.gov NCT01533740). Blood
was drawn before the first and third cycle of chemo-
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therapy and analyzed by flow cytometry for frequency
of CD4+, CD8+, CD45RO+, and PD1+ mononuclear
cells and for TLR4 expression on neutrophils.
Two cycles of chemotherapy determined changes in
immune variables that were prognostically meaningful.
Pre-third-cycle CD45RO+CD8+cell frequency displayed
a statistically significant association with progression-free
survival (PFS) (median PFS 22.4 vs 9.4 mo for patients
with CD45RO+CD8+cell frequency > vs < the median
value of 12%) and overall survival (2-year OS rate 62 vs
44%, respectively). A Cox regression multivariate analysis
for PFS including pre-third-cycle CD45RO+CD8+cell
frequency, CEA, LDH, and Köhne risk class demonstrated CD45RO+CD8+cell frequency to be the only
independent prognostic factor.
The beneficial effect of Th1 orientation has also been
demonstrated for CAC. A recent study have shown that,
using another well-established experimental model of
oral AOM+ intrarectal administration of trinitrobenzene
sulfonic acid, mice deficient in INF-gamma develop
significantly more neoplasms compared to wt mice and
Th2-biased IL4-/- mice[77]. On the basis of these results,
authors suggest that a Th2-dominant cytokine response
may enhance CRC growth in a colitic background. Furthermore, Th2-related cytokines, such as IL-4 and IL-13,
determined the upregulation of activation-induced cytidine deaminase (AID), an enzyme which induces DNA
mutation in cultured colonic epithelial cells thus favoring
accumulation of genetic lesions leading to cancer progression[78].
Still Bindea et al[79] have recently studied 28 immune
cell subtypes (the immunome) at all stages of CRC development and found that during cancer progression
there is an increasing disappearing within the tumor
tissue of cytotoxic T cells with B cells and T follicular
helper cells becoming more prevalent. This immune cell
shift is probably driven by an enhanced CXCL13/IL-21
signal.
As a general consideration, these results demonstrated that an adaptive, cancer-specific, immune response
exists both for localized and metastatic cancer. This immune defence is mainly cytotoxic Th1-oriented and even
if it fails to determine a complete “cancer clearance”
may still control the occurrence of metastasis and delay
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disease progression.

by ELIspot reaction to tumor antigens CEA and 5T4
after Treg depletion) at the pre-operative timepoint was
observed in 10 patients who relapsed as compared to 34
who did not relapse after one year.
Action of Tregs in colorectal cancer may partly explain disappointing results of anticancer vaccination in
this disease[93].
In other datasets, however, increased number of tumor infilitrating Tregs has been seen to correlate with
improved prognosis. Suggestions have been made on the
possible favourable role of Tregs in suppressing protumoral inflammatory response in these cases[94,95].

Role of T regulatory cells in colorectal cancer
Tregs are a subset of CD4+ cells, whose frequency ranges
between 4%-10%, that are found to potently restrain specific immune responses and maintain self-tolerance thus
preventing autoimmune disorders[80].
Tregs have been implicated in cancer progression as
they are able to inhibit antigen specific T cell antitumor
response and high peripheral and tumor tissue levels of
these cells have been found in colorectal cancer patients[81].
Indeed, specific immune T cell response to tumor associated antigens frequently occurs in cancer patients[82,83],
yet effective immune-mediated tumor clearance is uncommon and Tregs seems to play a major role in this context.
In patients where immune constraint is less prominent, T cells infiltrate tumor tissue and this is a wellrecognized favourable prognostic sign[84]. In particular,
a high ratio of infiltrating CD3+ cells (effector cells) to
FOXP3+ cells (Tregs) is associated with improved disease free-survival[85]. Furthermore, depletion of circulating Tregs in mouse models, even for a limited period of
time, is associated with rejection of both tumor transplants and de novo chemically-induced neoplasms[86-88].
Treg generation in colorectal cancer appears to be antigen-specific[89].
In a study by Betts et al[90], peripheral and tumor tissue lymphocytes from nearly 50 patients with localized
colorectal cancer were immunophenotyped before and
at 12 and 52 wk after radical resection and compared
with age-matched healthy controls. Before surgery, a
nearly 20% increase in FOXP3 content of peripheral
Tregs from colorectal cancer patients was observed as
compared to Tregs from controls. As FOXP3 expression
correlates with the suppressive capacity of these cells[91],
the finding indicates that function of Tregs, more than
frequency, is enhanced in colorectal cancer patients. In
the tumor tissue, Tregs were even more represented than
in the periphery, as FOXP3+ cell percentage within the
CD4+ pool shifted from nearly 15% in the bloodstream
to 50% in the tumor stroma.
It is possible that the enhanced Treg homing to intestinal mucosa seen in cancer patients could be the results
of increased expression of certain integrins and adhesion
molecules, e.g., CD49d. Same significant difference of
FOXP3+ cell percentage between bloodstream and peripheral tissues were reported by Deng et al[92] who compared PBMCs to lymphocytes from the tumor draining
lymphnodes.
Even more intriguing, peripheral Treg FOXP3 expression significantly dropped immediately after surgery
and, after 52 wk of follow up, it became comparable
to that of healthy controls. Finally, specific immune
response to certain tumor antigens (e.g., 5T4) were suppressed preoperatively (as measured by ELIspot test of
CD4+ cells producing IFN-gamma before and after
Tregs depletion) and restored post-operatively, at 6 mo,
because of a reduced suppressive Treg action. Moreover,
higher Treg-mediated immunosuppression (as measured
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Other immune cells involved in CRC progression: macrophages, myeloid cells and neutrophils
Important players in CRC are tumor-associated macrophages, which can be divided into classically activated
macrophages (M1), typically induced by IFN-gamma and
LPS, and alternatively activated macrophages (or M2),
induced by IL-4 and IL-13. M1 exhibit potent microbicidal properties and promote strong IL-12-mediated
Th1 responses, whilst M2 support Th2-associated functions[96]. M1 macrophages can prime anti-tumor immune
response through the production of cytokines like TNFalpha, IL-6 and IL-12, while M2 can inhibit ant-cancer
immunity through the production of TGF-β and IL-10.
The balance between M1 and M2 may condition towards
a protumoral or antitumoral milieu[97,98].
Recent studies have identified myeloid-origin cells
as potent suppressors of tumor immunity and therefore a significant impediment to cancer immunotherapy.
“Myeloid-derived suppressor cells” (MDSC), a heterogeneous population of early myeloid progenitors, immature
granulocytes, macrophages, and dendritic cells at different
stages of differentiation, accumulate in the bloodstream,
lymph nodes, bone marrow and at the tumor site of most
patients and animals and inhibit both adaptive and innate
immunity. MDSC are induced by tumor-secreted and
host-secreted factors, especially proinflammatory molecules. The induction of MDSC by proinflammatory mediators led to the hypothesis that inflammation promotes
the accumulation of MDSC that down-regulate adaptive
immune surveillance and antitumor immunity, thereby
facilitating tumor growth[99].
Relatively little is known about neutrophils in human
cancers. Several cytokines secreted from both tumor and
stromal cells seem to contribute to high neutrophil count
(neutrophilia) seen in many metastatic CRC patients and
neutrophilia appears to have immunosuppressive consequences. Among others, main neutrophilia-inducing
cytokines are vascular endothelial growth factor-A, IL1beta and IL-6[100]. Neutrophils usually are able to directly
phagocyte invading microorganisms (such as bacteria
and fungi) or kill them by releasing activating cytokines
(TNF-α, IL-1 and interferons), defensins and toxic substances such as reactive oxygen species. Although neutrophils are traditionally considered for their antibacterial
functions, it is becoming clear that tumor-associated neutrophils (TAN), peripheral neutrophils and granulocytic
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myeloid-derived suppressor cells observed in the spleen,
bone marrow and bloodstream play an important role in
cancer biology, mainly as immunosuppressive cells in the
context of tumors[101]. More recently, it has been demonstrated that in untreated tumors, neutrophils can also assume a pro-tumorigenic state, which by analogy to macrophages, is called “N2” phenotype. The full range of
mechanisms responsible for this pro-tumorigenic activity
have not yet been elucidated, but neutrophils are known
to impact angiogenesis, immune surveillance, as well as
to secrete chemokines, cytokines and reactive oxygen
species. However, it has been noted that under certain
conditions (e.g., after TGF-β blockade), TAN can take on
an “N1” phenotype, which is pro-inflammatory and antitumorigenic. It is important to consider which of these
two possible phenotypes predominate when interpreting
the nature of inflammation during CRC development.
Interestingly, recent findings have been introduced the
peripheral neutrophil to lymphocyte ratio as an important
prognostic and predictive factor in CRC[102,103].
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CONCLUSION
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Overall a great amount of research has been produced
on the immune response in colorectal cancer.
Many assumptions, such as the detrimental effect of
inflammatory pathway activation, have partly been called
into question since it may be paramount in maintaining epithelial homeostasis. Immune and inflammatory
response to CRC is incredibly complex and adapt according to carcinogenetic phase (preneoplastic lesion vs
overt carcinoma), cancer stage and microenvironmental
context (commensal ecology).
The key interpretation of published results is that a
fine balance exists between immune and epithelial/tumor cells and either excessive or defective deviations
from this balance will result in cancerogenic and/or cancer progression risk.
Therapeutic immune interventions have necessarily
to be multitargeting and finely tuned. A coordinated approach involving concomitantly potentiation of cytotoxic
immunity, suppression of protumoral Tregs, Th17 and
Inflammatory cells and reconstitution of the normal
host/microbial symbiosis is the only way, to our opinion,
to render effective immunotherapy in CRC care.
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sionally to other rare mendelian diseases, whereas in
the “sporadic” subtype the origin of the disease may
be attributed to the presence of various common/rare
genetic variants, so far largely unidentified, displaying
variable penetrance. These variants are thought to act
cumulatively to increase the risk of colorectal cancer,
and presumably to also anticipate its onset. Efforts are
ongoing in the attempt to unravel the intricate genetic
basis of this “sporadic” early-onset disease. A better
knowledge of molecular entities and pathways may impact on family-tailored prevention and clinical management strategies.

Vittoria Stigliano, Lupe Sanchez-Mete, Marcello Anti, Division of Gastroenterology and Digestive Endoscopy, Regina
Elena National Cancer Institute, 00144 Rome, Italy
Aline Martayan, Division of Clinical Pathology, Regina Elena
National Cancer Institute, 00144 Rome, Italy
Author contributions: Stigliano V, Sanchez-Mete L, Martayan
A and Anti M solely contributed to this paper.
Correspondence to: Vittoria Stigliano, MD, Division of Gastroenterology and Digestive Endoscopy, Regina Elena National
Cancer Institute, Via Elio Chianesi 53, 00144 Rome,
Italy. stigliano@ifo.it
Telephone: +39-652665015 Fax: +39-652666259
Received: November 29, 2013 Revised: March 19, 2014
Accepted: July 15, 2014
Published online: February 8, 2015

© 2015 Baishideng Publishing Group Inc. All rights reserved.

Key words: Early-onset colorectal cancer; Epidemiology; Hereditary syndrome; Lynch syndrome; MUTYHassociated polyposis

Abstract
Colorectal cancer is the third most common cancer diagnosed worldwide. Although epidemiology data show
a marked variability around the world, its overall incidence rate shows a slow but steady decrease, mainly
in developed countries. Conversely, early-onset colorectal cancer appears to display an opposite trend with
an overall prevalence in United States and European
Union ranging from 3.0% and 8.6%. Colorectal cancer
has a substantial proportion of familial cases. In particular, early age at onset is especially suggestive of
hereditary predisposition. The clinicopathological and
molecular features of colorectal cancer cases show
a marked heterogeneity not only between early- and
late-onset cases but also within the early-onset group.
Two distinct subtypes of early-onset colorectal cancers
can be identified: a “sporadic” subtype, usually without family history, and an inherited subtype arising in
the context of well defined hereditary syndromes. The
pathogenesis of the early-onset disease is substantially
well characterized in the inherited subtype, which is
mainly associated to the Lynch syndrome and occa-
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Core tip: The phenotypic and genotypic heterogeneity
of early-onset colorectal cancers (CRCs) clearly emerges from clinical studies. We can distinguish two distinct
entities, an inherited subtype, usually with familial
aggregation, accounting for a relatively low percentage of cases, with specific clinicopathologic features
and a “sporadic” subtype, often without family history
of CRC, with distinct location and histopathologic features. There is a significant variability in the mechanisms underlying the development of early-onset CRC
and it is certainly a big concern for clinicians and oncologists for the implications on prevention, diagnosis
and clinical management of the disease.
Original sources: Stigliano V, Sanchez-Mete L, Martayan A, Anti
M. Early-onset colorectal cancer: A sporadic or inherited disease?
World J Gastroenterol 2014; 20(35): 12420-12430 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v20/i35/12420.htm
DOI: http://dx.doi.org/10.3748/wjg.v20.i35.12420
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the youngest age group (20-29 years): 5.2% per year in
men and 5.6% per year in women. The analysis by anatomic sites revealed a predilection for distal colon and
rectum in both sexes. Their findings were consistent
with previous epidemiological studies of Cress et al[12]
and O’Connell et al[13] that used the SEER databases as
well. O’Connell et al[13] focused their study on patients
under 40 years of age and reported trend for increased
incidence, but they did not examine trends by race and
ethnicity. Cress et al[12] focused their analysis on rectal
cancer. Likewise, Meyer et al[14] conducted an analysis on
SEER databases between 1973 and 2005, and compared
patients aged under 40 years with cancer of the rectum
to patients with cancer localized in the colon. They observed that over the examined period the incidence of
rectal cancer increased significantly whereas that of colon cancer remained unchanged (annual percent change,
2.6%, P < 0.0001 and 0.2%, P = 0.50, respectively).
Unlike the results of Siegel et al[11], the rise in prevalence
was independent of sex or race.
Bosetti et al[4] published data on CRC mortality in Europe. They reported “CRC rates at age 30-49 years were
between 3 and 5/100000 in most large European countries in both genders (though higher in men) and tended
to decline between 1997 and 2007. As for all ages, rates
were higher and trends were less favourable in Eastern
Europe, including Hungary (over 9/100000 men, and
over 6/100000 women), Bulgaria, the Czech Republic
(with, however, a decline in men to 4.4/100000 in 2007)
and Slovakia. In the EU as a whole, CRC mortality at
age 30 to 49 declined from 4.8 in 1997 to 3.9/100000 in
2007 for men, and from 4.1 to 3.3/100000 in women,
i.e., about 10% per quinquennium”[4]. The European and
United States trends of CRC incidence appear to be opposite. However Bosetti et al[4] did not include patients
under 30, whereas Siegel et al[11] showed that the highest
increase was among this age group.
Further, several reports regarding CRC in young adults
under 40 or 50 years of age have been published over the
last few decades, describing data from the United States
or EU on single-institution series[15-32]. The prevalence
ranged between 3.0% and 8.6% with a peak of 17.1%,
in the study of Safford et al[15], performed on the Army
Tumour registry. Soliman et al[16] carried out a study on
an Egyptian series of 1608 patients. A clearly higher
prevalence (35.6%) was found in Egypt than in the EU
or the United States. Similar conclusions were drawn by
Yilmazlar et al[17] on a smaller Turkish series of 237 patients (19.4%).
CRC comprises a large proportion of familial cases
(approximately 15%-30%)[33], in which young affected
individuals are expected to have a significant familial history and/or genetic predisposition. The cited studies[15-32]
aimed at identifying prevalence and clinico-pathological
features of early-onset CRC. It was noted that the presence of family history is not always reported, resulting
in a considerable spread in the estimated frequency of
familial cases (from 3% to 20%). Moreover, only a few
studies specified data on genetic predisposition, i.e., famil-

INTRODUCTION
Colorectal cancer (CRC) is the third most common diagnosed cancer (1.23 million cases, 9.7% of overall cancer,
cumulative lifetime risk of 2%) representing an important health issue worldwide[1]. Almost 60% of cases occur in developed regions, particularly in the United States
where colorectal is the third most common cancer site
with approximately 142820 estimated cases[2], whereas
in the European Union (EU) it is the second diagnosed
cancer with approximately 330000 estimated cases [3].
Furthermore, CRC is the fourth most common cause
of death from cancer worldwide (608000 cases, 8% of
overall cancer deaths, cumulative lifetime risk of 0.9%).
There is less variability in mortality rates with the highest rates estimated in Central and Eastern Europe (20.3
per 100000 for male, 12.1 per 100000 for female), and
the lowest in Middle Africa (3.5 and 2.7, respectively).
Incidence and mortality rates are lower in women than
in men[1].
Over the past two decades, in these more developed
countries (United States, EU), incidence and death rates
have decreased about 2% per year[2,4,5]. This rapid decline
has been largely attributed to the increase in screening
programmes among individuals 50 years and older, allowing an early detection and treatment of CRC and
precancerous lesions[1-7].
For this reason, the evidence-based European Code
Against Cancer and the American College of Gastroenterology in the United States, recommend that men and
women from 50 years of age onwards should participate
in colorectal screening[8-10].
Conversely, in the less developed regions of the world,
the annual incidence is expected to increase over the next
two decades. This is likely due to the adoption of a more
“westernised” lifestyle, population growth, a higher life
expectancy and the lack of screening programs[1].

EARLY ONSET CRC
CRC incidence increases significantly beyond the fifth
decade of life, therefore it is often thought of as a disease of the elderly and CRC screening is usually not recommended for individuals at average risk younger than
50 years[8-10].
The major studies on CRC incidence among young
adults have been performed by using the Surveillance,
Epidemiology and End Result registries (SEER) database in the United States, and the World Health Organization database in the EU.
Siegel et al[11] published data from the SEER database.
CRC was considered occurring in young adults (ages 20
to 49 years) between 1992 and 2005. They reported an
increased incidence overall rate of 1.5% per year in men
and 1.6% in women. Specifically, the incidence rate increased among non-Hispanic whites by 2% in men and
2.2% in women, and it was slightly higher in Hispanic
men (by 2.7%). Moreover, they showed that the largest annual percent increase in CRC incidence was in
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Table 1 Early onset colorectal cancer: Comparison of published studies
Author

Year

Patient age Youg onset CRC/overall
CRC n (%)

Lee et al[24]

1994

< 40

Fante et al[25]

1997

< 40

Pitluk et al[26]

1983

< 40

Minardi et al[27]
Domergue et al[28]

1998
1988

< 40
< 40

Palmer et al[29]
Behbehani et al[30]

1991
1985

< 40
< 40

Parramore et al[20]

1998

< 40

36/418 (8.6)

Not specified

Not specified

Soliman et al[16]
Yilmazlar et al[17]
Isbister et al[21]
Adloff et al[22]
Safford et al[15]
Moore et al[23]

1997
1995
1990
1986
1981
1984

< 40
< 40
< 40
< 40
< 40
< 40

Not specified
Not specified
Not specified
Not specified
Not specified
Not specified

Rectal > 50%
Left sided 80%
Not specified
Not specified
Not specified
Left sided 58%

Not specified
76%1
Not specified
Not specified
Not specified
Not specified

Mäkelä et al[18]

2010

< 40

Left sided 42%

Not specified

Torsello et al[19]

2008

< 40

Left sided 82.7%

46.5%2

Chang et al[53]

2012

< 40

Left sided 80%

63%

Myers et al[31]

2013

< 50

572/1608 (35.6)
46/237 (19.4)
131/2420 (5.4)
32/1037 (3)
140/819 (17.1)
62/1909
-3.2
59/1272
-4.6
58/1340
-4.2
55/1160
-4.7
49/437
-11.2

Left sided 62.1%

53%2

62/2000
-3.1
14/1298
-1.1
31/861
-3.6
37
93/2600
-3.6
105
47 vs 525

5-yr survival

Tumour site

Dukes C 40%
Dukes D 7%
70%

Not specified

71%1

Not specified

Left sided 63%

57%1

21.4% mucinous

22%

Left

26%
30%

Left 51.3%
Left 74% (rectal 55)

23%

Left sided
Left sided 58%

58%
48.9%
53%
Not specified

Advanced
stage

Not specified
59%1
80%1
63%1
Not specified
78%1

Adverse histological features
(mucinous and poorly
differentiated)

Not specified
58% mucinous
40% poorly differentiated
Not specified
26% mucinous
21% poorly differentiated
28% poorly differentiated
26% mucinous
30.6% mucinous
48%
Not specified
Not specified
Not specified
32.3% mucinous 98% poorly
differentiated
Not specified
14% poorly differentiated
26% mucinous
24% mucinous
12% poorly differentiated
19% mucinous

1

Dukes classification, stages C and D; 2Tumor node metastasis staging, stages Ⅲ and Ⅳ. CRC: Colorectal cancer.

ial aggregation. In particular, Fante et al[25] observed the
presence of Hereditary Non polyposis Colorectal Cancer
Syndrome (HNPCC) or Familial Polyposis in 15.5% of
their series. Meyer et al[14] reported just one out of 180
early-onset CRC patients to have a family history of cancer, in accordance with the Amsterdam Criteria.
As to the clinico-pathological features of CRC in
young onset patients, the prevalent anatomic site was the
distal colon (50%-80% of the cases), the histopathological characteristics identified were mucinous (9%-49% vs
17% of the general population), poorly differentiated
(12%-98%, vs 15% of the general population) and advanced tumour stage (Dukes C or D in 71%-80% of the
cases)[15-32]. Data on prognosis in early-onset patients are,
at present, still controversial. Several single-institution
studies reported a poor prognosis with a 5-year survival
rate of 10% to 29%[26,27,30-32], whereas other authors found
equivalent or higher survival rates than in older patients
(33%-60%)[20-25]. However, some authors hypothesized
that early-onset CRCs are more aggressive due to their
typical histopathological features (mucinous and poorly
differentiated)[20,27,32] (Table 1).

tors of an inherited CRC syndrome. Therefore, when
dealing with an early onset CRC patient, one should take
into account the possibility of an hereditary CRC syndrome (HCCS).
CRC has a large proportion of familial cases (approximately 30%) and mutations in important cancer
susceptibility genes are detectable in about 5%-10% of
CRC[33].
The most prevalent HCCS are characterized by adenomatous polyps and/or cancer. Namely, the Lynch
syndrome has a 80% lifetime risk for CRC, familial adenomatous polyposis (FAP) has a 100% lifetime risk of
CRC. In contrast, MUTYH associated polyposis (MAP)
does not have a defined lifetime risk for CRC. Other-less
common HCCS are characterized by hamartomatous
polyps, as in the Peutz Jeghers syndrome (PJS) and the
juvenile polyposis syndrome (JPS) which are associated
with about 39% lifetime risk of CRC. The very rare
Cowden syndrome involves little, if any, CRC risk. The
Serrated Polyposis syndrome (SPS) is characterized by
hyperplastic polyps and serrated adenomas and is associated with more than 50% of CRC lifetime risk. All
these syndromes have an autosomal dominant inheritance with the exception of MAP, which is caused by
a bi-allelic recessive gene mutation, and SPS which is
rarely inherited.

HEREDITARY CRC SYNDROMES
Young age at onset is usually included among the indica-
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Classical FAP, PJS and JPS have typical phenotypes,
often evident at endoscopic examination. As to classical
FAP, CRC develops between 30-40 years of age and is
associated with over than 100 polyps, the typical “carpet”
of colonic polyps. In PJS the typical diagnostic feature
is the muco-cutaneous melanosis which appears during
childhood. In this syndrome, the most frequent site of
polyp occurrence is the small bowel, with obstruction
and/or bleeding signs, rather than cancer development,
usually appearing at a young age. In JPS, polyps typically develop in the stomach and in the colon and rectal
bleeding is a frequent symptom. The syndromes are usually suspected at endoscopic examination and the identification of the causative germline mutation confirms the
diagnosis[33].

50 years of age), either MSS stable or MSI-L and found
4 (2%) bi-allelic and 6 mono-allelic mutation carriers.
They concluded that MUTYH mutation testing is a “reasonable cascade test in early-onset CRC found to have
proficient DNA MMR system, regardless of pattern of
family history or number of polyps”.
Lynch syndrome
The LS is an autosomal dominant condition with incomplete penetrance, predisposing to CRC and other malignancies at a young age due to a germline mutation in one
of the mismatch repair (MMR) genes (MLH1, MSH2,
MSH6 and PMS2)[42-44].
In rare cases, LS can be caused by germ-line hypermethylation of MLH1 promoter[45,46], constitutional 3’
end deletions of the EPCAM gene (formerly known
as TACSTD1), and subsequent epigenetic silencing of
MSH2[47]. CRC of patients with LS shows MMR deficiency, defined by the presence of microsatellite instability
(MSI) and loss of the MMR protein expression, which is
the hallmark of this disorder[44]. The syndrome accounts
for 2%-4% of all CRCs, and the lifetime risk of developing CRC in the MMR mutation carriers is estimated to be
50%-80%[33,48]. Therefore, patients with LS and their relatives must undergo intensive surveillance and appropriate
management in order to improve survival[49-51].
The most widely used diagnostic strategy for LS is
based on selecting patients who fulfil the Amsterdam
Criteria[43] or any of the Revised Bethesda Guidelines[52].
Tumour tissues of these patients are then tested for MSI
and/or immunostained by IHC to detect MMR proteins, if any. MMR-deficient cases are finally tested for
germline mutations. In this respect it may be of interest to note that the stringency differs in the Amsterdam
and Bethesda Criteria. The Amsterdam Criteria select
probands on the basis of familial segregation and early
age at onset of either CRC or any other cancer in LS
spectrum. The Revised Bethesda Guidelines are less
stringent and separately consider age at onset, presence
of synchronous/metachronous cancer (multiple primary
cancers), MSI-H phenotype at age < 60 years, and family history of cancer in the LS spectrum. Possibly due to
differences in the inclusion criteria, the prevalence of LS
in early onset-CRC cohorts resulted extremely variable in
different studies accounting for about 4% to 20%[39,53-67].
Among these studies, the family history of CRC was
an important associated factor, likely to influence the different prevalence of LS. Indeed, if we only consider the
cases without family history[55,61,65], the prevalence rate
decreases to 3.5%-6.4% and becomes more homogeneous. Furthermore, the feature typical of LS, i.e., occurrence in the right colon is not frequent in the early-onset
group, either in the above mentioned studies or in the
studies that specifically analyze LS prevalence. In these
studies, a predilection for the distal colon was reported
in 55%-80% of the cases.
Therefore, we might consider the existence of two
different clinico-pathological entities in early onset CRC:

FROM EARLY-ONSET CRC TO THE
DIAGNOSIS OF AN HEREDITARY
CONDITION
MUTYH-associated polyposis
MAP is an autosomal recessive syndrome caused by mutations in MUTYH gene. This gene is a component of
the base excision repair system that protects genomic
information from oxidative damage and it was first described in 2002. Bi-allelic germline mutations in the MUTYH gene predispose to multiple colorectal adenomas
and somatic G:C→T:A mutations[34,35]. MAP can mimic
both FAP and LS phenotypes. Affected individuals most
often display an attenuated phenotype, developing less
than 100 colorectal adenomas, often with a predominance in the right side of the colon and with a later onset than FAP (about 10 years later)[36,37].
A few studies in a large series of CRC patients[38,39]
suggest that in a small percentage of CRC cases, bi-allelic MUTYH gene mutations can be found in the absence
of the polyposis phenotype. Knopperts et al[38] screened
for MUTYH gene mutations a series of 89 MSI-L or
MSS early-onset (under 40) CRC without a polyposis
phenotype, and compared them with 693 non-CRC patients with 1-13 adenomatous polyps for the MUTYH
hotspots. They did not observe MUTYH bi-allelic mutations in any of the examined cases.
Giráldez et al[39] screened 140 CRC under 50 years
for LS (MSI analysis and immunohistochemistry for
the four MMR genes). In MMR-deficient patients they
performed an MMR germline mutation analysis and also
evaluated bi-allelic MUTYH mutations in all cases. They
found 4 mutated cases (2.8%) and suggested to carry out
MUTYH screening in this subset of CRC patients. Also
Lubbe et al[40] in their study on CRC risk associated with
MUTYH mutations suggested screening of early-onset
CRC MSS cases.
Riegert-Johnson et al[41] tested a consecutive series of
229 samples referred for LS testing for the two MUTYH
mutations most common in the Caucasian population.
They only included cases with early-onset CRC (under
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the “sporadic” and the inherited forms. The former,
more frequent, usually presents with left-sided CRC without relevant family history. The latter, less frequent, arises
in the context of a well defined hereditary syndrome.

inheritance has been excluded, the origin of the disease
may be attributed to the presence of a large number of
common, low-penetrance genetic variants each exerting a
small influence on risk. They may act according to a polygenic inheritance model[86]. Indeed, according to the common disease-common variant (CDCV) hypothesis[87,88],
if a disease that is heritable is common in the population
(a prevalence greater than 1%-5%, as in CRC), then the
genetic contributors, e.g., specific variations in the genetic
code - will also be common in the population[89]. This
CDCV hypothesis has been recently supported by a remarkable number of recently published genome wide association studies[90-93]. A few loci that confer an increased
risk of CRC particularly early-onset CRC have been identified (rs10795668, rs3802842, rs4779584)[94] (Table 2).
Alternatively, “sporadic” early-onset CRC may arise
as a consequence of a cumulative effect of multiple rare
variants (population frequency < 1%). These variants
might act as independent dominant susceptibility factors,
each conveying a moderate but significant increase in
cancer risk as suggested by Bodmer et al[95] in the common disease-rare variant (CDRV) hypothesis. Based on
this hypothesis, Bonilla et al[96] examined the influence of
rare variants of the cancer candidate cyclin D1 (CCND1)
gene on the development of multiple intestinal adenomas and on the early onset of CRC. The authors identified a subset of rare variants that, in combination, contribute to a significant increase in colorectal tumour risk
(OR = 2). This increase was also observed for the earlyonset group, although statistical significance was not
reached probably due to the small sample size (OR = 1.4,
P-value = 0.50) (Table 2).
A certain number of other gene variants and/or epigenetics alterations have been investigated in recent years in
the attempt to identify early-onset CRC-specific genomic
signatures. As to the epigenetic status of early-onset
CRCs, a study from Antelo et al[97] analysed the methylation status of LINE-1 elements in early-onset CRC
samples compared to elderly cases and observed a statistically significant LINE-1 hypomethylation status in the
former set of samples. At variance, in July 2013 Walters
et al[98] reported the association of an overall hypermethylation of DNA repetitive elements, including LINE-1,
in white blood cells from early-onset CRC patients compared to controls (Table 2). To our knowledge, no other
studies on a possible epigenetic signature of early-onset
CRC have been published so far.
As to other potential early-onset CRC-related highly
penetrant genes, Fernandez-Rozadilla et al[99] found an
early-onset CRC patient (MMR proficient and no family
history) with a 7.326-Mb heterozygous deletion in the
10q22-q23 region involving the bone morphogenetic
protein receptor type-1A (BMPR1A) gene (Table 2). Alterations in this gene have been recently related to CRC
development in patients with familial colorectal cancer
type X[100]. Moreover, they account for 20% and 50%
of the JPS and Hereditary Mixed Polyposis syndrome
(HMPS) cases, respectively. No other cases of BMPR1A

PATHOGENESIS OF CRC
CRCs are highly heterogeneous both histopathologically
and at the molecular and genetic levels. Furthermore, the
genetic alterations and molecular mechanism of earlyonset CRCs have not yet been fully clarified.
The pathogenesis of CRC varies according to genetic
or epigenetic changes, which are related to each other to
a variable extent. They follow the multiple-stage patterns
theorized by Fearon and Vogelstein[68]. Such genetic and
epigenetic alterations are directly responsible for a specific event within the sequence that leads to CRC, by contributing to the initiation of neoplastic transformation in
the healthy epithelium, and/or determining the progression towards more malignant stages of the disease.
The different carcinogenesis pathways are characterized
by several distinctive models of genetic instability, subsequent clinical manifestations, and pathological features.
Most of the CRCs follow the chromosomal instability (CIN) pathway, which is characterized by widespread
imbalances in chromosome number (aneuploidy) and
loss of heterozygosity[68,69]. The second, less frequently
involved pathway is MSI, which is due to derangement
of the DNA MMR system and, ultimately, microsatellite
instability[70-72]. More recently, other systems and pathways of CRC pathogenesis have been uncovered which
include: (1) DNA methylation [CpG island methylator
phenotype (CIMP) pathway][73,74]; (2) inflammation (inflammatory pathway)[75-78]; and (3) microRNA (miRNA)
involvement[79-82].

PATHOGENESIS OF EARLY-ONSET CRC
Literature on pathogenesis, molecular features, clinical
outcome and recurrence of the early-onset CRC is still
scanty and controversial. One of the main reasons for
such discrepancies is the heterogeneous genetic background underlying the onset of CRC at a young age.
Genetic background: Susceptibility genes and genetic/
epigenetic variants
With regards to the hereditary subtype, a considerable
and variable proportion of heritability still remains unidentified[39]. Indeed, about 30% of the overall CRC burden seems to involve inherited genetic differences[83,84].
In fact, there are several possibilities why the genetic
component(s) involved in the increased susceptibility of
CRC might be missed: (1) the relatively large number of
missense, silent, intronic and deep intronic variants of unknown clinical significance in the main CRC susceptibility
genes[85]; and (2) the presence of other yet unidentified
moderately/highly penetrant CRC susceptibility genes.
Concerning the “sporadic” subtype, where mendelian
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of this study indicated that early-onset CRC commonly
showed pathological features associated with an aggressive behaviour, and that posttranslational regulation of
mRNA may be a crucial step for the development of
CRC in young patients.
Perea et al[103] classified early-onset CRCs into four
molecular subtypes: early-onset MSS, early-onset MSI/
CIMP-high, early-onset MSS/CIMP-high and early-onset
MSS/CIMP-low. Each of these subtypes differs in tumour location, BRAF mutation status (V600E), and presence or absence of family history. The first subtype is
characterized by CRCs more commonly located in the left
colon and proven family history as compared with cancer
of the elderly. In the second subtype, MSI/CIMP-high
early-onset CRC cases are prevalently associated with LS,
whereas the elderly cases displayed BRAF V600E mutations. In the third subtype, early-onset MSS/CIMP high
CRCs were more frequently of the mucinous subtype
and right-sided compared to elderly cases (most of them
related to LS). Finally, the early-onset MSS/CIMP-low
differed from the elderly cases in location, stages, incidence of primary neoplasms and presence/absence of
family history. The authors conclude that the age at onset
should be the major criterion to consider when classifying CRC.
Chang et al[53] compared histologic, molecular and
immunophenotypic features of tumours from sporadic
early-onset CRC ( ≤ 40 years of age) to a cohort of
consecutively resected CRCs from patients > 40 years of
age. The conclusions drawn by the authors is that earlyonset CRCs are not frequently the result of underlying
cancer-predisposing genetic conditions. As to tumour
location and characteristics, they observed a striking predilection for distal colon (80%), particularly the sigmoid
colon and the rectum, and a higher prevalence of adverse
histologic factors such as signet ring cell differentiation,
venous invasion, and perineural invasion. Furthermore,
early-onset CRCs in their series are not frequently associated with precursor adenomatous or serrated lesions and
do not appear to harbour frequent activating BRAF or
KRAS mutations, suggesting that the molecular events in
tumour development differ in this patient population.

Table 2 Genetic background of early-onset colorectal cancer:
Susceptibility genes and genetic/epigenetic variants
High risk susceptibility genes

Related hereditary syndrome

MLH1
MSH2
MSH6
PMS2
EpCAM
MUTYH
BMPR1A
SMAD4
PTEN
Genetic/Epigenetic variants
rs107956681
rs38028421
rs47795841
2
≥ 1 CCND1 rare variants
LINE-1 hypomethylation3
DNA repetitive elements
hypermethylation4
10q22-q23del5

Lynch
Lynch
Lynch
Lynch
Lynch
MAP
Juvenile polyposis
Juvenile polyposis
Cowden
Related colorectal tumour
CRC < 50 yr
CRC < 50 yr
CRC < 50 yr
multiple adenomas or CRC < 50 yr
CRC < 50 yr
CRC < 60 yr
Two synchronous CRC at 49 yr of age

1

Colorectal cancer (CRC) genetic susceptibility single nucleotide polymorphisms with a P-value< 0.05[92]; 2P-value = 0.04 and OR = 2.0[94]; 3Comparison of long interspersed nuclear element 1 (LINE-1) hypomethylation status between early-onset CRC and other groups of CRC: P-value< 0.0001[95];
4
DNA repetitive elements hypermethylation in a cohort of early-onset
CRC patients compared to healthy controls: LINE-1 (OR = 2.34, P-value <
0.001), Sat2 (OR = 1.72, P-value < 0.001) and Alu repeats (OR = 1.83, P-value
= 0.02)[96]; 5The 10q22-q23 deletion in the patient involves the BMPR1A
gene[97]. MAP: MUTYH associated polyposis.

mutations in sporadic early-onset CRC patients have
been reported so far. In addition, a recent study on gene
expression profiles of early-onset CRC was published
by Luo et al[101]. The aim of the study was to uncover
protein-protein interaction network-based biomarkers
of early-onset CRC to be used as potential targets for
therapeutic intervention. Indeed, the authors identified
five proteins (CDC42, TEX11, QKI, CAV1 and FN1),
as representative elements of early-onset CRC-specific
networks. However, further investigation is obviously
needed to confirm these findings.
Pathological and molecular features
Many studies have focused in recent years on the characterization of the clinical, pathological and molecular
features of this peculiar early-onset disease.
In 2009, Yantiss et al[102] compared clinical risk factors
of malignancy, and pathological features predictive of
outcome in early-onset (< 40 years) versus late-onset (≥
40 years) CRC patients. Ninety-two percent of tumours
from young patients occurred in the distal colon (P =
0.006), and 75% were stage Ⅲ or Ⅳ. Tumours from
young patients showed more frequent lymphovascular
(81%, P = 0.03 and/or venous (48%, P = 0.003) invasion, an infiltrative growth pattern (81%, P = 0.03) and
α-methylacyl-CoA racemase expression (83%, P = 0.02)
compared with controls. Cancer samples in this earlyonset group showed significantly increased expression
of miR-21, miR-20a, miR-145, miR181b, and miR-203 (P
≤ 0.005 for all comparisons with controls). The results
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CONCLUSION
The phenotypic and genotypic heterogeneity of earlyonset CRCs clearly emerges from clinical studies. Moreover, the cut-off age for early-onset CRC is not well
defined and ranges between < 40 and < 50. For individuals ≥ 50 years there is a clear recommendation for
CRC screening. Therefore, we suggest to use < 50 years
of age as a cut-off to identify early-onset CRC patients.
As to the phenotype, we can distinguish two distinct
entities, an inherited subtype, usually with familial aggregation, accounting for a relatively low percentage of
cases, with specific clinico-pathologic features such as a
prevalent proximal location, a poor differentiation status,
a higher mucin production, and a “sporadic” subtype,
often without family history of CRC. This subtype has
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distinct location and histopathologic features, such as a
prevalence at distal sites, (mostly recto-sigmoid), and less
favourable histological characteristics.
As to genotypic heterogeneity, despite the variable
expressivity of the well defined CRC-prone syndromes,
the overall heterogeneity belongs mainly to the “sporadic”
subtype of the disease, suggesting a prominent role of
the genetic background, i.e., many genetic alterations
equally or differentially contributing to the disease. As to
this latter scenario, the following possible processes may
occur: (1) a combination of genetic variants in multiple
common low penetrance genes leading to an increase
in the overall CRC risk; and (2) genetic variants of rare,
moderate to high penetrance gene/s, so far mostly unidentified; and (3) a combination of both common low
penetrance variants with rare or single family-specific
high penetrance gene variants, conferring an overall increased risk of CRC and determining onset anticipation.
This latter cancer predisposition pathway is certainly the
most intriguing and debated one.
The significant variability in the mechanisms underlying the development of early-onset CRC is certainly a
major concern for clinicians and oncologists, and bears
implications on prevention, diagnosis and clinical management of the disease. Current National Comprehensive Cancer Network guidelines[104] suggest CRC screening in individuals at average risk (age > 50, no history
of adenoma or CRC, inflammatory bowel disease and
negative family history) and individuals at increased risk
(personal history of adenoma/CRC, inflammatory bowel
disease and positive family history). Whereas the efficacy
of screening is clearly evident in the above-mentioned
individuals, there is no evidence that specific screening
programs on adolescent and young adults at average-risk
would increase early detection and impact on survival[104].
With regard to the clinical management of the early-onset disease all affected individuals should be referred to a
clinical geneticist. Following genetic risk assessment and
molecular testing, patients with hereditary syndromes are
included in surveillance programs according to specific
international guidelines[104]. Conversely, patients with a
“sporadic” CRC presently undergo established disease
surveillance and management programs similar to lateonset CRC patients.
Further studies are warranted in order to gain a better insight in the pathogenesis and molecular features of
this latter CRC subtype. These data may than be used
to tailor cancer screening protocols to subjects under
50 years of age and to establish specific treatment and
follow-up care for affected individuals.
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Core tip: The hypothesis that occupational risk factors
are associated with colorectal cancer is gaining ground,
and high risks of colorectal cancer have been reported
among workers in some industrial branches. This study
investigated the epidemiologic relationship between
colorectal cancer and exposures in several industrial activities, by means of a literature review and meta-analysis. Results pointed out increased risks of colorectal
cancer for labourers exposed to chemical compounds,
besides workers in the sector of machinery installation
exposed to asbestos. Based on our results, the estimated crude excess risk fraction attributable to occupational exposure ranged from about 11% to about 15%.

Abstract
A traditional belief widespread across the biomedical
community was that dietary habits and genetic predisposition were the basic factors causing colorectal
cancer. In more recent times, however, a growing evidence has shown that other determinants can be very
important in increasing (or reducing) incidence of this
malignancy. The hypothesis that environmental and
occupational risk factors are associated with colorectal
cancer is gaining ground, and high risks of colorectal
cancer have been reported among workers in some
industrial branches. The aim of this study was to investigate the epidemiologic relationship between colorectal
cancer and occupational exposures to several industrial
activities, by means of a scientific literature review and
meta-analysis. This work pointed out increased risks
of colorectal cancer for labourers occupied in indus-
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ers employed for at least 5 years in non-oven unit[40].
Dockyard workers experienced an higher mortality
for colon cancer compared to general population[47,48].
This working category was likely exposed to many carcinogenic agents (e.g., asbestos, polycyclic aromatic hydrocarbons, aromatic amines, welding smokes, etc.). Exposure to asbestos could account for a fraction of this risk,
since several evidences are piling up on this issue[33,49-53].
Also fur production workers are exposed to a wide
variety of chemical compounds, considered to be carcinogenic (formaldehyde, para-phenylenediamine or others dyes and pigments) in tanning, cleaning and dyeing
fur, as well as to fur dust[54]. Tannery workers are also
exposed to tanning and dyeing chemical agents, including chromium[55].
Sparse evidence of increased risk for colorectal cancers is available for workers in furniture industry[56], meat
workers[57-59], workers exposed to hydrazine (contained
in rocket fuels) in an aerospace industry plant[60], workers occupied in production of lens and metal spectacle
frames (due to exposures to abrasives or cutting oil mists
or both, possibly by ingestion)[44] and printing machine
operators[61].
Rodu et al[62] observed an higher mortality for rectal
cancer in workers of a petrochemical research facility,
while plastic and rubber production industries showed
only statistically borderline results. Workers occupied in
these industrial branches were likely exposed to several
chemical compounds in manufacturing of methilmetacrylate, polyurethane foam, resins and polypropylene[63-76].
Thus, these results strongly suggest a role for chemical
compounds exposures, as a whole, in increasing the risk
of colorectal cancers.
Results from manufacture of beverages relied on data
on brewery workers[77,78] with a personal high beer intake.
Thus, this observed most likely could not be referred to
an occupational exposure in a narrow sense.
Despite this evidence entailing a role of occupational
and environmental exposures in colorectal cancer onset,
reduction in risk was observed in crop and animal production[79,80] and in some mining and quarrying activities.
Agriculture, mining and quarrying are not sedentary occupations, therefore this physical activity could account
for this lower risk. Moreover, farmers often have a lower
prevalence of smoking compared to general population
average[79] and when results are provided by cohort studies an “healthy worker” effect could be present. In spite
of this, some sparse evidence of increased risk in workers exposed to pesticide or herbicide is provided by studies focused on specific compounds, such as Dicamba[81],
Imazethapyr[82], Chlorpyrifos[83] or Toxaphene[83].
Thus, a detailed exploration of the relationship between occupational exposure and colorectal cancer could
improve the rational base to plan measures for risk prevention and public health protection, not to say that the
interruption of hazardous exposures seemed also to have
a positive impact on prognosis of cancer patients[84].
To our knowledge, no comprehensive review and meta-analysis studies were carried out to date on this specific

INTRODUCTION
In the world about 1234000 new colorectal cancer diagnoses were estimated in 2008[1], less than 60% of them
are from developed countries. From 15% to 25% of
colorectal cancer deaths can be prevented by screening
using fecal occult blood test[2]. Colon cancer most commonly occurs sporadically and is estimated to be inherited in 5%-15% of cases[3-5].
Thus far, several risk factors are evaluated to be related to sporadic forms of colorectal cancer. Diet is definitely the most important exogenous factor identified up
to now in the etiology of colorectal cancer. It has been
estimated that 70% of colorectal cancers could be prevented by nutritional intervention[3]. Physical activity has
consistently been associated with decreased risk of colon
cancer in studies that have concentrated on occupational
activity, leisure activity and total activity[6]. Furthermore,
cigarette smoking, alcohol consumption[6] and family
history[7-9], showed to increase risks of this malignancy.
Approximately 20% of the large bowel cancers in men
appear to be attributable to smoking[10] and individuals
consuming the most alcohol had 60% greater risk of
colorectal cancer compared with non- or light drinkers[11]. Moreover, disparities in the incidence of colorectal cancer by economic status and other socio-ecological
parameters have been described[12,13].
As above mentioned, a minor fraction of colorectal
tumors shows inherited patterns, such as familial adenomatous polyposis (FAP) and hereditary non-polyposis
colorectal cancer (HNPCC). FAP is thought to be the
effect of a deletion in tumor suppressor genes (adenomatous polyposis coli or APC genes), leading in most
cases to a drastically altered protein[14]. HNPCC appeared
to be linked to mutated MLH1 and MLH2 genes, that
are involved in DNA repair processes[4]. However, these
inherited DNA mutations frequently did not seem to
represent a sufficient condition to develop a cancer because other mutations or carcinogenic events must occur
to produce malignant phenotypes[15].
Evidence also showed that risk and protective factors[16-19] are differently associated with proximal and distal colon and with gender[20].
Although colorectal cancer, as other tumors[21,22] or
chronic degenerative diseases[23], is not commonly considered to be occupational in etiology, elevated risks
have been reported among workers in some industrial
branches such as the textile industry[24,25], automobile
industry[26-28], beverage industry[29] as well as in subjects
exposed to asbestos[30-33], dioxin[34], wood dust[35], organic
solvents[36-38] and metal-working fluids[39].
Iron and steel workers experienced higher relative risk
(RR) for colorectal cancers[40-43]. These labourers could
be exposed to mineral dusts and several chemical compounds. Some evidence are available on the possible relationship between exposure to oil mist and colorectal[44]
and rectal cancer[45] and solvents and colon cancer[46]. A
strongly increased mortality for colon cancer was observed among copper smelters[41] and steel foundry work-
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tential between-study heterogeneity[86].
Given that positive studies are more likely to be published than negative ones (i.e., publication bias) and the
interpretation of funnel plots could be subjective and
misleading[87,88], the Duval and Tweedie[89] non parametric
trim-and-fill procedure was used to address the publication bias issue. This statistical method assumes that the
effect sizes of all the studies distribute normally around
the center of a funnel plot, if asymmetry is found, it adjusts for the potential effect of non-published (imputed)
studies. All statistical analysis were carried out using
STATA/SE 11 (Stata College Statin, TX, United States)
software.

topic.
The aim of this study was to investigate the epidemiologic relationship between colorectal cancer and occupational exposures in several industrial branches, by
means of a scientific literature review and meta-analysis.

LITERATURE SEARCH
A literature search for all manuscripts published up to
June 2013 was performed by the authors. Queried databases were PUBMED (June 2013-form 1960) and EMBASE (June 2013-form 1960).
The search strategy included terms (free text or MeSH
terms) for occupational exposures, both stated as industrial
branch (e.g., textile industry) and single chemical compound
(e.g., asbestos), and colon cancer, rectal cancer or colorectal
cancer. Moreover, the search on PUBMED database was
carried out using specific search string for the study of putative occupational determinants of diseases[85].
Authors also checked the literature cited and listed
in the selected studies’ references and included any that
met the criteria of this study. Manuscripts were reviewed
and initially selected on the basis of title and abstract.
Prospective, case-control and meta-analysis studies were eligible for this study and article had to report
at least one risk or mortality estimate to be included in
quantitative analysis, [standardized mortality ratio; standardised incidence ratio; hazard ratio; RR; odds ratio (OR)]
and a precision estimate (95%CI) relating exposure to an
industrial branch to colon, rectal, or colorectal cancer or
enough data to calculate them. Articles reporting only
exposure to a single chemical compound not related to
a specific job task or industrial branch were not included
in the quantitative analysis. When available, fully adjusted
estimates were included and analyzed. Any industrial
branch exposure was taken into consideration when the
same article provided more than one. Moreover, industrial branches were reclassified by the authors, using the
description of productive activities within the papers,
according to the United Nation International Standard
Industrial Classification of all economic activities Rev. 4
(ISIC rev. 4).
Data from duplicated publications or by the same authors in the same cohorts were removed and only one estimate was retained in the analysis, using the highest adjustment and largest sample size.
Data from cohort and non-cohort studies were also
separately analyzed. Pooled estimates were computed
when the number of studies permitted. The within-study
pooled estimate of subgroups was included in the analysis
when a study provided only separate risks subgroups of
workers (e.g., according to sex or job tasks or cancer site).
Studies that showed disaggregated estimates for gender allowed to calculate also pooled RR for colorectal,
colon and rectal cancer separately in male and female.
Presence of heterogeneity between studies was assessed using the I2 statistic. Pooled risks were calculated
applying a random-effect model to compensate for po-
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RESULTS OF CASE-CONTROL AND
META-ANALYSIS STUDIES
A total amount of 83 papers, from 1976 to 2012, were
selected and included in the review and meta-analysis.
These articles provided for 141 different risk estimates,
60 (42.6%) for colorectal cancer, 57 (40.4%) for colon
cancer and 24 (17.0%) for rectal cancer. Cohort study was
the most frequent used study design (68, 81.9%), while
the 12 case-control studies accounted for a lower percentage (14.5%). Crop and livestock farming (ISIC code
01) were the most represented occupational branches (12
studies, 15%), followed by exposures in chemical (ISIC
code 20) and rubber and plastic (ISIC code 22) industries
(11, 13.8%, and 6, 7.5%, studies, respectively). Also workers exposed in glass, ceramic or cement productions (ISIC
code 23) were extensively studied (8 papers, 10.0%), as
well as public administration personnel (6 studies, 7.5%).
Details were shown in Table 1.
Table 2 shows results of meta-analytic studies for
colorectal cancer. Overall estimate underlined a slight
and statistically significant increased risk, also when trim
and fill adjusted result was considered. The increase in
risk ranged from 12% to 19%. Taking into account only
results for cohort studies, estimates were similar to overall ones and no statistical adjustment for publication bias
was required. The effect size of the adjusted pooled RR
carried out on non-cohort studies was close to adjusted
overall results, although not statistically significant.
Taking into account results for specific industrial
branches, tannery and fur industry workers (ISIC code
15) showed to have a significant increased risk (RR =
1.70, 95%CI: 1.24-2.34), while results for iron and steel
workers (ISIC code 24) showed increased adjusted RR
of about 30% (RR = 1.32, 95%CI: 1.07-1.65).
Manufacture of furniture (ISIC code 31), manufacture of machinery (ISIC code 28), manufacture of electronic products (ISIC code 26) and food (ISIC code 10)
industries also showed significant increased RR ranging
from 1.50 to 2.14, although estimates were only based
on one study each.
Results underlined a pooled RR of colorectal cancer
of 1.29 for brewery workers (ISIC code 11), but it seems
probably due to an high personal alcohol intake more
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Table 1 Articles included in the literature review and meta-analysis, by cancer site, International Standard Industrial Classification
code and exposure features
Authors

Cancer site

ISIC

Exposure

[94]

Article type

Cantor et al
Colorectal
01 - Crop and animal production
Aerial pesticide applicators
Cohort
Greenburg et al[95]
Pesticides applicators
Cohort
Lee et al[83]
Farming
Cohort
Lo et al[90]
Pesticides
Case-Control
Lynch et al[96]
Pesticides applicators
Cohort
Wiklund and Dich[97]
Agriculture
Cohort
Mikoczy and Rylander[98]
03 - Fishing and aquaculture
Fishermen
Cohort
Finkelstein[99]
08 - Other mining and quarrying
Dust
Meta-analysis
Kusiak[100]
Miners
Cohort
Gubéran et al[57]
10 - Manufacture of food products
Butchers
Cohort
Fritschi et al[58]
Meat Workers
Cohort
McLean et al[59]
Meat Workers
Cohort
Carstensen et al[77]
11 - Manufacture of beverages
Brevery workers
Cohort
Thygesen et al[78]
Brevery workers
Cohort
Goldberg and Thériault G[101]
13 - Manufacture of textile
Synthetic textiles
Cohort
Mastrangelo et al[24]
Textile
Meta-analysis
Vobecky et al[102]
Carpet production
Cohort
Guay and Siemiatycki[54]
15 - Manufacture of leather and related products
Fur industry
Cohort
Montanaro et al[55]
Tannery workers
Cohort
Sweeney et al[103]
Fur industry
Cohort
Roscoe et al[104]
16 - Manufacture of wood and of products of
Automotive wood modelists
Cohort
wood and cork
Swanson et al[26]
Automobile industry
Cohort
Rodu et al[62]
19 - Manufacture of coke and refined petroleum
Petroleum
Cohort
products
Acquavella et al[70]
20 - Manufacture of chemicals and chemical products
Alachlor (herbicide)
Cohort
Berger and Manz[64]
Coke gas
Cohort
Fraser et al[65]
Fertilisers manufacturing
Cohort
Leet et al[66]
Alachlor (herbicide)
Cohort
Schnorr et al[67]
Polyurethane foam
Cohort
Tomenson et al[68]
Methil-methacrylate
Cohort
Walker et al[69]
Methil-methacrylate
Cohort
Acquavella et al[63]
22 - Manufacture of rubber and plastics products Polypropylene manufacturing
Cohort
Cowles et al[71]
Plastic and resins
Cohort
Kaleja et al[72]
Polypropylene production
Cohort
Lagast et al[73]
Polypropylene production
Meta-analysis
Lewis et al[74]
Polypropylene production
Cohort
Sathiakumar et al[75]
Rubber industry
Cohort
McMichael et al[76]
Rubber industry
Cohort
Albin et al[106]
23 - Manufacture of other non-metallic mineral
Asbestos cement workers
Cohort
products
Jakobsson et al107]
Cement workers
Cohort
Seidman et al[108]
Asbestos
Cohort
Smailyte et al[52]
Cement workers
Cohort
Wingren[109]
Glass Workers
Cohort
Zhang et al[110]
Ceramic factories
Cohort
Jackobsson et al[43]
24 - Manufacture of basic metals
Stainless steel workers
Cohort
Redmond et al[40]
Steel workers
Cohort
Xu et al[42]
Iron and steel workers
Cohort
Wang et al[44]
26 - Manufacture of computer, electronic and optical
Optical industry
Case-Control
products
Ritz et al[60]
28 - Manufacture of machinery and equipment
Aerospace workers
Cohort
n.e.c
Delzell et al[111]
29 - Manufacture of motor vehicles
Motor vehicle manufacturing
Cohort
Innos et al[56]
31 - Manufacture of furniture
Wood dust
Cohort
Puntoni et al[48]
33 - Repair and installation of machinery and
Shipyard
Cohort
equipment
Puntoni et al[47]
Shipyard
Cohort
Nasterlack et al[112]
37 - Sewerage
Wastewater treatment
Cohort
Reynolds and Austin[113]
72 - Scientific research and development
Physics laboratory workers
Cohort
Ahn et al[114]
84 - Public administration and defence
Emergency responders
Cohort
Demers et al[115]
Firefighters
Cohort
Strand et al[116]
Asbestos (Military - Navy)
Cohort
Yamane[117]
United States Air Force workers
Cohort
Czene et al[118]
96 - Other personal service activities
Hairdressers
Cohort
Brownson et al[61]
Colon
01 - Crop and animal production
Agriculture
Case-control
Cantor et al[94]
Aerial pesticide applicators
Cohort
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Estimate
RR
RR
RR
OR
RR
SIR
SIR
SMR
SMR
SMR
SMR
SMR
RR
SIR
SMR
RR
SMR
SMR
SMR
SMR
SMR
SMR
SMR
SIR
SMR
SMR
SMR
SMR
RR
SMR
SIR
SMR
SIR
RR
SIR
SMR
SMR
RR
SMR
SMR
SMR
SIR
SMR
SIR
SMR
SMR
OR
RR
SMR
SIR
RR
SMR
SIR
SIR
SIR
SIR
SIR
SIR
SIR
OR
SMR
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Fredriksson et al[119]
Freedman et al[120]
Koutros et al[82]
Rusiecki et al[121]
Wiklund and Dich[97]
Fredriksson et al[119]
Mikoczy and Rylander[98]
Brownson et al[61]
Tomaskova et al[122]
Brownson et al[61]
Gómez et al[123]
Brownson et al[61]
Fredriksson et al[119]
Brownson et al[61]
Johnson et al[124]
Carstensen et al[77]
Thygesen et al[78]
Fredriksson et al[119]
Brownson et al[61]
Montanaro et al[55]
Fredriksson et al[119]
Roscoe et al[104]
Simpson et al[125]
Swanson et al[26]
Fredriksson et al[119]
Brownson et al[61]
Brownson et al[61]
Brownson et al[61]
Collins et al[126]
Fraser et al[65]
Fredriksson et al[119]
Schnorr et al[67]
Walker et al[69]
Harrington and Goldblatt[105]
McMichael et al[76]
Straif et al[127]
Smailyte et al[52]
Jakobsson et al[107]
Redmond et al[40]
Tokudome and Kuratsune[41]
Brownson et al[61]
Fredriksson et al[119]
Fredriksson et al[119]
Innos et al[56]
Fredriksson et al[119]
Puntoni et al[48]
Puntoni et al[47]
Fredriksson et al[119]
Reynolds and Austin[113]
Fredriksson et al[119]
Baris et al[128]
Brownson et al[61]
Youakim[129]
Fredriksson et al[119]
Fredriksson et al[119]
Cantor et al[94]
Settimi et al[130]
Wiklund and Dich[97]
Mikoczy and Rylander[98]
Carstensen et al[77]
Thygesen et al[78]
Montanaro et al[55]
Roscoe et al[104]
Rodu et al[62]

Rectum

Farmers
Farmer s
Aromatic amine pesticide
Pesticides
Agriculture
02 - Forestry and logging
Gardeners
03 - Fishing and aquaculture
Fishermen
05 - Mining of coal and lignite
Coal Mining
Black coal miners
07 - Mining of metal ores
Metal mining
Mercury miners
08 - Other mining and quarrying
Metal mining
Miners
10 - Manufacture of food products
Food industry
Food industry
11 - Manufacture of beverages
Brevery workers
Brevery workers
14 - Manufacture of wearing apparel
Dressmakers and needle workers
15 - Manufacture of leather and related products
Leather production
Tannery workers
16 - Manufacture of wood and of products of
Lumberers and sawmill workers
wood and cork
Automotive wood model
Wood dust
Automobile industry
17 - Manufacture of paper and paper products
Paper and pulp workers
18 - Printing and reproduction of recorded media
Printing
19 - Manufacture of coke and refined petroleum
Petroleum
products
20 - Manufacture of chemicals and chemical products
Chemical workers
Methil-methacrylate
Fertilisers manufacturing
Chemical workers
Polyurethane foam industry
Methil-methacrylate
21 - Manufacture of basic pharmaceutical products
Pharmaceutical industry
and pharmaceutical preparations
22 - Manufacture of rubber and plastics product
Rubber industry
Rubber industry
23 - Manufacture of other non-metallic mineral
Cement workers
products
24 - Manufacture of basic metals
Stainless steel workers
Steel workers
Metal refinery
25 - Manufacture of fabricated metal products
Metal manufacturing
Metal workers
31 - Manufacture of furniture
Cabinet makers
Wood dust
33 - Repair and installation of machinery and
Mechanics
equipment
Shipyard
Shipyard
49 - Land transport and transport via pipelines
Rail and road workers
72 - Scientific research and development
Physics laboratory workers
81 - Services to buildings and landscape activities
Cleaners
84 - Public administration and defence
Firefighters
National security
Firefighters
86 - Human health activities
Nurses
96 - Other personal service activities
Dry Cleaners and hairdresser
01 - Crop and animal production
Aerial pesticide applicators
Agriculture
Agriculture
03 - Fishing and aquaculture
Fishermen
11 - Manufacture of beverages
Brevery workers
Brevery workers
15 - Manufacture of leather and related products
Tannery workers
16 - Manufacture of wood and of products of
Automotive wood model
wood and cork
19 - Manufacture of coke and refined petroleum
Petroleum industry
products
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Case-Control
Case-Control
Cohort
Cohort
Cohort
Case-Control
Cohort
Case-Control
Cohort
Case-control
Cohort
Case-control
Case-Control
Case-control
Case-Control
Cohort
Cohort
Case-Control
Case-control
Cohort
Case-Control

OR
OR
RR
RR
SIR
OR
SIR
OR
SMR
OR
SMR
OR
OR
OR
OR
RR
SIR
OR
OR
SMR
OR

Cohort
Case-Control
Cohort
Case-Control
Case-control
Case-control

SMR
OR
SMR
OR
OR
OR

Case-control
Cohort
Cohort
Case-Control
Cohort
Cohort
Cohort

OR
SMR
SMR
OR
SMR
SMR
SMR

Cohort
Cohort
Cohort

SMR
SMR
SIR

Cohort
Cohort
Cohort
Case-control
Case-Control
Case-Control
Cohort
Case-Control

SIR
SMR
SMR
OR
OR
OR
SIR
OR

Cohort
Cohort
Case-Control
Cohort
Case-Control
Cohort
Case-control
Cohort
Case-Control
Case-Control
Cohort
Case-Control
Cohort
Cohort
Cohort
Cohort
Cohort
Cohort

SMR
SMR
OR
SIR
OR
SMR
OR
RR
OR
OR
RR
OR
SIR
SIR
RR
SIR
SMR
SMR

Cohort

SMR
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Fraser et al[65]
Manuwald et al[131]
Schnorr et al[67]
Walker et al[69]
McMichael et al[76]
Smailyte et al[52]
Jakobsson et al[107]
Langård et al[132]
Redmond et al[40]
Malloy et al[133]
Innos et al[56]
Puntoni et al[48]

20 - Manufacture of chemicals and chemical products

22 - Manufacture of rubber and plastics product
23 - Manufacture of other non-metallic mineral
products
24 - Manufacture of basic metals

Puntoni et al[47]
Reynolds and Austin[113]

29 - Manufacture of motor vehicles
31 - Manufacture of furniture
33 - Repair and installation of machinery and
equipment
72 - Scientific research and development

Fertilisers manufacturing
Dioxine compounds
Polyurethane foam industry
Methil-methacrylate
Rubber industry
Cement workers

Cohort
Cohort
Cohort
Cohort
Cohort
Cohort

SMR
SMR
SMR
SMR
SMR
SIR

Stainless steel workers
Ferrochromium/silicon
Steel workers
Metalworking fluids
Wood dust
Shipyard

Cohort
Cohort
Cohort
Cohort
Cohort
Cohort

SIR
SMR
SMR
RR
SIR
SMR

Shipyard
Physics laboratory workers

Cohort
Cohort

SMR
SIR

SMR: Standardized mortality ratio; SIR: Standardized incidence ratio; ISIC: International Standard Industrial Classification.

than an occupational exposure. Moreover, pooled RR for
colorectal cancer was increased and statistically significant
for workers occupied in repair and installation of machinery (ISIC code 33, RR = 1.40, 95%CI: 1.07-1.84): this
interesting results was entirely driven from two cohort
studies on Italian shipyard labourers, exposed to asbestos.
Results showed also an increased risk (RR = 1.34,
95%CI: 1.12-1.61) in textile industry (ISIC code 13), mainly
based on estimates of a meta-analytic study[24], while no
increase in risk was observed in the adjusted cohort studies
estimate. Thus, the overall result was not statistically significant, despite a two-fold increased RR.
Results of borderline significance were observed for
chemical (ISIC code 20) and rubber and plastic (ISIC
code 22) industries, while some mining and quarrying
(ISIC code 08) and agricultural (ISIC code 01) occupations showed significant risk deficits. Moreover, the latter
productive branch showed a statistically increase risk for
colorectal cancer in only one case-control study on pesticide applicators[90].
Table 3 shows results of meta-analytic studies for colon cancer. Overall RR showed an increase in risk (RR =
1.13, 95%CI: 1.05-1.23) similar to adjusted colorectal cancer one.
An increased and statistically significant risk for colon cancer was observed in beverage production industry
(brewery workers), steel and metal workers, and in repair
and installation of machinery labourers. These results
are consistent with those of colorectal cancer (Table 2).
Moreover, this analysis showed borderline results for
chemical and rubber and plastic industries, also consistent with those reported in Table 2.
In addition, results showed a RR = 1.80 (95%CI:
1.20-2.70), statistically significant, for colon cancer in
workers exposed in printing industry (ISIC code 18), although only based on a single case-control study.
Excluding manufacture of wood and cork industries
(ISIC code 16) and metal mining (ISIC code 07), no
significant risk deficits for colon cancer were observed.
These decreased risks were observed only in non-cohort
and cohort studies, respectively.
Table 4 shows results of meta-analytic studies for

WCGO|www.wjgnet.com

rectal cancer. Increased RR was observed in overall analysis, although the 95%CI includes the 1 value. This result
is consistent with those of colon and colorectal cancer
analyses.
Increased and significant risk estimates for rectal cancer
were observed only in beverage industry, related to brewery
workers, and in the manufacture of coke and refined petroleum product (ISIC code 19), though only based on a single
cohort study each.
Risk in male did not significantly differ from risk in
female, except for colorectal cancer in which the analysis
showed an increased pooled estimate of borderline significance in men (Table 5).

OCCUPATIONAL EXPOSURES
Occupational exposures, in a broad sense, appear to be a
risk factor for colorectal, colon and rectal cancers. Probably, a fraction of the total amount of cases of these
malignancies could be explained considering occupational
exposures as cofactors in the process leading to cancer.
Slight but significant increased RR were observed for
colorectal and colon cancers, though the pooled estimate
for rectal cancer did not reach the conventional statistical
significance. Despite this issue, results were consistent
each other and showed a similar effect size ranging from
12% to 15%. Consequently, a crude excess fraction of
risk, attributable to occupational exposure considered as
a whole, could be calculated, and its results range from
10.7% to 13.0%.
No significant difference between male and female
was observed in analyses carried out by gender, although
some evidences suggested a different association in the
two sexes[20].
Most of the papers included in this review reported
a cohort design and, limiting the analysis to this sort of
studies, the effect size appeared to be stronger than the
overall results, except for rectal cancer. The large amount
of cohort studies could be an advantage to investigate
an etiologic relationship between risk factors and cancer,
thus these results firmly stressed a role of exposures in
workplace in increasing the risk of colon and colorectal
cancers.

2218

February 8, 2015|First Edition|

Oddone E et al . Occupational exposures and colorectal cancers
Table 2 Pooled estimates for colorectal cancer, by industrial branch and study design
ISIC

1
3
8
10
11
13
15
16
19
20
22
23
24
26
28
29
31
33
37
72
84
96
-

Industrial branch

Cohort studies

(95%CI)
3
Crude RR Adjusted RR
Crop and animal production
0.86
(0.81-0.91)
Fishing and aquaculture1
0.98
(0.70-1.10)
Other mining and quarrying
0.8
(0.70-0.92)
Manufacture of food products
1.21
(0.76-1.92)
Manufacture of beverages
1.29
(1.19-1.40)
Manufacture of textile
2.82
0.73
(0.19-41.78)
(0.07-7.96)
Manufacture of leather and related products
1.7
(1.24-2.34)
Manufacture of wood and of products of wood and cork
1.65
(0.60-4.58)
Manufacture of coke and refined petroleum products1
1.21
(0.69-2.12)
Manufacture of chemicals and chemical products
1.27
(0.92-1.76)
Manufacture of rubber and plastics products
1.3
(0.94-1.79)
Manufacture of other non-metallic mineral products
1.25
(0.85-1.85)
Manufacture of basic metals
1.32
(1.07-1.65)
Manufacture of computer, electronic and optical
products1
Manufacture of machinery and equipment nec1
2.2
(1.03-4.72)
Manufacture of motor vehicles1
1.27
(0.89-1.82)
Manufacture of furniture1
1.5
(1.21-1.87)
Repair and installation of machinery and equipment
1.4
(1.07-1.84)
Sewerage1
1.14
(0.47-2.77)
Scientific research and development1
1.18
(0.77-1.82)
Public administration and defence
0.97
0.87
(0.62-1.52)
(0.58-1.30)
Other personal service activities1
1.09
(0.98-1.21)
All industrial branches combined
1.18
1.18
(1.08-1.30)
(1.08-1.30)
Heterogeneity (I2)
84.1%

Other study design

2

(95%CI)
3
Crude RR
Adjusted RR
2.6
(1.12-6.02)
0.84
(0.77-0.92)
-

-

-

-

1.34
(1.12-1.61)
-

-

-

-

-

-

-

-

1.37
(0.86-2.18)
-

-

-

-

2.14
(1.02-4.50)
-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

1.36
(0.94-1.97)
87.9%

1.13
(0.81-1.57)

-

-

-

-

All
(95%CI)
3
Crude RR
Adjusted RR
0.86
(0.76-0.97)
0.98
(0.87-1.10)
0.83
(0.77-0.89)
1.21
(0.76-1.92)
1.29
(1.19-1.40)
2
(0.83-4.86)
1.7
(1.24-2.34)
1.65
(0.60-4.58)
1.21
(0.69-2.12)
1.27
(0.92-1.76)
1.3
(0.98-1.71)
1.25
(0.85-1.85)
1.32
(1.07-1.65)
2.14
(1.02-4.50)
2.2
(1.03-4.72)
1.27
(0.89-1.82)
1.5
(1.21-1.87)
1.4
(1.07-1.84)
1.14
(0.47-2.77)
1.18
(0.77-1.82)
0.97
0.87
(0.62-1.52)
(0.58-1.30)
1.09
(0.98-1.21)
1.19
1.12
(1.09-1.33)
(1.03-1.23)
84.3%

1

Only one study; 2Case-control studies and meta-analyses; 3Duval and Tweedie trim and fill method. RR: Relative risk; ISIC: International Standard Industrial Classification.

tobacco smoke[10] and alcohol consumption[11], though
in some industrial branches such as leather, beverages,
manufacture of metals, repair and installation of machinery, rubber and plastic industries, the risk could rise
to levels comparable to these major risk factors.
Furthermore, not all studies provided estimates fully
adjusted for well known risk or protective factors, especially those not recent, and thus a residual confounding
can not be excluded.
The choice of excluding studies devoted to analyse
exposure to single substances or chemical compound

Moreover, results from this review could promote public health measures: workers exposed in industrial branches
with increased risk of colorectal cancers could be effectively
addressed to screening and counselling programs, in order
to prevent the onset of the neoplasia or to anticipate the
diagnosis, with a positive effect on the chance of cure and
survival.
Adjustment by possible bias
The effect size of occupational exposures, considered
as a whole, on colorectal cancers is probably lower than

WCGO|www.wjgnet.com
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Table 3 Pooled estimates for colon cancer, by industrial branch and study design
ISIC

Industrial branch

Cohort studies

1

Crop and animal production

2

Forestry and logging1

(95%CI)
3
Crude RR Adjusted RR
1
(0.66-1.52)
-

3

Fishing and aquaculture1

5

Mining of coal and lignite

7

Mining of metals

8

Other mining and quarrying1

10

Manufacture of food products

11

Manufacture of beverages

14

Manufacture of wearing apparel1

15

Manufacture of leather and related products

16

Manufacture of wood and of products of wood and cork

17

0.93
(0.79-1.09)
0.9
(0.68-1.20)
0.19
(0.05-0.71)
-

-

1.06
(0.44-2.57)
1.25
(1.12-1.40)
-

-

-

Manufacture of paper and paper products1

1.66
(0.85-3.24)
2.19
(0.56-8.52)
-

1.2
(0.35-4.16)
-

18

Printing and reproduction of recorded media1

-

-

19

Manufacture of coke and refined petroleum products1

-

-

20

Manufacture of chemicals and chemical products

-

21
22

Manufacture of basic pharmaceutical products and pharmaceutical preparations1
Manufacture of rubber and plastics products

23

Manufacture of other non-metallic mineral products1

24

Manufacture of basic metals

25

Manufacture of fabricated metal products

1.2
(0.99-1.45)
1.22
(0.58-2.24)
1.31
(0.88-1.95)
0.77
(0.29-2.06)
1.75
(1.16-2.65)
-

31

Manufacture of furniture

33

Repair and installation of machinery and equipment

49

Land transport1

72

Scientific research and development1

84

Public administration and defence

86

1.65
(1.24-2.20)
1.91
(1.39-2.62)
-

-

-

1.61
(1.09-2.38)
1.81
(1.39-2.37)
-

Human health activities1

1.23
(0.72-2.11)
1.32
(0.85-2.05)
-

96

Other personal service activities1

-

-

-

All industrial branches combined

1.23
(1.09-1.39)
70.5%

1.23
(1.09-1.39)

Heterogeneity (I2)

-

Other study design

2

(95%CI)
3
Crude RR Adjusted RR
0.98
(0.85-1.13)
1.48
(0.28-7.92)
1.1
(0.42-2.91)
1.5
(0.65-3.64)
0.91
(0.45-1.83)
1.32
(0.93-1.87)
-

-

0.66
(0.20-2.20)
1.3
(0.61-2.76)
0.53
(0.37-0.78)
0.66
(0.17-2.61)
1.8
(1.20-2.70)
1.3
(0.51-3.29)
1.07
(0.68-1.71)
-

-

-

-

1.16
(0.95-1.41)
-

-

-

-

0.83
(0.55-1.24)
0.8
(0.27-2.36)
0.99
(0.43-2.29)
2.39
(0.83-6.92)
-

-

0.9
(0.59-1.38)
1
(0.49-2.05)
1.37
(0.51-3.72)
1.03
(0.92-1.15)
42.3%

-

1.03
(0.92-1.15)

All
(95%CI)
3
Crude RR
Adjusted RR
0.96
(0.84-1.10)
1.48
(0.28-7.92)
0.93
(0.79-1.09)
0.92
0.9
(0.69-1.21)
(0.69-1.17)
0.57
(0.08-4.30)
0.91
(0.45-1.83)
1.28
(0.98-1.70)
1.25
(1.12-1.40)
0.66
(0.20-2.20)
1.49
1.49
(0.90-2.46)
(0.90-2.46)
0.96
0.96
(0.46-1.97)
(0.46-1.97)
0.66
(0.17-2.61)
1.8
(1.20-2.70)
1.3
(0.51-3.29)
1.18
(0.99-1.40)
1.22
(0.58-2.24)
1.19
1.16
(1.00-1.42)
(0.99-1.36)
0.77
(0.29-2.06)
1.75
1.61
(1.16-2.65)
(1.09-2.38)
0.83
(0.55-1.24)
1.4
(0.77-2.54)
1.75
(1.27-2.41)
2.39
(0.83-6.92)
1.23
(0.72-2.11)
1.19
(0.85-1.67)
1
(0.49-2.05)
1.37
(0.51-3.72)
1.13
1.13
(1.05-1.22)
(1.05-1.22)
61.4%

1

Only one study; 2Case-control studies and meta-analyses; 3Duval and Tweedie trim and fill method. RR: Relative risk; ISIC: International Standard Industrial Classification.

if not specifically related to a definite industrial branch,
may be questionable, but our aim was to show quantitative estimates in several productive divisions to provide a
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general overview on occupational exposures at a productive branch level.
In addition, an evident between-studies heterogene-
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Table 4 Pooled estimates for rectal cancer, by industrial branch and study design
ISIC

Industrial branch

Cohort studies

1

Crop and animal production

3

Fishing and aquaculture1

10

Manufacture of food products1

11

Manufacture of beverages

15

Manufacture of leather and related products

16

Manufacture of wood and of products of wood and cork1

19

Manufacture of coke and refined petroleum products1

20

Manufacture of chemicals and chemical products

22

Manufacture of rubber and plastics products

23

Manufacture of other non-metallic mineral products1

24

Manufacture of basic metals

29

Manufacture of motor vehicles

31

Manufacture of furniture

33

Repair and installation of machinery and equipment

72

Scientific research and development1

-

All industrial branches combined
Heterogeneity (I2)

(95%CI)
3
Crude RR Adjusted RR
0.86
(0.74-1.00)
1.05
(0.86-1.25)
0.75
(0.33-1.70)
1.45
(1.13-1.85)
2.06
(0.36-3.76)
0.4
(0.06-2.53)
2.49
(1.02-6.07)
1.22
(0.62-2.41)
0.82
(0.55-1.22)
1.25
(0.61-2.55)
1.25
(0.77-2.04)
1.7
(0.53-5.43)
1.32
(0.93-1.88)
0.76
(0.42-1.38)
1.1
(0.26-1.95)
1.15
1.15
(0.99-1.34)
(0.99-1.34)
53.8%

Other study design

2

(95%CI)
3
Crude RR Adjusted RR
1.5
(0.55-2.45)
-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

1.5
(0.55-2.45)
-

1.5
(0.55-2.45)

All
(95%CI)
3
Crude RR Adjusted RR
0.97
(0.67-1.41)
1.05
(0.87-1.26)
0.75
(0.33-1.70)
1.45
(1.13-1.85)
2.06
(0.91-4.65)
0.4
(0.06-2.53)
2.49
(1.02-6.07)
1.22
(0.62-2.41)
0.82
(0.55-1.22)
1.25
(0.61-2.55)
1.25
(0.77-2.04)
1.7
(0.53-5.43)
1.32
(0.93-1.88)
0.76
(0.42-1.38)
1.1
(0.52-2.34)
1.15
1.15
(0.99-1.34)
(0.99-1.34)
53.8%

1

Only one study; 2Case-control studies and meta-analyses; 3Duval and Tweedie trim and fill method. RR: Relative risk; ISIC: International Standard Industrial Classification.

Interaction between working activity and genetic
susceptibility
The most relevant findings emerged from this review indicate that, though there is no homogeneous pattern of
association between colorectal cancer and working activities (in a broad sense), risk evaluation for this disease
deserves much attention in occupational setting. The
exposure to some industrial branches such as that for
processing animal furs and leather, or others where toxic
chemicals (e.g., asbestos) are used, significantly increases
the risk of colorectal cancer. As reported above, also agricultural activities should enter this domain even if a reduction in risk of colorectal cancer was observed in this
work maybe due to a “healthy worker” effect or to some
personal habits. Evidence on colorectal malignancies of
farmers is provided by investigations strictly focused on
the exposure to specific agro-chemicals.
Traditionally epidemiological and experimental data
on colorectal cancer supported associations with diet and
familial genetic factors[7,8]. Interestingly, a genetic susceptibility was thought to be involved not only in rare familial colon cancers but in more common sporadic forms

Table 5 Colorectal cancer risk in occupational exposures, by
gender
Site
Colorectal
Colon
Rectum

Gender Crude RR
M
F
M
F
M
F

1.21
0.94
1.07
0.95
1.11
1.53

95%CI

Adjusted RR

1.09-1.35
0.85-1.04
0.97-1.18
0.76-1.20
0.93-1.32
0.47-4.93

1.10
0.93
-

1

95%CI
1.00-1.22
0.84-1.04
-

1

Duval and Tweedie trim and fill method. M: Male; F: Female; RR: Relative
risk.

ity was observed, while the publication bias seemed to
be weak. The latter issue was controlled adjusting the
pooled estimates with the Duval and Tweedie[89] non
parametric trim-and-fill procedure. The former was not
surprisingly observed in a study collecting several different results from papers diverging in terms of study
design, exposures assessment, adjustment for potential
confounders, geographical area, thus this may have affected the precision of the pooled estimates.
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as well[9]. Thus, a common belief in scientific community
was that both dietary habits and genetic predisposition
were the basic factors causing colorectal carcinogenesis[9].
In more recent times, however, a growing evidence has
shown the relevant carcinogenic role played by general
lifestyles (cigarette smoking, alcohol consumption, physical activity, diet, etc.) and much more important here exposure to environmental chemicals, so the attention on
simple mechanisms of genetic-environmental determination of disease has been strongly resized.
On the other hand, studies based on genome-wide
association approaches suggested that familial predisposition to develop malignancies does not depend on
mendelian patterns but to complex interactions between
genomic, epigenomic and environmental conditions[91].
In many cases, misconceptions on these inherited diseases depend on the erroneous assumption that heritability
means “genetic determination”. Estimates on heritability
of multifactorial diseases do not provide reliable information on the proportion of cases really due to simple
genetic factors, furthermore these estimates cannot be
used to discover how many cases are due to environmental effects[92].
Other studies on detrimental effects of the environment emphasize the essential role played by the environmental exposures on the environment residing within
the organism. These studies revealed that both early and
advanced stages of carcinogenesis can be promoted by
means of chemical (or other) influences on the stromal
micro-environment[84,93]. The nature of these dynamics is far from being clear and the relationship between
micro- and macro-environment in tumor initiation and
progression is only now starting to be appreciated. This
picture provides strong reasons to act on environmental
carcinogens by planning effective efforts to control incidence rates of colorectal and other tumors.
Despite advancements in developing tools to strengthen surveillance on occupational cancer, in Western countries still many workers are exposed to carcinogens in the
workplace: a serious challenge not only for workers but
also for entrepreneurs, trade unions, decision makers and
health institutions. Managing the exposure to chemicals
causing malignancies and other degenerative pathologies
is not a mere biomedical affair but is a prerequisite for
reducing the economic burden of work-related morbidity/mortality and avoiding social conflicts. In short, it is
a matter of social cohesion and equity. This entails new
political and economic paradigms in planning occupational safety and, especially, in addressing health expenditures. Education and public communication programs
on primary prevention in the workplace will be essential.
After all, innovative actions to protect human health
often require solely good science, culture and common
sense. Improving our environment and lifestyles is much
more feasible and infinitely less expensive than improving our genetics.
To our knowledge, this article provides the largest
review of papers regarding the risk of colorectal cancers

WCGO|www.wjgnet.com

in workers of several industrial branches. Our results
pointed out increased risks for labourers occupied in industries with a wide use of chemical compounds, such as
leather, basic metals, plastic and rubber manufacturing,
besides workers in the sector of repair and installation
of machinery exposed to asbestos.
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Core tip: Laparoscopic surgery is a fundamental improvement in oncological colorectal surgery, associated
with better short-term outcomes. However, anastomotic leakage still presents a major challenge in the postoperative course. Future research should therefore aim
at the prevention, timely recognition and treatment
of this complication. Correction of nutritional compromise, frailty and muscle loss, optimization of fluid and
microcirculatory status, implementation of clinical and
laboratory diagnostic markers, and the use of clinical
audits may all contribute to a reduction of anastomotic
leakage.

Abstract

Original sources: van Vugt JLA, Reisinger KW, Derikx JPM,
Boerma D, Stoot JHMB. Improving the outcomes in oncological colorectal surgery. World J Gastroenterol 2014; 20(35):
12445-12457 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i35/12445.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i35.12445

During the last several decades, colorectal cancer surgery has experienced some major perioperative improvements. Preoperative risk-assessment of nutrition,
frailty, and sarcopenia followed by interventions for
patient optimization or an adapted surgical strategy,
contributed to improved postoperative outcomes. Enhanced recovery programs or fast-track surgery also
resulted in reduced length of hospital stay and overall
complications without affecting patient safety. After an
initially indecisive start due to uncertainty about oncological safety, the most significant improvement in intraoperative care was the introduction of laparoscopy.
Laparoscopic surgery for colon and rectal cancer is
associated with better short-term outcomes, whereas
long-term outcomes regarding survival and recurrence

WCGO|www.wjgnet.com

INTRODUCTION
Colorectal cancer is one of the predominant types of
cancer and the fourth leading cause of cancer-associated
deaths worldwide[1]. In numbers, 600000 patients died
of colorectal cancer in 2008, and disability-adjusted lifeyears lost from colorectal cancer were 300 per 100000
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highlights the opportunities for further improvement,
particularly aiming at laparoscopy and the prevention
and recognition of anastomotic leakage.

Table 1 Items of the short nutritional assessment questionnaire and malnutrition universal screening tool
Tool
SNAQ

MUST

Item
Weight loss
> 6 kg in the last 6 mo
> 3 kg in the last month
The experience of a decreased appetite over the last
month
The use supplemental drinks or tube feeding over the
last month
BMI kg/m2
> 20
18.5-20
< 18.5
Unplanned weight loss in past 3-6 mo
< 5%
5%-10%
> 10%

Score

ADVANCES IN PREOPERATIVE CARE

3
2
1

Risk factors for anastomotic leakage are numerous and
already widely described[16]. Therefore, describing risk factors is beyond the scope of this review article. The focus
is on preoperative patient assessment and optimization.

1

0
1
2

Nutritional status
A powerful and easily obtainable tool to assess the patient’s
physical and/or mental condition is the use of questionnaires. Various questionnaires have been developed to
evaluate nutritional status. A poor nutritional condition
correlates well with impaired quality of life and physical
functioning[17]. The short nutritional assessment questionnaire (SNAQ) and malnutrition universal screening
tool (MUST) (Table 1) scores are commonly used nutritional screening tools in surgical patients. These questionnaires accurately detect malnutrition, and the MUST
score predicts postoperative complications in cardiac
surgery[18]. Evidence for the value of nutritional screening tools to predict postoperative outcome in colorectal
surgery is lacking. As one in five patients undergoing
colorectal surgery is malnourished[19], the detection of nutritional depletion is of great importance, especially with
neo-adjuvant therapies compromising the nutritional and
metabolic status. A disbalance between energy expenditure and nutritional supplementation is the fundamental
physiologic derangement leading to cancer-induced
weight loss. Both malnourishment and weight loss are associated with poor clinical outcome after surgery[20,21].
Although nutritional supplementation strategies in oncological colorectal surgery can improve handgrip strength,
pulmonary function and insulin resistance[22], nutritional
support has not been proven unequivocally effective to
reduce length of hospital stay and anastomotic leakage
rates[23,24]. It may be concluded that only severely malnourished patients benefit from nutritional support[25]. Nutritional status questionnaires may however not only be used
to identify malnourished patients for nutritional support.
As a tool for accurate prediction of postoperative complications, SNAQ and MUST scores could lead the way
to other treatment options, for example surgery without
a primary anastomosis or protection of the anastomosis
using a diverting stoma. The predictive value of these
scores for postoperative complications remains yet to be
determined.
Contradictory to malnourishment, also obesity, particularly abdominal visceral obesity measured by computed tomography (CT)-based fat volumetry, is considered
a predictor of postoperative complications, prolonged
hospital stay and higher intraoperative conversion (from
laparoscopic to conventional surgery) rates in colon surgery[26,27]. The effect on anastomotic leakage particularly
is not known yet. Obviously, the presence of (visceral)

0
1
2

Adapted from Kruizenga et al[17] (interpretation: 2 = moderate malnutrition, 3 = severe malnutrition) and Lomivorotov et al[18] (interpretation: 0
= low risk of malnutrition, 1 = medium risk of malnutrition, ≥ 2 = high
risk of malnutrition). SNAQ: Short nutritional assessment questionnaire;
MUST: Malnutrition universal screening tool.

patients, which was estimated to be 7% of the total cancer burden worldwide[2]. Although treatment of colorectal cancer is multidisciplinary nowadays, optimal surgery
remains the cornerstone of improved survival[3,4]. Sixtysix percent of patients with colorectal cancer will undergo at least one major surgical resection[5]. The perioperative course of colorectal surgery for malignancy is crucial
for the clinical outcome of treatment, in terms of mortality, tolerance, efficacy, and functional recovery, and has
a considerable impact on health care resources[6,7]. In the
past decades, perioperative care improved largely due to
advances in anesthetic and analgesic approaches, minimally invasive operative techniques, and the introduction
of fast-track protocols[8,9]. However, complications are
still observed after oncological colorectal surgery, leading to prolonged hospital stay and high readmission rates
with concurrent health care costs[10]. Early recognition
and adequate intervention of complications will attenuate severity and may prevent mortality.
Anastomotic leakage is among the most prevalent
and detrimental complications of colorectal surgery. Of
10017 registered resections for colorectal cancer in the
Netherlands in 2012, 691 (6.9%) were complicated by
anastomotic leakage requiring re-intervention (Dutch
Surgical Colorectal Audit 2012)[11], making anastomotic
leakage the primary complication requiring re-intervention. Anastomotic leakage is associated with high
morbidity[12], mortality[11], reoperation[7], and duration
of hospitalization[13]. In cancer, anastomotic leakage is
related to diminished disease-specific survival and higher
recurrence rates[7,14,15]. It is therefore imperative to keep
searching for strategies to prevent, diagnose and treat
anastomotic leakage.
This review article describes pre-, intra- en postoperative advancements in oncological colorectal surgery and
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outcome in terms of physical ability and survival[41]. However, a specific effect of sarcopenia on the anastomotic
leakage rate has not yet been established.
Currently, with increasing age and incidence of colorectal malignancies, new research should aim at frailty and
sarcopenia as risk factors for anastomotic leakage. Moreover, new options for preoperative treatment of frailty
and sarcopenia should be investigated. Both nutritional
and muscle exercise interventions have been proposed to
counteract sarcopenia, with the best effects when both
strategies are combined, which elicits the greatest anabolic
response[42]. Effectiveness of such a dual approach on
postoperative outcomes has not been investigated thus far.

Figure 1 Computed tomography image at the third lumbar vertebral
level. The following skeletal muscles are outlined in red: psoas, paraspinal,
transverse abdominal, external oblique, internal oblique and rectus abdominis
muscles. This female sarcopenia patient had an L3 (third lumbar spine) muscle
index of 34.3 cm²/m².

Enhanced recovery after surgery
Several meta-analyses have shown that enhanced recovery after surgery (ERAS) programs result in reduced
length of hospital stay and overall complications without
affecting patient safety[9,43,44]. Although strong evidence
exists for many recommendations, such as antibiotic
prophylaxis and preoperative bowel preparation, controversies remain around perioperative fluid therapy,
oxygen supplementation and use of non-steroidal antiinflammatory drugs (NSAIDs)[45,46].
Furthermore, the effect of thoracic epidural anesthesia on splanchnic blood flow and anastomotic healing remains uncertain and demands future research[47,48]. After
all, adequate tissue perfusion and oxygenation is imperative for anastomotic healing[49-52]. Major surgery accompanied by systemic hypotension and blood loss is thought
to lead to redistribution of blood to preserve the vital
organs (brain and heart) at the expense of the splanchnic circulation[53,54]. Indeed, intraoperative hypotension
and blood loss are associated with an increased risk of
anastomotic leakage in patients undergoing colorectal
surgery[55]. Nevertheless, alterations in the microcirculation have been observed although systemic hemodynamic
parameters, such as blood pressure, may be within an acceptable range[56]. Compromised visceral circulation, due
to atherosclerosis of the visceral (celiac and superior/inferior mesenteric) or iliac arteries, is not associated with
anastomotic leakage[57]. These findings imply that not the
macroscopic circulation, but the microvascular flow at
site of the anastomosis is of uppermost importance for
anastomotic healing and that the microcirculation can be
considered as a separate entity. Hence, the role in anastomotic healing and potential therapeutic targets for optimization of the gastrointestinal microcirculation remain
to be clarified.
To reduce cardiopulmonary complications, restrictive
fluid regimens seem superior to liberal fluid treatment[58].
Liberal and restrictive fluid therapies may induce hypoperfusion of the anastomosis by causing local edema or
hypovolemia, which could be avoided by individualized,
goal-directed fluid therapy. Individualized fluid therapy
based on cardiac output measurement has been proposed as the ideal treatment strategy regarding complications, mortality and length of hospital stay[59]. However,

obesity does not necessarily equal a sufficient nutritional
status.
Frailty and sarcopenia
Advanced age is associated with an increased incidence
of cancer[28]. The number of elderly cancer patients is
concomitantly increasing. Fifty percent of patients with
colorectal cancer is above the age of 70[11]. While survival
of all cancer types is increasing, improvement of cancer
outcome has been relatively limited in older patients[29].
Higher age is an independent predictor of disease-specific
perioperative mortality in patients undergoing surgery for
colorectal cancer[30,31]. Especially in older patients, weight
loss, cachexia and nutritional compromise are associated
with impaired response to chemotherapy and decreased
survival[32,33].
Frail elderly undergoing colorectal surgery have a 4-fold
increased risk of major postoperative complications[34].
Frailty is a state of increased vulnerability towards stressors in older individuals, leading to an increased risk of developing adverse health outcomes[35]. The definitions and
biological characteristics of frailty are subject of debate.
Weight loss, decreased muscle strength, reduced physical activity, exhaustion, and reduced walking speed are
symptoms of a physical definition of frailty[34,36], whereas
comorbidity, polypharmacy, decreased physical functioning, impaired nutritional and cognitive status, depression
and social support are components of a more multidimensional description of frailty[37]. A simple screening
instrument for frailty is the groningen frailty index, based
on physical, cognitive, social and emotional items[38]. Skeletal muscle depletion or sarcopenia is an element of frailty
in both definitions. Sarcopenia, mostly assessed by measurement of muscle area at the level of the third lumbar
spine at CT-scan (Figure 1), is associated with prolonged
hospital stay, infectious complications and decreased recurrence and survival rates following colorectal and liver
surgery[39,40]. Moreover, sarcopenia frequently occurs in
obese patients too and the combination of sarcopenia and
obesity (sarcopenic obesity) may result in even a worse
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colon cancer laparoscopic or open resection (COLOR)[77]
trials, respectively.

a recent randomized controlled trial (RCT) using esophageal Doppler monitoring for cardiac output measurement could not prove a reduction in postoperative complications[60]. The effect of goal-directed fluid therapy on
intestinal (microvascular) perfusion, damage and healing
therefore needs further exploration.
Although an inspired oxygen concentration of over
80% during surgery and in the first two hours after surgery
has been shown to reduce surgical-site infections[61], little
is known about the effect on anastomotic oxygenation
and healing. Only a small randomized trial describes a
decrease in anastomotic leakage prevalence when administering 80% oxygen during surgery and in the first six
hours following surgery[62]. Supplementation of high inspired oxygen concentration seems beneficial for anastomotic healing and should be evaluated in more patients
and on the intestinal oxygenation level to draw definite
conclusions.
Several studies have indicated that the use of NSAIDs
is markedly correlated with anastomotic leakage following colorectal surgery[63-65]. The ERAS guidelines state
that sufficient evidence is lacking to stop using NSAIDs
as a component of multimodal analgesia[45]. The mechanisms by which NSAIDs exert their detrimental effects
on colonic surgical wound healing are not known, which
deserves further investigation.

Short-term benefits of laparoscopic colon cancer surgery
The early reports of these trials described similar[75-77] or
even lower[74] postoperative complication rates for laparoscopic surgery compared with open surgery. Thirtyday mortality rates were not significantly different[74-77].
On the one hand, operative time was longer for laparoscopy in all studies. On the other hand, patients in the
laparoscopic arm had significantly less blood loss[74,77],
earlier return of bowel function[74,76,77], earlier resumption
of fluid intake and regular diet[76,77], shorter use of oral
and parenteral analgesics[75] and shorter hospital stay[74-77].
Radicality of resection, reflected by resection margins
and the number of lymph nodes in the resected specimen, did not differ significantly[74-77]. Equivalence of the
number of harvested lymph nodes was later confirmed
in a meta-analysis[78].
The four exploring randomized trials were followed by
multiple others. These trials also found short-term benefits in laparoscopic compared with open surgery[79-82] and
confirmed similar postoperative complication and 30-d
or in-hospital mortality rates for either operative modality[79-83]. Since the laparoscopic surgical technique is more
similar to the conventional approach for right colectomies
compared with other colorectal procedures, benefits seem
less significant for this laparoscopic procedure[84]. Both
long- and short-term health-related quality of life are
higher in laparoscopic compared with open colon cancer
surgery[85-87].
Hence, laparoscopic colon cancer surgery is associated
with multiple short-term benefits compared with conventional surgery. Although these benefits might be clinically
less important, laparoscopy seems more comfortable for
the patient.

ADVANCES IN INTRA-OPERATIVE CARE:
LAPAROSCOPIC COLORECTAL SURGERY
Although strong evidence exists that a diverting stoma
significantly reduces anastomotic leakage in rectal surgery[66,67], other measurements, such as omentoplasty, prophylactically leaving intra-abdominal drains, and application of a sealant (i.e., fibrin glue) around the anastomosis,
seem obsolete in preventing anastomotic leakage[68-70].
Moreover, stapled anastomoses and hand-sewn techniques have comparable effects[71]. The most significant
improvement in intraoperative care last decades, was the
introduction of laparoscopy. Large incisions are avoided
and surgical trauma is minimized.

Laparoscopic colon cancer surgery and its oncological
safety
Primary endpoints of the four pioneering trials mostly
consisted of oncological parameters, since oncological
safety was the main concern in early years. The Barcelona trial aimed to compare cancer-related survival after
laparoscopic and open colon cancer resection. After a
median follow-up of 43 mo, cancer-related survival was
significantly higher after laparoscopic surgery[74]. Updated results with a median follow-up of 95 mo showed
a tendency of higher cancer-related survival and overall
survival for the laparoscopic group. Moreover, laparoscopic surgery was independently associated with a
reduced risk of tumor recurrence[88]. This superiority of
laparoscopy was mainly caused by the results in patients
with stage Ⅲ disease. This led to the hypothesis that the
effect of surgery on the immune system is reduced in
laparoscopy[89].
Time to tumor recurrence was the primary endpoint
of the non-inferiority COST trial. Concerning this, it
showed laparoscopic surgery to be non-inferior to open

Laparoscopic colon cancer surgery
Following the successful introduction of laparoscopic
cholecystectomy and appendectomy, laparoscopic colon
resection was first described by Jacobs and colleagues in
1991[72]. However, skepticism about its safety and feasibility rose, since early reports described high port or wound
site cancer recurrence rates[73]. Consequently, laparoscopic
colectomies were performed decreasingly and surgical
societies summoned to only perform these under the auspices of randomized trials. Therefore, one single-center
and three multi-center phase 3 randomized clinical trials
were initialized to compare oncological outcomes between laparoscopic and conventional open colectomy for
cancer: the Barcelona trial[74] and the clinical outcomes of
surgical therapy (COST)[75], conventional vs laparoscopicassisted surgery in colorectal cancer (CLASICC)[76] and
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surgery. Moreover, no significant differences were found
in cumulative incidence of recurrence, overall-survival,
and disease-free survival. Tumor recurrence in surgical
wounds was rare in both treatments groups (less than 1%)
and did not differ between groups[75]. The 5-year results of
the COST trial confirmed non-inferiority of laparoscopic
surgery in terms of disease-free 5-year survival, overall
5-year survival, overall recurrence rates and recurrence
distribution[90].
The CLASICC trial was initiated to investigate oncological safety regarding overall and disease-free survival
and recurrence rates. No significant differences were
found for either endpoint after three years[91]. Moreover,
5-year analysis of the data showed similar (local and
distant) recurrence, and overall and disease-free survival
rates for both study arms[92].
Primary outcome of the COLOR non-inferiority
trial was 3-year disease-free survival, which differed 2%
(95%CI: 3.2-7.2); 74.2% in the laparoscopic group and
76.2% in the open surgery group (P = 0.70), when all
stages of disease combined were analyzed. Despite exceeding the predetermined non-inferiority boundary of
7% of the upper 95%CI, the authors concluded that this
difference was clinically acceptable and that laparoscopy
could safely be implemented into daily practice. After all,
a per-protocol analysis showed laparoscopic surgery to
be non-inferior to open surgery. The combined 3-year
overall-survival did not significantly differ[93].
To enhance power, the transatlantic laparoscopically
assisted vs open colectomy trials study group conducted
a meta-analysis including the individual databases of the
four mentioned trials (3-year results of the CLASICC and
COLOR trial were not yet published at that moment).
It showed similar 3-year disease-free and overall survival
rates for all stages of disease in the two study arms. Furthermore, recurrence rates and patterns were comparable[94]. Later performed trials reproduced comparable longterm oncological results for both treatment groups[79,80,95].
Moreover, equivalence in long-term oncological outcomes
was confirmed in multiple meta-analyses including highquality RCTs[96-98].
In conclusion, early concerns regarding oncological safety have been invalidated nowadays. Particularly wound or
port site recurrence rates are comparable in trials specifically reporting its incidence[74,80,90,93]. Laparoscopic surgery
for curative colon malignancies is proven feasible, safe and
non-inferior compared with conventional open surgery
with multiple short-term advantages in patients with disease stages Ⅰ-Ⅲ on basis of solid level Ⅰ evidence.

questioned since. Nevertheless, successful total mesorectal
excision was more frequently performed in laparoscopic
procedures[76]. The suggested better practicability of this
technique in laparoscopic surgery is essential, since complete resection of the mesorectum (with preservation of
pelvic autonomic nerves) has shown to improve survival
and recurrence rates[99]. Reacting on the CLASICC trial
results, a research group from Hong Kong performed an
updated subgroup analysis on rectal cancer[100] of their
prospective randomized trial on laparoscopic resection
of rectosigmoid carcinomas. This analysis showed faster
recovery after and similar survival and disease-free survival rates in laparoscopic surgery compared with open
surgery[101]. Due to these controversies, additional highquality trials investigating oncological safety of laparoscopic rectal resection were required.

Laparoscopic rectal surgery
The CLASICC study was the first randomized trial also
comparing oncological outcomes in laparoscopic and
open surgery for rectal cancer. Laparoscopic rectal resection was considered technically more demanding than
laparoscopic colon resection, as a high conversion rate
(34%) and longer operation time were reported[76]. Feasibility and safety of laparoscopic rectal cancer surgery were

Laparoscopic rectal cancer surgery and its oncological
safety
No significant differences were found for both shortand long-term oncological outcomes in terms of proximal, distal and radial resection margins, number of lymph
nodes harvested, three- or five-year overall-, cancerrelated- or disease-free survival, and local recurrence
rates in patients undergoing both sphincter-sparing (low
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Short-term benefits of laparoscopic rectal cancer
surgery
This need was fulfilled by the performance of multiple
RCTs with both short- and long-term parameters as
primary outcome. Several benefits of laparoscopic over
open rectal surgery have been identified, which are almost identical to those in colon surgery. Laparoscopy
is associated with significantly less blood loss or a trend
towards significance[102-107]. This resulted in fewer blood
transfusions, known as a risk factor for anastomotic leakage, in one trial reporting on this outcome[102]. Postoperative recovery was enhanced in laparoscopy, reflected by
faster bowel recovery (shorter time to first postoperative
peristalsis[76,105-108], flatus[103,106], stool[103,108], or resumption
of normal diet[76,103,105,106]), and less analgesic use[103,105-107].
Moreover, length of hospital stay was shorter in the
laparoscopic group, reaching significance in three singlecenter studies with short-term recovery as its primary
outcome[102,106,107]. A wide range in postoperative complication rates is reported. Nonetheless, a meta-analysis
reported significantly less postoperative complications
after laparoscopic surgery[109]. On the other hand, like in
colon cancer surgery, significantly longer operative time
or a trend towards significance in laparoscopy is reported
in most trials[76,102-108]. This issue would be of decreasing
importance nowadays, since experience is growing.
In contrast to colon cancer surgery, higher health-related quality of life in laparoscopic compared with open
rectal cancer surgery was only reported on the short-term
(one week postoperatively) in a prospective study[110],
whereas no difference was found on the long-term in the
COLOR Ⅱ cohort (one year postoperatively)[111].
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anterior) resection for mid or high and abdominoperineal
resection (APR) for low rectal carcinoma[102-104,106,108,112].
Since these studies incorporated relatively small patient
numbers, consequently lacking power, and were mostly
conducted in a single-center setting by one team or even
one surgeon, a phase 3 non-inferiority multicenter trial
including 1103 participants undergoing LAR or APR was
conducted comparing oncological outcomes (COLOR Ⅱ
trial). Locoregional recurrence was its primary endpoint.
Like the COLOR trial for colon cancer, the COLOR Ⅱ
trial showed that postoperative recovery was improved
after laparoscopy, whereas radicality of resection, intraand postoperative complications, and 30-d mortality were
comparable in both groups. Moreover, laparoscopic rectal
cancer surgery was considered feasible with a conversion
rate of 16%. However, it should be noted that these findings are not applicable to all rectal cancer patients, since
T3 tumors within 2 mm from the endopelvic fascia and
T4 tumors were not included in the trial[113].
Meanwhile, long-term results of the CLASICC trial
have been reported. Although higher positive resection
margin rates were reported in the early results[76], 3-year
results showed no differences in (local) recurrence and
mortality rates. Moreover, similar results for APR and
LAR were reported[91]. Multiple meta-analyses confirmed
comparable short- and long-term oncological outcomes
in laparoscopic and open surgery[114,115]. The Hong Kong
study group reported equal overall survival, cancer-related survival, disease-free survival, and local and distant
recurrence rates after ten years in patients with stage Ⅰ
-Ⅳ upper rectal cancer undergoing LAR[105]. Results for
locoregional recurrence of the COLOR Ⅱ trial are expected at the end of 2013[113].
In conclusion, rectal cancer surgery has short-term
advantages over conventional open surgery and seems
oncological safe. Nevertheless, recurrence and long-term
survival rates of the COLOR Ⅱ trial need to be awaited
before laparoscopic resection of rectal cancer is indisputably proven to be oncological safe.

high volume centers (> 10 cases per year) had fewer complications, greater lymph node harvest and shorter hospital stay compared with medium (5-10 cases per year) and
low volume (< 5 cases per year) centers[116], again addressing the learning curve of laparoscopic surgery. Moreover,
operative time was significantly shorter in high volume
centers[116]. Hence, laparoscopic experience is a major factor in outcome. Higher costs for laparoscopy, despite the
shorter mean hospital stay, may be reduced in high volume centers. After all, the main cause for higher costs are
operative expenses[117].
Patient-tailored strategies
Although conversion rates were high in the firstly performed multicenter RCTs, laparoscopic colon surgery is
considered standard of care in many countries nowadays.
Intraoperative conversion was associated with higher complication rates and prolonged hospital stay[76,118]. Moreover,
cases converted were associated with a worse overall[92]
or 5-year disease-free[81] survival compared with laparoscopically completed or open surgery. The most common
reasons for conversion in the early performed RCTs were
tumor fixation and advanced disease, uncertainty of tumor
clearance, and obesity[76]. As intraoperative conversion is
nowadays mainly needed due to unfavorable tumor characteristics instead of inexperience of surgeons, these cases
have a worse outcome. Moreover, laparoscopic surgery
is currently regarded safe and suitable for obese patients
also[119].
Besides surgical experience, a patient-tailored treatment strategy with optimal selection of patients eligible for
laparoscopic surgery seems essential to optimize results.
Adequate patient selection leads to lower conversion rates
as shown in the LAPKON Ⅱ trial[83]. Patients with rectal
cancer were randomized after initial diagnostic laparoscopy
to assess feasibility of laparoscopic resection. Hence, conversion should not be considered as surgical failure, but as
a judicious decision. Nevertheless, appropriate selection
should preferably be performed preoperatively. Feasibility and safety of laparoscopic surgery in elderly colorectal
cancer patients for instance, have been underlined in a
recent randomized study[120]. Another possible vulnerable
population suitable for laparoscopy could be malnourished patients, since malnourishment and weight loss are
associated with impaired clinical outcome[20,21].

Surgical feasibility of laparoscopic colorectal surgery
Intraoperative conversion is considered an important
measure of feasibility of a laparoscopic procedure. Due
to the non-selective design of RCTs and the inability of
researches to adequately choose patients eligible to be
randomized to either surgical approach, high conversion
rates were reported in early trials. In the CLASICC trial
up to 25% of colon and 34% of rectal cancer patients
underwent conversion[76]. However, no uniform definition of conversion was used in different trials. Conversion rates of the CLASICC trial improved each year,
from 38% in the first year to 16% in the sixth year of the
study[76]. Furthermore, low conversion rates of 2.8% to
14.6% were reported in later performed RCTs (allowing
surgeons to be more experienced) and single-center studies with a specialized laparoscopic surgical team[74,79-81].
This demonstrates its function of the learning curve.
The COLOR case volume study demonstrated that
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Laparoscopic colorectal surgery in the light of enhanced
recovery programs
As previously described, another major improvement in
colorectal cancer surgery has been the introduction of
fast-track or enhanced recovery programs. However, only
one trial described in this review was performed within
such a program. The LAFA trial, a multicenter randomized trial comparing laparoscopic and open surgery plus
or minus a fast track program in segmental (right and
left-sided) colectomy, concluded that the best perioperative treatment is laparoscopy combined with fast track
surgery regarding total hospital stay. Secondary outcomes
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(postoperative hospital stay, morbidity, reoperation rate,
readmission rate, in-hospital mortality, quality of life at
two and four weeks, patient satisfaction and in-hospital
costs) did not significantly differ between the four treatment groups[82]. Currently, a multicenter randomized trial
is performed to investigate the hypothesis that laparoscopic surgery is superior compared with conventional
surgery even when both treatments are optimized within
the ERAS program[121].

gastrointestinal tract to be the origin of the postoperative
inflammatory response after colorectal surgery[132]. However, it should be noted that intraperitoneal microdialysis
is an invasive method, with two catheters left behind intra-abdominally, that could involve complications. When
a drain is left after surgery, measuring biomarkers in the
peritoneal fluid, such as cytokines and metalloproteinases,
could attribute to early detection of anastomotic leakage[133,134]. Also, a polymerase chain reaction for Enterococcus faecalis in drain fluids could be used as a screening test
for anastomotic leakage[135]. Nevertheless, drains should
not be used routinely, microdialysis is an invasive method,
and the value of these markers in the absence of other
clinical signs is limited.

ADVANCES IN POSTOPERATIVE
CARE: DETECTION OF ANASTOMOTIC
LEAKAGE
The clinical presentation of anastomotic leakage is heterogeneous and may be nonspecific. Anastomotic leakage is frequently diagnosed late due to a low index of
suspicion based on clinical and conventional laboratory
findings[122]. Moreover, abdominal CT-scan with intraluminal contrast undoubtedly has a role in timely recognition of anastomotic leakage, but yields low sensitivity
(68%), which may delay the diagnosis and appropriate
treatment[123]. Intervening weekends may further delay diagnosis and re-interventions[124]. Delay in recognizing and
consequently treating anastomotic leakage after colorectal
surgery is associated with increased mortality[125,126].
Clinical signs for accurate and early detection of anastomotic leakage have been widely investigated. den Dulk
et al[127] standardized postoperative monitoring and developed a leakage-score, consisting of general, local physical
examination, laboratory investigation and dietary items.
The use of this score resulted in a significantly shorter
delay in the diagnosis of anastomotic leakage.
Accurate diagnostic markers are needed to detect
anastomotic leakage early after colorectal surgery. Various
biomarkers have been investigated, although none has
been validated clinically and studies are difficult to compare, mainly due to different definitions of anastomotic
leakage[128]. C-reactive protein (CRP) has been widely
proposed as an early indicator to diagnose anastomotic
leakage on postoperative day 2-4[129]. However, the test
characteristics are not convincingly robust, with approximately 70%-80% sensitivity and specificity[129]. Currently,
the PRECIOUS trial investigates a step-up approach in
major abdominal surgery combining CRP and CT imaging of the abdomen to diagnose severe complications,
including anastomotic leakage[98]. Furthermore, specific
plasma markers for intestinal cell damage and inflammation may provide better accuracy.
Finally, intraperitoneal microdialysis measuring intraperitoneal cytokines after rectal surgery has sometimes
been used for early detection of anastomotic leakage.
Lactate/ pyruvate ratio and interleukin (IL)-6, IL-10 and
tumor necrosis factor-α were increased before clinical
signs were detected in patients with anastomotic leakage [130,131]. Moreover, higher levels of intraperitoneal
cytokines compared with systemic cytokines suggest the
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ADVANCES IN ORGANIZATION OF
CARE: AUDITS
Clinical auditing has been initiated in several countries
and is considered an important tool for quality assessment and the identification of factors needing improvement. Furthermore, clinical audits provide a unique
dataset for research as well. Starting in 2009, a nationwide
audit for colorectal surgery has been initiated in the netherlands, the dutch surgical colorectal audit (DSCA)[136].
Later adopted as a quality indicator for the health care
inspectorate, the DSCA has become a performance index for colorectal surgeons. Postoperative mortality and
anastomotic leakage rates indeed decreased between 2010
and 2012[11,137]. This is in line with audits in other countries, including the United States, Belgium, Germany,
United Kingdom, Spain, Italy, Denmark, Norway, and
Sweden[138,139]. Whether these improvements are directly
related to the introduction of the audit has to be determined. Yet, it can at least be stated that the DSCA has
effectuated increased awareness of and insight in aspects
of improvement.
Clinical audits have revealed several interesting findings with respect to postoperative complications. Hospitals with higher mortality rates had only slightly higher
incidences of postoperative complications. However, the
ability to let patients with a serious complication survive
was significantly lower in high-mortality centers[136]. This
phenomenon is addressed as failure to rescue and was
previously described for other gastro-intestinal operations[140]. Data from the American College of Surgeons
National Surgical Quality Improvement Program showed
that although complication incidences did not vary between hospitals, mortality rates, largely contributed to
death after major complications, significantly varied,
indicating that timely recognition and treatment of complications deserves greater attention[141]. Future research
should aim at identifying and improving the fundamental aspects causing failure to rescue. Another important
finding was that anastomotic leakage rate variation between hospitals was mainly due to treatment-associated
factors, such as blood loss or transfusion and operation
time, than population characteristics, as was the case
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with postoperative mortality[142]. Therefore, anastomotic
leakage is proposed as an accurate read-out for quality
of care, underlining the importance of anastomotic leakage rate reduction in colorectal surgery. In conclusion,
clinical audits provide unique insight in aspects associated with health care quality and more studies have to be
done to find in-hospital factors correlated with anastomotic leakage for further improvement.

10

11

CONCLUSION
During the last several decades, colorectal cancer surgery
has experienced some major perioperative improvements.
Preoperative risk-assessment of nutrition, frailty, and sarcopenia followed by interventions for patient optimization
or an adapted surgical strategy, contributed to improved
postoperative outcomes. Enhanced recovery programs
or fast-track surgery also resulted in reduced length of
hospital stay and overall complications without affecting patient safety. After an initially indecisive start due to
uncertainty about oncological safety, the most significant
improvement in intraoperative care was the introduction
of laparoscopy. Laparoscopic surgery for colon and rectal cancer is associated with better short-term outcomes,
whereas long-term outcomes regarding survival and recurrence rates are comparable. Nevertheless, long-term
results in rectal surgery remain to be seen. Early recognition of anastomotic leakage remains a challenge, though
multiple improvements have allowed better management
of this complication.
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Abstract
Detection of cancer cells using molecular targets is
achieved by combining immunochemical reactions with
gene amplification techniques. This enables the detection of cancer cells in specimens that are traditionally
determined to be cancer-free. These improvements
in detection can lead to prognoses that are different
from those derived by conventional pathological staging. Survival is worse when cancer cells are detected
in regional lymph nodes compared to when the nodes
are cancer-free. Furthermore, the circulating tumor cell
(CTC) count increases as the cancer progresses. Consequently, there is a correlation between CTC count
and prognosis. However, large-scale prospective studies are required to confirm this. The development of
more convenient and cost-effective analysis techniques
will facilitate the practical application of these findings.

INTRODUCTION
In patients with colorectal cancer (CRC), a more favorable prognosis can be achieved by curative resection. The
depth of tumor invasion (T-category) and the extent of
lymph node metastasis (N-category) are important prognostic factors for disease staging. Approximately 25%
of patients without lymph node or distant metastasis
experience suffer recurrent disease. Therefore, obtaining
a true node-negative diagnosis using conventional pathological guidelines is very difficult. It is possible to overlook occult metastasis if very few nodes are collected for
examination[1-3]. Isolated tumor cells or micrometastases
(MMs) within regional lymph nodes that are suspected
markers of systemic tumor spread may be missed by
conventional histopathological hematoxylin and eosin
(HE) staining[4].
Cancer progression is also correlated with epithelialto-mesenchymal transition, where cancer cells enter into
lymphatic or blood vessels and migrate to distant organs
in a mesenchymal state[5,6]. Circulating tumor cells (CTCs),
which can be detected in peripheral blood (PB) by im-
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munological or molecular techniques, are another indicator of disease progression[7,8].
The aim of the present review is to examine the current clinical significance of molecular tumor cell detection in lymph node specimens and PB samples.

ated with poor OS, DSS, and DFS. Molecular tumor cell
detection was also associated with poorer OS, DSS, and
DFS in studies with an inadequate average lymph node
count. In studies that examined at least 12 resected lymph
nodes, a similar association was observed between tumor
cell detection and poor OS, DSS, and DFS. However,
DFS was the only outcome measure with sufficient available data for evaluating the prognostic impact of tumor
cell detection dependent upon the administration of
adjuvant therapy. These subgroup analyses showed that
cancer cell-positive lymph nodes were associated with a
less favorable DFS among patients, regardless of whether
or not they underwent adjuvant chemotherapy[4].

REGIONAL LYMPH NODE TUMOR CELL
DETECTION IN NODE-NEGATIVE CRC
Detection methods
It is quite difficult to detect lone cancer cells, or even
clusters of such cells, using HE staining. Additionally,
since conventional pathological examinations only assess one or two sections (including the maximal cutting
surface) while determining the presence of lymph node
metastasis, most lymph nodes remain unexamined. Special immunohistochemical (IHC) techniques and reverse
transcriptase polymerase chain reaction (RT-PCR) can
be used to identify MMs within lymph nodes[4], and several studies have employed IHC techniques using monoclonal antibodies directed against carcinoembryonic
antigen (CEA) or cytokeratin (CK)[8,9]. Re-examination
of regional lymph nodes using CK staining detected
MMs in 39% patients with primary CRC in one study[10]
and revealed occult metastases in 5.8% examined nodes
in another study[9]. The MM detection rate has ranged
from 4% to 31% in previous studies where only one section was examined from each lymph node[9,11,12]. In other
studies where two or more sections from each lymph
node were examined, the rate of MM detection was
higher at 76%-100%[13,14]. Moreover, the MM detection
rate in each lymph node increased with an increase in
slice number from 1 to 2 to 5[15].
The CEA, CK, KRAS, and MUC2 genes are used
for PCR[16-19], with 30%-50% of CRC specimens deemed
to be node-negative actually instead being found to be
positive when these markers are used. Recently, a novel
one-step nucleic acid amplification (OSNA) assay using
reverse-transcription loop-mediated isothermal amplification for gene amplification was developed[20]. In the
OSNA assay, the supernatant of a homogenized lymph
node solution is analyzed directly without mRNA purification, enabling rapid detection via an automated gene
amplification detector. This is, therefore, a more convenient method for application in a clinical setting compared with conventional RT-PCR[21].

CIRCULATING TUMOR CELLS IN CRC
Detection methods
CTCs and lymph node MMs are detected by targeting nucleic acids associated with epithelial or oncogenic genes or
by their immunoreactivity to cell surface proteins[7]. Targets include the cancer cell markers CEA, CKs, hTERT,
and CD133[27,28].
Recently, the CellSearch™ System (Veridex, Huntingdon Valley, PA) was developed for the detection of
small numbers of CTCs; the system can detect CTCs in a
7.5-mL PB sample. In one study, the prevalence of CTCs
was determined in blood samples taken from 199 patients
with nonmalignant diseases, 964 patients with metastatic
carcinomas, and 145 healthy donors. In the 2183 blood
samples obtained from the 964 patients with metastatic
carcinomas, the number of CTCs ranged from 0-23618
per 7.5 mL of blood; 36% (781/2183) samples had two
or more CTCs. The rate of detection of two or more
CTCs in different cancers was as follows: 57% (107/188)
for prostate cancers, 37% (489/1316) for breast cancers,
37% (20/53) for ovarian cancers, 30% (99/333) for
colorectal cancers, 20% (34/168) for lung cancers, and
26% (32/125) for other cancers[29].
Prognostic value in resectable and metastatic CRC
Several reports have noted a correlation between RTPCR-based CTC detection in patients with stage Ⅰ-Ⅲ
disease and DFS and OS[30-32]. Wong et al[32] employed an
assay of immunomagnetic separation and reported that
an increase in the number of CTCs was associated with
recurrence. Meta-analyses have also detected significant
correlations between CTC detection and poor recurrence-free survival and OS[7]. Detection of CTCs in PB
is indicative of a poor prognosis in patients with primary
CRC.
CTC counts obtained with the CellSearch™ system
reportedly predict the response of metastatic breast,
colorectal, and prostate cancers to chemotherapy[29]. In
metastatic CRC, patients with three or less CTCs or less
after the initiation of chemotherapy have better PFS
and OS[33]. Matsusaka et al[34] reported that many patients
had three CTCs or less after the initiation of oxaliplatinbased chemotherapy, and that these patients also showed
better PFS and OS compared with patients with more

Prognostic significance and tumor cell detection in
node-negative CRC
Significant correlations between the detection of tumor
cells and survival have been reported by some studies[9,22,23], whereas others have failed to demonstrate any
such correlation[10-12,15,24-26]. Recent meta-analyses indicated
that molecular tumor cell detection has a prognostic
impact on overall survival (OS), disease-specific survival (DSS), and disease-free survival (DFS). Subgroup
analyses of studies that enrolled patients with stage Ⅱ
CRC only showed that tumor cell detection was associ-
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Table 1 Prognostic value of resectable and metastatic colorectal cancer
Detection method
RT-PCR
RT-PCR
RT-PCR
Immunomagnetic
RT-PCR
CellSearch
CellSearch
CellSearch, RT-PCR
CellSearch
CellSearch

Objectives

Correlation

Ref.

Stage Ⅰ Ⅱ Ⅲ
Stage Ⅰ Ⅱ Ⅲ
Stage Ⅰ Ⅱ Ⅲ
Stage Ⅰ Ⅱ Ⅲ
Stage Ⅰ Ⅱ Ⅲ
mCRC
mCRC
mCRC
mCRC
mCRC

DFS
DFS, OS
RFS
Recurrence
DFS, OS
PFS, OS
PFS, OS
OS
PFS, OS
OS

[30]
[31]
[28]
[33]
[32]
[34]
[35]
[36]
[37]
[38]

3

4

5

DFS: Disease-free survival; OS: Overall survival; PFS: Progression-free
survival; RT-PCR: Reverse transcriptase polymerase chain reaction; RFS:
Recurrence-free survival.

6

CTCs. Some reports have indicated that CTC counts obtained using the same system are prognostic biomarkers
of PFS and OS[35-37]. Recently, the detection of circulating endothelial cells in the PB by the CellSearch™ system before chemotherapy has been reported to predict
the efficacy of bevacizumab[38] (Table 1).

7

8

Future directions and clinical significance of minimal
cancer cell detection
Even though meta-analyses have shown the utility of tumor cell detection in node-negative lymph nodes, largescale prospective studies are required to elucidate the
correlation between lymph node MM and prognosis. If
such a correlation is proven, then studies to ascertain the
equality of staging for MM and conventional metastasis
will also be needed. The development of a low-cost,
convenient method of detection is also desirable to facilitate practical application of these findings.
Prospective studies of CTC detection in stage Ⅱ and
Ⅲ CRC are also required. The first aim should be to clarify whether the CTC count can be used to identify patients
who are likely to experience recurrence and whether it
can be used as a monitoring marker similar to CEA. The
next aim should be to ascertain whether CTC can be used
to determine stage Ⅱ patients who are at a high risk of
recurrence and consequently require adjuvant chemotherapy. If possible, an investigation should be performed to
ensure that chemotherapy is avoided by stage Ⅲ patients
considered to be at a low risk of recurrence.
With regard to metastatic CRC, an attempt should be
made to determine whether it can be used as a monitoring
marker for determining the response to chemotherapy.
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Abstract

INTRODUCTION

Peritoneal carcinomatosis (PC), the dissemination of
cancer cells throughout the lining of the abdominal
cavity, is the second most common presentation of
colon cancer distant metastasis. Despite remarkable
advances in cytotoxic chemotherapy and targeted
therapy for colon cancer over the last 15 years, it has
been repeatedly shown that these therapies remain ineffective for colon cancer PC. Recently, there has been
a rapid accumulation of reports that cytoreductive
surgery combined with hyperthermic intraperitoneal
chemotherapy (CRS-HIPEC) prolongs the life of colon
cancer PC patients. Here, we will review the clinical
presentation, the mechanisms of disease progression,
and current treatment options for colon cancer PC,
with a focus on the benefits and limitations of CRSHIPEC.

The most critical and ultimately life threatening feature
of malignant disease is its ability to metastasize to other
organs[1-6]. The peritoneum is second only to the liver as
a site for colon cancer metastasis. Approximately 4%-7%
of patients with colon cancer are noted to have peritoneal carcinomatosis (PC) at the time of diagnosis, despite
recent advances in early detection of the disease[7-9]. Although the tumors are primarily confined to the peritoneum with no discernable metastasis elsewhere in approximately 20%-25% of patients with colon cancer PC[10-12],
the prognosis of these patients is poor with a median
survival of 6-9 mo after diagnosis[7,9,13,14]. As a result, until recent years, colon cancer PC had been regarded as a
form of systemic metastasis portending a terminal state
of colon cancer for which only palliative surgery (such
as diverting colostomy) and/or systemic chemotherapy
was recommended[15-18]. Here, we will review the presentation, mechanisms of disease progression, and current
treatment options of colon cancer PC, which have been
reported to prolong life of those patients.

© 2015 Baishideng Publishing Group Inc. All rights reserved.
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Figure 1 A multistep process is involved in establishment and progression of colon cancer peritoneal carcinomatosis. First, loose cancer cells are released
from the primary tumor that has penetrated the colon wall. The free floating cancer cells enter the peritoneal cavity and are transported to the peritoneal surface,
where with inflammation playing a major role, the cells become adhesed to the peritoneum. The cancer cells then invade into the submesothelial layers and ultimately
are able to access to the systemic circulation. Note that the progression of peritoneal carcinomatosis is not only at the single adhesion site, but its spill over to the
neighboring peritoneum.

to diagnosis of metachronous disease was 18 mo[23].

Clinical Presentation
The symptoms of colon cancer PC can vary and are
nonspecific; many patients, however, experience extreme
fatigue, abdominal discomfort, and abdominal pain because of ascites and associated bowel obstruction[19,20].
If ascites is present, cytology from aspirated fluid can
help to establish the diagnosis in half of these patients.
Approximately 40% of the patients can be diagnosed
by imaging modalities including computed tomography
(CT), magnetic resonance imaging, positron emission
tomography (PET) and ultrasound, but in 8% of the
patients, colon cancer PC is found at the time of laparotomy[21]. In many cases diagnostic laparoscopy can be
helpful to gain more detailed information on the intraperitoneal dissemination of the tumor or histological
confirmation of the suspicion of PC[22]. PC rates are
highest among women, patients with primary mucinous
adenocarcinomas, tumor stage T4, lymph node stage N2,
and among patients with a positive resection margin[23].
Time to recurrent disease has been reported with a median time of 14-16 mo[8,24]. In terms of PC, median time
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Mechanism of establishment and
progression of colon cancer PC
The multistep process through which PC is established
has been conceptualized to include the five following
steps (Figure 1)[25,26].
Release of loose cancer cells from the primary tumor
into the abdominal cavity
In order for the cancer cell to disseminate in the abdominal cavity, it needs to be released from the primary colon
cancer mass. This process can occur through several
mechanisms including spontaneous and/or iatrogenic
exfoliation of cancer cells from the primary tumor. In
colon cancer PC, the expressions and/or the functions
of cell-cell adhesion molecules, such as E-cadherin, can
be down-regulated thereby promoting cancer cell detachment[27-29]. Iatrogenic causes include incomplete resection,
inadvertent breach of the tumor’s integrity, or transection
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of blood or lymph vessels with subsequent leakage[30].

peritoneal lymphatic vessels and milky spots. Intraperitoneal fluid containing free cancer cells, once reaching the
pelvic subperitoneal lymphatics, then travels toward the
rectum, and finally flows into the lymph nodes around
the iliac artery. In contrast, the peritoneum covering the
liver, as well as the serosal surface of small bowel and
spleen, are devoid of lymphatic stomata and milky spots
and thus are involved in systemic dissemination of cancer cells only in the late stage of PC[45].

Transport in abdominal cavity
Once the cancer cells are released into the abdominal cavity, they are transported to different anatomical regions
of the abdomen governed by gravity, peristaltic gastrointestinal movement, and the mechanics of the negative
pressure generated by movement of the diaphragm[31].
The most common sites of disease localization include
the right lower quadrant, the right diaphragm, the hepatoduodenal ligament, the omentum, the pelvic viscera and
the parietal peritoneum[32].

Treatment options and outcomes
Systemic chemotherapy
PC has been considered to be a form of systemic distant
metastasis and a terminal state in colon cancer, thus historically palliative systemic chemotherapy was utilized.
The few retrospective studies examining this palliative
therapy invariably show disappointing responses to
systemic chemotherapy by 5-fluorouracil (5-FU) and
leucovorin with a poor prognosis compared to other
metastatic sites[13,46-49]. Recently, more effective cytotoxic
chemotherapies and biologic targeted therapies using
oxaliplatin, irinotecan, bevacizumab, cetuximab, or panitumumab have been reported to improve the survival
of patients with metastatic colon cancer. However, since
the majority of patients involved in these studies are
those with liver or lung metastases, the effects of these
agents on PC remain unclear[50,51]. Only a few papers
have described the outcome of systemic chemotherapy
for colon cancer PC. A pooled analysis of north central cancer treatment group phase Ⅲ trials N9741 and
N9841 demonstrates that current systemic chemotherapy, such as 5-FU based combination therapy, FOLFOX,
is not effective for PC and fails to significantly improve
survival[52].

Adhesion to the peritoneum
In order for the floating cancer cells to establish PC, the
cells need to adhere to the peritoneum. Evidence suggests
that inflammation plays a major role in this process by
enhancing expression of adhesion molecules. Adhesion
of cancer cells to the mesothelial layer is mediated by adhesion molecules, such as vascular cell adhesion molecule
1 [VCAM-1 (CD106)], intercellular adhesion molecule
1 [ICAM-1 (CD54)], and platelet endothelial cell adhesion molecule [PECAM-1 (CD31)], many of which are
also expressed by endothelial cells[33,34]. Pro-inflammatory
mediators, IL-1β, IL-6 and the epidermal growth factor,
have been shown to increase peritoneal adhesion of cancer cells[35-37], and TNF-α has been shown to enhance the
expression of ICAM-1[38]. Adhesive interactions have also
been reported between the mesothelial hyaluronan coat
and the transmembrane glycoprotein CD44, a molecule
expressed by many cancer types[39]. The mechanisms responsible for this site specificity remain incompletely understood, but may relate to the pro-angiogenic environment elicited by the dense capillary network surrounding
these immune aggregates[40].
Invasion into the submesothelial layers
Loose cancer cells gain access to submesothelial tissue
at areas of peritoneal discontinuity. The cells themselves
may precipitate these areas of weakness in the peritoneum, as cancer cells have been shown to induce apoptosis
of mesothelial cells by a FAS dependent mechanism[41].
Alternatively, the extracellular matrix might become exposed by contraction of mesothelial cells and disruption
of intercellular junctions in response to inflammatory
mediators[42]. Invasion of the submesothelial tissue is
accompanied by adhesion to and degradation of the existing extracellular matrix through various integrins and
proteases respectively[43].

Intraperitoneal chemotherapy
Intraperitoneal delivery of anti-neoplastic agents for
cancer into the abdominal cavity has been attempted
since antiquity. In the mid-18th century, English surgeon
Christopher Warrik injected a mixture of “Bristol water”
and “Claret” (a Bordeaux wine) into the peritoneal cavity
of a woman suffering from intractable ascites[19]. Following the discovery of the anti-neoplastic potential of
nitrogen mustard, its effect in the abdominal cavity was
studied within the mid-20th century[53].
Approximately one in five patients with colon cancer
harbors minimal residual disease in the peritoneum after
surgical resection, while PC develops in approximately
one in seven patients[25]. This observation led to a hypothesis that intraperitoneal chemotherapy following
complete resection of a T3 or T4 stage colon cancer
may decrease peritoneal recurrence. In animal models
of colon cancer, intraperitoneal administration of chemotherapeutic drugs successfully prevented tumor development following colon cancer cell implantation into
abdominal cavity[54]. Clinical studies, however, have thus
far not shown any benefit from adjuvant intraperitoneal

Access to the systemic circulation
Once the submesothelial stroma is invaded, cancer cells
can then gain access to the blood and lymphatic microcirculation. Particulate matter, including free peritoneal
cancer cells, can enter the systemic circulation through
subperitoneal lymphatic lacunae located between the
muscle fibers of the diaphragm[44]. The peritoneum layering the pouch of Douglas, for example, is rich in sub-
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chemotherapy for colon cancer. Vaillant et al[55] randomized 267 stage Ⅱ and Ⅲ colon cancer patients to either
surgery alone or surgery combined with intraoperative
intravenous 5-FU and postoperative intraperitoneal 5-FU
administration. Overall, adjuvant 5-FU failed to improve
disease free survival (DFS), overall survival, or the frequency of peritoneal recurrence. An unplanned subgroup analysis indicated a DFS benefit in patients with
stage Ⅱ disease. Similarly, a randomized trial by Nordlinger et al[56] failed to show any benefit from immediate
postoperative regional chemotherapy (intraperitoneal or
intraportal administration by the choice of participating
center) followed by intravenous chemotherapy compared
with intravenous chemotherapy alone in patients with
resected stage Ⅱ or Ⅲ colorectal cancer. Taken together,
neither of these two trials were able to show any decrease in peritoneal recurrence from adjuvant intraperitoneal chemotherapy in patients with colorectal cancer.

median survival was 32 mo, with 1-, 3- and 5- year survival of 87%, 47% and 31%, respectively. The details of
CRS and chemotherapy regimens differed among the
institutions, limiting the conclusions that can be drawn
from this study[59]. A systematic review by Yan et al[60]
confirmed the importance of achieving CCR-0, as it was
determined that those procedures that succeeded in this
fashion resulted in improved survival to 60 from 28 mo
when compared with procedures leaving residual disease.
CCR-0 resulted in prolonged overall survival from 22%
to 49% at 5 years. The overall quality of the available
evidence is, however, rather low, and a potentially serious postoperative complication rate should be taken into
account. A consistent finding is that optimal results can
be expected in patients with a limited disease burden in
whom a complete resection can be achieved.
Cytoreductive surgery combined with hyperthermic
intraperitoneal chemotherapy
Recently Cytoreductive Surgery combined with Hyperthermic Intraperitoneal Chemotherapy (CRS-HIPEC)
has been introduced for colorectal cancer PC, which appears to be the most effective approach for prolonging
survival in selected patients[49,59,61-63]. CRS-HIPEC is a type
of hyperthermic therapy used in combination with direct
application of chemotherapy inside the abdominal cavity after surgical removal of as much cancer as possible.
HIPEC is also known as intraperitoneal hyperthermic
chemoperfusion, intra-abdominal hyperthermic chemoperfusion, or intraoperative chemo hyperthermia peritoneal perfusion. In this procedure, warmed anti-cancer
drugs are infused and circulated in the abdominal cavity
in direct contact with the peritoneum. These procedures
last as long as 8-10 h and carry a significant rate of complications. According to the National Cancer Institute
database, currently there are eight ongoing clinical trials
worldwide that include HIPEC as a keyword; 2 phase Ⅲ,
4 phase Ⅱ, and 2 phase Ⅰ trials (from www.cancer.gov,
consulted 26th of June 2013)[64].
Verwaal et al[49,65] reported 105 patients with colon
cancer PC without evidence of hematogenous metastases
enrolled between 1998 and 2001, and randomly allocated
to receive CRS-HIPEC followed by Ⅳ 5-FU and leucovorin vs 5-FU and leucovorin with or without palliative
surgery. The median disease specific survival was 22.2
mo in the CRS-HIPEC arm and 12.6 mo in the control
arm (P = 0.028). The survival was significantly better in
patients with no more than five of seven abdominal PC
regions and in patients in whom a macroscopic complete
resection (CCR-0) was achieved. Unfortunately, the value
of this randomized clinical trial is limited by the fact that
the systemic chemotherapy regimen was not the standard of care (which includes Irinotecan and/or Oxaliplatin), appendiceal (n = 18) and rectal (n = 12) tumors
were not balanced in the two groups, and the HIPEC
protocol was based only on mitomycin C in the perfusate. In order to assess the effect of CRS-HIPEC with
modern systemic chemotherapies, Elias et al[66] conducted

Early postoperative intraperitoneal chemotherapy
Early postoperative intraperitoneal chemotherapy (EPIC)
is infusion of chemotherapy directly into the abdominal
cavity through ports, allowing circulation and/or drainage of the drugs for one to five days after cytoreductive
surgery (CRS) to kill remaining microscopic cancerous
tumors and free floating cells. EPIC may be given in
multiple cycles for several months after surgery.
In 1995, a French group attempted to conduct a randomized controlled clinical trial comparing CRS plus
EPIC to systemic chemotherapy, but it was rapidly abandoned because of patients’ dissatisfaction with the treatment in the control arm. Subsequently, a modified clinical trial comparing CRS plus EPIC versus CRS without
EPIC was initiated in 1996. This study by Elias et al[57]
closed prematurely after 4 years in 2000 with only 35 of
the required 90 patients enrolled. In this incomplete trial,
EPIC failed to demonstrate any survival benefit; however, analysis of these 35 patients showed that complete
CRS (CCR-0) resulted in a 2-year survival rate of 60%,
an impressive improvement from the historic 10% survival rate among patients treated with systemic chemotherapy and palliative surgery[57].
Mahteme et al[58] compared 18 colon cancer PC patients who underwent CRS, EPIC (5-FU, cisplatin, or
irinotecan) and systemic 5-FU based chemotherapy with
18 matched control patients who underwent systemic
chemotherapy alone. Patients in the CRS group had a
median survival of 32 mo, with 2-year and 5-year survival of 60% and 28%, respectively, whereas patients
in the control group had a median survival of 14 mo,
with 2-year and 5-year survival of 10% and 5%, respectively (P = 0.01, vs CRS group). Glehen et al[59] analyzed a
multi-institutional registry (28 international institutions)
involving 506 colorectal cancer PC patients who underwent CRS and EPIC with a median follow-up of 53
mo, finding a median survival of 19 mo, and 1-, 3- and
5-year survival to be 72%, 39% and 19%, respectively.
Two hundred seventy-one patients had CCR-0 and their
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a comparison of the survival of patients with isolated
and resectable PC treated with systemic chemotherapy
containing oxaliplatin or irinotecan or treated with CRSHIPEC. In this study, the patients treated with modern
systemic chemotherapy achieved a median survival of 24
mo, while median survival was 63 mo with a 5-year survival rate of 51% after CRS-HIPEC.
Franko et al[67] compared 67 patients treated with mitomycin C-based HIPEC to 38 controls, with all 105
patients receiving 5-FU, irinotecan, oxaliplatin and bevacizumab or cetuximab. Unfortunately, in this study
the number of patients with liver metastases and the
number receiving oxaliplatin and targeted therapies were
both greater in the HIPEC group (78% vs 18% and 59%
vs 18% respectively).
Among non-randomized, retrospective multi-institutional studies, the largest published series comes from
the French registry and includes 523 patients with colon cancer PC from 1990 to 2007 treated with CRSHIPEC[68]. Despite the fact that 16% of patients had
incomplete CRS with macroscopic residuals (CCR-1),
making it difficult to extrapolate data about survival, and
that the large number of participating centers adds variability (relating to learning curve and surgical standardization), the reported 30-d mortality was only 3%, which
was remarkably lower than that reported in the Dutch
trial (8%)[49]. Since PC without systemic spread is found
in 3% of patients with colon cancer, this subgroup
might benefit from CRS-HIPEC[9]. In regards to longterm survival, complete cytoreduction (CCR-0) appears
to be critical given the results from a multinational retrospective analysis of 506 patients with CRC treated with
CRS-HIPEC showing an overall median survival of 32.4
mo with CCR-0 scores compared to 19 mo with suboptimal resection[59]. Multivariate analysis revealed that
other variables associated with survival include treatment
by a second procedure, limited disease extent, age less
than 65 years, and use of adjuvant chemotherapy.
One randomized trial and several prospective cohort
studies have shown improvements in disease-free and
overall survival associated with CRS-HIPEC with/without EPIC when compared to palliative-intent surgery
and/or systemic chemotherapy[65-67,69]. Chua et al[69] enrolled 294 patients, comparing supportive care and palliation with postoperative systemic chemotherapy based
on 5-FU, irinotecan, oxaliplatin, Capecitabine and monoclonal antibodies, with or without HIPEC (low-dose
mitomycine C) and EPIC (high dose 5-FU). The type
of perioperative intraperitoneal chemotherapy did not
have an effect on survival (median survival HIPEC =
36 mo, EPIC =38 mo, HIPEC and EPIC = 43 mo; P =
0.715). On the other hand, the rate of grade Ⅲ/Ⅳ complications was reported to be significantly higher when
HIPEC was combined with EPIC, especially in patients
with a high total tumor burden. Thus, the use of EPIC
in combination with CRS-HIPEC is associated with an
increased rate of complications[70].
Since the total tumor burden of PC is critical to pre-
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dicting the outcome of CRS-HIPEC, several scoring
methods have been proposed in an effort to quantify both
the extent of peritoneal disease and the completeness of
resection. The peritoneal cancer index (PCI, Washington
Cancer Institute), first described by Sugarbaker in 1996, is
commonly used for quantification. The scores range from
0 to 39 and can be determined prior to surgery using CT
images[71,72]. The PCI is semi-quantitative, aiming to define
and measure the peritoneal involvement. It is easily reproducible and has been validated by several studies and by
expert consensus[59,73-76]. Other scores have been reported that attempt to preoperatively differentiate between
patients that might benefit from curative or palliative
therapy such as the Peritoneal Surface Disease Severity
Score[69]. It is extremely important to select appropriate
patients with colorectal PC for CRS-HIPEC, though the
perioperative mortality is reduced at high-volume centers
with extensive experience in the procedure, morbidity remains high regardless[77]. Also Segelman et al[78] reported
predicting the individual risk of metachronous PC after
surgery for non-metastatic CC. The models may help in
the planning of treatment and follow-up of patients.
Although currently the most common chemotherapeutic agents infused during HIPEC are mitomycin-C
and cisplatin, the drug regimen differs considerably between institutions. The intraperitoneal application of catumaxomab is a new treatment option. This tri-functional
antibody which is active against the EpCAM-antigen of
the peritoneal tumor cells has been proven to be effective
in the treatment of malignant ascites and is licensed for
this indication[79,80]. It is possible that morbidity and effectiveness of CRS-HIPEC may be improved as knowledge
and technology continue to develop leading to new drugs,
more effective patient selection, and improved perioperative management.

Future Directions
Peritoneal carcinomatosis historically has been regarded
as an untreatable disease and despite advances, remains
a significant challenge for oncologists and surgeons. For
many years, patients with PC have been considered to
be beyond the realm of curative thearpy, but in recent
years promising results have been reported in a variety
of tumor types using CRS-HIPEC. A randomized trial
has demonstrated a significant survival gain compared
with palliative therapy alone in colorectal cancer PC.
However, CRS-HIPEC is only available in specialized
institutions and is not indicated for the majority of the
colorectal PC patients due to its high morbidity and
mortality. Furthermore, many clinicians continue to have
reservations about recommending patients to undergo
such a highly morbid procedure with a goal of prolonging life for median of 10 mo, especially given that any
expectation of curing PC remains unrealistic. Likewise,
CRS-HIPEC has no effect on alleviating systemic symptoms such as cachexia, weight loss, and malnutrition that
significantly hinder the remaining quality of life. Further
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elucidating the biological behavior of colon PC and developing molecularly targeted therapy may serve as an
avenue of future research.
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Mitotic crossover - an evolutionary rudiment which
promotes carcinogenesis of colorectal carcinoma
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loss of heterozygosity that leads to the initiation and
progression of colorectal carcinoma. The hypothesis
could be tested by in vitro inhibition of Rad51 protein,
orthotopic grafting of human colon cancer tissue into
the gut of mice, and treatment with potential inhibitors. After these procedures, the frequency of mitotic
crossover would be estimated. The development of
selective inhibitors of mitotic crossover could stop further carcinogenesis of colorectal carcinoma, as well as
many other neoplastic events. Loss of heterozygosity is
an event responsible for carcinogenesis, its reduction
by selective inhibitors of mitotic crossover could have a
positive effect on cancer chemoprevention, as well as
on growth reduction and a cessation in the progression
of earlier developed tumors.
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Core tip: We propose the hypothesis in which mitotic
crossover is a principal source of the increased loss of
heterozygosity that leads to the initiation and progression of colorectal carcinoma. The development of selective inhibitors of mitotic crossover could stop further
carcinogenesis of colorectal carcinoma, as well as many
other neoplastic events. Loss of heterozygosity is an
event responsible for carcinogenesis, and its reduction
by selective inhibitors of mitotic crossover could have a
positive effect on cancer chemoprevention, as well as
on growth reduction and a cessation in the progression
of earlier developed tumors.

Abstract
Mitotic crossover is a natural mechanism that is a main
source of the genetic variability of primitive organisms.
In complex organisms such as mammals, it represents
an evolutionary rudiment which persisted as one of the
numerous DNA repair mechanisms, and results in the
production of homozygous allele combinations in all
heterozygous genes located on the chromosome arm
distal to the crossover. This event is familiar as loss of
heterozygosity, which is one of the key mechanisms
responsible for the development and progression of
almost all cancers. We propose the hypothesis in which
mitotic crossover is a principal source of the increased
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creating a new phenotype. By increasing homozygosity,
mitotic crossover acts to improve the efficiency of selection in asexual populations which are subjected to directional selection[6]. Many genes need to be maintained
in the heterozygous genotype state in order to obtain
the proper function of their products[7,8]. If some genes
become homozygous, then many important mechanisms
such as cell proliferation and its control can become
compromised and spiral out of control[9]. A LOH event
is especially important in the promotion of cancer genesis. Tumor suppressor genes, which code for proteins
that inhibit uncontrolled cell proliferation, are recessive
genes which are required in the dominant homozygous
or heterozygous states[10]. The exception is the X-linked
tumor suppressor gene WTX (Wilms’ tumor gene on the
X chromosome). Since males only have one X chromosome, a damaging point-mutation in WTX or its deletion is all that is needed to eliminate tumor-suppression.
Females are also at risk if the mutation or deletion occurs on the X chromosome that is not inactivated[11].
However, excluding the WTX gene, heterozygous cells
will not undergo aberrant cell proliferation leading to
tumor formation. If the normal copy of the gene is lost,
the cell becomes predisposed to abnormal growth, and
if enough mutations accumulate, a tumor may form[12].
However, LOH at a heterozygous locus also can lead to
a homozygous dominant genotype if the recessive allele is lost, although this outcome is usually undetectable
because it produces no obvious change in phenotype.
Thus, in terms of species survival, the benefits of homozygosity at some points in ontogeny and phylogeny
may outweigh the risks of LOH in adults.

i35/12522.htm DOI: http://dx.doi.org/10.3748/wjg.v20.i35.12522

INTRODUCTION
Approximately 3.5 billion years have passed since biotic
evolution began. Life forms started to change dramatically from the time of the last common ancestor. After
the development of multicellular organisms, a need appeared for cellular specialization for different functions.
This need initiated a time dependent sequence where
cells pass through proliferation, differentiation, and
maturation. Specificity of different function comes from
a biodiversity that exists in the hierarchical level of the
whole biosphere, as well as in each individual organism.
This biodiversity is a result of the long-term struggle
with various mechanisms that initiate the creation of differentiation among cells. This difference comes as a result of mutational events and numerous recombination
events. When we say numerous, we refer to recombination mechanisms among bacteria (transformation, conjugation, and transduction), as well as meiotic and mitotic
crossover among eukaryotes[1,2]. Meiotic crossover is
the most important mechanism of genetic recombination which affects homologous chromosomes during
prophase Ⅰ of meiosis, and creates the great variety of
genetic information that leads to increased biodiversity[3].
However, meiotic crossover is the privilege of a very
low number of species compared to the total number of
species living on Earth. Although asexual organisms do
not have a great quantum of genetic alterations during
reproduction, they have developed mitotic crossover, a
mechanism that is responsible for most of their genetic
variations. Presumably it must take place when homologous chromosomal segments are accidentally paired in
asexual cells such as body cells[4]. It could potentially
have a great influence on the evolution of diploid
asexual organisms, as well as having an important role as
a mechanism for repairing double stranded breaks and
other DNA replication errors via homologous recombination. Since there are other DNA repair mechanisms
that can correct the same errors, mitotic crossover is not
the exclusive mechanism responsible for reparation of
these errors. Instead, it is one of the numerous factors
that develop slight genetic differences between monozygotic twins[5], and results in the production of homozygous allele combinations in all heterozygous genes
located on the chromosome arm distal to the crossover.
This event is denoted as a loss of heterozygosity (LOH).
LOH can also occur after the deletion of a normal allele,
chromosome arm, or the entire chromosome containing the normal allele. In females, inactivation of the X
chromosome carrying the normal allele can result in
LOH as well as the non-balanced chromosomal aberration known as isochromosome. Thus, when a mitotic
crossover occurs, genes that were previously recessive
are expressed in the form of homozygotes, thereby

WCGO|www.wjgnet.com

GENETIC EVOLUTION OF THE
MALIGNANT TRANSFORMATION OF
COLORECTAL CARCINOMA
Colorectal carcinogenesis is a multistep process in which
a series of genetic and epigenetic events lead to the
transition from normal mucosa polyps to carcinoma.
Colorectal carcinoma (CRC) develops through a multistep process of tumor suppressor inactivation and protooncogene activation by mutations and/or allelic loss. The
sequence includes the mutation of several genes: loss
of adenomatous polyposis coli gene located on the long
arm of chromosome 5 (5q), activation of K-Ras-2 protooncogene located on the short arm of chromosome 12
(12p), loss of colorectal cancer (DCC) gene on the long
arm of chromosome 18 (18q), and loss of p53 gene
located on the short arm of chromosome 17 (17p)[13].
Since the spontaneous somatic mutation frequency is not
sufficient to account for such a number of mutations, it
has been presumed that other mechanisms are responsible for colorectal carcinogenesis, among which are the
loss of genes that maintain genome stability and mediate
damage repair[14].
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rangement of the mitotic crossover processing machinery
is followed by the assembly of several protein components. This signaling cascade includes the association and
mutual cooperative binding of RAD 50, RAD 51, RAD
52, RPA, PALB 2, BRCA 1, BRCA 2, and many other related proteins[28]. The cascade of events which enable the
association and activation of the aforementioned proteins
is supposed to be compromised in order to inhibit the
course of mitotic crossover. The most adequate hotspots
for mitotic crossover inhibition would be members of
the RAD protein family, especially RAD 51, which is the
most important and highly conserved effector protein for
mitotic crossover[29].
If these inhibitors could be designed, there would
be several ways to test this hypothesis. The first includes
the usage of commercial human colon cancer cell lines
(HT-29) that could serve for the evaluation of mitotic
crossover frequency[30]. Since mitotic chiasmata can be
visualized under a microscope, it could be possible to
investigate how the application of specific mitotic crossover inhibitors in cell cultures has an effect on the mitotic
crossover frequency.
A second option for the testing of this hypothesis
could be an in vivo orthotopic graft of human colon
cancer into the gut of mice using 020588 human colon
cancer cell lines[31]. One group of mice would be administered with mitotic crossover inhibitors, while the other
would not. This model would have to show how the application of mitotic crossover inhibitors affects tumor
growth and leads to its withdrawal.

HYPOTHESIS
What is the principal mechanism that drives precancerous lesions and benign tumors through the sequence of
events that result in malignancy and dissemination? We
propose the hypothesis that mitotic crossover is an evolutionary rudiment which was important for the reproduction of asexual organisms, but has a negative impact on
genome integrity that could lead to disease. Accordingly,
we propose that mitotic crossover is a principal source of
increased LOH that leads to the initiation and progression of CRC.

HYPOTHESIS EVALUATION
It has been proven that mitotic crossover occurs more
frequently in tumor cells. Several studies have confirmed
an increased mitotic crossover index in colorectal carcinoma cells[15-17]. LOH of tumor suppressor genes is
believed to be one of the key steps to the carcinogenesis
of colorectal cancer. LOH, the loss of one allele at a specific locus, is caused by a deletion mutation or the loss of
one chromosome of a pair. When this occurs in a tumor
suppressor gene locus where one of the alleles is already
abnormal, it can result in neoplastic transformation[18-20].
Loss of heterozygosity can be identified in cancers by
noting the presence of heterozygosity at a genetic locus
in an organism’s germline DNA and the absence of
heterozygosity at that locus in the cancer cells[21]. Loss
of heterozygosity in colorectal cancer was first reported
by Vogelstein et al[22], with it also being demonstrated
that small and large allelic deletions are associated with a
worse disease prognosis. Ozaslan and Aytekin showed the
interrelationship between LOH, loss of tumor suppressor
gene initiation, and progression of CRC. They observed
LOH at various loci on different chromosomes, namely
1p, 1q, 4q, 5q, 8p, 9q, 11q, 12p, 14q, 15q, 17p, 17q, 18p,
18q, and 22q in CRCs[23]. Mao et al[24] reported that LOH
frequencies among CRC patients were: 5q (25%), 18q
(25%), and 17p (28%). Wan et al[20] reported an increased
frequency of allelic losses in chromosome region 12p,
where the K-Ras-2 gene is located. These studies showed
that frequent LOH events include those chromosome regions which include tumor suppressor genes whose loss
is necessary for colorectal carcinogenesis. Some studies
have reported that increased mitotic crossover frequency
in tumor cells is a result of a mismatch repair mechanism
defect[25-27]. There are no literature data about neoplasms
which originate from terminally differentiated cells such
as Purkinje neurons, Betz neurons, and alpha motoneurons. This indicates that carcinogenesis cannot occur in
tissues which do not have mitotic potential, including the
presence of mitotic crossover.

CONCLUSION
In this study, we propose a hypothesis in which mitotic
crossover is an evolutionary rudiment in vertebrates
whose effects on the genome lead to LOH and cancer
genesis. Therefore, it is a principal mechanism for the
promotion colon cancer genesis and tumor progression.
Mitotic crossover is supposed to be the main source of
increased LOH in the tumor cells of patients with CRC.
If this hypothesis appears correct and if mitotic crossover inhibitors could be developed, their application
could significantly slow down the progression of CRC
among affected patients. Mitotic crossover inhibitors
could be a protective therapy for patients with familiar
colon polyposis. Since LOH is a common event that is
intertwined in the carcinogenesis of all tumors, its reduction by selective inhibitors of mitotic crossover could
have a positive effect on cancer chemoprevention, as well
as on growth reduction and a cessation in the progression
of earlier developed tumors.
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Core tip: Colon capsule endoscopy has a potential to
become an endoscopic modality to investigate the
colon after incomplete colonoscopy and to estimate ulcerative colitis extent and activity. While for the former
indication strong evidence has been accumulating, for
the latter the evidence is still limited.
Original sources: Triantafyllou K, Beintaris I, Dimitriadis GD.
Is there a role for colon capsule endoscopy beyond colorectal
cancer screening? A literature review. World J Gastroenterol
2014; 20(36): 13006-13014 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v20/i36/13006.htm DOI: http://
dx.doi.org/10.3748/wjg.v20.i36.13006

Abstract
Colon capsule endoscopy is recommended in Europe alternatively to colonoscopy for colorectal cancer screening in average risk individuals. The procedure has
also been proposed to complete colon examination in
cases of incomplete colonoscopy or when colonoscopy
is contraindicated or refused by the patient. As tissue
samples cannot be obtained with the current capsule
device, colon capsule endoscopy has no place in diagnosing ulcerative colitis or in dysplasia surveillance.
Nevertheless, data are accumulating regarding its feasibility to examine ulcerative colitis disease extent and
to monitor disease activity and mucosal healing, even
though reported results on the capsule’s performance
in this field vary greatly. In this review we present the
currently available evidence for the use of colon capsule endoscopy to complement colonoscopy failure to
reach the cecum and its use to evaluate ulcerative colitis disease activity and extent. Moreover, we provide an
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INTRODUCTION
Video capsule endoscopy (VCE) using an orally ingested
recording device was originally introduced by Given Imaging Ltd (Yoqneam, Israel) in 2000 as an endoscopic
modality to examine the mucosa of the small bowel[1], an
area of limited access to conventional endoscopy. Since
then, four more companies manufacture capsule endoscopes and small bowel capsule endoscopy has gained
significant diagnostic value as a tool for indications such
as obscure gastrointestinal bleeding, mapping and treatment response evaluation in Crohn’s disease, celiac disease diagnosis and diagnosis of small bowel tumors and
polyposis syndromes[2-4]. Moreover, the emergence of
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capsule endoscopes to investigate colonic and esophageal
mucosal lesions (PillCam™ Colon and PillCam™ ESO,
Given Imaging Ltd, Yoqneam, Israel) has augmented our
endoscopy armamentarium[5,6].
Our aim is to review the latest evidence regarding: (1)
the performance of colon capsule endoscopy (CCE) as a
complementation procedure to incomplete colonoscopy;
and (2) the feasibility of CCE to accurately estimate ulcerative colitis disease activity and extend.

significant findings predisposing to the device’s inability
to advance through the intestinal lumen.
Indications
Most of the literature on CCE to date involves colorectal cancer (CRC) screening. The diagnostic value of the
capsule in detecting significant colonic lesions (polyps ≥
6 mm or ≥ 3 polyps regardless of size) has been investigated in prospective trials[9-20] and two meta-analyses[21,22].
By pooling the data, the sensitivity and specificity for detection of significant polyps was 58% and 85%, respectively for CCE1[9-11,13-17]; method’s sensitivity and specificity greatly improved with the introduction of CCE2 to
83% and 89%, respectively[18-20]. Although these performance characteristics are derived from mixed (average
and high CRC risk) populations, a different performance
of the capsule is not expected in the setting of average
risk CRC screening population with significant polyps being a surrogate marker of advanced neoplastic potential[7].
Based on the above data, ESGE recommends CCE as an
alternative to colonoscopy in average risk individuals (i.e.,
without alarm symptoms and without family or personal
history of colorectal neoplasia)[7]. While data on costeffectiveness of introducing CCE as a screening tool for
CRC are lacking, a presumed increased uptake rate of the
test by the general population might provide a reasonable
basis for this approach[7].
Further to CRC screening, ESGE identified future potential applications of colon capsule endoscopy, although
data were scarce at that time. Areas of potential application of CCE include completion of the diagnostic workup of patients that have undergone incomplete colonoscopy (IC), colon examination in cases of contradicted or
informed refused colonoscopy, as well as, diagnosis and
evaluation of patients with ulcerative colitis[7]. We will
therefore present the evidence that has been accumulated
since 2012 for extending the indications of colon capsule
endoscopy.

Technical aspects of the colon capsule
The first generation of PillCam™ Colon (CCE1) was
introduced in 2006; it consisted of a small bio-friendly
coated capsule with a diameter of 11 mm and length of
31 mm, with two cameras, one at each side. It was able to
obtain four images-frames-per second (fps), covering an
area of 156o and spent approximately 90 min in sleeping
mode soon after its ingestion in order to save on recording time for colonic video capture[7].
Recently, the second generation of PillCam™ Colon
(CCE2) was introduced in the market featuring enhanced
technical properties, such as wider coverage angle (almost
360o), adaptive frame capture rate of 4 to 35 fps depending on its location and movement speed and capability of
recording images for approximately 10 h. Its new sophisticated recording device can accurately locate the capsule
in the small intestine in real time and it can generate visual and audio signals according to the capsule’s location,
guiding the patient to drink the purgative boosts[7]. This
makes an examination of the colon at home feasible for
the first time[8].
Based on experience from our center and others,
video interpretation time varies according to the level of
training and familiarity of the endoscopist with the procedure, ranging from 20 min for experts to 1 h - or even
more- for less experienced physicians.
Bowel preparation and precautions
The current European Society of Gastrointestinal Endoscopy (ESGE) recommendation[7] for colon capsule
endoscopy preparation is for using four liters polyethylene glycol solution administered split-dose (two liters the
day before the examination and 2 liters before capsule
ingestion) combined with oral use of prokinetics, lowvolume sodium phosphate (NaP) boosters and bisacodyl
suppositories to assist capsule propulsion and excretion.
Caution should be exercised when NaP is administered
to elderly, patients with dehydration or renal disease as
well as those receiving angiotensin-converting enzyme
inhibitors. Moreover, there are patients difficulties to adhere to this preparation protocol and its overall efficacy
for adequate bowel cleansing and capsule propulsion is
questionable[7] leaving room for active investigation for
more efficacious regiments, even using lower volumes[7].
The possibility of retention of the colon capsule in
the small bowel or colon is very low, but its occurrence
should prompt endoscopic or surgical intervention[7],
possibly leading to discovery of bowel stenoses or other
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INCOMPLETE COLONOSCOPY
Conventional colonoscopy is the gold standard for diagnosing colonic disease and screening for colorectal neoplasia[23]. Nevertheless, incompleteness of the procedure
is being encountered in 4%-20% of performed colonoscopies, mostly due to anatomical reasons (e.g., acute
angulations of the bowel, adhesions due to past surgery,
diverticulosis, hernias, obstructive lesions) or patient
intolerance[24-26]. Currently following an incomplete colonoscopy, patients are usually referred for CT colonography (CTC), especially when the reason for colonoscopy
failure is bowel obstruction. In this setting CTC may reveal synchronous lesions and extra-colonic findings that
might alter the clinical course of the patients[27]. However,
as reported in a large American asymptomatic patient
series CTC may miss lesions ≥ 10 mm in diameter in up
to 10% of patients[28]. CTC accuracy for the detection of
lesions that do not protrude in the lumen (e.g., flat adeno-
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mas) is also low, while operator dependency and exposure
to radiation are additional issues.
Other options after incomplete colonoscopy include
repetition of the examination by expert endoscopists or
under general anesthesia, the use of small caliber or variable stiffness endoscopes, device assisted colonoscopy,
cap-assisted or water immersion technique[29-32]. These
procedures however are not widely available and may not
lead to completion of the examination in 100% of the
cases.
CCE, a minimally invasive and painless method that
does not require sedation, may prove to be the “next-step”
after colonoscopy failure. Technically, complementation
of colonoscopy by CCE is considered successful when a
landmark already seen in colonoscopy (e.g., biopsy spot,
surgical anastomosis, tumor, tattooing) is also detected in
the capsule recording. Excretion of the capsule or visualization of the rectum or hemorrhoidal plexus confirms
completeness of the CCE procedure.
In 2008 Spada et al[33] used for the first time CCE1 after colonoscopy failure to inspect the colon further to the
sigmoid due to inflammatory stenosis in the left colon.
CCE identified the lesion observed in colonoscopy and
additionally revealed polyps proximally to the stenosis.
Subsequently, in a retrospective series of 12 patients with
incomplete colonoscopy due to anatomical reasons or
obstructing colonic lesions[34], CCE1 reached and visualized the colon segment at which colonoscopy stopped
in 50% of the patients. Moreover, four patients needed
further work-up after the two procedures with obvious
questions arising on the cost-effectiveness of the CCE
approach. Inadequate bowel preparation was also an issue
in this report since it was poor in 36% of patients, making images interpretation difficult. At the same period, a
new case of successful CCE colon examination in a patient with incomplete colonoscopy due to multiple intraabdominal adhesions appeared in the literature[35]. All
three reports did not identify any safety concern for the
use of CCE in this setting.
Based on the aforementioned reports and on the
preliminary data of a Greek prospective study[36], ESGE
recommended CCE as a feasible and safe tool for visualization of the colon in patients with incomplete colonoscopy without obstruction[7].
Thereafter, three European prospective studies using
the first generation CCE after incomplete or contraindicated colonoscopy have been published so far. In a
large prospective trial from France, 107 patients in whom
colonoscopy was either incomplete or contraindicated for
reasons precluding anesthesia administration underwent
colon examination with CCE1, either one day after colonoscopy or within 14 d later. A significant diagnosis was
made in 31% of the asymptomatic and in 35% of the
symptomatic patients respectively, including polyps, colon
cancer, angiodysplasias, diverticulitis, ischemia or inflammatory bowel disease. No CCE related adverse event was
reported, and patients were followed for 1 year in order
to confirm validity of CCE results. Importantly, the low-

WCGO|www.wjgnet.com

volume preparation administered during the study yielded
adequate bowel preparation in 76% of cases[37]. The main
limitation of this study is that the results are not reported
for the colonoscopy failure cases (n = 77) separately,
making comparisons to the following studies impossible.
However, it is until now the largest study that examined
the value of CCE in the setting of colonoscopy contraindication[37]. Another similar study using CCE2 reported
almost identical results, although adequate bowel preparation rate was low[38]. The final results of an ongoing large
French multicenter prospective study of CCE in cases of
contradicted or informed refused colonoscopy are still
awaited.
A recent Spanish study prospectively employed CCE1
in 34 patients with non-occlusive incomplete colonoscopy reporting overall colonoscopy complementation in
85.3% and study completion in 77% of the cases, respectively. In 60% of the patients the procedure was conclusive, while inconclusive CCE was mainly attributed to inadequate bowel cleansing (12/14 cases). During the 1-year
follow-up of patients with normal CCE, none received
additional intervention. A full colonoscopy preparation
regimen with polyethylene glycol in combination with
prokinetics, purgative boosters and a laxative suppository
used in this study yield relatively low overall bowel preparation adequacy (64.7%) and mild adverse events (nausea,
pain, vomiting) attributed to the regimen[39].
Finally, in a prospective trial from Greece, CCE1 was
performed in 75 patients, either immediately after colonoscopy failure (one third of them) or within the next 21
d. Capsule endoscopy successfully complemented colonoscopy in 91% of cases. Significant findings in areas unreached by colonoscopy where observed in 44% of the
patients. Overall, further work-up was requested for 23
patients; 15 of them ultimately underwent a third examination and 9 undertook a therapeutic intervention. The
major issue detected in this study was inadequate colon
preparation (in approximately 40% of the cases) that was
responsible for the majority of incomplete CCE cases[40].
The major strength of the study is that it showed for
the first time that CCE can be performed effectively and
safely immediately after incomplete colonoscopy, thus
minimizing the burden for the patients. Other strengths
include the assessment of patients’ acceptance rate for
CCE - 82% of the patients would undergo the procedure
again if needed - and the 2-year follow-up period during
which no significant missed lesion was diagnosed, overcoming, at least partially, the lack of a reference study to
CCE examination[40].
All three[37,39,40] fully published studies have several
methodological limitations. Mixed[37] or relatively selected[39,40] study population, use of first generation capsule endoscopes[37,39,40] and use of preparation regimens
that are currently not recommended[37,39,40] might prevent
the generalizability of the results. Moreover, uncertainty
regarding the documentation of the successful CCE
colonoscopy complementation[39,40], small and unjustified
sample size[39], absence of blinded central CCE reading[40]
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4 L of PEG + PEG boosters
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100%
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Case series
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Case report
Retrospective
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Case report
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(n = 77)
Prospective cohort study
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and most of all, the lack of a reference procedure that could serve as a gold standard[37,39,40] are issues that are expected to be adequately addressed by the ongoing studies.
During the 2013 United European Gastroenterology Week held in Berlin, Germany, the results of 3 more studies on the use of CCE after incomplete colonoscopy were
presented. Firstly, preliminary data from a German prospective trial involving 45 patients who undertook second generation CCE showed that the capsule complemented incomplete colonoscopy in 87% of patients and detected polyps in segments unreached by colonoscopy in 18% of them. A low volume regimen of polyethylene glycol was administered in this study, leading to adequate colon cleanness in 70% of cases[41]. Secondly, data from a recently completed prospective Italian trial comparing second generation
CCE with CTC after incomplete colonoscopy in 100 patients showed that CCE displayed superior diagnostic yield than CTC in finding polyps ≥ 6 mm; CCE’s complementation rate was almost 100%[42]. Thirdly, results from a prospective trial from Spain enrolling 96 patients after colonoscopy failure showed that CCE2 complemented colonoscopy
in 93% of cases, despite the relatively low procedure completion rate (72%); findings leading to medical or surgical intervention were detected in 43 patients[43].
To complete the literature puzzle, a recent case series showed that the use of CCE2 in 3 patients with incomplete colonoscopies undergoing Crohn’s disease work-up revealed erosions in the stomach, small bowel and colon, leading to correct evaluation of the disease extend and effective treatment decisions[44].
Table 1 provides a summary of existing data regarding the performance of CCE in the setting of incomplete colonoscopy. The final results of the German and Spanish
studies[41,43] are expected to clarify the performance of the second generation colon capsule endoscope in incomplete colonoscopy cases and probably elucidate the efficacy and
safety of new, lower dose colon preparation regiments. Moreover, the full publication of the Italian study[42] results is expected to strengthen the role of CCE in colon evaluation with equal performance characteristics to CT colonography that is currently recommended as the first alternative examination after incomplete colonoscopy. Furthermore,
in the era of fiscal austerity[45] the use of an expensive modality like CCE might not be justified in certain countries with limited resources and cost-utility studies might be requested in certain settings.

Depending on the timing of the procedure. IC: Incomplete colonoscopy; NR: Not reported; PEG: Polyethylene glycol solution; MoviPrep®: Trade mark of a lower-dose polyethylene glycol based solution; NaP: Sodium phosphate;
CCE: Colon capsule endoscopy; CTC: Computed tomography colonography.
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Table 1 Performance of colon capsule endoscopy after incomplete colonoscopy
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volume polyethylene glycol solution and prokinetics.
Results showed a strong correlation of CCE with colonoscopy findings regarding disease activity, especially in
areas proximal to the left colon, although the modified
preparation regimen led to adequate cleansing in less than
half of the cases[53]. Finally, significant agreement between the two procedures for the assessment of severity
(κ = 0.751, P < 0.001) and disease extent (κ = 0.522, P <
0.001) was demonstrated in a study that included 25 UC
patients. Despite the use of lower volume preparation
colon cleansing adequacy was 80% and all procedures
were completed[54].
During the 2013 European Crohn’s and Colitis Organization annual meeting, preliminary data of 4 more
studies were presented. A Spanish study that included 19
UC patients reported that colonoscopy and CCE findings
correlated regarding disease activity and extent (κ = 0.184
and (κ = 0.709), respectively[55]. Similarly, Singeap et al[56]
investigated the correlation of CCE2 with colonoscopy
findings in 15 UC, Crohn’s disease and unclassified colitis
patients. In 6 patients CCE displayed findings consistent
to those of colonoscopy regarding severity and extent
of disease, while in two more the capsule guided the differential diagnosis between Crohn’s disease and UC diagnosis. The level of agreement between the two modalities
was related to the quality of bowel preparation. Exploring the uncertainty about the type of bowel preparation
regiment for UC patients undergoing CCE, Kobayashi et
al[57] evaluated the efficacy of a low-volume preparation
regimen consisting of two liters of polyethylene glycol
or polyethylene glycol plus isotonic magnesium citrate
solution, with the later leading to higher CCE completion
rate (85% vs 69%) and higher adequacy of colon preparation. CCE findings were comparable to colonoscopy
findings in both groups. Finally, Oliva et al[58] investigated
the performance of CCE2 in 29 pediatric UC patients.
The sensitivity specificity, positive predictive value and
negative predictive value of CCE for inflammation detection were 95%, 100%, 100% and 85%, respectively. There
was no significant difference between CCE and colonoscopy in assessing disease activity and no serious adverse
events occurred. The main strength of the study was the
independent review of CCE and colonoscopy images by
blinded to the procedures physicians. These very promising results highlight for the first time the usefulness of a
non-invasive and painless procedure like CCE in the sensitive pediatric population.
Details of the aforementioned studies on the performance of CCE in UC patients are summarized in Table 2.
Unfortunately, the quality (small, unjustified sample sizes
and inadequate methodology) of the available, the different preparations schemes administered in the studies
and the inconsistent results do not firmly support the use
of CCE for evaluating the activity and the extent of the
disease. Large, controlled trials employing more effective
preparation regimens and assuring evaluation of CCE
and colonoscopy images by blinded investigators are
needed before CCE becomes a mainstream alternative to

ULCERATIVE COLITIS
Recent data highlight the importance of mucosal healing (i.e., absence of friability, erosions or ulcerations at
endoscopy) for treatment decisions and prognosis of ulcerative colitis (UC). Achieving this endoscopic goal leads
to lower rates of hospitalization, surgery and dysplasia
development in UC patients, with high impact on their
quality of life[46-49].
The performance of CCE for the diagnosis of UC
was firstly published in 2012[50]. One hundred patients
with possible or known ulcerative colitis were studied;
conventional colonoscopy bowel preparation regimen
assisted by NaP boosters, prokinetics and a laxative was
used and CCE was performed prior to colonoscopy using the first generation capsule endoscope. The procedure was completed in 96 patients and bowel preparation
was adequate in 64% of the cases. With colonoscopy
serving as the gold-standard, CCE displayed a sensitivity
and specificity of 89% and 75%, respectively for the diagnosis of active ulcerative colitis. The authors concluded
that the procedure is safe, but its low specificity, mainly
attributed to poor preparation and rapid colon transit,
precluded its use for the grading of disease activity. The
absence of disease extent documentation and the interpretation of CCE images by a single physician were the
main limitations of the study. Manes et al[51] commented
on this study, highlighting the issue of poor bowel
preparation attributed, according to the authors, to the
unpredictable efficacy of laxatives in the inflamed bowel
mucosa. Presenting their experience in 18 patients, they
showed that bowel preparation was adequate in only 44%
of them and CCE1 agreed with colonoscopy findings in
55% and 61% of cases regarding activity and extent of
disease, respectively.
Until today, the Hong Kong study[50] is the largest
published on this field. For the purpose of the review, we
will briefly summarize the rest of the existing evidence
regarding the use of CCE to evaluate ulcerative colitis
disease activity and extend. The reader should have in
mind that this evidence has accumulated through case
reports or small patients’ cohorts providing very weak
evidence to support this CCE indication.
There are 3 more published small studies that included
67 patients overall, reporting controversial results on the
performance of CCE in UC patients. Meister et al[52] compared CCE1 to colonoscopy for the evaluation of disease
activity and extent in 13 patients with known UC. Bowel
preparation using PEG was deemed adequate in 90%
of the patients and CCE was complete in 10 of them.
Investigators reported that CCE underestimated disease
activity and did not reliably characterize disease extent.
The main strength of the study was the evaluation of
results by six blinded physicians, while the small size of
the cohort was its main limitation. Almost at the same
period, a Japanese feasibility study presented data from
29 patients with known UC who underwent CCE2 with
same day colonoscopy, after bowel preparation with low-
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64%

Adequacy
of bowel
preparation

100%

69%-85%

93%

84%

100%
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77%

90%
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high agreement in disease extent
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Moderate correlation in activity and Small sample size, histology not
extent evaluation
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CCE underestimates disease activity,
Small sample size, lack of
poor extent estimation
histological verification of activity,
histological proof of disease
activity was not obtained
Strong correlation for activity
Small cohort, most patients had
evaluation
mild disease, histological proof of
disease activity was not obtained
Strong correlation regarding disease
Small sample size
activity/extent
Strong correlation in activity/extent Small sample size, histology not
evaluation
reported
Correlates with colonoscopy findings Small sample size, histology not
(activity/extent), assists in the accurate
reported
diagnosis of undetermined colitis
Comparable evaluation of disease
Small sample size, histology not
severity
reported

High PPV, low NPV in activity
evaluation

CCE performance compared to
colonoscopy

Colon capsule endoscopy is a relatively novel procedure mainly indicated for colorectal neoplasia screening in average-risk individuals with no alarm symptoms. The procedure
may also be offered as an alternative to high-risk patients when colonoscopy is either non acceptable or contraindicated.
Based on the reviewed data and in accordance with the 2012 ESGE recommendations, CCE may also represent a safe and feasible test in patients with non-obstructing incomplete colonoscopy. The non-invasive nature of CCE might encourage patients to complete their work-up after an often displeasing incomplete colonoscopy experience[59].
The results of large scale randomized controlled trials comparing this approach with alternatives such as CT colonography are expected to support this recommendation and
define which patients may benefit more from the procedure. Given the fact that the diagnostic yield of CCE is proportional to the adequacy of the bowel preparation, efforts

CONCLUSION

colonoscopy for monitoring mucosa inflammation in patients with UC.

CCE: Colon capsule endoscopy; PEG: Polyethylenoglycol; MoviPrep®: Trade mark of a lower-dose polyethylene glycol based solution; NaP: Sodium phosphate; PPV: Positive predictive value; NPV: Negative predictive value;
UC: Ulcerative colitis; NR: Not reported.
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Table 2 Performance of colon capsule endoscopy for the assessment of inflammation severity and disease extent in ulcerative colitis patients, as compared to colonoscopy
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should be directed to its standardization.
The cost of each of the common colon cancer
screening modalities is another issue for consideration.
The average cost of a colon capsule endoscopy procedure in the US lies approximately at $950, which is more
or less the same as that of a diagnostic colonoscopy[60],
even though recent reports from the United States that
the cost of the latter may reach significantly higher
proportions when costs such as that of anesthesia are
included[61]. On the other hand, the charge for a CT-colonography is approximately $500 but the need for more
frequent (every 5 years) repetition for screening purposes
make it a more costly approach than colonoscopy[62]. In
Europe the cost of the capsule is approximately €700,
much higher than that of a conventional colonoscopy.
Further cost-analysis studies are required to determine
the role of CCE in colorectal cancer screening. The reading time of the captured video footage should also be
taken under consideration when considering implementation of the capsule as a screening modality.
Since capsule endoscopy cannot perform tissue sampling for histology yet, it cannot replace standard colonoscopy for the diagnosis of UC and for surveillance for
inflammation related neoplasia. However, CCE might
have a significant role for the endoscopic monitoring of
patients treatment; mucosal healing having been established as a main prognostic factor in IBD. This painless,
non-invasive tool might also monitor inflammation in
UC patients who cannot tolerate colonoscopy. To date,
data on this field are scarce and of low quality. Available
studies are limited by small population sizes, inappropriate methodology, large variability regarding bowel preparation schemes and inconsistent results regarding evaluation of both disease activity and extent.
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obstruction
Jeremy Kaplan, Anna Strongin, Douglas G Adler, Ali A Siddiqui
used to delay surgery and thus allow for decompression, adequate bowel preparation, and optimization of
the patient’s condition for curative surgical intervention.
An overall complication rate (major and minor) of up
to 25% has been associated with the procedure. Long
term failure of stents may result from stent migration
and tumor ingrowth. In the majority of cases, repeat
stenting or surgical intervention can successfully overcome these adverse effects.
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Core tip: Colonic stents are of benefit both as a bridge
to surgery and as definitive therapy for colorectal obstruction in a large group of patients. Careful patient selection is required. Patients should be carefully managed
in conjunction with the oncologist and surgeon. Endoscopists should also be vigilant for acute and delayed
complications associated with colonic stent deployment.

Abstract
rd

Colorectal cancer (CRC) is the 3 most common cancer
in the United States with more than 10000 new cases
diagnosed annually. Approximately 20% of patients
with CRC will have distant metastasis at time of diagnosis, making them poor candidates for primary surgical
resection. Similarly, 8%-25% of patients with CRC will
present with bowel obstruction and will require palliative therapy. Emergent surgical decompression has
a high mortality and morbidity, and often leads to a
colostomy which impairs the patient’s quality of life. In
the last decade, there has been an increasing use of
colonic stents for palliative therapy to relieve malignant
colonic obstruction. Colonic stents have been shown
to be effective and safe to treat obstruction from CRC,
and are now the therapy of choice in this scenario. In
the setting of an acute bowel obstruction in patients
with potentially resectable colon cancer, stents may be
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INTRODUCTION
A common complication of colorectal neoplasms is
malignant large bowel obstruction. In the past, this complication was primarily managed with surgical resection;
however, over the past 20 years endoscopic stenting has
become an alternative, non-surgical approach. The first
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Table 1 Commercially available self-expandable metal stent for malignant colonic obstruction
Manufacturer model
WallFlex1
(Boston Scientific)
Ultraflex Precision1
(Boston Scientific)
Wallstent endoprosthesis1
(Boston Scientific)
D-Enteral Colonic Stent
(Taewoong Medical)
Comvi Colonic Stent
(Taewoong Medical)
S-Enteral Colonic Stent
(Taewoong Medical)
Evolution Colonic Stent
(Cook Endoscopy)
Colonic Z-Stent1
(Cook Endoscopy)
Hanarostent
(M.I.Tech)
Enterella
(ELLA-CS)
Bonastent
(EndoChoice)
Aixstent
(Leufen Medical)
Micro-Tech
(MICRO-TECH Europe)

Delivery system

Diameter (mm)

Flares/flanges

Length (mm)

Covered/uncovered

TTS

22/27

Present

60, 90, 120

Uncovered

OTW

25/30

Present

57, 87, 117

Uncovered

TTS

20, 22; no flare

Absent

60, 90

Uncovered

TTS/OTW

18, 20, 22, 24, 26

Absent

60, 80, 100, 120, 140, 150

Uncovered

TTS/OTW

18, 20, 22, 24, 26, 28

Absent

60, 80, 100, 120

Partially Covered

TTS/OTW

18, 20, 22, 24, 26, 28

Present

60, 80, 100, 120, 140, 150, 230

Fully and Partially Covered

TTS

25

Present

60, 80, 100

Uncovered

TTS

25

Present

40, 60, 80, 100, 120

Uncovered

TTS/OTW

20, 22, 24

Present

Uncovered, Fully Covered

OTW

22, 25, 30

Absent

TTS

22, 24, 26

Absent

60, 70, 80, 90, 100, 110, 120,
130, 140, 150, 160, 170, 180
75, 82, 88, 90, 112, 113, 123,
135, 136
60, 80, 100

Uncovered, Partially Covered

TTS/OTW

25, 30

Present

80, 100

Uncovered, Partially Covered

TTS/OTW

20, 25, 30

Present

60, 80, 100, 120

Uncovered, Partially Covered,
Fully Covered

Uncovered, Covered

1

Colonic stents availabe in the United States. TTS: Through-the-scope; OTW: Over-the wire.

studies demonstrating successful stenting of the colon to
relieve malignancy-related obstruction were done in the
early 1990s[1,2]. Since that time, the use of self-expanding
metal stents (SEMS) has been implemented more frequently both as a bridge to surgical resection, as well as
for palliation in advanced colorectal cancer and in patients who are poor surgical candidates. This review will
discuss the types of stents currently available on the market, techniques for placement, indications, and adverse
effects of colonic stenting in colorectal cancer.

obstruction, because they tend to use a smaller delivery
systems and are less rigid.
The one major disadvantage of uncovered stents is
the higher frequency of tumor ingrowth, which can precipitate stent occlusion[1,2,4]. Recent research has focused
on developing colonic stents that would maintain their
position, but also have the ability to prevent significant
tumor in-growth. Moon et al[7] looked at outcomes of
using a novel double-layered combination covered stent,
with an internal membrane to prevent tumor in-growth
and an external uncovered wire that should embed itself
into the surrounding tumor. However, this stent, still
showed an increased rate of migration when compared
to uncovered stent, although not as high as documented
in prior studies. Therefore, further innovation is necessary to design a stent that is a combination of covered
and uncovered components to optimize its efficacy.

TYPES OF SEMS
Currently, there are over a dozen different types of colonic SEMS available commercially worldwide (Table 1).
These stents can be covered, partially covered, or uncovered and range from 20-30 mm in diameter with lengths
of 6-18 cm. In the United States, only uncovered stents
are approved for use in the large bowel, primarily because
they have been shown to have a lower rate of migration
when compared to covered stents. Studies have shown a
migration rate among patients who received uncovered
stent was 0%-2% as compared to 20%-40% among those
with covered stents[1-4]. Uncovered stents may have a
lower risk of other complications, such as stent fracture,
failure of expansion, and loss of stent function[4,5]. Additionally, using uncovered stents improves the success rate
of post-stent colonoscopies, which can be performed to
evaluate for synchronous tumors following the diagnosis of colorectal cancer[6]. Finally, uncovered stents may
be technically easier to deploy into more distal areas of
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INDICATIONS FOR SEMS PLACEMENT
The high frequency with which colorectal cancer presents
with malignant obstruction has created a growing use for
self-expanding metal stents as palliation for malignant
colonic obstruction as well as a bridge to surgery. Palliative stents offer the advantage of sparing patients surgical
intervention which frequently results in colostomy. In
patients for whom emergent surgical resection is planned,
SEMS have been utilized as an efficacious method of
delaying surgery and therefore reducing operative risk.
Endoscopic stenting allows bowel decompression and
sparing the patient emergent surgical decompression
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which carries a mortality rate as high as 30%[8]. The low
rate of morbidity and mortality associated with endoscopic colonic decompression when compared to surgery
is therefore an attractive option.
Following the initial determination of the location
and nature of the obstruction, a colonoscopy should
be performed. Visualization of the site of obstruction
provides the opportunity for a tissue biopsy as well as
assessment of the potential for stent placement. Other
considerations include the length of the stricture as well
as the presence of an extrinsic versus intrinsic mass.
If the colonoscope is easily passed through the site of
obstruction, there is an increased risk for stent migration[9]. Stent placement is contraindicated in patients with
perforation, intra-abdominal abscess, intestinal ischemia,
or uncorrectable coagulopathy[10]. Placement of stents
within 3-4 cm of the anal sphincter is not contraindicated
but may be associated with increased incontinence and
pain after placement, although in some patients a low lying stent in the rectum is their only clinical alternative to
colostomy[11].

patient’s condition for curative surgical intervention. Systematic reviews of stent placement as bridge to surgery
have shown a technical success rate of 85%-92%[18]. Watt
et al[19] performed a meta-analysis that included 88 studies and 1785 patients with 1845 stents placed. A total of
782 (43%) had stent placement as a bridge to surgery.
Technical success and clinical success were reported to
be 96.2% and 92% respectively. Data also suggested that
placing colonic stents as a bridge to surgery increased the
likelihood that the resection and re-anastomosis could
be done as a one-stage procedure without the need for
stoma formation when compared to an emergent operation. These studies documented that the one-step surgery
was successful in 65%-73% of patients[20,21].
Few studies have compared colonic stenting as a
bridge to surgery with emergent surgical decompression.
Ng et al[21] performed a case-matched study of 20 patients
who underwent SEMS as a bridge to surgery compared
to 40 patients who had emergent surgical decompression.
Patients in the stent group had statistically higher rates of
primary anastomosis and shorter hospital and ICU stays.
No difference was seen in mortality rates between the
two groups.
In patients undergoing stent placement as a bridge to
surgery in which it is later determined that surgery will
not take place, the colonic stent may stay in place as a palliative measure. The benefits afforded by delaying surgery
must be weighed against potential complications of stent
placement which include such risks as perforation, bleeding, and stent migration. A study by Pirlet et al[22] comparing the stenting to surgery was stopped prematurely due
to high rates of perforations in the stent group. A further
source of uncertainty is whether stenting confers a survival benefit and decreased rate of stoma placement at 30
d. Further randomized control studies will be needed to
determine the comparative clinical success of emergent
surgery versus stenting as a bridge to surgery.

Palliative stents in patients with unresectable colorectal
obstruction
Multiple comorbidities and metastatic disease are frequent contra-indications for surgical intervention to
relieve malignant small bowel obstruction. In such situations, colonic stenting has been shown to be a safe
and effective alternative approach for palliation[12]. In a
retrospective, five-center study, Manes et al[13] looked at
201 patients with malignant large bowel obstruction who
underwent palliative stenting and documented a 91.5%
technical success rate and an 89.7% clinical success rate,
defined as colonic decompression after 72 h. Another
prospective study found a technical success rate of 95%
and clinical success rate of 81%, which was defined as
continued stent patency 6 mo after initial placement[14].
Although outcomes with SEMS appear to be quite
good, there are few studies that directly compare colonic
stenting with surgical resection. The data that is available
indicates that utilizing SEMS confers certain benefits
over surgical intervention, although the data pertaining
to long term morbidity and mortality remains equivocal.
Law et al[15] found that patients who underwent palliative
colonic stenting had fewer admissions to the ICU and a
lower likelihood of ultimately requiring resection with
stoma creation as compared to the group that underwent
surgery initially. Several other studies also showed statistically significant reduction in length of hospitalization,
fewer short term complications, and decreased frequency
of the need for stoma formation[15-17]. However, none of
these studies showed any difference in overall survival
between the two groups.

Techniques for stent placement
Colonic stent placement is a safe technique for the relief
of large bowel obstruction secondary to malignancy.
Recent studies have shown technical success rates that
were close to 100% and clinical success rates, determined
by the effective and persistent relief of the obstruction,
of 85%-91%[23-25]. However, the complexity of the procedure can be significantly increased if the colon cannot
be prepped before the intervention, if the obstruction is
complete, and if the culprit lesion is located within a flexure or area of angulation. Additionally, the complexity
of colonic stenting frequently requires the use of ERCP
equipment and studies have shown that advanced endoscopists with pancreatico-biliary experience tend to have
fewer complications and better outcomes [26]. Colonic
stent placement can be performed by endoscopic guidance either using through-the-scope (TTS) or over-the
wire (OTW) delivery systems. The former is ideal when
using smaller diameter stents and for proximal lesions
that cannot be accessed without an endoscope. The latter
allows the delivery of larger stents and is most applicable

Colonic stents as a bridge to surgery
In the setting of an acute bowel obstruction in patients
with potentially resectable colon cancer, stents may be
used to delay surgery and thus allow for decompression,
adequate bowel preparation, and optimization of the
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Figure 1 Through-the-scope approach has been shown to be safe and effective both in right-sided and left-sided colonic lesions. A: The patient presented
with an obstructing colon cancer who was evaluated for an endoscopic colonic stent; B: The endoscope was passed to the site of the obstructive tumor and a 0.035
inch teflonated guide wire was passed across the stricture under endoscopic and fluoroscopic guidance; C: A catheter was subsequently passed over the guidewire;
D: A colonic self-expanding metal stent (SEMS) was used to decompress the colon. The stent was placed so as to extend at least 2 cm on each end beyond the tumor
margin. After the stent was deployed, the position was assessed by endoscopic and fluoroscopic visualization.

in cases of rectosigmoid obstruction.
The TTS approach has been shown to be safe and effective both in right-sided and left-sided colonic lesions
(Figure 1)[27,28]. Almost all colonic stent deployed today
use the TTS approach. Initially, an attempt should be
made to pass the endoscope through the obstructing lesion, as this can facilitate the positioning of the guidewire
and determination of the stricture length. The SEMS
delivery system can then be passed over the guidewire
and the stent deployed under direct endoscopic visualization. If the endoscope cannot be advanced beyond
the obstruction, a hydrophilic biliary guidewire can be
advanced through a biliary catheter to cannulate the lesion. Once fluoroscopy confirms that the guidewire
has passed through the entirety of the obstruction and
emerged on the proximal side, the stent is deployed[28].
The biliary catheters can also be used to aid in measurement of stricture length. One approach is to inflate the
catheter balloon and position it at the distal end of the
stricture. Subsequently, contrast is injected through the
catheter and fluoroscopy is used to visualize the length
of the stricture. Alternatively, the biliary catheter can be
advanced all the way through the lesion and the balloon
inflated. The catheter is then pulled back until resistance
is met, indicating that it is now abutting the proximal end
of the lesion. The endoscopist marked this point on the
catheter by grasping it at the biopsy port exit point with
his fingers. Then, the balloon is deflated and the catheter
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continues to be withdrawn until the balloon is visualized
emerging at the distal end of the lesion. The distance
between this point and the point marked by the endoscopist’s fingers represents the length of the stricture[28].
Once the length of the stricture is determined, an appropriate SEMS needs to be selected. The ideal stent needs
to extend at least 1-2 cm beyond the edge of the lesion
on both proximal and distal ends to ensure that it will
properly deploy and stay in place. When positioning the
stent, the endoscopist needs to take into account shortening that occurs during deployment, as well as the rebound
effect that occurs when the sheath is removed from the
stent. After deployment, proper positioning is confirmed
radiographically by an “hourglass” shape of the stent,
with the ends beyond the obstruction fully expanded and
the middle cinched by pressure from the lesion. Contrast
can also be injected through the stent to confirm patency.
If the target lesion is in a difficult to reach location,
such as a flexure or within an angulation of the colon,
the endoscope may not be able to be positioned in a way
that would allow successful passage of the guidewire. In
such a situation a biliary sphincterotome can aid in the
cannulation of the obstructing lesion[29-31]. The guidewire
is loaded through the sphincterotome, which can then be
rotated and bent in different directions until it positions
the guidewire at an angle that would allow it to effectively
traverse the extent of the obstructing lesion.
If the colonic obstruction is located in the descend-
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tion significantly exceeds that of uncovered stents (50% vs
36%). Park et al[4] demonstrated that the lower rate of uncovered stent migration can be attributed to an increased
rate of tumor ingrowth/infiltration. While frequently an
adverse incidence, stent migration may herald improvement in a colonic stricture secondary to a response to
therapy. Endoscopic removal of a covered stent may be
performed in cases in which stent migration to the anorectal area results in pain or irritation. In the case of uncovered stent migration, argon plasma coagulation combined with rat-tooth forceps has been used[35]. Avoidance
of stent migration is frequently achieved by placing the
stent in the center of the stricture (or slightly above) and
ensuring that it projects 2 to 4 cm proximally and distally
into normal colon[18].

ing colon, the non through-the-scope (OTW) approach
can be used. This approach can be executed either under
endoscopic guidance or with the aid of fluoroscopy. If
the former method is used, rather than passing the SEMS
through the working channel of the endoscope, the stent
delivery system is advanced over a stiff guidewire, while the
endoscope is passed next to it. This allows for direct visualization in order to make sure that the stent is properly deployed in the correct location. When this technique is employed, a colonoscope, which has a smaller diameter and is
more flexible as compared to an upper endoscope, should
be used. If the endoscopist chooses to use fluoroscopy, he
or she first needs to mark the distal and proximal ends of
the strictures with something that would be radiographically visible. Once this is done, the SEMS delivery system can
be advanced over the guidewire to the site predetermined
by the markers and deployed under fluoroscopic guidance.

Perforation: The most serious complication of colonic
SEMS placement is perforation, which has a reported
mortality rate of 0.8% per stented patient[30]. Higher rates
of complications have been reported in certain types of
patients including those undergoing chemotherapy[36-38].
Faragher et al[16] reported an increased complication rate
of 34.8% in patients receiving bevacizumab following
stenting as compared to a 22.8% in untreated patients.
This association may have also contributed to the high
perforation rate in the stented group that lead to the premature termination of the only randomized controlled
trial that attempted to compare outcomes between surgical intervention and SEMS in stage IV colon cancer patients on chemotherapy[35]. Chemotherapeutic agents, in
particular bevacizumab, have been linked to an increased
risk of colonic perforation[35].

Complications of SEMS
While self-expanding metal stents have been successfully
used as a bridge to surgery in malignant obstruction of
the colon as well as palliation, an overall complication
rate (major and minor) of up to 25% has been associated
with the procedure[18].
Vemulapalli et al[17] found more late-term complications in the stent group as compared to the surgical
group, although this difference did not reach statistical
significance. This finding was supported by data from
several other studies that found that the late term complications in patients who received palliative SEMS was
24%-51%[17,26,32,33]. Factors that increased the risk of complications included operator experience, stent type, type
of stricture, and tumor location as well as patient-related
factors which include concommitant use of chemotherapy (specifically Avastin) and radiation. Complications may
be grouped into minor and major categories

Tumor overgrowth and ingrowth
Delayed stent obstruction due to tumor ingrowth or
overgrowth is the most common complication following stent placement, with a reported incidence of up
to 10%[10,37]. As the described above, the rate of tumor
ingrowth is reduced with the use of covered stents. However, these SEMS have not been approved for use in the
United States due to a higher risk of stent migration.
Management options for stent re-obstruction include
ablation, argon plasma coagulation, surgery and stenting.
Repeat stenting with a stent-within-stent approach is the
most common treatment approach and is almost always
successful[39-42]. Far less common is stent failure secondary to stent collapse or stent fracture. van Hooft et al[38]
demonstrated an increased incidence of stent fracture
when used to treat benign obstructions.

Minor complications of self-expanding metal stent
placement
Bleeding, tenesmus, and pain are commonly reported following stent placement. Pain categorized as severe is seen
in 5% of patients following stent placement. Pain and
alterations in bowel habits is most often seen when stents
are placed within 5 cm of the anal verge. Similarly, lateonset of tenesmus, pain, incontinence, and foreign body
sensation may be seen with stent migration into the anorectal area[11,34]. However, Song et al[11] demonstrated that
these symptoms typically resolve within 1 week or were
responsive to analgesia.
Clinically mild bleeding is the most commonly-seen
complication following SEMS placement with a reported
incidence of 8%-12%. Bleeding can be attributed to friable mucosa associated with intrinsic masses as well as
ulcerations and erosion and almost always resolves with
conservative management[29]. Later bleeding can usually be
attributed to ulcerations/erosions in the colonic mucosa.

Operator factors: As is seen with a multitude of different medical procedures, operator experience is inversely
related to rates of complications in the placement of
SEMS[34]. Colonic stenting is frequently performed on
patients with extensive co-morbidities in acute settings.
Consequently, the insufflation of air and manipulation of
the different apparatuses will often result in higher rates
of colonic perforation, the most serious complication associated with stent placement[9,10,37,43]. Some authors have

Major complications
Stent migration: The incidence of covered stent migra-
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advocated use of carbon dioxide during colonic stenting
as a preventive measure to reduce the risk of perforation.

6

Patient-related factors
Higher rates of complication including treatment failure
have been observed in patients with extrinsic lesions[36].
Similarly, patients with longer segments of obstruction
requiring stents longer than 10 cm had shorter event-free
survival[44]. This can be attributed to the increased difficulty of placing these SEMS. Nonetheless, dilation of the
bowel prior to stent deployment is not advisable given
the risk of tumor fracture. Data regarding complication
rates related to tumor location have been conflicting with
no strong indication that SEMS placement in the right
colon is unsafe.

7

8

9

CONCLUSION
Self-expanding metal stents are increasingly being used as
palliation and as bridge to surgery in patients with malignant obstruction of the colon. With high technical and
clinical success rates, endoscopic stenting provides a viable alternative to surgery. When used for these purposes
colonic stents have the potential to decrease morbidity
and cost as well as increase patient quality of life. Further
randomized control studies will be needed to compare
the efficacy of SEMS placement to traditional surgical
approaches in the treatment of malignant obstructions.
Numerous studies have demonstrated a low incidence
of complications associated with SEMS placement. The
majority of reported adverse events are minor and selflimiting including pain and bleeding. Colonic perforation
remains the most serious complication. Long term failure
of stents may result from stent migration and tumor ingrowth. In the majority of cases, repeat stenting or surgical intervention can successfully overcome these adverse
effects.
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Core tip: Tumor invasion and metastasis is a highly
complex phenomenon. Proteolytic enzymes (proteinases) are involved in the degradation of extracellular
matrix, in colorectal cancer (CRC) invasion and metastasis, as well as in the malignant transformation of
colorectal adenomas. Tissue and serum-plasma antigen
concentrations of proteinases are strong prognostic
factors in CRC and may have tumor marker impact for
early diagnosis. Proteolytic enzymes may serve as potential target molecules for CRC therapy. Their use in
combination with established chemotherapeutic strategies might have the potential to become a valuable oncological treatment modality.

Abstract
Tumor invasion and metastasis is a highly complicated, multi-step phenomenon. In the complex event
of tumor progression, tumor cells interact with basement membrane and extracellular matrix components.
Proteolytic enzymes (proteinases) are involved in the
degradation of extracellular matrix, but also in cancer
invasion and metastasis. The four categories of proteinases (cysteine-, serine-, aspartic-, and metalloproteinases) are named and classified according to the
essential catalytic component in their active site. We
and others have shown that proteolytic enzymes play a
major role not only in colorectal cancer (CRC) invasion
and metastasis, but also in malignant transformation
of precancerous lesions into cancer. Tissue and serumplasma antigen concentrations of proteinases might be
of great value in identifying patients with poor prognosis in CRC. Our results, in concordance with others
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MECHANISMS OF TUMOR
PROGRESSION
Tumor invasion and metastasis is a highly complicated,
multi-step phenomenon. The multistep metastatic pro-
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Table 1
enzymes

Categories and main properties of proteolytic

Property

Cysteine
proteases

Serine
proteases

Aspartic
proteases

Metallo
proteases

Active site
Optimum pH
Location

Cysteine
7-9
Lysosomes

Aspartic acid
2-4
Lysosomes

Examples

Cathepsins

Serine
3-7
Intraextracellular
Elastase

Zinc
5-9
Intraextracellular
Collagenase

B, L, C, H

Trypsin

Cystatin

PA: uPA, tPA
Antitrypsin
Antithrombin

Cathepsins
D, E
Gelatinase
Unknown

Pepsinogen

Table 2 General roles of proteolytic enzymes in cancers
Degradation or disruption of basement membrane and extracellular
matrix
Produce components which allow the in situ cancer cells to disseminate
to distant organ
Formation of a complex microenvironment that promotes malignant
transformation
Activation of growth factors, adhesion molecules
Suppression of tumor cell apoptosis
Destruction of chemokine gradients
Modulation of antitumor immune reactions
Dual and complex role in angiogenesis

Ⅰ-Ⅱ

Inhibitors

Stromelysin
Matrilysin
TIMP

cells, and the signalling molecules they produce. During
tumor invasion and metastasis, tumor cells are interacting
with the BM and the ECM. The disruption of the BM
and the ECM is an essential pre-requisite for cancer cell
invasion and metastasis. Interaction of tumor cells with
the BM and ECM comprises of three steps: attachment,
matrix dissolution and migration. The first step is tumor
cell attachment to the matrix. The attachment is mediated
by tumor cell surface receptors, when tumor cells bind to
BM surface. This process involves specific glycoproteins
such as fibronectin, type Ⅳ collagen and laminin. In the
second step tumor cells directly secrete degradative enzymes or induce the host to produce proteolytic enzymes
to degrade ECM. The matrix lysis takes place in a highly
localized region close to the tumor cell surface. During the third step (migration), cancer cells are propelled
across the BM and stroma through the zone of matrix
proteolysis. Invasion of ECM is accomplished by reverberation of these three steps[3,6,9,20-27].

Ⅲ

PAI
PA: Plasminogen activators; uPA: Uroinase-type plasminogen activator;
tPA: Tissue-type plasminogen activator; PAI: Plasminogen activator
inhibitor; TIMP: Tissue inhibitor of metalloproteinases.

cess requires the actions of several genes and involves the
initial transforming event (i.e., oncogene activation), proliferation of transformed cells and the ability of tumor
cells to avoid destruction by immune-mechanisms. Furthermore, it comprises of nutrition supply to the tumor
mass by the release of tumor angiogenesis factors, cancer
cell local invasion and destruction of extracellular matrix
(ECM) components, epithelial mesenchymal transition
(EMT), shedding from primary tumor, intravasation, arrest, extravasation and colonization at a preferential site
resulting in the formation of a secondary tumor (distant
metastases)[1-9].
Chronic and persistent inflammation can predispose
to carcinogenesis and contribute to cancer development.
Cancer-associated inflammation includes infiltrating leucocytes, cytokines, chemokines, growth factors and matrixdegrading enzymes. Inflammatory conditions can initiate
oncogenic transformation and epigenetic and genetic
changes in malignant cells. In essence, two interrelated
pathways connect inflammation and cancer: (1) genetic
alterations (including chromosomal amplification, activation of oncogenes and inactivation of tumor-suppressor
genes) leading to neoplastic transformation; and (2) presence of tumor-infiltrating leukocytes that are prime regulators of cancer-related inflammation. The integration of
these two pathways activates transcription factors and finally creates a tumor-associated inflammatory milieu[10-19].

GENERAL ROLES OF PROTEOLYTIC
ENZYMES IN CANCERS
The four categories of proteinases (cysteine-, serine-, aspartic-, and metalloproteinases) are named and classified
according to the essential catalytic component (usually
an amino acid) in their active site[3,28]. Table 1 summarises the four categories and some general properties of
each group. Proteolytic enzymes play a major role in the
breakdown and reconstitution of ECM in a variety of
physiological and pathological processes, such as protein
turnover, tissue remodeling, wound repair, angiogenesis,
destructive diseases, inflammatory disorders as well as
tumor invasion and metastasis (Table 2). Tumor cells
have been shown to produce and release several proteolytic enzymes, which are thought to be involved in tumor
invasion and metastasis. Proteolytic enzymes are also frequently produced by surrounding stromal cells, including
fibroblasts and inflammatory cells. It has been proposed
that these proteolytic enzymes cause degradation or disruption of BM and ECM components allowing the in situ
cancer cells to migrate into the adjacent stroma or to disseminate to distant organ. It is commonly accepted that
progression from in situ to invasive or metastatic cancer
is caused by proteolytic enzymes (proteinases) produced

BASEMENT MEMBRANE,
EXTRACELLULAR MATRIX AND CANCER
CELLS
All normal or pre-invasive tumor epithelia are physically
segregated from vascular structures within the stroma by
the basement membrane (BM). The BM consists of laminins, type Ⅳ collagen and surrounding epithelial cells.
The tumor stroma is comprised of ECM, non-malignant
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a role in angiogenesis playing a part in tumor spread[37-45].
Cathepsins and components of the plasminogen
activator and inhibitor system have been demonstrated
in various malignant tissues, e.g., breast cancer[46-48], lung
cancer[49,50], head and neck cancer[51], ovarian cancer[52] or
gastric cancer[53-56] and might therefore be useful as a diagnostic tool.
With respect to the gastrointestinal (GI) tract, we have
previously shown that cysteine and serine proteinases are
widely distributed in GI tissues, being implicated in processes of GI tissue remodelling, angiogenesis, wound healing, inflammation, may have a role not only in the process
of esophageal or gastric cancer invasion, but also in the
progression of GI precancerous lesions into cancer[57-61].
Several studies, along with our own, have also pointed to
the prognostic value of cysteine and serine proteinases
for survival, for instance, in gastric cancer[56,58,59,62,63], pancreatic cancer[64], or hepatocellular carcinoma[65].

by tumor cells that increase linearly in concentration with
tumor progression[3,6,9,29-31].
The impact of proteolytic enzymes in tumor progression is much more complex than that derived from their
direct degradative action on BM and ECM components.
Now they are known to have functions that extend far
outside matrix remodeling. Proteolytic processing of
bioactive molecules by proteinases contributes to the
formation of a complex microenvironment that promotes malignant transformation. Proteolytic enzymes can
contribute to tumor growth either directly or indirectly
via growth factors such as transforming growth factor-β
(TGF- β ), basic fibroblast growth factor (bFGF) or,
insulin-like growth factor (IGF). Proteinases also act on
other non-matrix substrates (e.g., chemokines, adhesion
molecules, apoptotic mediators, angiogenic factors) that
yield the critical cellular responses that are essential for
tumor growth and progression. Proteolytic enzymes are
also associated with a variety of escape mechanisms that
tumor cells develop to avoid immune response including
chemokine cleavage and regulation of chemokine mobilization. Tumor cells produce chemokines, cytokines,
and the extracellular matrix metalloprotease inducer
(EMMPRIN), which in turn activates tumor-cell invasion.
During angiogenesis, proteolytic enzymes can have both
a pro-angiogenic impact, by releasing matrix-bound proangiogenic factors such as TGF-β, bFGF, triggering the
angiogenic switch during carcinogenesis and facilitating
vascular remodeling and neovascularization at distant
sites during metastasis, and also may have anti-angiogenic
role, by cleaving the ECM components into anti-angiogenic factors[32-36].

Matrix metalloproteinases
Matrix metalloproteinases (MMPs) family consists of
26 members of homologous zinc-dependent endopeptidases. The expression of MMPs is induced by a
variety of external stimuli such as cytokines and growth
factors, including interleukins, interferons, vascular endothelial growth factor, fibroblast growth factor (FGF),
tumor necrosis factor-alpha (TNF-α) or TNF-β, and
EMMPRIN. MMPs play an important role in the degradation of ECM components, are crucial for tumor
growth, invasion and metastasis. MMPs are synthesized
as inactive zymogens, which are then activated by either
other MMPs or by serine proteinases. Based on substrate
specificities and sequence homology, MMPs can be
classified as gelatinases, collagenases, stromelysins and
matrilysins. MMPs are responsible for cleaving all of the
major ECM proteins[66-74].
We and others have shown that MMPs, particularly
type Ⅳ collagenase MMP-9 (gelatinase B), are essential
in the process of tumor invasion and metastasis, as well
as in the remodeling and inflammatory processes in
IBD[75-82].
MMPs have also been considered as potential diagnostic and prognostic biomarkers in many types and
stages of GI cancer[83-85].

Cysteine and serine proteinases
It has been observed that cysteine proteinases [cathepsin B (CATB) and cathepsin L (CATL)], play a crucial
role in the destruction of various elements of the cellsurrounding ECM. The serine proteinase urokinase-type
plasminogen inhibitor (uPA) is also involved in many
protein degrading processes. uPA seems to promote
invasion through a plasmin mediated degradation of
ECM proteins. Active uPA catalyzes the conversion from
plasminogen to plasmin, which is a potent activator of
several metalloproteinase proenzymes, such as prostromelysin, procollagenase, and progelatinase B. Beyond
its direct proteolytic capacity, CATB has also been shown
to activate the prourokinase-type plasminogen activator
(pro-uPA). The tissue-type plasminogen activator (TPA)
is a key enzyme in the fibrinolytic cascade. Plasminogen
activators (PA) are controlled by plasminogen activator
inhibitors, which are members of the serine proteinase
inhibitors (serpin) family. The PA inhibitor type-1 (PAI-1)
under normal physiologic conditions inhibits both uPA
and TPA. The exact role of PAI-1 in tumor biology
is complex: PAI-1 may represent a specific protein of
transformed malignant tissue; may protect cancer tissue
against the proteolytic degradation triggered by the tumor on surrounding normal tissue; and finally, PAI-1 has
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Tissue inhibitors of matrix metalloproteinases
MMPs activity is specifically inhibited by natural inhibitors, called tissue inhibitors of metalloproteinases
(TIMPs). Currently, four different TIMPs have been
characterized in humans (TIMP-1, -2, -3 and -4). The balanced interaction of MMPs with TIMPs regulates ECM
homeostasis. The imbalance between MMPs and TIMPs
is an essential step in the development of malignancies.
TIMPs might display a dual influence on tumor progression: either beneficial by inhibiting MMPs and impairing
angiogenesis or harmful by facilitating cancer cell generation, tumor growth and metastasis. The sensitive balance
between MMPs and TIMPs is essential for many physi-
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the process of tumor invasion and metastasis. We have
also shown that CATL, uPA and PAI-1 have a major
prognostic impact in patients with CRC[107].

Table 3 Clinical significance of proteolytic enzymes in
colorectal cancer
Role in colorectal tumor biology, in the process of tumor invasion and
metastasis
Role in malignant transformation of colorectal precancerous conditions
and lesions
Potential diagnostic tool
New and independent prognostic factors
Potential tumor marker impact for early diagnosis
Potential target molecules for therapeutic agents

Serum and plasma concentrations of cysteine and serine proteinases in CRC
Given the lack in the literature of a comparison of the
behavior of cysteine proteinase CATB and serine proteinase uPA in the same experimental setting in different
GI tumors, in a previous study we have surveyed the possible clinical impact of serum CATB and plasma UPA
antigen in CRC, gastric cancer, hepatocellular carcinoma,
pancreatic cancer, and colorectal adenomas[61]. We have
demonstrated that preoperative serum CATB and plasma
uPA antigen concentrations were significantly higher
in GI tract cancers overall than those found in control
non-cancer patients, thus confirming the relevance of
cysteine and serine protease-dependent mechanisms in
GI cancers. We have also further confirmed that serum
CATB and uPA plasma levels were elevated in patients
with CRC[108-111]. In addition, we have shown that serum
CATB and plasma uPA did show a significant increase
in advanced CRC stage. We have also demonstrated for
the first time that antigen levels of CATB and uPA were
significantly higher in blood samples of patients with
colorectal adenomas as compared to controls. Furthermore, we have found significantly higher CATB and uPA
antigen levels in patients with tubulovillous adenomas
with high-grade dysplasia (HGD) compared to those
with tubular adenomas with low-grade dysplasia (LGD).
Thus taken together, the data from blood samples with
previous results obtained in colorectal tissues confirm
that a concomitant activation of serine (CATB) and uPA
may be involved in the progression from premalignant
colorectal adenomas into CRC[112,113].
Some other studies have also suggested the potential
impact of cysteine or serine proteases as tumor markers in CRC[108-111]. Given the lack in the literature for a
comparison of the tumor marker utility and possible
prognostic relevance of cathepsins (CATB, CATL) and
the uPA/PAI-1 system in the same experimental setting,
we have surveyed the behavior of CATB, CATL, uPA,
PAI-1 in CRC and compared it with the commonly used
gastrointestinal tumor markers CEA and CA 19-9, and
then evaluated any correlation between these parameters
and the clinico-pathological staging of CRC[114]. In this
study, we have demonstrated the potential tumor marker
utility and prognostic relevance of cysteine and serine
proteinases for patients with CRC. We have also shown
the concomitant activation of these systems in CRC. At
the time of clinical presentation, proteinases were more
sensitive indicators of diagnosis than the most commonly used markers CEA and CA 19-9. When proteinases, CEA and CA 19-9 were used as single markers, we
found that their sensitivity was more indicative of CRC
than CEA or CA 19-9. The simultaneous determination of several markers led to a higher sensitivity in our
group of CRC patients: PAI-1 combined with CATB or

ological processes in the gut[6,86-91].
We have recently demonstrated that not only MMPs
but also TIMPs may contribute to the inflammatory and
remodeling processes in IBD and serum TIMP-1 might
be useful as additional biomarker in the assessment of
IBD activity[82].

impact of proteolytic enzymes in
colorectal cancer
colorectal cancer (CRC) is the third most common malignant neoplasm worldwide. CRC is the second most
common newly diagnosed cancer and the second most
common cause of cancer death in the European Union
(EU). Despite the advances in screening, diagnosis, and
treatment, the overall long-term outcome of curatively
resected patients has not significantly changed in the last
decades, the five-year survival rate being approximately
60%. More than a half of CRCs are still diagnosed only
when the disease involves regional or distant organs, and
these patients are candidates for systemic chemotherapy.
The prognosis of CRC is determined primarily by TNM
staging and pathomorphological parameters. Furthermore, therapeutic strategies for chemotherapy are based
on traditional prognostic systems. For risk stratification, it
would be useful for clinicians to have new and more efficient preoperative tumor markers and prognostic indicators available, for instance to better identify patients who
need adjuvant or neoadjuvant treatment[92-97].
We review hereinafter the prognostic value and potential tumor marker impact of a number of proteolytic
enzymes. We also discuss proteinases as potential target
molecules for therapeutic agents Table 3 summarises the
clinical significance of proteolytic enzymes in CRC.
Tissue expression of cysteine and serine proteinases in
CRC
Cathepsins or components of the plasminogen activator
and inhibitor system have been demonstrated in colorectal cancer tissue and might therefore be useful as diagnostic tools[98-100]. Some of the studies also showed that
cathepsins or some of PAs also have a prognostic significance for patients with CRC[98-106]. In a former study
we have demonstrated the simultaneous up-regulation of
both cysteine and serine proteinases in CRC confirming
their role in colorectal tumor biology and particularly in
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an important role not only in CRC invasion and metastasis, but they are also activated in premalignant colorectal
adenomas[82].
Several recent studies confirmed that high preoperative serum or plasma MMP-2, MMP-9 and mainly
TIMP-1 antigen levels are strong predictive factors for
poor prognosis in patients with CRC[131-137].
The potential tumor marker role of MMPs and
TIMPs has also been extensively studied. It has been
demonstrated that MMP-9 and TIMP-1 have significant
potential as biomarkers in CRC. Diagnostic sensitivity
of MMP-9 and TIMP-1 was consistently higher as compared with the conventional biomarkers (CEA or CA
19-9)[131,138-140].
It has also been proposed that TIMPs can predict individual response to chemotherapy and could be considered as an additional tool for monitoring chemotherapy
in CRC[141-144].
One of the greatest challenges in CRC management
is to predict the outcome of each patient so that we
can determine who will really benefit from intensified
adjuvant therapy. The classical TNM staging system relied heavily on the exact extent of cancer at the time of
diagnosis and is greatly predictive in stage Ⅰ and stage
Ⅳ tumors. However, it is less informative for patients
including stage Ⅱ and stage Ⅲ CRC. After curative surgery, stage Ⅲ CRC patients experience 50% chance of
developing recurrence. It is well documented that the
overall survival rate of stage Ⅲ CRC could clearly benefit from adjuvant chemotherapy. In contrast, the role of
adjuvant chemotherapy for stage Ⅱ CRC is still controversial, despite the 20% recurrence in this group. We and
others have suggested that proteolytic enzymes could
constitute useful independent markers in addition to the
TNM staging system for the intermediate groups including stage Ⅱ and stage Ⅲ CRC. Proteolytic enzymes may
help to identify patients who are more likely to have
disease relapse and high risk of death, thus those who
are potential candidates to receive aggressive adjuvant
chemotherapy[107,119,145-147].
On the other hand, taken into consideration that proteolytic enzymes may have a crucial role not only in the
invasive process of CRC, but also in the progression of
precancerous conditions and lesions into cancer, quantification of proteinases might be useful to identify patients
at higher risk for progression to cancer, who could be
subjected to a more strict follow-up protocol.

uPA was superior compared to the combinations of all
other markers. In addition, the sensitivity of CEA or CA
19-9 in combination with a proteinase antigen level was
more indicative for CRC than CEA or CA 19-9 alone.
In this study increased serum or plasma proteinase concentrations significantly correlated with advanced tumor
stage. In a univariate survival analysis high serum CATB,
CATL and plasma PAI-1 antigen levels identified patients
with shorter survival and those who were at higher risk
of death. In addition, PAI-1 and CATB were proved as
independent predictor variables in a multivariate statistical analysis. We also confirmed that cysteine and serine
proteinases were significantly higher in blood samples of
patients with colorectal adenomas compared to controls,
suggesting that these proteinases may be involved in the
malignant transformation of colorectal adenomas[114].
Tissue MMPs and TIMPs in CRC
The behavior of MMPs and TIMPs in CRC has recently
been extensively reviewed by our own group[115]. Several
studies have shown that the expression of several MMPs
and TIMPs are enhanced in CRC. In an immunohistochemical study we have demonstrated that tissue expression of one particular MMP, MMP-9 was significantly
higher in moderately (G2) and poorly (G3) differentiated
tumors than in well differentiated (G1) cancers, as well
as in advanced Dukes stages compared with Dukes stage
A[116]. Some recent studies have confirmed that tissue
MMP-9 can be considered as an independent prognostic
marker in CRC[117-120]. In addition, it has been demonstrated that not only MMP-9, but also tissue expressions of
other MMPs and TIMPs have strong prognostic impact
in CRC[121-126].
MMPs and TIMPs also play a role in malignant transformation from colorectal adenomas to CRC. Our group
in concordance with others has shown that tissue expression of MMP-9, MMP-2, TIMP-1 and TIMP-2 were
significantly higher in advanced versus non-advanced
adenomas, suggesting that MMPs and TIMPs might be
markers for early colorectal carcinogenesis. The ability of MMPs and TIMPs to distinguish adenomas with
HGD from adenomas without HGD may be of clinical
value in predicting additional cancer risk for an individual patient[116,127-130].
Serum and plasma MMPs and TIMPs in CRC
The diagnostic, prognostic and tumor marker impact of
serum-plasma MMPs and TIMPs in CRC has been extensively studied. We have demonstrated that serum antigen
concentrations of MMP-2, MMP-7, MMP-9 as well as
TIMP-1 and TIMP-2 were significantly higher in patients
with CRC than in healthy controls. All examined parameters were significantly higher in patients with CRC than
in patients with adenomas. Higher antigen concentrations
of MMPs and TIMPs significantly correlated with preoperative tumor stage. The data from blood samples confirmed previous results of tissue expressions concluding
that MMPs and their inhibitors TIMP-1 and TIMP-2 play
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PROTEOLYTIC ENZYMES AS POTENTIAL
TARGET FOR CANCER THERAPY
The accumulated evidence strongly supports the concept
of the use of cysteine proteinases (cathepsins) and serine
proteinases (uPA-PAI system) as targets for cancer therapy. It has been suggested that cathepsin inhibition represents a potential therapeutic strategy for the treatment
of cancer. Cathepsins inhibition seems to reduce invasion
and metastasis, but there is concern that selective cathep-
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sin inhibition induces compensatory activity by other
cathepsins. The combination of cathepsin inhibition with
conventional chemotherapy seems to be more effective
and has yielded more consistent clinical results. Future
research should be focused on the exact mechanisms and
clinical effects of this combination treatment[148-151].
The multifunctionality of the uPA-uPAR-PAI-1 system in cancer spotlighted serine proteinases to become
potential targets for anticancer treatment. In addition,
uPA system is also increasingly being recognized as a
candidate target for gene therapy in cancer[152-159]. Several
strategies, including the use of ribozymes, DNAzyme,
antisense oligodeoxynucleotides, uPA inhibitors, soluble
uPAR, catalytically inactive uPA fragments, the interactions of uPAR with integrins and transmembrane receptors, synthetic peptides and synthetic hybrids are under
study, as they all interfere with the activity of uPA or
uPAR in tumor cells. Many clinical studies are ongoing
and some uPA-related compounds have reached Phase Ⅱ
clinical trials.
Several therapeutic MMP inhibitors (MMPIs) have
also been developed to target MMPs. Various natural
compounds have been identified as inhibiting MMPs.
In addition, several generations of synthetic MMPIs
were tested in phase Ⅲ clinical trials in humans, including peptidomimetics, non-peptidomimetic inhibitors or
tetracycline derivates, targeting MMPs in the extracellular space. Other strategies of MMP inhibition involve
small interfering and antisense RNA technology[160-165]. In
contrast to their promising effect in preclinical models,
most of these agents unfortunately failed in clinical trials,
thus they are yet not available for routine use. The use of
broad-spectrum MMPIs may lead to undesired clinical
consequences as a result of the wide range of MMPs that
are inhibited. In addition, toxic side effects, such as musculoskeletal syndrome, have limited drug efficiency.
The ADAMs is also a family of potential new targets
for cancer therapy. ADAMs (a disintegrin and metalloproteinase) are members of a zinc-dependent family of
matrix metalloproteinases. Preclinical findings suggest
that selective ADAM inhibitors might be novel anticancer agents. ADAMs inhibitors may be particularly useful in treating cancers that depend on HER or TNF-αmediated signalling[166-169].
One of the major challenges for the future is the development of monoclonal antibodies or inhibitors that
are specific for certain MMPs, showing no cross-reaction
with other MMPs with improved pharmacokinetic properties and selectivity. In addition, their use in combination
with established chemotherapeutic strategies might have
the potential to become valuable oncological treatment
modalities[161,170-176].

enzymes in tumor progression is much more complex
than that derived from their direct degradative action
on BM and ECM components. Proteinases may have a
crucial role not only in the invasive process of CRC, but
also in the progression of precancerous conditions and
lesions to CRC. Proteolytic enzymes could constitute effective independent prognostic markers additive to TNM
staging system in CRC. Their determination might be
useful to identify patients at higher risk for progression
to cancer, who could be subjected to a more strict endoscopic follow-up protocol.
It has recently been demonstrated in experimental
settings that a newly developed near-infrared bioactivable
probe (MMPSense) that reports the activity of a broad
array of MMP isoforms detects both polypoid and nonpolypoid early colorectal adenomas with a high specificity[177]. Future studies will focus on the use of such fluorescent probes combined with colonoscopy to identify
neoplastic lesions based on their molecular “fingerprint”
(i.e., proteinase enzymatic activity) rather than solely on
their morphologic properties. The ability to detect nonpolypoid lesions using this fluorescent probe alone or in
combination with other molecular probes may offer new
future perspectives for colorectal screening. In addition,
it might also serve as a potential strategy for the pharmacodynamic monitoring of targeted therapy. The pharmacological targeting of CRC by the development of a new
generation of effective and selective proteinase inhibitors
is another emerging area of research.
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Robotic surgery for rectal cancer: Current immediate
clinical and oncological outcomes
Sergio Eduardo Alonso Araujo, Victor Edmond Seid, Sidney Klajner
loss was between 33 and 283 mL, and between 127
and 300 mL; mean length of stay varied from 4-10 d;
and from 6-15 d. Conversion after robotic rectal surgery varied from 0% to 9.4%, and from 0 to 22% after
laparoscopy. There was no difference between robotic
(0%-41.3%) and laparoscopic (5.5%-29.3%) surgery
regarding morbidity and anastomotic complications
(respectively, 0%-13.5%, and 0%-11.1%). Regarding
immediate oncologic outcomes, respectively among
robotic and laparoscopic cases, positive circumferential margins varied from 0% to 7.5%, and from 0% to
8.8%; the mean number of retrieved lymph nodes was
between 10 and 20, and between 11 and 21; and the
mean distal resection margin was from 0.8 to 4.7 cm,
and from 1.9 to 4.5 cm. Robotic rectal cancer surgery is
being undertaken by experienced surgeons. However,
the quality of the assembled evidence does not support definite conclusions about most studies variables.
Robotic rectal cancer surgery is associated to increased
costs and operating time. It also seems to be associated to reduced conversion rates. Other short-term
outcomes are comparable to conventional laparoscopy
techniques, if not better. Ultimately, pathological data
evaluation suggests that oncologic safety may be preserved after robotic total mesorectal excision. However,
further studies are required to evaluate oncologic safety
and functional results.
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Abstract
Laparoscopic rectal surgery continues to be a challenging operation associated to a steep learning curve.
Robotic surgical systems have dramatically changed
minimally invasive surgery. Three-dimensional, magnified and stable view, articulated instruments, and
reduction of physiologic tremors leading to superior
dexterity and ergonomics. Therefore, robotic platforms
could potentially address limitations of laparoscopic
rectal surgery. It was aimed at reviewing current literature on short-term clinical and oncological (pathological)
outcomes after robotic rectal cancer surgery in comparison with laparoscopic surgery. A systematic review
was performed for the period 2002 to 2014. A total of
1776 patients with rectal cancer underwent minimally
invasive robotic treatment in 32 studies. After robotic
and laparoscopic approach to oncologic rectal surgery,
respectively, mean operating time varied from 192-385
min, and from 158-297 min; mean estimated blood
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Core tip: Laparoscopic oncologic rectal surgery remains
a challenging procedure. Robotic systems aim at overcoming the limits of conventional laparoscopic techniques. The evidence on robotic and robotic-assisted
rectal cancer surgery is rapidly increasing. Currently,
published studies have demonstrated exciting evidence
regarding similar or improved short-term outcomes
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rotation). Motion scaling results in reduced physiological tremors, superior dexterity, and far greater ergonomic
comfort[14]. Therefore, robotic systems are particularly
designed for operations conducted within a small anatomical field in which high precision is demanded, such
as cardiac surgery, prostate surgery and rectal surgery.
Although robotic-assisted operations have been utilized
for years in other surgical specialties, it was not until 2002
that Weber et al[15] reported the first two cases of roboticassisted colectomies.
Case series, comparative, and multicenter studies have
demonstrated that robotic rectal surgery is feasible, effective and safe for minimally invasive TME. However,
evidence of its clinical superiority regarding short-term
outcomes over conventional rectal surgery conducted by
expert surgeons is still lacking. Moreover, long-term oncological safety remains to be demonstrated. Ultimately,
robotic surgery is expensive, which results in a major
impediment to greater spread of its use. Therefore, currently, there are two multicenter randomized controlled
trials comparing robotic versus laparoscopic surgery for
rectal cancer: the ROLARR and the ACOSOG-Z6051.
However, at this moment, both trials are recruiting.
Although the abovementioned limitations potentially associated to robotic rectal surgery, two recent systematic
reviews followed by meta-analysis have concluded that
robotic-assisted surgery decreases conversion rate when
compared to a conventional laparoscopic approach for
rectal cancer surgery and is also associated to reduced
blood loss[16,17].
In the present study, it was aimed at reviewing the
rapidly expanding current available literature on shortterm clinical and immediate oncological (pathological)
outcomes after robotic rectal cancer surgery in comparison with standard laparoscopic rectal surgery or conventional resections, and to provide a perspective on the use
of robotics for the curative surgical treatment of rectal
cancer.

after robotic rectal surgery when compared to laparoscopic conventional techniques. Moreover, robotic
surgery seems to be oncologic safe. Further studies are
required to evaluate the long-term oncologic and functional results of robotic over laparoscopic surgery for
rectal cancer treatment.
Original sources: Araujo SEA, Seid VE, Klajner S. Robotic surgery for rectal cancer: Current immediate clinical and oncological outcomes. World J Gastroenterol 2014; 20(39): 14359-14370
Available from: URL: http://www.wjgnet.com/1007-9327/full/v20/
i39/14359.htm DOI: http://dx.doi.org/10.3748/wjg.v20.i39.14359

INTRODUCTION
Laparoscopic colorectal surgery was first described in
1991[1]. In the past two decades, it has progressively expanded. Since it was proven to be as safe and effective as
open surgery[2], it was recognized as a reliable alternative
to conventional surgery. It has become the standard of
care for benign and malignant colonic diseases mainly
due to the fact that laparoscopic colectomy is consistently
associated to early postoperative outcomes, such as less
postoperative pain, reduced postoperative morbidity,
shorter length of stay, and earlier return to normal activities[3,4]. Moreover, it was also demonstrated that laparoscopic colectomy has oncological results comparable to
open surgery[5-8].
However, the adoption of laparoscopic colectomy
remains disappointing in most countries for several reasons, but mainly because it represents a challenging procedure associated to a steep learning curve[9-11]. Moreover,
although laparoscopic access has been widely accepted
for colonic surgery, there are several limitations associated to the laparoscopic approach to colorectal diseases.
The fulcrum effect results in reduced motion range, especially inside the pelvis. A poorly trained camera operator
may lead to an unstable bidimensional view leading to a
reduction in the dissection accuracy required to properly
approach Waldeyer’s and Dennonvillier’s fascias.
Total mesorectal excision (TME) has long been established as the standard surgical technique[12], laparoscopic
TME remains a technically demanding procedure. The
reported high conversion rates and involvement of circumferential resection margins[13] are thought to reflect
the high level of difficulty associated to laparoscopic
TME.
The Da Vinci robotic surgical system (Intuitive Surgical Inc., Sunnyvale, California, United States) has dramatically changed minimally invasive surgery. A robotic-assisted approach could potentially overcome some of the
limitations of conventional laparoscopic rectal surgery.
Robotic system enables the surgeon to control a threedimensional, high-definition, 10-fold magnification vision
steady camera. It provides wristed motion for endoscopic
instruments (7 o of freedom, 180o articulation, and 540o
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LITERATURE REVIEW
A systematic review of the electronic literature examining
robotics for rectal cancer surgery was performed. Two
reviewers (Araujo SEA and Seid VE) conducted a search
of electronic databases (PubMed, Google Scholar and
Embase) for the period 2002 to 2014. The search strategy
included the terms “robot”, “robotic”, “Da Vinci”, “rectum”, “rectal surgery”, “proctectomy”, “anterior resection”, and “abdominoperineal excision”. No other search
restrictions were applied. Then, an additional manual
search was conducted in the reference list of all relevant
selected publications to prevent article loss by the search
strategy. The last search was performed on March 2014.
Case series, comparative studies, and randomized controlled trials were all selected. The definition of oncologic
rectal surgery included: anterior resection, low anterior
resection, TME, coloanal anastomosis, intersphincteric,
and abdominoperineal resections. The exclusion criteria
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Records identified through
database searching
(n = 68)

Additional records identified
through other sources
(n = 0)

Eligibility

Screening

Records after duplicates removed
(n = 49)

Records screened
(n = 49)

Full-text articles assessed
for eligibility
(n = 32)

Records excluded
(n = 17)
Robotic surgery for colon cancer
(n = 11)
Robotic surgery for benign disease
(n = 6)

Included

Studies included in
qualitative synthesis
(n = 32)

Studies included in
quantitative synthesis
(systematic review)
(n = 32)

Figure 1 Preferred reporting items for systematic reviews and meta-analyses diagram.

were: review articles or letters, studies on robotic surgery
for colon cancer or benign colonic disease, animal experiments, case reports, studies using only robotic camera
holders (AESOP 3000; Computer Motion, Santa Barbara, California, United States) or the not commercially
available Zeus Surgical System (Computer Motion, Santa
Barbara, California, United States), studies with inappropriate data or not written in English language.
The following parameters were extracted to a specific
protocol: name of first author, year of publication, country, study design, surgical technique, number of patients,
neoadjuvant treatment, type of TME, operating time,
estimated blood loss, conversion rate, overall morbidity
rate, anastomotic complications, positivity of circumferential resection margins (CRMs), extent of distal resection margins (DRMs), and mean number of lymph nodes
harvested.

expected that experienced colorectal surgeons undertook
all procedures, the expertise of the minimally invasive
surgical team with laparoscopy and robotic approaches is
seldom reported on the evaluated studies.

PATIENTS AND OPERATIONS
The electronic search followed by manual review identified 68 abstracts (Figure 1). After excluding 21 duplicates,
49 papers were reviewed. Seventeen articles were excluded. Eleven papers were on robotic surgery for colon
cancer, and six papers comprised patients operated on
for benign colonic diseases. Thirty-two studies[18-49] were
suitable for inclusion in the systematic review. Seventeen
studies[19-21,24,28-40] represented case series, 14[22,23,25-27,41-49]
were comparative studies, and there was only one randomized controlled trial[18] (Table 1).
Regarding the distribution of papers according to
the publication year (Figure 1), the number of publications on minimally invasive robot-assisted rectal surgery
is increasing. In 2006 and 2007, the systematic review
returned only one paper per year. Some authors rather
not consider these experiences for evaluation, since they
represent initial case series. In the years 2010, 2011, 2012,
and 2013 it was observed, respectively, eight, seven, five,
and three published papers. Although global numbers

QUALITY OF THE ASSEMBLED EVIDENCE
Published data on robotic oncologic rectal surgery comprise case series, nonrandomized retrospective and prospective comparative studies, and one randomized trial[18].
In these cases, bias associated to the evidence come from
the unknown criteria used to recruit patients, and also
from the quality of data collection. Although it is highly
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Table 1 Use of robotics in rectal cancer surgery (case series, comparative, and randomized studies)
Ref.

Year

Hellan et al[28]
Choi et al[29]
Choi et al[19]
Ng et al[30]
deSouza et al[31]
Pigazzi et al[32]

2007
2009
2009
2009
2010
2010

Baek et al[33]
Zimmern et al[34]
Kang et al[20]
Koh et al[35]
Leong et al[21]
Marecik et al[36]
Alimoglu et al[24]
Kang et al[37]
Karahasanoglu et al[38]
Park et al[39]
Du et al[40]
Pigazzi et al[41]
Baik et al[18]
Patriti et al[42]
Baik et al[43]
Bianchi et al[22]
Popescu et al[44]
Kim et al[23]
Park et al[45]
Park et al[46]
Baek et al[47]
Kwak et al[48]
Kim et al[25]
Park et al[49]
Kang et al[26]
D’Annibale et al[27]

Country

Study design

Surgical
technique

Number
of
patients

Neoadjuvant
treatment

TME operation
Anterior
resection

Intersphincteric
resection

Abdominoperineal
resection

Case series
Case series
Case series
Case series
Case series
Case series

Hybrid
Hybrid
Totally robotic
Hybrid
Hybrid
Hybrid

39
13
50
8
44
143

33
NA
NA
NA
31
93

22
13
40
8
30
80

11

6

8

2

6
32

8
31

2010
2010
2011

United States
Korea
Korea
Singapore
United States
United States, Italy,
Korea
United States
United States
Korea

Case series
Case series
Case series
Case series
Case series
Case series
Case series
Case series
Case series
Case series
Case series
Comparative
Randomized
Comparative
Comparative
Comparative
Comparative
Comparative
Comparative
Comparative
Comparative
Comparative
Comparative
Comparative
Comparative
Comparative

34
47
265
118
18

18

Singapore
Korea
United States
Turkey
United States
Turkey
United States
China
United States
Korea
Italy
Korea
Italy
Romania
Korea
Korea
Korea
United States
Korea
Korea
Korea
Korea
Italy

64
58
269
120
19
29
5
7
6
30
30
22
6
18
29
56
25
38
100
41
52
41
59
100
40
165
50

55
23
72

2011
2011
2011
2012
2012
2012
2012
2013
2006
2008
2009
2009
2010
2010
2010
2010
2011
2011
2011
2012
2013
2013
2013

Hybrid
Hybrid
Totally robotic
Hybrid
Hybrid
Totally robotic
Hybrid
Totally robotic
Hybrid
Hybrid
Hybrid
Hybrid
Hybrid
Hybrid
Hybrid
Hybrid
Totally robotic
Hybrid
Totally robotic
Hybrid
Hybrid
Hybrid
Hybrid
Totally robotic
Hybrid
Totally robotic
Totally robotic

12
11
4
2
1

2
11
4
4
5
7
20
NA
2
0
7
5
13
NA
14
14
12
33
8
34
32
39
34

29

27
5
22
6
18
29
56
18
30
100
29
52
33
54
55

19

5
7
6
3
6

0

7
8

12
2
5
45
40

6

165
50

TME: Total mesorectal excision; NA: Not available.

seem to be diminishing, an increase in the publication of
studies comparing robotic-assisted and conventional laparoscopic approaches for rectal surgery may be observed,
starting in 2010.
A total of 1776 patients with rectal cancer underwent
minimally invasive robotic or robotic-assisted treatment
in 32 studies. Of these, 956 patients were operated on a
case series design study. Only 795 patients of eight studies[19-27] were operated on using a totally robotic approach.
The mean number of patients operated on with robotic
assistance for publication was 55.5 (5-379). Only 125 (7%)
patients undergoing robotic TME underwent sphincter
ablation operations. Among the 1651 patients who underwent sphincter preserving-operations, 227 (13.7%)
were submitted to an intersphincteric dissection prior to
coloanal anastomosis.

385 min (Table 2). For the 887 patients operated on using a laparoscopic approach in the selected comparative
studies, the mean operating time ranged from 158 to 297
min. In the two studies[25,26] using a cohort of patients undergoing TME through an open approach, the results of
this particular group of patients were not considered in
the present review.
Although the overall results of operating time in the
study of Patriti et al[42] have not demonstrated significant
differences after robotic and conventional laparoscopy,
operative times after robotic surgery with TME with and
without sphincter preservation were significantly higher.
In the reports of Popescu et al[44], Kim et al[23], Park et al[45],
Kwak et al[48], Kim et al[25], Park et al[49], and Kang et al[26],
operating times were significantly longer after operations
with robotic assistance.

OPERATING TIME

ESTIMATED BLOOD LOSS

For the total of 1776 patients with rectal cancer who underwent robotic or robotic-assisted surgical treatment in
32 studies, the mean operating time ranged from 192 to

The estimated blood loss values were not available in 14
publications. For the remaining 17 studies in this systematic review, mean estimated blood loss after oncologic
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Table 2 Use of robotics in rectal cancer surgery - clinical outcomes
Ref.

Type of
procedure

Number of
patients

Hellan et al[28]
Choi et al[29]
Choi et al[19]
Ng et al[30]
deSouza et al[31]
Pigazzi et al[32]
Baek et al[33]
Zimmern et al[34]
Kang et al[20]

RTME
RTME
RTME
RTME
RTME
RTME
RTME
RTME
RTME

39
13
50
8
44
143
64
58
389

Koh et al[35]
Leong et al[21]
Marecik et al[36]
Alimoglu et al[24]
Kang et al[37]
Karahasanoglu et al[38]

RTME
RTME
RTME
RTME
RTME
RTME
RPME
RTME
RTME
RTME
LTME
RTME
LTME
RTME
LTME
RTME
LTME
RTME
LTME
RTME
LTME
RTME
LTME
RTME
LTME
RTME
LTME
RTME
LTME
RTME
LTME
RTME
OTME
RTME
LTME
RTME
LTME
OTME
RTME
LTME

19
29
5
7
6
22
8
30
22
6
6
18
18
29
37
56
57
25
25
38
84
100
100
41
82
52
123
41
41
59
59
100
100
40
40
165
165
165
50
50

Park et al[39]
Du et al[40]
Pigazzi et al[41]
Baik et al[18]
Patriti et al[42]
Baik et al[43]
Bianchi et al[22]
Popescu et al[44]
Kim et al[23]
Park et al[45]
Park et al[46]
Baek et al[47]
Kwak et al[48]
Kim et al[25]
Park et al[49]
Kang et al[26]

D’Annibale et al[27]

Mean operating Estimated blood
time (min)
loss (mL)
200 (25-6000)
NA
NA
NA
250 (50-1000)
283 (0-6000)
200 (20-6000)
250
NA

Length of
stay (d)

285 (180-540)
260 (210-390)
304 (190-405)
192 (145-2500
347 (155-510)
297 (90-660)
270 (150-540)
350
305.4 ± 111.5/
339.3 ± 127.41
316 (232-444)
325 (235-435)
343 (270-442)
NA
335 (267-452)
270 (175-480)

NA
50 (50-1000)
230 (100-400)
NA
250 (150-400)
50 (20-100)

4
7
9.2 (5-24)
5 (4-30)
5 (3-36)
8.3 (2-33)
5 (2-33)
6
8.7 ± 3.0/
17.6 ± 13.31
6.4 (3-21)
9 (5-15)
5.8 (5-7)
8.1 (5-10)
5 (4-7)
4 (4-20)

369 (306-410)
220 (152-286)
264 (192-318)
258 (198-312)
203 (149-315)
196 (114-297)
202 ± 12
208 ± 7
178 (120-315)
179 (100-360)
240 (170-420)
237 (170-545)
208 (180-300)4
182 (140-220)4
385.3 ± 102.64
297.3 ± 83.74
231.9 ± 61.44
168.6 ± 49.34
233 ± 52.4
158 ± 49.2
296 (150-520)
315 (174-584)
270 (241-325)4
228 (177-254)4
188 ± 454
103 ± 234
235.5 ± 57.54
185.4 ± 72.84
309.7 ± 115.24
277.8 ± 81.94
252.6 ± 88.14
270 (240-315)
280 (240-350)

100 (75-200)
33 (10-70)
104
150
NA
NA
137 ± 156
127 ± 169
NA
NA
NA
NA
1004
1504
NA
NA
NA
NA
NA
NA
200 (20-2000)
300 (17-1000)
NA
NA
NA
NA
45.7 ± 40
59.2 ± 35.8
133 ± 192.34
140.1 ± 216.44
275.4 ± 368.84
NA
NA

4 (3-6)
7.8 (7-13)
4.5 (3-11)
3.6 (3-6)
7 (5-10)4
9 (6-12)4
11.9 (6-29)
9.6 (5-37)
5 (5-10)4
6 (4-16)4
6.5 (4-15)
6 (4-20)
8.1 ± 4.5
8.4 ± 3.5
11.7 ± 6.7
14.4 ± 10
9.9
9.4
10 ± 19.2
15 ± 12.2
6.5 (2-33)
6.6 (3-20)
NA
NA
7.1 ± 2.1
6.9 ± 1.5
10.6 ± 4.2
11.3 ± 3.6
10.8 ± 5.54
13.5 ± 9.24
16 ± 8.64
8 (7-11)
10 (8-14)

Conversion
rate (%)

Overall
complication rate

Anastomotic
complications

2.6
0
0
0
4.5
4.9
9.4
1.7
0/11

12.8%
23%
18%
0%
4.5%
41.3%
35.9%
24.1%
19%

12.1%
7.7%
8.3%
0%
4.5%
10.5%
7.7%
3.4%
7%

0
0
0
0
0
0

14.3%
10.3%
20%
28.6%
50%
13.3%

0%
31%
0%2
0%2
0%2
3.3%

0
0
0
0
0
11.1
04
18.94
04
10.54
0
4
5.2
10.5
2
3
0
0
0
0
7.3
22
0
3.4
0
03
0
0
0.6
1.8
03
0
12

36.6%
4.5%
16.6%
16.6%
22.2%
5.5%
30.6%
18.9%
5.4%4
19.3%4
16%
24%
15.7%
15.3%
20%
27%
19.3%
29.3%
10%
15%
22%
26.8%
32.2%
27.1%
26%
27%
15%
12.5%
20.6%
27.9%
24.8%
10%
22%

4.2%
0%
0%
0%
0%
0%
6.8%
2.7%
1.7%
7%
4%
8%
5.2%
7.1%
8.2%
11.1%
9.7%
7.3%
9.6%
5.6%
8.6%
2.9%
13.5%
10.1%
2%
4%
7.5%
5%
7.3%
10.8%
3.4%
10%
14%

1

Non-complicated/complicated cases; 2Abdominoperineal resections only; 3Conventional (open) approach; 4The original publication as statistically
significant (P < 0.05). RTME: Robotic total mesorectal excision; LTME: Laparoscopic total mesorectal excision; RPME: Robotic partial mesorectal excision;
OTME: Open total mesorectal excision; NA: Not available.

robotic rectal surgery varied from 33 to 283 mL. For the
comparative studies where data after laparoscopic operations have also been available, mean estimated blood
loss was between 127 and 300 mL (Table 2). Only in the
reports of Popescu et al[44] (100 mL vs 150 mL) and Kang
et al[26] (133 mL vs 140 mL), the estimated blood loss was
significantly reduced after robotic rectal surgery when
compared to the laparoscopic approach.
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LENGTH OF STAY
The mean length of stay was not available for only one
comparative study[48]. Among rectal cancer patients undergoing robotic surgery, the length of stay for 29 studies ranged from 4 to 10 d (Table 2). For the comparative
studies, mean length of hospital stay after laparoscopic
rectal surgery ranged from 6 to 15 d (Table 2). In three
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studies[18,23,46], one of them a small randomized trial[18],
which enrolled a total of 84 patients, the mean length of
stay was significantly reduced after robotic surgery when
compared to laparoscopic access.

compared comprising a total of 674 recruited patients. In
this study, robotic surgery was significantly associated to
less anastomotic complications (7.3%) when compared to
the laparoscopic (10.8%) approach.

CONVERSION

IMMEDIATE ONCOLOGICAL OUTCOMES

Conversion rates were available for all 32 studies included
in this systematic review. Among 1776 patients with rectal cancer undergoing robotic or robotic-assisted surgical
treatment in this systematic review, the mean conversion
rate varied between 0% and 9.4%. For the laparoscopic
cases, mean conversion to open surgery was between 0%
and 22% (Table 2).
In three comparative studies[27,42,43] included in this
review, robotic surgery for rectal cancer was significantly
associated to a lower conversion rate. This three studies
included 279 patients. In the publication of Patriti et al [42],
the majority of patients in the robotic group had previous abdominal surgery and low rectal cancer requiring a
TME. In addition, more patients in the robotic group had
undergone neoadjuvant chemoradiation when compared
to the laparoscopic group. In the second study where
conversion was reduced after a robotic approach[43], conversion was null in the robotic group. In the laparoscopic
group, the rate was 10.5% (6 cases). The reasons for conversion in the laparoscopic group were hemorrhage from
the lateral pelvic wall, failure to progress due to a severe
narrow pelvis, and rectal perforation.

CRM positivity results after TME or tumor-specific mesorectal excision was available for all studies in this review
with the exception of one case series[34], two comparative studies[41,44], and one randomized trial[18]. The mean
frequency of CRM positivity after robotic rectal cancer
surgery for 1656 operated on rectal cancer patients in the
present review was between 0% and 7.5%. After laparoscopic rectal surgery, for 879 patients, it ranged from 0%
to 8.8% (Table 3). Only in two recent comparative studies[26,27], the involvement of CRM showed a significant
decrease after robotic rectal surgery when compared to
the laparoscopic access. In the study of Kang et al[26], 495
patients submitted to robotic, laparoscopic, or open rectal
surgery were retrospectively selected and matched according to clinical characteristics. No significant differences in
baseline characteristics were observed among the matched
cohort with 165 pairs of patients. CRM involvement was
observed in 4.2%, 6.7%, and 10.3% of patients undergoing robotic, laparoscopic, or open access TME, respectively. In the experience of D’Annibale et al[27], 50 patients underwent robotic TME and were retrospectively compared
to 50 patients undergoing laparoscopic TME. In spite of
CRM involvement could have depended on pathology
site and extension, the authors stated that robot-assisted
surgery allowed them to achieve a complete and oncologic
adequate resection of the specimen due to articulation of
the instruments and the 3-D magnified vision.
In the present review, data regarding the extent of
lymphadenectomy associated to robotic rectal surgery
was available for all 32 selected studies (1776 rectal
cancer patients). The mean number of retrieved lymph
nodes after robotic rectal surgery was between 10.3 and
20. After laparoscopic surgery, the mean number of
retrieved lymph nodes among 987 operated on patients
was between 11.1 and 21). In all comparative, and in the
randomized study, there was no difference in the extent
of lymphadenectomy due to a robotic or laparoscopic
approach. In the study of D’Annibale et al[27], the mean
number of lymph nodes retrieved after robotic TME was
16.5 (range 11-44), and was 13.8 (4-29) after laparoscopic
TME. In this paper, there was no difference in the extent
of the lymphadenectomy (P = 0.053) (Table 2). However,
in the discussion session, the authors stated that there
was no difference in the extent of lymphadenectomy
among the groups (P = 0.073).
Regarding the extent of DRM, among the 17 comparative studies, the information was not available for
four studies[20,31,34,39] due to not declared reasons, for three
studies comprising only patients submitted to robotic
abdominoperineal excisions[24,36,37] and for one comparative study[44]. For 1199 patients undergoing robotic rectal

POSTOPERATIVE COMPLICATIONS
(OVERALL)
For the 32 studies included in this systematic review, the
overall morbidity after robotic or robotic-assisted rectal
cancer surgery ranged from 0% to 41.3% (Table 2). The
overall postoperative complication rate after laparoscopic
treatment of rectal cancer on 14 comparative studies and
1 randomized controlled trial varied between 5.5% and
29.3% (Table 2).
In only one comparative study[43], where 56 and 57 patients underwent a robotic and laparoscopic low anterior
resection respectively, postoperative morbidity was significantly reduced after robotic surgery (5.4% vs 19.3%).

ANASTOMOTIC COMPLICATIONS
Among the 32 studies included in this review, the occurrence of complications of colorectal or coloanal anastomosis was not available on three publications dealing
exclusively with sphincter-ablative rectal operations[24,36,37]
(Table 2).
After robotic or robotic-assisted sphincter preserving rectal surgery, the mean occurrence of anastomotic
complications varied between 0% and 13.5%. After laparoscopic sphincter-preserving surgery, it varied between
0% and 11.1% (Table 2). In one recent study[26], matched
robotic, laparoscopic and open rectal cancer cases were
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Table 3 Use of robotics in rectal cancer surgery - immediate oncological outcomes
Ref.

Hellan et al[28]
Choi et al[29]
Choi et al[19]
Ng et al[30]
deSouza et al[31]
Pigazzi et al[32]
Baek et al[33]
Zimmern et al[34]
Kang et al[20]
Koh et al[35]
Leong et al[21]
Marecik et al[36]
Alimoglu et al[24]
Kang et al[37]
Karahasanoglu et al[38]
Park et al[39]
Du et al[40]
Pigazzi et al[41]
Baik et al[18]
Patriti et al[42]
Baik et al[43]
Bianchi et al[22]
Popescu et al[44]
Kim et al[23]
Park et al[45]
Park et al[46]
Baek et al[47]
Kwak

[48]

Kim et al[25]
Park et al[49]
Kang et al[26]

D’Annibale et al[27]

Type of procedure

Number of patients

Positivity of
circumferential
resection margin (%)

Distal resection
margins, cm

RTME
RTME
RTME
RTME
RTME
RTME
RTME
RTME
RTME
RTME
RTME
RTME
RTME
RTME
RTME
RTME
RTME
RTME
LTME
RTME
LTME
RTME
LTME
RTME
LTME
RTME
LTME
RTME
LTME
RTME
LTME
RTME
LTME
RTME
LTME
RTME
LTME
RTME
LTME
RTME
OTME
RTME
LTME
RTME
LTME
OTME
RTME
LTME

39
13
50
8
44
143
64
58
389
19
29
5
7
6
30
30
22
6
6
18
18
29
37
56
57
25
25
38
84
100
100
41
82
52
123
41
41
59
59
100
100
40
40
165
165
165
50
50

0
0
2
0
0
0.7
0
NA
3.6
5.3
6.8
0
0
0
0
0
0
NA
NA
NA
NA
0
0
7.2
8.8
0
4
NA
NA
3
2
1.2
7.3
1.9
2.4
4.9
2.4
1.7
0
1
1
7.5
5
4.22
6.72
10.32
02
122

2.6 (0.4-7.5)
4.7 ± 1.8
1.9 ± 1.1
>2
NA
2.9 ± 1.8
3.4 (0.2-10)
NA
NA
0.8-1
0.8 (0-4)
-1
-1
-1
4 (2-8)
NA
2.6 (1-5.5)
3.8 (1.8-9)
3.5 (2.2-5)
4.0 ± 1.1
3.7 ± 1.1
2.1 ± 0.9
4.5 ± 7.2
4 (1-7)
3 (1-9)
2 (1.5-4.5)
2 (1.8-3.5)
Negative
Negative
2.7 ± 1.9
2.6 ± 1.8
2.1 ± 1.4
2.3 ± 1.5
2.8 ± 1.9
3.2 ± 2.1
3.6 (0.4-10)
3.8 (0.4-11)
2.2 (1.5-3)
2 (1.2-3.5)
2.7 ± 1.72
1.9 ± 1.32
1.4 ± 0.9
1.3 ± 0.9
1.9 ± 1.4
2 ± 1.4
2.2 ± 1.7
3 (2-7)
3 (1-6)

Mean/median number of
lymph nodes harvested
13 (7-28)
24.6 ± 16.7
20.6 ± 10
15 (2-26)
14 (5-45)
14.1 (1-39)
14.5 (3-28)
11.8-15.3
15.7 ± 10
17.8 ± 7.1
16 (1-44)
12.4
16 (14-21)
20 (7-58)
15 (3-38)
20 (14-25)
14.3 (8-27)
14 (9-28)
17 (9-39)
18 (6-49)
22 (9-42)
10.3 ± 4
11.2 ± 5
17.5 (4-43)
17 (4-53)
18 (7-34)
17 (8-37)
11.7 ± 3.8
11.1 ± 3.2
14.7 ± 9.7
16.6 ± 9.1
17.3 ± 7.7
14.2 ± 8.9
19.4 ± 10.2
15.9 ± 10.1
13.1 (3-33)
16.2 (3-33)
20 (12-27)
21 (14-28)
20 ± 6.9
19.6 ± 8.5
12.9 ± 7.5
13.3 ± 8.6
15 ± 9.4
15.6 ± 9.1
17.4 ± 10.9
16.5 (11-44)
13.8 (4-29)

1

Abdominoperineal resections only; 2The original publication as statistically significant (P < 0.05). RTME: Robotic total mesorectal excision; LTME:
Laparoscopic total mesorectal excision; RPME: Robotic partial mesorectal excision; OTME: Open total mesorectal excision; NA: Not available.

cancer, surgery, the mean value of DRM varied between
0.8 and 4.7 cm. For 903 patients undergoing laparoscopic
sphincter-preserving rectal cancer surgery, the mean
value for DRM ranged from 1.9 to 4.5 cm. In all selected
comparative studies, there was no difference for DRM
value between robotic and laparoscopic cases. However,
in one study[25] comparing 100 matched robotic to open
cases, mean DRM was longer (2.7 vs 1.9; P = 0.001) after
robotic approach.
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DISCUSSION
It was demonstrated that laparoscopic colorectal surgery is as safe and effective as open surgery regarding
early postoperative outcomes. These data are at this time
mature and reflect a modest but significant benefit on
short-term outcomes when compared to conventional
colectomies[50]. Long-term oncological results also demonstrate that laparoscopic surgery is entirely equivalent to
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laparotomy regarding oncologic safety[6].
Similarly, laparoscopic rectal resection is fully feasible[51]. However, laparoscopic TME remains a technically
demanding procedure associated with a steep learning
curve, high conversion and positive CRM rates[11,13]. The
16% rate of CRM involvement reported in the MRC
CLASICC trial has been advocated as an indirect evidence
of increased technical difficulty associated to laparoscopic
TME[13]. Particular features of laparoscopic TME include
the limited dexterity of non-articulating instruments attached to a fulcrum effect especially in the narrow male
pelvis or when dealing with bulky tumors, and loss of
three-dimensional view.
Robotic surgery for the management of rectal cancer
remains a highly controversial issue. The current robotic
surgical platform provides a stable, three-dimensional,
high-definition, 10-fold magnification vision, intuitive
articulated instrument manipulation, tremor elimination,
superior dexterity, and high precision of the movement
of the robotic arms. Therefore, robotic surgical systems
may be particularly suited for deep and precise pelvic surgery, obviating some of the limitations of conventional
laparoscopic surgery as required during TME operations.
The first robotic colectomy was reported in 2002[15]. Since
then, the number of publications on robotic colorectal
surgery has markedly increased[52]. In 2004, D’Annibale
et al[53] reported on 52 cases of robotic-assisted colon
and rectal surgery. In this report, 10 cases of roboticassisted anterior resection were included. The first paper
on robotic TME included 6 cases of rectal cancer and
was published in 2006[41].
The high costs associated with the currently available
robotic platform have limited the implementation of this
technology. Therefore, before robotic surgery can be
accepted as the preferred approach for rectal cancer surgery, it should be confirmed that the technology provides
superior short-term outcomes and equal or improved oncologic and functional results in comparison with other
approaches. Due to the lack of evidence from controlled
randomized trials, a systematic review of the currently
available literature might help to critically assess such an
argument. The interest on the matter is elevated and the
first TME operation was reported in 2004[53]. Nevertheless, since then there is only one very small randomized
controlled trial[18] comparing robotic to conventional
laparoscopic rectal surgery, published in 2008. On the
other hand, we could find at least two non-systematic
reviews on robotic surgery for colorectal diseases[54,55],
and one systematic review on robotic surgery for rectal
cancer[56]. The available published data on robotic colon
and rectal surgery comprise case reports, case series, and
non-randomized retrospective and prospective comparative studies. All of these studies are, by their very nature,
subject to significant bias derived from patient selection,
and quality of reported data extraction. However, this
concept did not prevent the publication of meta-analyses
on robotic colorectal surgery[52], and on robotic rectal
surgery[16,17,57]. Because of the lack of available evidence
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from ongoing prospective randomized trials (ROLLAR[58]
and ACOSOG-Z6051[59]), systematic reviews as conducted in the present paper represent the most organized
way to evaluate current evidence on robotics for rectal
malignancy.
Before the present study design was accomplished,
the findings of two recent meta-analyses[16,17] on robotic
surgery for rectal cancer demonstrated non-similar results
but the same limitations. Both meta-analyses included
seven studies. In both, four studies[22,42,43,48] were present.
Yang et al[17] found that robotic proctectomy is associated with increased operative time, less estimated blood
loss, lower conversion rate, and higher hospital costs.
Memon et al[16] were able to confirm only the findings of
lower conversion associated with robotic surgery when
compared to conventional laparoscopy. Meta-analyses
of robotics for rectal surgery have several limitations.
Non-randomized, retrospective or prospective, not casematched or matched studies are biased. Moreover, the
number of studies in the analysis is small, precluding
subgroup analysis. In the present study, we calculated the
mean number of robotic cancer cases being 55.5 (range,
5-379). Ultimately, uncontrolled variables included in
biased studies lead to under- or over-estimation of risk
effects[17].
In the present systematic review, it could be observed
that robotic TME is associated with a prolonged operating time when compared to laparoscopic TME[23,26,44,45,48,49].
The extended time taken to dock the robot may be an
important issue on the longer operating time. In the present review, it was observed that 795 patients of 8 studies[19-27] were operated on using a totally robotic approach.
In the hybrid technique, the abdominal part of minimally
invasive TME (inferior mesenteric vein and artery division, splenic flexure and left colon mobilization) is accomplished using conventional laparoscopic techniques.
And the robot is used for the pelvic TME part of the
operation. Most surgeons use the hybrid technique to
avoid robot repositioning/re-docking. One time docking
could also be done for a fully robotic technique by changing some trocars or arms. In the fully robotic technique
reported by several authors[19,60,61], the robotic approach is
used for the abdominal and pelvic parts of the operation.
To the present moment, no study has compared a hybrid
to a fully robotic technique.
There is no current significant evidence that a robotic
approach to rectal cancer may reduce estimated blood
loss. Only in the small report by Popescu et al[44] and Kang
et al[26], intraoperative blood loss was significantly reduced
after robotic rectal surgery. Popescu et al[44] have reported
on only 38 robotic rectal cancer cases. Moreover, in the
study of Kang et al[26], the difference between mean estimated blood loss after robotic (133 mL) and laparoscopic
(140 mL) cases was very small. Ultimately, it must be
remembered that estimating blood loss in a retrospective
design may be imprecise.
Regarding hospital stay, in only three studies[18,23,46]
involving 239 patients operated with robotic assistance,

2291

February 8, 2015|First Edition|

Araujo SEA et al . Robotic surgery for rectal cancer

a shorter hospital stay could be observed. In all other
selected comparative studies there was no significant difference. Moreover, Yang et al[17] and Memon et al[16] independently looked at the same data using meta-analytical
techniques and could detect no difference. Variability
between comparative retrospective studies may include
differences in discharge criteria. Certainly, a shorter duration of hospitalization produced by robotic access to the
rectum when compared to laparoscopy remains to be
demonstrated.
Robotic surgery may overcome limitations derived
from conventional laparoscopic TME. High-definition
three-dimensional view and superior dexterity due to
motion scale and articulated instruments may contribute
to superior visualization and a more precise pelvic dissection. In the present systematic review, conversion to
laparotomy after robotic rectal surgery (0%-9.4%) seems
to be reduced when compared to laparoscopy (0%-22%).
This result was directly observed in three[7,42,43] comparative studies included in this review and may be due to the
ability to perform fine dissection in a narrow surgical field.
On the other hand, it is important to highlight that none
of the studies were randomized neither blinded. Therefore, these results must be interpreted with caution since
selection bias may have inadvertently favored robotic
cases, since robotics was the technology under evaluation.
There is no current evidence regarding a role for
robotic surgery in reducing postoperative or anastomotic complications in all comparative studies selected
in this review. In only one small study[43] comprising 56
and 57 patients undergoing a low anterior robotic and
laparoscopic rectal resection, respectively, postoperative
complications were higher in the laparoscopic group. The
authors believe that the higher incidence of anastomotic
complications observed in the laparoscopic group may be
due to a difficulty in the perpendicular rectal transection
leading to an increased number of stapler firings which
was reported to be significantly related to anastomotic
leakage. However, the number of stapler firings were not
accrued in the study[62].
Although most specialists performing minimally invasive TME are highly experienced laparoscopic surgeons,
performing precise dissection in the pelvis is especially
difficult. On this matter, robotic surgery may provide
some advantages. The oncologic outcomes after surgery
for rectal cancer rely on the quality of mesorectal excision. Regarding CRM involvement in the present review,
available data on robotic cases from case series and comparative studies indicate a (+)CRM from 0% to 7.5%; and
from 0% to 8.8% after laparoscopic cases from comparative studies. However, there was no difference regarding
(+)CRM rates for 10 comparative studies[22,23,25,42,43,45-49] included in this review. Three meta-analyses support these
findings[16,17,23]. Only for the two most recent comparative
studies[26,27], (+)CRM was more frequent after a laparoscopic approach.
Regarding the extent of dissected lymph nodes
among TME specimens in this systematic review, the re-
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sults were available for all 32 included studies. There was
no significant difference between a robotic and laparoscopic approach in the total number of lymph nodes extracted. Despite the numerous variables determining the
number of lymph nodes in the surgical specimen after
TME, it is likely that the oncological efficacy and safety
of robotic surgical treatment of rectal cancer may be
improved after more experienced surgeons foster robotic
technique.
Robotics is a minimally invasive technology with advantages over conventional laparoscopic surgery. It has
been reported to enhance a surgeon’s ability to perform
difficult cases such as a low rectal anastomosis in an
obese patient. The approach proposed by Prasad et al[63]
represents a clear example of robotic technology enhanced capabilities. In this approach, after completion of
robotic TME, the distal rectum is divided, the specimen
is passed through the low rectal (anal) stump, and, with
the aid of the robotic movements, a purse-string suture is
placed on the distal rectal stump, allowing a single-stapled
transanal anastomosis to be performed. However, one of
the unique drawbacks of robotic surgery is the loss of
tactile sensation (haptic feedback). In the initial experience, it may lead to organ injury and perforation. Only
through carefully observing robotic instrumentations
effect on the tissue, the surgeon can offset the lack of
tactile sensation. External robotic arms collisions remain
another important issue in robotic surgery. Patient positioning, port placement, and arms adjustment are crucial
for robotic surgery.
Undoubtedly, the most important obstacle to widespread implementation of robotic technology includes
the high start-up and maintenance costs (US$1-2.5 million per robot, and approximately US$160000 annually
for upkeep)[55]. Baek et al[64] reported that robotic surgery
is more expensive than laparoscopic surgery for rectal
cancer. In their study, total hospital charges were approximately 1.5 times higher in the robotic group compared
with the laparoscopic group. Given the high costs involved in surgical treatment using robotics, it is imperative that the cost-effectiveness of robotic rectal cancer
surgery be determined based on oncological outcomes
and functional results of forthcoming studies.
When evaluating the learning curve of a new technology for oncologic rectal cancer surgery, long-term
oncological and functional outcomes (voiding and sexual
function) must be addressed. To date, no prospective
studies have evaluated long-term functional outcomes
of robotic rectal cancer surgery. Kim et al[65] have demonstrated that urinary function was recovered over 6 mo
after laparoscopic TME compared to over three months
after robotic TME. In the same study, patients operated
on using a robotic approach also exhibited a shorter recovery time for erectile function (6 mo vs 12 mo) when
compared to laparoscopic TME. Luca et al[66] have assigned that a better preservation of voiding and sexual
functions derive from superior movement of articulated
robotic instruments, and from a more precise dissection

2292

February 8, 2015|First Edition|

Araujo SEA et al . Robotic surgery for rectal cancer

in the narrow pelvis, with accurate identification of the
anatomical planes and smaller neural components.

10

CONCLUSION
In conclusion, it was observed that more frequently, very
experienced minimally invasive surgeons are performing
robotic rectal cancer surgery. However, the quality of the
assembled evidence does not support strong conclusions
about most of the parameters of interest. Robotic rectal
cancer surgery is still associated to increased cost and
operating time. In the setting of the selected patients that
characterizes this review, robotic rectal cancer surgery is
associated to reduced conversion rates when compared
to conventional laparoscopic techniques. Other shortterm outcomes are comparable to conventional laparoscopic techniques, if not better. Furthermore, pathological data evaluation suggests that oncologic safety may be
preserved after robotic TME. However, further studies
are required to evaluate oncologic safety and functional
results associated to robotic rectal cancer surgery.
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Core tip: In this review we examine the present position with respect to liver and lung metastasectomy
for colorectal cancer and explore the history of how
these clinical practices were adopted. We find that
these practices are based on observational and largely
retrospective data. The mechanistic rationale and the
basic science are insufficient for proof of effectiveness.
Although randomised studies have been proposed none
have been completed so current practice does not
reach the standards required for acceptance of other
therapies. We provide an update of the present position
and propose a way ahead.

Abstract
Clinical practice with respect to metastatic colorectal
cancer differs from the other two most common cancers, breast and lung, in that routine surveillance is
recommended with the specific intent of detecting liver
and lung metastases and undertaking liver and lung
resections for their removal. We trace the history of this
approach to colorectal cancer by reviewing evidence for
effectiveness from the 1950s to the present day. Our
sources included published citation network analyses,
the documented proposal for randomised trials, large
systematic reviews, and meta-analysis of observational
studies. The present consensus position has been adopted on the basis of a large number of observational
studies but the randomised trials proposed in the 1980s
and 1990s were either not done, or having been done,
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INTRODUCTION
Data on incidence and mortality from the World Health
Organization’s GLOBOCAN database shows that
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colorectal cancer is one of the commonest cancers worldwide. Its position in the ranking varies from country to
country but colorectal cancer is usually ranked in the top
three most frequent cancers for both sexes[1]. In 2008,
over 1.2 million new cases of colorectal cancer have been
recorded worldwide. In 2013, it is projected that there will
be approximately 600000 deaths from colorectal cancer
worldwide. The possibility of cure is dependent on early
diagnosis, however at presentation 15%-25% of patients
have metastases and it is estimated that 50%-60% of patients with colorectal cancer will develop metastases during the course of their disease.
Current practice in the management of colorectal
cancer has developed from the continuous effort to reduce the incidence and mortality from this disease. Early
diagnoses, aggressive treatment and screening programs
have all aimed at reducing mortality. However prognosis
remains poor, especially for those patients that will develop metastases.
Current clinical guidance from the United Kingdom’s
National Institute for Health and Clinical Excellence (NICE)[2]
and from America’s National Comprehensive Cancer
Network (NCCN)[3,4] make recommendations for surveillance strategies to identify recurrence and for further imaging to evaluate liver and/or lung metastases. This allows
for early detection of metastases. Both guideline publishing bodies recommend liver metastasectomy where
possible and NCCN guidance is unequivocal in making
similar recommendations for pulmonary metastasectomy:
“Complete resection based on the anatomic location and
extent of disease with maintenance of adequate function
is required”[3,4].
“Required” is a strong word and suggests no uncertainty. It should be noted that NCCN is an alliance of
the world’s leading cancer centres whose members, both
individually and as institutions, have financial interests in
cancer treatments. The UK’s NICE publishes guidance in
line with international agreed standards of impartiality[5].
Current NICE guidance (2011) takes a similar stance to
NCCN with respect to liver metastasectomy but is more
guarded with respect to lung metastases: “There is uncertainty about the role of metastasectomy for the treatment
of resectable lung metastases and this is being investigated
in the PulMiCC trial”[2]. PulMiCC is an acronym signifying
Pulmonary Metastasectomy in Colorectal Cancer, a multicentre randomised trial funded by Cancer Research UK[6].
In this review we examine the history of how the
present positions with respect to liver and lung metastases have been reached, what is the current practice,
and what is the evidence behind it. The authors share
a commitment to obtaining and implementing the best
evidence in the care of patients with advanced and metastatic cancer while bringing their own different perspectives on the question. The three thoracic surgeon authors
come from different health care environments and in this
review have worked with a methodologist with an interest
in this subject. The surgeons do not necessarily agree on
what might be the best clinical management of individual
patients, either with each other or with the published
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guidance, but we do agree that it is important to recognise that there are boundaries beyond which metastasectomy does not improve survival or patients’ well-being.
Research in defining those boundaries is needed.

“SECOND LOOK” CANCER SURGERY
AND CARCINOEMBRYONIC ANTIGEN
MONITORING
The concept of further surgery to rescue patients whose
cancer has recurred after primary resection is not new or
even recent. In 1954 Wangensteen et al[7] from Minneapolis reported their experience with “second-look” abdominal operations for stomach and colorectal cancers. These
were operations performed electively, about six months
after resection of a primary cancer at which lymph node
metastases had been found. The report included information on 103 patients with stomach, colon or rectal cancer
who had up to six re-look operations. Among 64 patients
with colorectal cancer, resectable recurrence was found
in 29 providing an opportunity for further surgery which
was intended to cure. It should be noted that in 55% no
recurrence was found so these patients went through an
operation and no further resection was done. Conversely
in a report from Philadelphia in 1959, in which clinical
evidence of cancer was the trigger for a second-look operation, 55 of the 93 patients were found to have inoperable disease; waiting for clinically evident recurrence led
to 59% of unavailing operations[8].
Which if either was appropriate appears to have remained unresolved. During the 1970s there were reports
of five-year survival rates of about 30% attributed to the
effect of second look laparotomy in selected patients[9-12].
Other surgeons were unable to confirm the effectiveness
of second-look surgery[11] but it may well be that there
was a degree of reporting bias in the favour of publishing better results. In 1980 Cochrane et al[13] reviewed 406
patients operated on between 1958 and 1962 and despite
a policy of regular follow up comprising 2319 clinical
examinations over 15 years they could only identify one
patient for whom second-look surgery might have been
curative. They could not justify routine second-look laparotomy in asymptomatic patients but operating when disease was evident was clearly futile and raised a question
about the value of clinical surveillance.
By the end of the 1970s, in an attempt to detect
recurrences while still asymptomatic, attention turned
to surveillance with the tumour marker carcinoembryonic antigen (CEA) in the hope that curative resection
of recurrence might be more frequently possible[14-18].
A randomised controlled trial (the CRC/NIH funded
CEA second-look trial, CEASL) was run from 1982 to
1993 using elevation of CEA levels to trigger reinvestigation[19,20]. No survival benefit was demonstrated in the
study: “the only demonstrable product (of CEA monitoring…) for most patients would seem to be the needless anxiety produced by premature knowledge of a fatal
disease”[21]. CEASL has now been published in full[22]
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tases (IRLM)[43] is a landmark in the history of lung metastasectomy. It is a collection of 5206 metastasectomy
cases from 18 centres in Europe and North America including operations from as far back as 1945. Early single
institution reports tended to bundle all their pulmonary
metastasectomy operations into one paper, usually with
colorectal cancer at the top of the frequency table with
a tail of smaller numbers of other cancers[44]. The IRLM
subdivided the analysis into four groups: epithelial cancers, sarcoma, germ cell, and melanoma. This was an
important distinction because it highlights the different
oncological considerations. Rather than making general
statements about pulmonary metastasectomy, in this article we will confine our further considerations to evidence
obtained specifically in colorectal cancer.
The venous drainage of the mid-gut is via the hepatic
portal vein. There is a disproportionately high rate of
liver-first and liver-only metastases for colorectal cancer
compared with other carcinomas and there is a further
differential between cancer of the colon and of the rectum, the rectal cancers having a proportionally higher
rated of lung-first metastasis[45,46]. Liver resection was a
natural extension of the second-look surgery approach
because the capillary bed of the liver was regarded as
providing a first filter containing metastases. In contrast,
lung metastases were regarded as evidence that metastases had escaped that first filter and that the disease was
systemic and beyond surgical cure. At the outset of the
practice of second-look surgery for colorectal cancer,
if pulmonary metastases were discovered, they were regarded as a contraindication to a second-look laparotomy
because their presence precluded regaining control of the
disease by resection of recurrence in the abdomen[7].
The promulgation of pulmonary metastasectomy
as a routine practice in the oncological management
of colorectal cancer came about as an extension of GI
oncological custom and practice[47]. This is evident in a
recommendation for pulmonary metastasectomy which
appeared in a colorectal cancer guidance in 2004[48]. The
only citation given in support was to a paper by the Erlangen group confined to liver metastasectomy[39]. Liver
metastasectomy remains without RCT evidence but there
is a consensus of belief in its effectiveness and a strong
tendency to believe that this can be extrapolated to pulmonary metastasectomy. To quote Primrose: “the state
of the art on metastasectomy in thoracic surgery is a decade behind that in liver surgery”[49]. We do not find that
it is as simple as this.

as the first restored trial in the (Restoring Invisible and
Abandoned Trials) initiative[23].

LIVER RESECTION FOR METASTATIC
COLORECTAL CANCER: THE HISTORY
OF ADOPTION
The emphasis in the earliest second-look laparotomy reports was on lymph node metastases and anastomotic recurrence[7,8] but this era in which CEA-prompted secondlook surgery was explored was of great importance in
setting the scene for the advances in liver metastasectomy
for colorectal cancer. Liver metastases evident at the time
of primary surgery, or appearing at an interval, presented
a frustrating obstacle to surgical cure[24]. There had been
some surgery on these metastases from as early as the
1940s[25-27] and liver resection for metastases was included
in Wangensteen et al[7]’s 1954 report but it was in the
1970s and 1980s that liver resection started to gather momentum[27-39]. Full mobilisation of the liver was included
in the 1982 protocol of the CEA second-look trial[40].
There followed a concerted effort to tackle the problem
of liver recurrence and as a result hepatic resection is
now included in the standard of care[24].
The development of surgical skill and confidence in
resecting the liver was central to this advance but so was
the debate around what would be required for proof
of effectiveness. Adson of the Mayo Clinic wrote in
1984 “...there is no good way of knowing whether survival rates at two or three years should be attributed to
removal of hepatic lesions or to the natural history of
the disease”[26]. Mayo surgeons subsequently provided
a power calculation for a randomised trial[38]. To have a
90% likelihood of demonstrating a significant difference
between two randomized patient groups, it was calculated
that 36 randomised patients would be sufficient when
they used 1% as the anticipated rate in their power calculation. This was based on the 25% 5-year survival rates
being reported following liver resection compared with
the near zero survival anticipated without liver resection.
If survival were 5% without resection, 74 patients would
have been sufficient[38]. The Erlangen group’s argued that
a trial was both unnecessary and unethical[41]. This argument prevailed and the trial was not done. Liver resection
became the standard of care and is now recommended in
American and British clinical guidelines[2-4]. The case for a
trial of liver resection could still be made; many patients
(probably most) who have liver resection go on to have
further recurrence[42]. There is no evidence that they have
lived longer or better as result of this surgery.

CITATION NETWORK ANALYSIS
Citation network analysis allows us to get a better understanding of how a belief comes to be accepted and
how a practice was adopted by analysing what authors
choose to cite and what to omit. The citation of prior
publications that support the authors opinions tends to
inflate authority of evidence by so called information
cascades[50]. In the course of a systematic review and
quantitative synthesis, 51 case series of pulmonary me-

PULMONARY METASTASECTOMY:
WHERE LIVER SURGEON LEADS,
SHOULD THORACIC SURGEONS
FOLLOW?
The report of the International Registry of Lung Metas-
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tastasectomy operations for colorectal cancer were identified as providing data usable for analysis[51]. The analysis
showed a pattern of mutually supporting citation which
creates a distorted impression of evidence. Only two reports cited a paper overtly critical of the practice[52]. The
paper had appeared in a leading thoracic surgical journal
and had metastasectomy in the title so it would have been
found on any reasonable search. Conversely 14 papers
out of 51 cited a lecture summary of Blalock[53]’s from
1944 given to the Boston Medical Society paper. It has an
opaque title and would not have been found on a search.
It includes reference to Blalock’s first pneumonectomy
which coincidentally was a colorectal cancer metastasis.
It is human nature to prefer to cite those who support us
rather than those who are in opposition to our views but
it is a way of distorting the weight of evidence. Recruiting the great name of Blalock is a bonus.

surgeons were not deterred from offering their patients
pulmonary metastasectomy in the belief that it is a curative therapy. Between 1986 and 1992 several surgical
follow-up studies were published, dedicated to colorectal
cancer, some with ten year follow up[47,62-69]. Remarkable
outcomes in patients with hepatic and pulmonary metastasectomies, multiple metastases, and with repeated
resections were published then and subsequently. It was
the MSKCC reports[60,70] that marked the introduction
of pulmonary metastasectomy for colorectal cancer into
clinical practice rather than the pneumonectomy case report of Blalock[53] in 1944 which was only coincidentally
for a colorectal cancer metastasis.
Currently a multistep model of metastasis is gaining
attraction, in which primary tumors contain cells with differing metastatic potential[71-73]. The likelihood of metastases occurring, as well as the number and sites of these
metastases, may reflect the stage of tumor development.
In this context it is essential from a clinical perspective
to identify whether limited metastases represent a true
oligometastatic state or a transitional state leading to
disseminated metastases. In the latter case local control
would not translate into improved survival. However hypothetically appealing, the idea of an oligometastatic state
needs further empirical investigation[74].

OPEN QUESTION OF
“OLIGOMETASTATIC DISEASE”
In 1995 Hellman and Weichselbaum[54] proposed a clinical
state of oligometastatic disease. According to this theory
“ anatomy and physiology may limit or concentrate these
metastases to a single or a limited number of organs”.
This oligometastatic state may make localized forms
of cancer treatment, such as metastasectomy, a curative
treatment option for a selected group of patients[55]. The
therapeutic opportunity represented by oligometastases[56]
was implicit from the outset: “recognition of the existence and implications of a state of oligometastases is
necessary to invite active clinical investigation of new and
potentially curative therapeutic strategies”[54].
The attitude to pulmonary metastases from sarcoma
illustrates their line of thought. It was for osteogenic sarcoma that pulmonary metastasectomy was first advocated
as a clinical policy[57]. In sarcoma, metastases are predominately to the lung and if there has been adequate local
resection of the primary cancer with clear margins, pulmonary metastasectomy offered the chance of removal
of all the cancer and a possibility of cure[58]. Furthermore
these are often young patients with potentially many years
ahead to them[59]. Pulmonary metastasectomy for sarcoma was recommended as the standard of care in a paper
from Memorial Sloan-Kettering Cancer Center (MSKCC)
in 1971[57]. A report in 1979 from the same institution
on a series of 35 pulmonary metastasectomy operations
for colorectal cancer is regarded as the seminal paper for
pulmonary metastasectomy in the growing movement for
surgery of recurrent colorectal cancer[60].
As pulmonary metastasectomy became accepted oncologists increasingly asked for this surgery. Torkel Åberg
in 1980 challenged the belief in its effectiveness. He reported 25% 5-year survival in a small series of patients
(3/12) who would have been candidates for metastasectomy but did not have this surgery. Åberg is infrequently
cited[61] and whether this is because the evidence was
insufficient or that the point of view was unwelcome,
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WILL BETTER MARKERS ENABLE US TO
TARGET CURABLE PATIENTS?
The leaders of the European Society of Thoracic Surgeons (ESTS), recognising that resection of metastases in
the lung from a wide range of primary sites had become
a routine part of the daily clinical practice of a thoracic
surgeon, set up the Lung Metastasectomy Project in
2006[75]. One of the ESTS projects first investigations and
its first published output was a survey of its members’
views on which patients should be offered surgery[76,77].
Only a third of surgeons responding to the ESTS survey
used biomarkers in making their decision[77]. In patients
with colorectal cancer there is a strong statistical association between elevation of CEA and shorter survival. It
has been repeatedly demonstrated that this association
applies in patients who have had pulmonary metastasectomy[51] and it has been confirmed in a meta-analysis[78].
However this is a general prognostic feature and while
elevated CEA makes long survival improbable, normal
CEA does not identify a patient as being curable by pulmonary metastasectomy[79].
The Heidelberg group used immunohistochemical
techniques in the surgical specimens of pulmonary metastatic lesions to investigate the expression of vascular
endothelial growth factor-D, FBJ murine osteosarcoma
viral oncogene homolog B (FOS-B), and melanoma
antigen-A[80]. Among the 39 patients studied, three-year
survival was strongly associated with low pre-operative
CEA but of the novel markers only FOS-B came close to
significance (P = 0.059).
There continues to be interest in circulating tumour
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timistic expectations for patients with advanced colorectal cancer. The group in Heidelberg updated their analysis
with reports from 1990 to 2007 for the Metastasectomy
Project report in 2010[85]. Fifteen studies which included
1539 patients were analysed.
In comparing reports from the different groups there
was a notable improvement of overall survival rates with
time. This may reflect the fact that surgery is becoming
more and more part of multi-modality treatment regimes.
Thus, with efficient diagnostic staging algorithms and
modern multi-drug chemotherapy more long-term survival can be expected[86]. In accordance with the now established principles in the management of hepatic and pulmonary metastasectomy more recent studies explore the
effects of post-metastasectomy adjuvant chemotherapy in
an attempt to further improve long-term survival[87,88].
That results are improving in line with the use of
more effective chemotherapy does not however resolve
the question of whether surgery itself is effective. In the
most recent systematic review published in 2013 from
Switzerland there were 94 surgical follow-up studies
found in the search of papers for inclusion. Their metaanalysis confined to reports from 2001 to 2011 includes
2925 patients from 25 reports[78]. There is no shortage of
observational evidence; we are awash with data. But there
were still no randomised trials or any other forms of
control data. The same three prognostic factors emerge
(number of metastases, interval since primary resection,
and CEA) with larger numbers and better reporting in
the more recent case series. The statistics are more robust
and more stark: the reviewers found that more than one
metastasis, an inter-operative interval shorter than about
two years, and elevated CEA each double the hazard ratio
for recurrence[78]. The evidence based criteria on which
pulmonary metastasectomy can be recommended with
expectation of improving survival have become more
stringent. For patients with more than one metastasis and
recurrence evident within two years, there is now evidence to doubt survival benefit.

cells the discovery of which must in itself indicate metastatic potential[81]. Researchers in Santiago de Compostela
have characterised the genetic make-up of these circulating tumour cells related to cell movement and adhesion,
cell death and proliferation, and cell signalling and interaction in five patients. It is too early and probably far
too complicated as yet to see this as helpful in identifying
suitable patients or metastasectomy[82].
The Chicago group who first proposed the oligometastatic concept have reported that progression of
colorectal lung metastases is associated with specific
micro-RNAs. Whether this work will help identify patients who can be cured by metastasectomy is yet to be
shown[74].

CURRENT “REAL WORLD” PRACTICE
Of the 146 surgeons responding to the ESTS survey,
93% were not concerned by an inter-operative interval
of less than a year, 85% would operate for multiple metastases and 70% did not look at preoperative markers
which included CEA. This very liberal interpretation of
available evidence was of some concern but a survey
cannot capture what actually happens; there is no means
of verification.
Two year prospective data on 543 patients have since
been captured in a registry study of Grupo Español
de Cirugía Metástasis Pulmonares de Carcinoma ColoRectal de la Sociedad Española de Neumologa y Cirurga
Torácica. The median interval was 28 mo, 55% were solitary metastases and the majority of patients had normal/
low CEA[83]. This represents an estimated 60% of clinical
practice in Spain and it is believed to be representative in
the time frame of the data collection.
The reality in clinical practice is more in line with the
meta-analysis results of Gonzalez et al[78] than surgeons
perception of current practice when surveyed on Survey
Monkey[77]. We now turn to an analysis of the available
evidence.

IS THERE SYMPTOMATIC BENEFIT FROM
PULMONARY METASTASECTOMY?

REPORTED OUTCOMES OF PULMONARY
METASTASECTOMY: SYSTEMATIC
REVIEWS

In general patients having pulmonary metastasectomy
are asymptomatic and it is therefore consistent that no
mention has been made in these reports of symptomatic
benefit. For individual patients with symptoms likely to
be relieved by pulmonary metastasectomy, surgery should
be considered as an individualised clinical decision, but
for a policy of pulmonary metastasectomy there is no
evidence of symptomatic benefit. The most inclusive
review found no documented change in either symptoms
or measurements of lung function amongst 51 surgical follow up studies including 3504 patients[51]. There
has been one prospective study of 177 patients which
showed a measurable and significant decline of a range
of standard lung function tests[89]. Furthermore the quick
and easy approach to metastasectomy, wedge resection

Evidence available to the ESTS project included the first
systematic review published in 2007[84]. Twenty studies including 1684 patients who had a metastasectomy between
1980 and 2004 were analysed. The review was conducted
to describe criteria for selecting patients with pulmonary
metastases in an attempt to identify patients who would
benefit from surgical resection. The reviewers found no
randomised trials. They remarked on the overall poor
standard and incompleteness of reporting and noted that
these were highly selected series including the best prognosis patients. Nevertheless the survival rates reported,
amongst patients having pulmonary metastasectomy,
were 40%-60% at five years, far higher than the most op-
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ematical model[96]. Two large follow-up studies (n = 144
and 159) were identified that contained prognostic factors
that also existed in a cancer registry with long term survival data[67,97]. Cancer registry data were used to create a
survival model for patients with a similar mix of primary
colorectal cancer stage and survival to a time similar to the
interval between primary resection and metastasectomy.
The modellers designated this the “death free interval”
(DFI) alluding to the more familiar meaning of “DFI”
for “disease free interval” with which there was some
equivalence in the mathematical model. The actual fiveyear survival for the two case series were 40% and 41%, in
fact lower than the 55% and 50% estimated in the model.
Even if the veracity of the model is doubted it does emphasise that not all of the 40%-50% five-year survival
rates now being reported following pulmonary metastasectomy can be realistically attributed to the surgery.

by videothoracoscopy must come under scrutiny. The researchers found that there was a decline in lung function
proportional to the number of wedge resections[90].
Patients offered pulmonary metastasectomy are usually asymptomatic and patients in the terminal stage of
colorectal cancer do not die of, or with, respiratory problems that might have been pre-empted by pulmonary
metastasectomy[91]. There is a significant loss of patient
reported quality of life[92] and a palliative role for a policy
of pulmonary metastasectomy in asymptomatic patients
can be discounted.

IS COHORT SURVIVAL A CONSEQUENCE
OF SURGERY OR A RESULT OF
SELECTION?
There has been confirmation that several factors, already
identified by the IRLM, and in subsequent studies, were
consistently associated with more favourable outcomes
amongst the reports in the systematic reviews[51,78,84,85].
Amongst them were fewer metastases, longer interval
since the primary cancer resection and non-elevated
CEA. These are prognostic factors: they are features
which are statistically associated with the outcome irrespective of treatment[79].
Predictive factors are those that differentiate between
patients who will or will not benefit from a particular
treatment[79] and R0 vs R1/2 resection should be considered in this respect. It is difficult matter to analyse
because many authors include only R0 cases in evaluation
of their outcomes[84] precisely because failure to achieve
R0 resection is a failure of the intent of the operation.
Indeed, if survival were similar irrespective of R0/R1
resection, this would seriously undermine belief in its effectiveness. Only a minority of studies report an analysis
of the R0 vs R1 resection and only some of them find
it to be associated with a difference in survival. Even if
significantly associated in some reports there is a risk that
R1 might be confounded with other unfavourable factors.
In 2007 the British Medical Journal published an analysis
which challenged the whole basis of metastasectomy[93].
The alternative interpretation offered was that the selection of patients was so expertly done that the operated
cohorts included patients who were naturally destined to
survive beyond five years due to an inherently favourable
prognosis. It was proposed that the attribution of survival benefit to surgery might be in fact a result of the selection of a proportion of patients inherently more likely
to survive[94]. The same argument had been made nearly
thirty years earlier[52,95].

TAKING AN EVIDENCE-BASED
PERSPECTIVE
A report of the Lung Metastasectomy Project[75] was
published as a Supplement to the Journal of Thoracic Oncology in 2010. The leaders wrote “It rapidly became clear
that although there was great experience in performing
this surgery, the belief in its benefit relied on clinical case
series and registry reports. Evidence fell well short of
Evidence Based Medicine standards and robust guidance
could not be produced on this basis”[75]. They pointed the
way to a randomised controlled trial[98].
The pre-eminence of the randomised controlled
trial (RCT) as a form of evidence however does not go
unchallenged. Cooper argued that in the evaluation of
surgical operations the RCT was a “square peg in a round
hole”[99]. Proponents of observational studies in surgery
argue that they require less time, are less expensive, and
avoid the ethical question of enrolling sometimes vulnerable patients in a randomization process. At a more
philosophical level it has been argued that there isn’t “any
practical reason for thinking of randomization as having
unique epistemic power”[100]. It is accepted by EBM gurus
that the RCT is by no means the only form of acceptable
“evidence”[101]. While the general point is fully accepted
that there may be many circumstances when observation
and clinical impression serve well enough[102] the specific
point here is whether any one of the hundred or so follow up studies of pulmonary metastasectomy convincingly overcomes the central problem of selection bias[103].
The problem is endemic in follow-up studies of patients
who have been selected for a particular form of surgery[104] and doing more of the same form of study does
not resolve the problem.
The leaders of the ESTS study concluded “In the
absence of a randomized controlled trial looking at the
effectiveness of pulmonary metastasectomy on survival
and quality of life, it is unlikely that the current practice
will ever be influenced”[75]. This led to the PulMiCC
trial[98]. The trial is based on clinical practice in which

MATHEMATICAL MODELLING WITH
CANCER REGISTRY DATA
No comparison had ever been made with survival among
unoperated patients with similar prognostic features to
those operated on. This was put to the test in a math-
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many patients with colorectal cancer metastasised to the
lung are considered unsuitable for metastasectomy while
others are deemed to be ideal candidates[6,105,106]. Between
these two groups of patients there are many less clear
cut cases and the decision cannot be made by looking at
evidence but by debate within the clinical teams and in
discussion with the patient. Surgeons have even used the
expression “gut feeling” to explain how their decisions
are made. Randomisation may be as rational an approach
when that degree of scientific uncertainty is evident.

6

7

8

CONCLUSION

9

The practice of liver and lung metastasectomy for
colorectal cancer is based on observational and mainly
retrospective data. The mechanistic rationale and the basic science do not yet constitute proof of effectiveness.
Although randomised studies have been proposed, we are
not aware of any that have been completed to inform current practice with an evidence based medicine standard.
We propose that a randomised study to investigate the
effectiveness of this practice is possible and that for lung
metastasectomy the PulMiCC trial is already recruiting.
In present day surveillance CEA is used variably for
detection of recurrence[107,108]. Imaging with fast spiral
computerised tomography and positron emission tomography (PET/CT) allows detection of metastases amenable to resection or ablation and, as important, PET also
allows for exclusion of patients with widespread or locally recurrent disease. Intensive monitoring in three groups
of patients monitored with CEA or CT or both has now
been compared with clinical follow up in a randomised
controlled trial[109]. As in CEASL[22,110] this did detect metastatic disease earlier providing an opportunity for more
metastasectomy operations but there was no hint of
survival benefit. This must surely raise doubt about liver
metastasectomy as a routine therapeutic goal[110,111] but as
far as we are aware no randomised controlled trials are as
yet underway; this seems to be the next best step.
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poor for most patients. Molecular analyses have shown
that the natural history of all CRCs is not the same.
Individual patients with same stage tumours may have
different long term prognosis and response to therapy.
In addition, some prognostic variables are likely to be
more important than others. Here we review the role of
prognostic factors and predictive factors according to
the recently published English literature.
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Core tip: Colorectal cancer (CRC) represents one of the
most commonly diagnosed cancers worldwide. It is the
second leading cause of cancer death in Western Countries. In the last decade the survival of patients with
metastatic CRC has improved dramatically. Due to the
advent of new drugs and target therapies the median
overall survival has risen from about 12 mo in the mid
nineties to 30 mo recently. Many questions still exist
regarding the prognostic factors and the predictive factors of response to therapy needing of right collocations and more clearness.

Abstract
Colorectal cancer (CRC) represents one of the most
commonly diagnosed cancers worldwide. It is the second leading cause of cancer death in Western Countries. In the last decade the survival of patients with
metastatic CRC has improved dramatically. Due to the
advent of new drugs (irinotecan and oxaliplatin) and
target therapies (i.e. , bevacizumab, cetuximab and
panitumab), the median overall survival has risen from
about 12 mo in the mid nineties to 30 mo recently.
Many questions needing of right collocations and more
clearness still exist regarding the prognostic factors and
the predictive factors of response to therapy. Despite
advances in dosing and scheduling of chemotherapy
in both adjuvant and advanced settings, and a greater
emphasis on early detection, the outlook still remains
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INTRODUCTION
Over the past 30 years, there has been a great interest in
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such as PS[7], or elevated levels of lactate dehydrogenase,
white blood cell (WBC)[8], serum albumin[6], liver transaminases[8], haemoglobin[9], platelets, tumour markers like
CEA[8] and CA 19-9 and the pathological grading[9] or
various localization of the primary tumour[10], today there
is no general consensus in considering each of these parameters as valid and reliable prognostic factors.
Köhne’s prognostic classification is based on ECOG
PS, alkaline phosphatase (ALP) level, number of metastatic sites and WBC cells count. However, the validity and
applicability of this score is not universally recognized.
In fact, while Díaz et al[11] demonstrated the validity of
Köhne’s classification in a small number of patients treated with irinotecan- or oxaliplatin-based first-line chemotherapy, Sanoff et al[12], on the other hand, subsequently
confirmed the validity of the score.
Also the values of ALP may have prognostic significance. In the GERCOR OPTIMOX 1 study[13], patients
with increased levels of ALP (3-5 times the upper limit
value) showed a median progression-free (PFS) and OS
significantly reduced compared to patients with less elevated ALP values.
Regarding the prognostic value of CEA levels, while
in the adjuvant setting CEA remains the best tumour
marker available to be used as an independent prognostic
factor and as a monitor for recurrence of disease after
primary tumour resection[14], its role as prognostic factor
in mCRC is unclear.
High levels of serum CEA on diagnosis has been associated with a worse prognosis in some studies, while
others have found no significant correlation between
CEA and prognosis.
In the mCRC, the role of CEA in relation to the expression of other molecules seems to be more interesting.
Baek et al[15] assessed the relationship between serpin
B5 and CEA expression in CRC.
They showed that the expression of serpin B5 in 377
patients with CRC is associated with CEA levels, histology, stage, lymph node metastasis, lymphatic and perineural invasion, and especially with a reduced DFS (p =
0.001) and OS (p = 0.017 ). These results indicate that in
patients with mCRC, increased levels of serpin B5 could
represent a negative prognostic marker correlated with
the levels of CEA.
Selcukbiricik et al[16] aimed to determine the prognostic role of initial CEA and CA 19-9 values in mCRC
patients according to the status of KRAS. In particular,
they have questioned whether the high initial CEA and
CA 19-9 levels could be associated with the presence of
KRAS mutation in patients with mCRC.
Between 2000 and 2010, a total of 215 patients with
mCRC treated and followed up in Turkey, have been analyzed. Smokers have been excluded from the study. The
clinic-pathological findings and initial CEA and CA 19-9
values have been determined.
KRAS mutation analysis has been performed using
quantitative PCR evaluation of the DNA from the tumour tissues[17].

clinical and molecular prognostic factors in metastatic (m)
colorectal cancer (CRC).
This interest is even greater today with the advent of
molecularly targeted agents that have changed dramatically the treatment algorithms and the survival for patients
with mCRC.
CRC is one of the most commonly diagnosed cancers
in the world and remains the second leading cause of
cancer death in Western countries.
Approximately 50% of patients with CRC present,
at diagnosis, distant metastases. From the late 1990s the
median overall survival (OS) for patients with mCRC
has increased from about 12 mo, for those treated with a
5-fluorouracil (5-FU)-based chemotherapeutic regimens,
to approximately 18 mo with the addition of irinotecan
and oxaliplatin[1-5].
The availability of targeted biologics, in fact, next to
the results obtained with chemotherapy alone, has increased the OS of mCRC to more than 24 mo, median.
The use of monoclonal antibodies such as cetuximab, panitumumab and bevacizumab has improved the
treatment options ant the OS, but, on the other hand,
has made the planning of treatment strategies increasingly articulated and complex. Furthermore, it is understood that the natural history of mCRC is not always the
same; patients with mCRC may have various long term
prognosis and respond differently to the same treatment. All this justifies the frantic search for biological,
prognostic and predictive markers able to implement the
knowledge on the biology of the tumour and drive the
clinician in an increasingly personalized decision-making
process.
Therefore the information on the biology of CRC,
together with the identification of markers with prognostic and predictive value play today a crucial role in the
management of advanced disease and in the treatment of
early-stage forms, offering new tools to estimate the possibility of cure and, more generally, the overall outcome
of patient.
It seems clear that the promise of personalized medicine in the treatment of mCRC is becoming a reality
thanks to new knowledge of genetics that have allowed,
at times, to change clinical practice.

CLINICAL PROGNOSTIC FACTORS
The extreme heterogeneity in survival rate[6], that often
emerges from the results of clinical trials probably stems
from the differences in the characteristics of patients and
from the prognostic factors.
In addition to the Eastern Cooperative Oncology
Group (ECOG) performance status (PS), patients in
clinical trials are also stratified according to several prognostic factors that are likely to have a significant role in
influencing their survival.
Although the analysis of several studies, most of
which have not included more than 400 patients, have
stressed the importance of several clinical parameters
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KRAS mutations have been detected in 99 of the
patients (46%). KRAS has been found to be wild type in
116 patients (54%). Significant differences have been detected between the KRAS wild-type and mutant groups
with respect to age and the initial serum CEA levels. The
median OS time and 3-year OS rate for patients with a
high initial CEA level (> 5 ng/mL) have been significantly shorter than those of patients with a low initial
CEA level (< 5 ng/mL) (50.5 mo and 61.8% vs 78.6 mo
and 79.1%, p = 0.014). Multivariate analysis has indicated
stage at the time of diagnosis (p < 0.001) and low initial
serum CEA level (p = 0.037) as independent prognostic
factors of OS. For KRAS mutant patients, the stage at
diagnosis (p = 0.017), low initial serum CEA level (p =
0.001), and low initial serum CA 19-9 level have been
found to be independent prognostic indicators of OS.
Thus, they have demonstrated for the first time that the
presence of a KRAS mutation correlates with high initial
CEA and CA 19-9 levels in patients with mCRC.
They concluded that the patients with high initial
CEA and CA 19-9 levels may potentially predict the presence of a KRAS mutation, and this prediction may guide
targeted therapies in these patients.
CA 19-9, which is called sialyl Lewis a (sLa), is another alternative marker for CRC[18,19].
The increase of CA 19-9 has demonstrated a significantly higher frequency of metastasis and distinctly lower
survival rate, making it an adverse prognostic factor for
CRC patients[19].
It is commonly accepted that CA 19-9 is used as a
marker of hematogenous metastasis and a predictor of
prognosis in CRC[20]. However, the significance of elevated CA 19-9 in CRC remains to be clarified. For example,
the increase of CA 19-9 has been reported as a risk factor for extra hepatic metastasis in CRC patients with liver
metastasis (LM)[21]. For CRC patients with normal CEA,
CA 19-9 has been a valuable prognostic factor and might
help predict lung metastasis[22]. Elevated CA 19-9 has also
been reported to be related with the peritoneal metastasis
of CRC[23].
Furthermore, both CEA and CA19-9 have been
found to be independent and significant predictors for
OS in unresectable CRC LM[24].
Dong et al[25] aimed to explore the value of CA 19-9,
CEA and some biochemical enzymes in indicating LM of
CRC.
A total of 493 patients with metastatic cancers have
been retrospectively evaluated. Three groups of eligible
patients have been identified: CRC patients with LM
(CRC-LM) or without LM (CRCNLM), and non-CRC
patients with LM (NCRC-LM). All metastatic lesions
have been identified by CT or MRI. Data on characteristics of the patients, the primary site, the locations of metastasis, CA 19-9, CEA, and biochemical parameters have
been collected for analysis.
Some biochemical enzymes have been found to be
significantly higher in groups with LM than without CRCLM or NCRC-LM vs CRC-NLM. Both CEA and CA
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19-9 resulted much higher in CRC-LM than CRC-NLM
or NCRC-LM. For CRC patients, CA 19-9, γ-glutamyl
transpeptidase, CEA and alcohol consumption have been
identified as independent factors associated with LM.
This analysis has suggested that CA 19-9 might be a
potential valuable indicator for LM of CRC in the clinic.
Recently some authors have reported that the concomitant diagnosis of HIV-infection and CRC represents
an independent and poor prognostic factor in this particular setting of patients[26-29].
Conversely old age does not represent, after accurate
evaluation (Comprehensive Geriatric Assessment) of elderly CRC patient, a poor prognostic factor[30-35].

HISTOLOGY
Regarding the histology, the majority of CRC is represented by adenocarcinomas.
The variants “Mucinous” and “signet ring” adenocarcinoma, have a poor prognosis[36], and constitute approximately 10%, with signet ring cell carcinoma comprising
1%-2.4%. Mucinous cancers are characterized by the
presence of abundant extracellular mucin (more than
50% of the tumour mass).
Not only patients with mucinous mCRC have a poor
prognosis, but they also have reduced response to chemotherapy and targeted agents[37].
Therefore, this pathological feature can be considered
as prognostic markers and used as a stratification factor
for clinical trials in mCRC.

PERITONEAL INVOLVEMENT
The peritoneal involvement is an important independent
pathological prognostic parameter and may supersede
other parameters in current usage in CRC prognosis.
The prognosis of these patients is poor with reduced
survival from 18.1 mo to 6.7 mo from[38]. Often they
present at diagnosis with PS expired, ascites and weight
loss. The goal of treatment in this case is therefore palliation, reserving the systemic chemotherapy when the
diagnosis is made before surgery.
In fact, surgery or chemotherapy alone do not improve the patients’ survival and results in a median
survival of 5-7 mo. In recent years, a new therapeutic alternative approach based on the combination of surgery
with chemotherapy has been developed as a treatment
for peritoneal disease.
Some studies[39,40] indicated that the only real treatment options to improve the survival of patients with
peritoneal disease at the time seem to be represented by
the cytoreductive surgery and hyperthermic intraperitoneal chemotherapy[39]. But it must be considered that
these procedures are burdened with significant morbidity
and mortality. It is therefore essential a careful selection
of the patients that can actually tolerate and benefit from
these types of treatments rather aggressive. In any case
the prognosis in these patients is conditioned by the ex-
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tents of carcinomatosis, by Sugarbaker’s peritoneal cancer
index, by the possibility of obtaining a complete cytoreduction and by the opportunity to perform a postoperative systemic chemotherapy.

EGFR inhibitors have been developed including monoclonal antibodies that target the extracellular domain of
EGFR and small molecule TKIs that target the receptor catalytic domain of EGFR. Although both classes
of agents show clear anti-tumour activity, only the antiEGFR mAb has been approved for clinical use in the
treatment of patients with mCRC. Because the predictive value of alterations in EGFR expression level is unclear in the use of anti-EGFR mAb, the focus has shifted to alterations of key signalling pathways downstream
of EGFR. In particular, KRAS and BRAF mutations
have been studied as the activating mechanisms of the
EGFR signalling pathway. Screening for KRAS/BRAF
genotype is extremely important for identifying patients
with shorter survival in response to systemic chemotherapy, regardless of the use of anti-EGFR mAb, and
for predicting patients who would benefit from antiEGFR mAb therapy. Therefore, the significance of
KRAS/BRAF mutations as prognostic and/or predictive biomarkers in patients with CRC should be considered while selecting a method for KRAS genotyping.
The KRAS genotype is a useful predictive biomarker for
patients with metastatic CRC being treated with antiEGFR mAb. Several studies have showed the possibility
that KRAS13 may have a specific phenotype different
from other KRAS genotypes. Therefore, differences
in KRAS mutations at codons 12 and 13 may result in
different biological, biochemical, and functional consequences and clinical features, which may also influence
the prognosis of CRC. In fact, a lot of retrospective
analyses have suggested that KRAS mutations at codon
13, particularly KRAS p.G13D, as well as BRAF mutations are prognostic factors.
In particular, Tejpar et al[59], in pooled data from 1378
evaluable patients from the CRYSTAL and OPUS studies, have investigated the associations between tumour
KRAS mutation status (wild-type, G13D, G12V, or other
mutations) and PFS, OS, and response. Significant variations in treatment effects have been found for tumour
response (P = 0.005) and PFS (P =0.046) in patients
with G13D-mutant tumours versus all other mutations
(including G12V). Within KRAS mutation subgroups, cetuximab plus chemotherapy versus chemotherapy alone
have significantly improved PFS [median, 7.4 mo vs 6.0
mo; hazard ratio (HR) = 0.47; P =0.039] and tumour response (40.5% vs 22.0%; OR = 3.38; P = 0.042) but not
OS (median, 15.4 mo vs 14.7 mo; HR = 0.89; P = 0.68) in
patients with G13D-mutant tumours. Patients with G12V
and other mutations did not benefit from this treatment
combination. Patients with KRAS G13D-wilde tumours
receiving chemotherapy alone experienced worse outcomes (response, 22.0% vs 43.2%; OR = 0.40; P = 0.032)
than those with other mutations. Effects were similar in
the separate CRYSTAL and OPUS studies. The authors
concluded that the addition of cetuximab to first-line
chemotherapy confers a benefit to patients with KRAS
G13D-mutant tumours. These findings also suggested
that patients with CRC having KRAS mutations consti-

MOLECULAR PROGNOSTIC AND
PREDICTIVE MARKERS
In order to accurately treat the molecular markers (prognostic and predictive) it must be remembered that the
development of CRC is a multistep and complex process.
It occurs as a result of the accumulation of different and
many genetic and epigenetic alterations that negatively
affect the process of regulation, control of cell proliferation and differentiation, apoptosis, and angiogenesis.
KRAS-NRAS-BRAF
While the expression of EGFR and the presence of
EGFR gene mutations do not appear related to therapeutic response, the determination of the status of KRAS
gene plays a crucial role. The presence of mutations
allows the protein of the KRAS to meet a constitutive activation and therefore to be active also when it is
blocked the activity of EGFR. In CRC, KRAS mutations
are found in 35%-45% of cases, and usually (> 90% of
cases) are borne by the codons 12 and 13, more rarely
codon 6[41-43].
The role of KRAS mutations as a prognostic factor
independent of treatment seems unlikely but it is still
controversial.
Approximately 35% CRC tissues carry a mutation
at codon 12 (25%) or 13 (10%) of KRAS that leads to
the constitutive activation of EGFR downstream pathways[44-48].
Information on the KRAS/BRAF genotype is also
extremely useful when selecting systemic chemotherapy
for advanced and recurrent patients with CRC, because
it can help identify patients with poor prognoses. KRAS
and BRAF are currently under focus as potential prognostic and predictive biomarkers in patients with metastatic diseases treated with anti-EGFR monoclonal antibodies (mAb), such as cetuximab and panitumumab[49-53].
Several retrospective analyses revealed that cetuximab
treatment is ineffective in patients with KRAS mutations,
thereby suggesting that the KRAS genotype is a useful
predictive biomarker for cetuximab or panitumumab
therapy in CRC. It has also been suggested that wild-type
BRAF is required for a successful response to panitumumab or cetuximab therapies in patients with mCRC.
However, the prognostic relevance of the KRAS genotype in CRC remains controversial despite several multiinstitutional investigations since the 1990s[54-57].
The activation of EGFR signalling, such as Ras/
Raf/MAP/MEK/ERK and/or phosphatase and tensin
homologue deleted on chromosome 10/phosphoinositide-3-kinase/protein kinase B (PTEN/PI3K/Akt)
pathways, constitutes a key step in tumourigenesis and
the tumour progression of CRC[58]. Two predominant
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tumour mutation was found in 7.9% of cases and there
was no significant variability with tumour stage. In a multivariate analysis, BRAF mutation was significantly associated with female, and highly significantly associated with
right-sided tumours, older age, high grade, and MSI-high
tumours. In univariate and multivariate analysis BRAF
mutation was not prognostic for relapse free survival
but was prognostic for OS, particularly in patients with
MSI-L MSS tumours.
As a predictive marker, patients with BRAF mutant
tumours treated with cetuximab had also lower PFS compared with those with BRAF wild type (0% vs 17%). In
the study by Souglakos et al[47] in 2009, a finding which
could partly explain resistance to anti EGFR targeted
therapy in a subset of patients with tumours harbouring KRAS wild type. This is in keeping with an earlier
study by Di Nicolantonio et al[60], where the response to
panitumumab or cetuximab was found to be impeded
by the presence of BRAF V600E mutation and restored
(in a cellular model of CRC cells) by BRAF inhibitor
sorafenib[48,60]. They suggested that this experimental
observation should encourage conceiving clinical trials
using multiple therapies with EGFR and BRAF/MAPK
inhibitors, considering that cetuximab, panitumumab, and
sorafenib are already approved for clinical use.
Furthermore, BRAF mutations are significant negative prognostic biomarkers in patients with recurrent
CRC across all disease stages. Besides, the prognostic
value of BRAF mutations has been confirmed in patients
with CRC treated with specific chemotherapy regimens
in clinical trials evaluating a combination of cetuximab
with chemotherapy. However, whether BRAF mutations
are negative predictive biomarkers for anti-EGFR mAb
has not been ascertained, because the controlled study,
which directly compared the efficacy of adding antiEGFR mAb to chemotherapy with that of chemotherapy
alone, is lacking in a small population with BRAF mutations. The application of novel strategies targeting BRAF
kinase is assured for the treatment of patients with CRC
with BRAF mutations to improve their poor survival.
However, clinical data suggest that the Ras/Raf/ERK
pathway is insufficient for completely predicting the response to anti-EGFR mAbs. Thus, other factors, such
as PIK3CA/PTEN deregulation and/or the expression
status of epiregulin or amphiregulin, should also be studied on as possible predictive biomarkers for anti-EGFR
mAb.
In line with these new evidence, Douillard et al[61]
have suggested that mutations in exons 3 and 4 KRAS
and exons 2, 3 and 4 of NRAS represent factors of possible resistance to panitumumab. In particular, the population of patients with mCRC defined as “all ras wild
type”, presented in the study PRIME a significant advantage in survival [(OS was 26.0 mo in the panitumumabFOLFOX4 group vs 20.2 mo in the FOLFOX4-alone
group (HR = 0.78; 95%CI: 0.62-0.99; P = 0.04)] with
the use of panitumumab in combination with FOLFOX
compared to chemotherapy alone. Also, the analysis of

tute a heterogeneous population. Since the prognostic
and/or predictive role of KRAS13 mutations continues
to remain controversial, further prospective clinical investigations are warranted. Also, KRAS wild-type status is an
imperfect predictor of sensitivity to anti-EGFR monoclonal antibodies in CRC, motivating efforts to identify
novel molecular aberrations driving RAS. The identification of KRAS mutations as markers of resistance to
EGFR inhibitors has paved the way to the interrogation
of numerous other markers of resistance to anti-EGFR
therapy, such as NRAS, BRAF, and PI3KCA mutations.
Other genomic and protein expression alterations have
been recently identified as potential targets of treatment
or as markers of chemotherapy or targeted-therapy
resistance, including ERCC1 expression, c-Met expression, PTEN expression, HER2 amplification, HER3
expression, and rare KRAS mutations. As the number of
distinct validated intra-tumour genomic assays increases,
numerous molecular assays will need to be compiled into
one multigene panel assay.
Mutations in KRAS account for about 85% of all
RAS mutations in human tumours, NRAS for about
15%, and HRAS for less than 1%[12]. Which particular
RAS gene is mutated seems to be tumour specific; colonic, pancreatic and lung cancers have high frequencies
of KRAS mutations. Nevertheless, there are only a few
reports on NRAS mutations in CRC and none of these
studies correlated RAS mutations with other molecular
events. Irahara et al[58] developed and validated a Pyroseqencing assay to detect NRAS mutations at codons 12,
13 and 61 and, utilizing a collection of 225 CRCs from
two prospective cohort studies, the authors examined
the relationship between NRAS mutations, clinical outcome, and other molecular features, including mutation
of KRAS, BRAF, and PIK3CA, microsatellite instability
(MSI), and the CpG island methylator phenotype (CIMP).
Finally, they examined whether NRAS mutation was associated with patient survival or prognosis. NRAS mutations were detected in 5 (2.2%) of the 225 CRCs and
tended to occur in left-sided cancers arising in women,
but did not appear to be associated with any of the molecular features that were examined[58].
Several researches have suggested that tumours harbouring BRAF mutations have distinct clinic-pathological
features compared with tumours harbouring KRAS mutations. Souglakos et al[47] demonstrated that BRAF mutations in primary CRC mark patients with poor prognosis
regardless of specific treatment regimen. Patients with
BRAF mutation had significantly higher likelihood of
disease progression (P < 0.0001) or death (P < 0.0001)
with any treatment regimen. The BRAF V600E mutation
predicted independently early relapse on first-line therapy
and death. It was deduced that BRAF mutation does not
simply substitute for KRAS activation in a linear signalling pathway but probably confers distinct impact on
prognosis. It also suggests that KRAS mutation may bypass aberrant EGFR signalling. In the PETACC-3 study
which included stage Ⅱ and stage Ⅲ cancers, BRAF
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the survival data showed a detrimental effect of this
combination in the population of patients “all mutated
RAS”. Finally, the PRIME study confirmed the strong
negative prognostic role of BRAF mutations, although
these have not shown a clear predictive effect related to
anti EGRF therapies.

information on a possible response to the same.
Today, more than by the methods of traditional radiology, the nuclear medicine techniques such as 18 F FDG seem meet part of these new needs of oncologist.
Especially Lastoria et al[65] showed as early changes in tumour metabolism measured by positron emission tomography/computed tomography (PET/CT) with 18 F-FDG
could serve as prognostic indicators of a response to
chemotherapy in an earlier and more accurate assessment
can be obtained with the classical RECIST criteria.
In their experience, the authors analyzed 33 patients
with resectable LM from CRC, within a phase 2 trials of
preoperative FOLFIRI plus bevacizumab. A PET/CT
evaluation was performed before and after one cycle
of FOLFIRI plus bevacizumab. They concluded that,
in patients with resectable LMs from CRC underwent
preoperative chemotherapy, a good metabolic response
obtained with PET/CT was predictive of improved longterm survival. Clearly, larger studies are needed to confirm these results.
Recently, Celik et al[66], showed that in proteomics
models of mCRC patients treated with bevacizumab,
sTRAIL (TNF-related apoptosis-inducing ligand-) and
CXCL8 could indicate tumour response and survival according to the metabolic responses obtained with FDGPET/CT.

PTEN
PTEN negatively regulate the PI3K signalling pathway.
PI3KCA mutation and PTEN deletion could explain
the resistance to anti EGFR therapy (for example to cetuximab or panitumumab).
Atreya et al[62], analysed the frequency with which
PTEN was lost, the degree of agreement by which
PTEN was expressed in the primary tumour (70 human
CRC) and metastatic sites (in particular LMs) and the
possible prognostic significance of the expression of
PTEN in the cases of CRC.
The results of this analysis showed a loss of PTEN
expression in 12.3% of primary CRC and in 10.3% of
liver metastases, with 98% of correlation between the expression of PTEN in primary tumour and in LMs.
In addition, the authors found a significant relationship between the lack of expression of PTEN and an increased risk of death, thus highlighting the possible role
of PTEN loss as a marker of poor outcome in patients
with CRC.
Currently, conflicting information exists regarding
Her-2 over-expression and its clinic-pathological implications in CRC. Lim et al[63], determined Her-2 over-expression in both serum and tumour tissue of ninety five CRC
patients by chemiluminescent immunoassay and immunehistochemical staining. The results were confirmed using
fluorescent in situ hybridization. Clinico-pathological
parameters were analyzed according to Her-2 expression
status. They founded that serum Her-2 levels were not
significantly associated with prognostic parameters. They
concluded that Her-2 expression analysis of CRC tissue,
but not in serum, acts as a significant independent worse
prognostic factor. Then, the assessment of Her-2 expression status may be valuable for the targeted therapeutic
management of CRC.
Karagkounis et al[64], studied the frequency and prognostic value of KRAS and BRAF mutations in subjects
with CRC and LMs undergoing surgery for LMs. Therefore, the results that emerge from their analysis indicate
that molecular markers such as KRAS may have a role in
prognostic evaluation of patients undergoing surgery of
LMs from CRC.

CONCLUSION
This report of prognostic and predictive factors of
mCRC is by no means exhaustive, but wants to provide
an overview of the topic to help guide the management
of these patients.
In fact, at the current state of knowledge, it does not
seem possible to precisely identify any bio - molecular
- prognostic or predictive factor, with a clinical validity
established and standardized. Despite this, the identification of several molecular factors that have prognostic
significance in CRC will be essential in improving the
treatment and outcome of the disease. It is possible to
envisage that, rather than a single marker, identification a
“molecular profile of risk,” resulting from the analysis of
several molecular markers, should be developed and may
have a more precisely clinical, prognostic and therapeutic
value.
From the foregoing, it is clear how ongoing studies and strategies to identify prognostic and predictive
markers of outcome of patients with CRC are always
the most intriguing and the object of interest by many
researchers.
Molecular techniques, studies and pharmacogenomics[67-70] are helping develop a considerable number of
new therapeutic strategies. This new knowledge will
enrich and clarify the valuable information arising histological examination. Moreover, to better understand the
interpretation of prognostic factors and predictive factors
response to therapy, these results have been summarized
and reported in tables 1 and 2.

PREDICTIVE VALUE OF EARLY
METABOLIC PET/CT RESPONSE
With the availability of many new drugs and molecular
targeted becomes stronger and stronger the need for the
medical oncologist to obtain information that can somehow predict the effectiveness of a treatment or giving
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Table 1 Synopsis of major biomarkers derived from clinical studies for use with epidermal growth-factor receptor-targeted therapies
in colorectal cancer, chemotherapy
Biomarkers

Prognostic

Predictive

EGFR copy
number[71]

Yes

Yes

EGFR ligand
expression
(epiregulin and
amphiregulin)[72,73]
Activating KRAS
mutations in codon
12 and 13[48,74]
KRAS G13D
mutations[59,75]

Yes

Yes

Yes

Predictive
for lack of
response
Predictive
for lack of
response

NRAS and BRAF
mutations[49,76-78]

Yes

Predictive
for lack of
response

PIK3CA exon 20
mutations[77]

No

Predictive
for lack of
response

0% vs 36.8% RR for exon 20 mutations vs WT

Serpin B5

Yes

No

No

Mucinous histology

Yes

Yes

No

Yes

Predictive efficacy

Methodology used

Clinical status

Raised EGFR GCN and chromosome 7 polysomy
Fluorescence in situ
Awaiting further
associated with response rate (RR) of 30% vs 0%
hybridization
clinical validation
(PAN)
Higher gene-expression profile of ligands in patients
Gene-expression
Awaiting further
with disease control compared to non-responders to profiles using RNA and
clinical validation
CET; OR for response 1.90 for epiregulin and 1.86 for
FFPE tumors
amphiregulin
RR of 12%-17% for KRAS WT patients vs 0%-1% for PCR on DNA extracted FDA-approved clinical
KRAS mutations (PAN and CET)
from FFPE samples
biomarker
No difference in response rates between G13D and
activating KRAS mutations but, 3.6- and 2.1-mo
improvement in OS and PFS[75] ,improved RR, OR
3.38, 40.5% vs 22%[59] (CET + chemo)
Lower RR for NRAS and BRAF mutations vs
WT (7.7% and 0%-8.3% vs 38% and 17%-47%,
respectively) (all KRAS WT patients treated with
CET and PAN)

PCR on DNA extracted Small patient numbers;
from FFPE samples
awaiting results of
from multiple studies
prospective study
(ICECREAM)
Mutation-frequency Evidence for significant
analysis using PCR
negative association,
and mass spectrometry
but further clinical
(FFPE and fresh-frozen
validation required
samples)
Mutation-frequency
Conflicting evidence
analysis using PCR
when compared to
and mass spectrometry other studies, further
(FFPE and fresh-frozen
validation required
samples)
HE
Awaiting further
clinical validation
HE
Confirmed data

All figures shown are statistically significant (P < 0.05). PAN: Panitumumab; CET: Cetuximab; CRC: Colorectal cancer; Chemo: Chemotherapy; EGFR:
Epidermal growth-factor receptor; GCN: Gene copy number; RR: Response rate; RNA: Ribonucleic acid; FFPE: Formalin-fixed paraffin-embedded; WT:
Wild type; OS: Overall survival; PFS: Progression-free survival; PCR: Polymerase chain reaction; HE: Histology exam.

Table 2 Synopsis of major prognostic clinical factors derived from clinical studies on colorectal cancer, chemotherapy
Prognostic clinical factors
Age:
Young
Elderly (according to CGA):
Fit
Unfit
Frail
PS-WHO:
≤1
≥2
HIV+
Advanced clinical state
Elevated CEA levels:
Adjuvant
Metastatic
Elevated Ca19.9 levels
Elevated ALP levels
Skin rash[79,80]
Hypomagnesaemia[81,82]
Co-morbidities

Positive

Negative

Methodology used

Predictive of response to therapy

CE
No

Yes

No
Some limitations to choose the T

Yes
No
No

No
Yes
Yes

Yes
No
No
No

No
Yes
Yes
Yes

No
No
No
No
Yes
Conflicting evidence
No

Yes
Yes
Yes
Yes
Yes
Conflicting evidence
Yes

CE

No

LT, CE
TNM, CE
LT

Poor
No
No

LT
LT
HE
Plasma magnesium levels
ACE-27[83]/CE

No
Poor
Further clinical validation required
Further clinical validation required
Some limitation to choose the T

CE: Clinical evaluation; LT: Laboratory test; HE: Histology exam; T: Treatment (including surgery, chemotherapy, radiation therapy); TNM: Tumor node
metastasis.
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Obviously, further studies are needed to better define
the prognostic information allowing them to become
important criteria to select patients who will benefit from
the several drugs available.
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Core tip: There is an interesting potential for primary
prevention of colorectal cancer focusing on modifying
environmental, lifestyle risk factors, and using chemopreventive drugs. Consistent evidence supports some
of these approaches, but others are controversial, although quite accepted by the general population. Since
the primary prevention is an important complement to
colorectal cancer screening, adding to reduce its incidence, we review the data supporting some of these
widespread recommendations on physical activity, diet
and drugs for colorectal cancer prevention.

Abstract
Colorectal cancer incidence has been rising strongly in
parallel with economic development. In the past few
decades, much has been learned about the lifestyle,
dietary and medication risk factors for this malignancy.
With respect to lifestyle, compelling evidence indicates
that prevention of weight gain and maintenance of a
reasonable level of physical activity can positively influence in lowering the risk. Although there is controversy
about the role of specific nutritional factors, consideration of dietary pattern as a whole appears useful for
formulating recommendations. Though quite often recommended, the role for many supplements, including
omega-3, vitamin D, folate, and vitamin B6, remains
unsettled. Only calcium and vitamin D supplementation
appear to add a modest benefit, particularly in those
with a low daily intake. With regard to chemoprevention, medications such as aspirin and nonsteroidal antiinflammatory drugs, and postmenopausal hormonal
replacement for women might be associated with substantial reductions in colorectal cancer risk, though their
utility is affected by their side effect profile. However,
the role of agents such as statins, bisphosphonates and
antioxidants have yet to be determined. Ultimately, primary prevention strategies focusing on modifying envi-
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INTRODUCTION
Colorectal cancer (CRC) is a common and lethal disease.
In the United States, nearly 6% of individuals will develop this malignancy during their lifetime and one-half
of those will die from it. The risk of developing CRC is
influenced by both environmental and genetic factors[1].
Worldwide, the CRC incidence rose in parallel with economic development, with the majority of cases occurring
in industrialized countries since it has been strongly associated with a Western lifestyle. A large number of factors
have been reported to be associated with a decreased risk
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Table 1 Diet and colorectal cancer prevention
Role on CRC prevention
Fruits and vegetables
Dietary fiber
Resistant starch
Folate

Vitamin B6
Vitamin D
Calcium

Evaluated in randomized clinical trails

Recommendation for general
population

Recommendation for high risk population

No
Alberts et al[23], 2000
Schatzkin et al[24], 2000
Mathers et al[26], 2012
Cole et al[33], 2007
Logan et al[34], 2008
Wu et al[36], 2009
No
Wactawski-Wende et al[45], 2006
Wactawski-Wende et al[45], 2006

Balanced diet
Balanced diet

Balanced diet
Balanced diet

No
Recommended daily dose

No
Recommended daily dose

No
Recommended daily dose
No

No
Recommended daily dose
Calcium supplementation
Dose: 700-1250 mg/d
Balanced diet
Omega-3 supplementation
(eicosapentaenoic acid)
Dose: 2 g/d

Dairy products
Omega-3

No
West et al[56], 2010

Balanced diet
Balanced diet

CRC: Colorectal cancer.

of CRC development[2] but others such as obesity[3] high
red meat consumption[4], cigarette smoking[5] and alcohol
abuse[6]. Although the best strategy for reducing CRC
mortality is based on early diagnosis, primary prevention strategies focusing on modifying environmental and
lifestyle risk factors are options that have already been
tested.
It is estimated that 50% of neoplasm are preventable[7]. The fear of developing cancer leads asymptomatic
people to modify lifestyle risk factors and even undergo
medical interventions to prevent the onset of disease.
While evidence supports some of these approaches,
others are controversial, although quite accepted by the
general population. In this article we review the data supporting some of these widespread recommendations of
protective factors.

from an ethical or practical standpoint it is not possible
to prevent those assigned to the control group from engaging in exercise activities. Another bias is that after several years of follow up, the total exercise hours might be
similar in both groups, thereby preventing any definitive
conclusion on its value as a preventive measure. So, no
intervention trials of physical activity for CRC prevention
have been reported yet. It is not known if, as observed in
cardiovascular diseases, the type and intensity of exercise
would matter and whether weight loss alone in the absence of increased physical activity would be enough to
decrease CRC risk in adults[7].

DIET
Several studies have examined various strategies utilizing
specific dietary factors and their ability to modulate the
development of cancers of the gastrointestinal tract[11].
The effects of fruits and vegetables, fat, red meat, fish
and fiber, on colorectal carcinogenesis have been reasonably well defined. Folate, antioxidants, vitamins, calcium
and omega-3 fatty acids have emerged as possible agents
in chemoprevention. Table 1 summarizes the dietary factors discussed below reporting the best evidence in studies evaluating this intervention.

PHYSICAL ACTIVITY
Much of the evidence for the benefit of physical exercise comes from long-term observational studies but the
mechanism underlying the apparent protective association of physical activity and colorectal cancer development is not well known. Biological mechanisms include
the reduction in the intestinal transit time, decreased insulin and insulin-like growth factor levels and modulation
of the immune system[8].
Several data suggest that regular physical activity, either occupational or in leisure time, appears to be associated with protection from colorectal cancer[9]. In a metaanalysis of 21 studies, there was a significant 27 percent
reduced risk of proximal colon cancer when comparing
the most vs the least active individuals (RR = 0.73; 95%CI:
0.66-0.81) and an almost identical result was found for
distal colon cancer (RR = 0.74; 95%CI: 0.68-0.80)[10].
Despite the enthusiasm, the evidence from clinical
trials to establish the benefit of exercise is inadequate.
Successful, randomized clinical trials require good adherence in order to show a difference between groups. Also,
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Fruit and vegetables
An association between diet and high intake of fruits on
colorectal cancer incidence has been reported in several
epidemiological studies[11,12]. An observational cohort
study found that individuals who consumed less than 1.5
servings of fruit and vegetables per day had a relative
risk for developing colorectal cancer of 1.65 (95%CI:
1.23-2.20, P trend = 0.001) compared with individuals
who consumed more than 2.5 servings[12]. On the other
hand, a prospective study that combined subjects from
the nurses’ health study (88764 women) and the health
professionals’ follow-up study (47325 men) found no significant association between the consumption of fruits,
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vegetables, or both on the incidence of either colon or
rectal cancer[13]. In a more recent pooled analysis, this association was shown to be even less consistent[14,15]. The
data that included 14 cohort studies concluded that eating
more than 800 g of fruits and vegetables daily, compared
to less than 200 g, decreased risk for distal (RR = 0.74;
95%CI: 0.57-0.95) but not for proximal colon cancer[14].
A later meta-analysis of 19 cohort studies concluded that
there was a weak protective effect of fruit and vegetable
when compared highest vs lowest intakes (RR = 0.92;
95%CI: 0.86-0.99) and that the protective effect appeared
limited to colon cancers[16]. Most of the risk reduction
was attributable to increasing intake above a threshold
value of 100 g/d, with relatively little benefit associated
with higher quantities. Taking into account that 100 g is
the weight of a small apple, there might be little or no
benefit of increasing the consumption of fruits and vegetables beyond the levels of a reasonably balanced diet.

beneficial short-chain fatty acids in the colon raised initial
enthusiasm to its potential as a chemopreventive agent.
In humans, resistant starch reduces cell proliferation in
the upper part of the colonic crypts, and some epidemiological studies have supported an inverse association
between resistant starch intake and colorectal neoplasia[25]. A randomized multi-center control trial conducted
among European individuals with Lynch syndrome failed
to show a beneficial impact of resistant starch at a dose
of 30 g/d[26]. Although it has been hypothesized that
higher amounts of resistant starch intake might have a
protective effect, the 30 g dose tested was already more
than three times higher than typical daily intake.
Vitamin B
B vitamins have a role in the 1-carbon metabolic pathway,
which involves the transfer of 1-carbon groups for DNA
synthesis and DNA methylation[27]. On that premise,
B vitamins, especially folate and vitamin B6, have been
studied to investigate if its low levels may increase cancer
risk through aberrations in DNA synthesis, methylation
and repair.

Dietary fiber
The relationship between various types of high fiber
diets and colorectal cancer risk was investigated in many
epidemiological studies. Fiber derived from fruits, vegetables and grains were proposed to dilute or adsorb fecal
carcinogens, modulate colonic transit time, alter bile acid
metabolism, reduce colonic pH, or increase the production of short-chain fatty acids lowering the risk of colonic neoplasm[17].
Case-control studies have generally shown a protective association[18], meaning a decreased risk of colonic
adenomas and CRC with higher intake of fiber, as also
observed in three large epidemiological studies[19-21]. On
the other hand, a pooled analysis of 13 prospective cohort studies involving 725628 individuals with a 20 yearsfollow up found that the association between dietary fiber
intake and CRC risk was not significant after accounting
for other dietary risk factors[22]. Results from randomized
controlled studies are also discordant. Two randomized
trials, fiber supplementation had no significant protective effect for the development of total colorectal adenomas[23,24] in a four-year follow up. Multiple potential
explanations may account for the different results found
among studies, and the amount of fiber intake may be
one important factor. As was found in the wheat bran
supplement trial[23], only 74% of the high-fiber group
consumed more than 75% of their supplement compared to 84% of the low-fiber group. Probably, the daily
long-term consumption of higher levels of fiber would
be impractical in the general population and might be not
feasible even in the context of a clinical trial.

Folate: Among different types of B vitamins, folate has
been extensively investigated in terms of its relation to
cancer risk. There is evidence from epidemiologic, animal
and human studies suggesting that folate status modulates
the risk of developing cancers in colorectum tissues[28].
Folate depletion appears to enhance carcinogenesis and
may induce p53 mutations. The immunohistochemical assay for p53 expression in colon cancer specimens from a
large prospective cohort found that low dietary folate was
associated with increased risk of colorectal cancers with
p53 mutations[29].
Several studies evaluated dietary folate and folic acid
(the synthetic form of folate) supplementation as a protective factor. Substantial observational data found that a
folate long-term intake of ≥ 800 μg/d is associated with
a lower risk of colorectal cancer (RR = 0.69, 95%CI:
0.51-0.94) compared with < 250 μg/d[30]. However, A
meta-analysis of 16 studies suggested that the protective
effect of folates might be limited to dietary rather than
supplemental intake[31]. There is some evidence that folate’s protective effect may also depend upon an individual’s particular genotype for methylenetetrahydrofolate reductase, an enzyme involved in folate metabolism[32]. The
role of folate as a preventive agent has become uncertain
with the results of at least two randomized controlled
trials. Folic acid supplementation in individuals with a
history of colorectal adenoma did not reduce the risk
of recurrent adenomas[33,34]. In one of the trials, folate
supplementation was even associated with an increased
risk of having three or more adenomas and of developing other kinds of cancers, indicating the possibility of a
detrimental rather than beneficial role in adults[33]. Findings from population-based studies support this possibility since a small increase in the incidence of colon cancer
was observed concurrent with the fortification of the

Resistant starch
The starch that we eat is digested at different rates; the
resistant starch found in some types of beans and intact
grains goes all the way through the small intestine without being digested at all. In this way, it is more like fiber,
and in some cases is classified and labeled as fiber. The
fact that resistant starch is fermented into potentially
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United States food supply with folic acid for prevention
of neural tube defects[35]. Although these studies suggest
that an additional supplement of folic acid is unlikely to
benefit those who already have had a colonic neoplasm,
the effect of folic acid supplementation among individuals with baseline folate deficiency is yet not known.
Indeed, another randomized trial has shown a significant
decrease in adenoma recurrence among individuals with
low plasma folate concentrations at baseline (RR = 0.61;
95%CI: 0.42-0.90)[36].

over a follow-up period of 7 years the association was
no longer significant[45].
Calcium and dairy products
A protective effect of dietary calcium on the risk of
colorectal cancer has been proposed assuming that Calcium can bind to toxic secondary bile acids and ionized
fatty acids to form insoluble soaps in the lumen of the
colon[46]. An alternative explanation for the protective
association is the effect of calcium in decreasing cell proliferation, stimulating differentiation, and inducing apoptosis in the colonic mucosa[47].
An analysis of two large prospective trials examining
the association between calcium intake and colon cancer
risk, found an inverse association between higher total
calcium intake (> 1250 mg/d vs ≤ 500 mg/d) and distal
colon cancer[48]. The analysis also suggests a minimal incremental benefit for additional calcium intake beyond
the dose of 700 mg/d. Similarly, a pooled analysis of 10
prospective cohort studies showed 22% reduction in risk
of colorectal cancer, comparing individuals in the highest
to the lowest quartile of calcium intake[49].
The findings from observational studies have been
evaluated in at least 3 randomized trials. A meta-analysis
of these 3 trials comprising 1485 subjects with previously
removed adenomas concluded that the risk of recurrence
of colorectal adenomas was significantly lower in patients
randomized to calcium supplementation[50]. Despite these
benefits in adenoma prevention trials, whether calcium
supplementation reduces the risk of colorectal cancer is
unproven. The only large controlled trial to evaluate this
issue found no significant difference in the rate of invasive colorectal cancer with calcium and vitamin D supplementation[45]. Questions have been raised as to whether
the doses of calcium and vitamin that were used in the
trial were sufficient to prevent colon cancer.
Some dairy products have been hypothesized to protect against colorectal neoplasia because of their high
calcium content. A meta-analysis of 19 cohort studies
showed a protective effect of diet with higher milk and
total dairy product against colon cancer risk but not rectal cancer (RR = 0.83; 95%CI: 0.78-0.88)[51].

Vitamin B6: It was only over the last decade that the association between vitamin B6 and risk of colorectal cancer gained attention. Prospective studies examining the
association between vitamin B6 intake or blood levels of
pyridoxal 5’-phosphate (PLP), the active form of vitamin
B6, and the risk of colorectal cancer have shown inconsistent results[37,38]. A meta-analysis of prospective studies,
demonstrated a pooled relative risk of colorectal cancer
for the highest vs lowest intake of vitamin B6 intake and
of blood levels of PLP of 0.90 (95%CI: 0.75-1.07) and
0.52 (95%CI: 0.38-0.71), respectively. After omitting one
study from The Netherlands that had a narrow range
of exposure to vitamin B6 (0.6- to 0.7-mg difference in
median intake between the highest and lowest groups)
the protective effect of highest vs lowest vitamin B6 intake on colorectal cancer risk was statistically significant
(pooled RR = 0.80; 95%CI: 0.69-0.92)[39].
Vitamin D
The majority of Vitamin D in our body is synthesized
by UVB irradiation of the skin, but this vitamin can
be found in dietary sources also. Its active form, 1, 25
dihydroxy vitamin D (25OHD), is responsible for the
established role of vitamin D in calcium homeostasis via
activation of the vitamin D receptor (VDR)[40]. Upon
activation by vitamin D the VDR binds to response elements on DNA and transactivates several genes that control cell proliferation, differentiation and apoptosis as well
modulation of the immune response, perhaps influencing
CRC development[41]. Observational studies suggested an
association between poor vitamin D status and the risk
of almost all cancers[42], with colon cancer been identified
as the most related one.
A meta-analysis of nine case-control studies showed
that each 4 ng/mL increase in pre-diagnosis of 25OHD
serum level was associated with a 6% decrease in
colorectal cancer risk[43]. For interventional trials, the results of vitamin D supplementation are, once again, discordant. A meta-analysis showed a 50% lower incidence
of colorectal cancer in individuals with higher serum
levels of 25OHD (≥ 33 ng/mL) compared with levels
< 12 ng/mL[44]. The largest randomized trial included
was the Women’s Health Initiative, with 36282 postmenopausal women receiving daily supplementation of
400 IU vitamin D plus 1000 mg of calcium or placebo.
Initially, this trial found an inverse association between
baseline levels of 25OHD and colorectal cancer risk, but

WCGO|www.wjgnet.com

Omega-3
Based on the premise that populations with a high intake
of fish have low incidence and mortality from CRC cancer, some studies have evaluated the role of omega-3 as
a protective factor[52]. While some observational studies
suggested an inverse association between diet with higher
rates of fish consumption and colorectal cancer[53], others
did not find a consistent relation[54]. A meta-analysis of
33 observational studies found an overall colorectal cancer risk reduction of 12% with fish consumption. The
significant inverse association was more pronounced for
rectal cancer (summary OR = 0.79; 95%CI: 0.65-0.97)[55].
Interventional trials addressing this issue have not
been reported yet. The best evidence comes from randomized trial that found a significant reduction in the

2320

February 8, 2015|First Edition|

Crosara Teixeira M et al . Primary prevention of colorectal cancer
Table 2 Drugs and colorectal cancer prevention
Role on CRC prevention

Evaluated in randomized clinical trails

Recommendation for
general population

Recommendation for high risk
population

Logan et al[34], 2008
Baron et al[61], 2003
Sandler et al[62], 2003
Benamouzig et al[63], 2011
Rothwell et al[65], 2010
Arber et al[69], 2006
Baron et al[70], 2006
Bertagnolli et al[71], 2006
Lippman et al[76], 2009
Greenberg et al[77], 1994
Pedersen et al[80], 1996
Sacks et al[81], 1996
Emberson et al[82], 2012
No
Chlebowski et al[93], 2004

No

Aspirin supplementation
Dose: 80-1200 mg/d

No

No, due to toxicity profile

No

No

No

No

No
No

No
No, due to toxicity profile

Aspirin

NSAIDs

Antioxidants
Statins

Bisphosphonates
Postmenopausal hormonal therapy

CRC: Colorectal cancer; NSAIDs: Nonsteroidal antiinflammatory drugs.

Data regarding the optimal dose and duration of aspirin intake for colorectal neoplasia prevention is still not
well established. Trials evaluated daily doses varying from
80 to 325 mg[34,61-63], 600 mg/d on studies with Lynch
syndrome population[66], and two large randomized trials even used higher doses of 1200 mg/d[65]. Lower and
higher doses of aspirin appear to be beneficial and the
effect was more pronounced for longer durations of use,
although the minimum dose and duration of aspirin to
achieve the protective effect is still uncertain.
For non-aspirin NSAID, several observational data
supporting their role in colorectal cancer prevention have
been reported[59,67,68] but few interventional trial data are
available. Evaluating the COX-2 selective inhibitors celecoxib and rofecoxib, three randomized trials showed
lower adenoma recurrence among patients with a prior
history of adenoma who took these medications[69-71].
Patients randomized to celecoxib (200-400 mg/d) experienced a significant risk reduction for adenoma with a
45% lower risk for higher and 33% lower risk for lower
doses[71]. A similar benefit was noted in a trial using rofecoxib, but this drug is no longer commercially available
because of its association with cardiovascular events, as
was observed with celecoxib, and bleeding from peptic
ulcers[70].
The NSAID sulindac has been evaluated in a prospective trial that randomized 375 individuals with a history of adenomas to either combination of sulindac and
ornithine decarboxylase inhibitor difluoromethylornithine
(DFMO) or placebo[72]. The combination therapy showed
a significantly lower recurrence rate of overall adenomas
and a lower risk for advanced adenomas (0.7% vs 8.5%;
RR = 0.085; 95%CI: 0.011-0.65), or multiple adenomas
(1% vs 13.2%; RR = 0.055; 95%CI: 0.0074-0.41). Despite
the encouraging results, concerns about potential harmful adverse effects such as hearing loss and cardiovascular
toxicity decreased the enthusiasm for prescribing this
combination.

incidence of adenomas with omega-3 supplementation in
individuals with familial adenomatous polyposis[56].

DRUGS
In order to lower the risk of CRC some medications have
been investigated as potential protective agents. Table 2
summarizes the drugs discussed below reporting the best
evidence in studies evaluating this intervention.
Aspirin and nonsteroidal antiinflammatory drugs
The first evidence of a chemopreventive role of aspirin in colorectal cancer development came from a large
case-control study published in 1988 exploring potential
relation between numerous medications and colorectal
cancer[57]. The authors were surprised with an inverse
association between aspirin use and risk of colorectal
cancer. Subsequently, substantial observational and intervention trials investigating aspirin and others nonsteroidal
antiinflammatory drugs (NSAIDs) demonstrated a risk
reduction of colonic adenomas and colorectal cancer in
the range of 20% to 40%[58-60].
Evaluating the chemopreventive use of aspirin, most
interventional placebo controlled trials included individuals with a history of colorectal adenomas or cancer[34,61-63],
and a meta-analysis of these trials found an absolute risk
reduction of 6.7% (95%CI: 3.2%-10.2%) on incidence of
adenomas for aspirin users[64]. Although the analysis was
not updated with the four-years follow-up and the results
from one of the clinical trials showed no difference in
adenoma recurrence rate, more and more data are coming out bringing robust evidence supporting the protective effects of aspirin.
Late reports of the British randomized controlled
trials of aspirin primarily addressing cardiovascular endpoints reported reductions of up to 50% in colorectal
and other cancer incidences and death, after a period of
at least five years[65].
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Antioxidants
Several antioxidants, such as b-carotene, vitamin A, vitamin C, vitamin E and selenium are supposed to have a
cancer preventive role since they fight free-radicals that
may cause oxidative DNA damage and ultimately cancer
development[73].
Despite the encouraging results from observational
studies[74,75], intervention trials did not find a strong relationship between antioxidants intake and colorectal neoplasia incidence. A randomized placebo-controlled trial
designed to examine antioxidant supplements such as
oral selenium (200 μg/d) and vitamin E (400 IU/d), did
not find any pre-specified cancer risk reduction, including
colorectal cancer[76]. In another trial including individuals
with prior adenoma, no association with risk of recurrent
adenoma was demonstrated by vitamin C, vitamin E, and
b-carotene supplements[77].
A meta-analysis of eight placebo-controlled trials with
a total of 17620 participants found no convincing evidence that antioxidant supplements including b-carotene
and vitamins A, C, and E, had a significant beneficial
effect on primary or secondary prevention of colorectal
adenomas[78], and its use cannot be recommended for this
purpose.

Postmenopausal hormonal therapy
Observing that the ratio of women to men with colorectal cancer is lower for premenopausal women than for
postmenopausal women [89], researchers investigated
whether postmenopausal hormonal therapy could reduce
risk of colorectal cancer.
Observational data suggest an protective effect between postmenopausal hormone use and risk of colorectal cancer (multivariate RR = 0.65; 95%CI: 0.50-0.83)[90],
and two meta-analyses including epidemiological studies
confirmed this findings[91,92].
The protective effect was also seen in the Women’s
Health Initiative (WHI) randomized, placebo-controlled
trial conducted among nearly 17000 post-menopausal
women. Combined estrogen plus progestin hormone
therapy but not estrogen alone was associated with a
reduction in colorectal cancer risk[93]. Although, longer
term follow up of this study suggest the possibility that
estrogen plus progestin therapy may decrease cancer incidence but not mortality since CRCs diagnosed in ones
receiving combined therapy were more advanced at diagnosis and were associated with a non-significant higher
mortality rate[94].

CONCLUSION

Statins
Observational studies have raised the possibility that the
use of statins may decrease overall risk of cancer including colorectal cancer[79]. Two large clinical trials evaluating
the benefit of simvastatin[80] and pravastatin[81] for coronary artery disease showed a reduction in the incidence
of colon cancer, as a secondary endpoint.
A recent meta-analysis of 27 randomized trials involving 174149 patients found no effect of statins on the incidence or mortality from, any type of cancer in a median
follow-up of 4.9 years (RR = 0.98; 95%CI: 0.92-1.05)[82].
But so far, none of the trials were specifically designed to
investigate its role in colorectal cancer prevention.

We reviewed here data with reasonable potential to support primary prevention of colorectal cancer through
incorporation of physical activity on daily routine, but
regarding dietary factors and medications, the available
data do not allow us to make definitive life changing recommendations.
Aspirin and other NSAID have consistently been
shown to be protective factors, but due to the concern
about potential toxicities, their routinely use is not recommended in general. So, we should attempt to prescribe pharmacological prevention to specific high risk
groups, for which the benefits associated with their use
may outweigh the risks. Although the preventive benefit
seen with postmenopausal hormone therapy seems consistent, the balance between pros en cons do not support
a recommendation for its use as a means of preventing
colorectal cancer only , specially taking into account the
increased risk of developing breast cancer and cardiovascular diseases[95].
Increasing consumption of fruits and vegetables or
fiber do not have a strong anti-cancer benefit, and neither do supplementation of folate, vitamin D, calcium
or vitamin B6. Also there is no convincing evidence
of chemopreventive use of statins, antioxidants or oral
bisphosphonates that would allow their recommendation
for CRC lowering risk.
Thus, primary prevention is an important complement to colorectal cancer screening and prevention,
adding to reduce its incidence. Being said that, further
research is still needed to better define the protective
agents that are worthwhile recommending lifestyle
modifications.

Bisphosphonates
In preclinical studies, bisphosphonates were shown to inhibit angiogenesis, invasion and adhesion of tumor cells,
and overall tumor progression[83] and a reduced proliferation and induction of apoptosis of colon cancer cells has
also been demonstrated[84]. On the clinical scenario of
bisphosphonate, two large case-control trials suggested
that long-term bisphosphonate use was associated with a
reduced risk of colorectal cancer[85,86].
Recently, a meta-analysis with one cohort and three
case-control studies including a total of 94405 individuals exposed to bisphosphonates and 283181 unexposed
to bisphosphonates, 16998 colorectal cancer cases and
108197 controls, suggested a reduced risk of colorectal
cancer with any exposure to oral bisphosphonates (OR
= 0.71; 95%CI: 0.78-0.97)[87]. The analysis, however, did
not include a null cohort study of 86277 women enrolled
onto the nurses’ health study with 801 documented cases
colorectal cancer[88].
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Core tip: Surgery for rectal cancer entails many challenges and several debates exist regarding the appropriate way to deal with this disease. One of these
debates is the choice of surgical approach and whether
laparoscopy is appropriate. This article reviews the
current knowledge about the use of the laparoscopic
approach for rectal cancer. Herein we describe our
technique for laparoscopic proctectomy and assess the
current literature dealing with the outcomes and the
oncologic safety of laparoscopic rectal cancer surgery.
We also briefly evaluate the evolving issues of robotic
assisted rectal cancer surgery and the current innovations in this field.

Abstract

Original sources: Shussman N, Wexner SD. Current status of
laparoscopy for the treatment of rectal cancer. World J Gastroenterol 2014; 20(41): 15125-15134 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v20/i41/15125.htm DOI:
http://dx.doi.org/10.3748/wjg.v20.i41.15125

Surgery for rectal cancer in complex and entails many
challenges. While the laparoscopic approach in general
and specific to colon cancer has been long proven to
have short term benefits and to be oncologically safe, it
is still a debatable topic for rectal cancer. The attempt
to benefit rectal cancer patients with the known advantages of the laparoscopic approach while not compromising their oncologic outcome has led to the conduction of many studies during the past decade. Herein we
describe our technique for laparoscopic proctectomy
and assess the current literature dealing with short
term outcomes, immediate oncologic measures (such
as lymph node yield and specimen quality) and long
term oncologic outcomes of laparoscopic rectal cancer
surgery. We also briefly evaluate the evolving issues of
robotic assisted rectal cancer surgery and the current
innovations and trends in the minimally invasive approach to rectal cancer surgery.

INTRODUCTION
The laparoscopic approach to intra-abdominal surgical procedures was introduced over two decades ago.
At first it was used as a diagnostic measure and later on
to perform small scale surgery, with the classic example
of cholecystectomy. Laparoscopic surgery is associated
with well-known benefits as a result of the reduced tissue
trauma. These advantages include but are not limited to
reduced postoperative pain, a reduced incidence of postoperative respiratory complications and wound related
complications (wound infections and incisional hernias),
early ambulation and discharge and improved cosmetic
outcomes as compared to laparotomy[1].
Laparoscopic colectomies were introduced in the
early 1990s[2-3]. They were performed at first for benign

© 2015 Baishideng Publishing Group Inc. All rights reserved.
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of the rectal reservoir following a restorative proctectomy and the choice of surgical approach. These technical
debates evolved due to several technical challenges posed
by rectal and pelvic surgery: The deep and narrow cavity composed of the pelvic bones in which the surgeon
needs to operate; the possible proximity of tumor to the
circumferential resection margin (CRM); the possible
proximity of the distal resection margin (DRM) to the
sphincter complex; the absence of the rectal reservoir
hence the need to reconstruct it after resection and more.
This article is aimed at reviewing the current knowledge about the use of the laparoscopic approach for rectal
cancer. Herein we describe our technique for laparoscopic
proctectomy and review the current literature dealing with
both short and long term outcomes and the oncologic
safety of laparoscopic rectal cancer surgery. We also briefly discuss the evolving issues of robotic assisted rectal
cancer surgery and the current innovations and trends in
the minimally invasive approach to rectal cancer.

Hasson cannula
10 mm trocar

Figure 1 Schematic illustration of port placement for laparoscopic proctectomy. Hasson cannula is placed first via a vertical infra-umbilical incision. The left lower quadrant port is not always used and is reserved for cases
in which it is needed to facilitate splenic flexure mobilization and retraction at the
time of pelvic dissection. It is usually needed in obese patients and in women
with an enlarged uterus.

indications due to doubts regarding the oncologic outcomes and the fear of port-site metastases. Subsequently,
the application of laparoscopic colon resections for colon cancer was evaluated and found to be similar to open
colon resections, while it still had the short term benefits
of laparoscopy[4-9]. The COST study group has randomized 872 patients in 48 institutions to undergo open versus laparoscopic assisted colectomy for colon cancer[4].
These patients were followed for long term (90% for five
years or more)[5]. This study has shown a disease free five
year survival (69.2% for laparoscopy, 68.4% for open surgery), an overall five year survival (76.4% for laparoscopy,
74.6% for open surgery) and a recurrence pattern that
did not differ for the two approaches. Guillou et al[6] have
randomized 794 patients in 27 institutions to undergo
open versus laparoscopic assisted surgery for either colon
or rectal cancer. They did not follow the patients for long
term but they have shown similar short term outcomes
for the colon cancer patients. Later on, the long term
outcomes were published and showed non inferiority of
the laparoscopic approach[7]. They have found no differences between laparoscopically assisted and open surgery
in terms of overall survival, disease-free survival, and local and distant recurrence. Wound/port-site recurrence in
the laparoscopic arm was 2.4%.
It was also found that patients who were operated
laparoscopically had an earlier return of bowel function
than did patients who underwent laparotomy, with most
studies showing approximately a one day reduction in the
duration of ileus[1,4,6,8,9].
Surgery for rectal cancer entails many challenges and
several debates exist regarding the appropriate way to
deal with this disease. Some of these many debates refer
to systemic decision making regarding the treatment of a
patient diagnosed with rectal cancer, like the best means
to achieve preoperative staging, the use of neo-adjuvant
chemoradiation and the appropriate use of local surgical modalities (trans-anal excision, trans-anal endoscopic
microsurgery etc.) for early localized lesions. Other debates relate purely to the technical aspects of the radical
surgery for rectal cancer like the appropriate terms for
sphincter preservation, the best functional reconstruction

WCGO|www.wjgnet.com

TECHNIQUE
As in any other surgical operation, there are many various
possible techniques to perform a laparoscopic assisted
proctectomy. Herein we present the way we perform this
operation, with our personal preferences and tips.
After induction of general endotracheal anesthesia,
the patient is positioned in the supine modified lithotomy
position. Insertion of bilateral ureteric catheters via cystoscopy is an option to enhance ureteral visualization and
identification at the time of surgery, and is done at this
stage if at all. The abdomen and pelvis, and perineum
are prepped and draped in a sterile manner. Using the
Hasson technique, a 10 mm cannula is placed through
a vertical infraumbilical incision, and 15 mmHg pneumoperitoneum is achieved. A 30-degree laparoscope is
introduced and evaluation of the peritoneal cavity takes
place, 2-3 additional 10 mm ports are then placed under direct vision, 1 in the right lower quadrant, 1 in the
right upper quadrant, and a possible additional 1 at the
left lower quadrant (or through the colostomy site in the
case of an abdominoperineal resection) (Figure 1). With
positioning the patient at right side down and alternating
head up and head down, the entire left colon is mobilized
along the line of Toldt up to around the splenic flexure.
The transverse colon is freed from the gastrocolic ligament and full mobilization of the splenic flexure and of
the left mesocolon takes place. The left ureter is identified
throughout this process and is reflected out of harm’s way.
The inferior mesenteric artery is then divided at its origin
from the aorta with a bipolar sealing device, followed by
division of the inferior mesenteric vein just lateral to the
duodenum. The base of the left mesocolon is being divided from just distal to the mid colic vessels to the sacral
promontory, while assuring continuity of the marginal
arcade. The pre-sacral space is then entered and a total
mesorectal excision (TME) is undertaken. The dissection
continues to the level of the levator muscles. The laparoscopic approach enables superb view at this stage of the
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with saline and the descending colon gently occluded.
Flexible sigmoidoscopy is performed to assure a patent,
intact, hemostatic and airtight anastomosis. The pelvis
is irrigated once more, hemostasis is verified and a drain
placed through a stab wound in the left lower quadrant.
We routinely create a diverting loop ileostomy following a
restorative proctectomy, 40-60 cm cephalad to the ileocecal valve. The loop of ileum is delivered through a stoma
site created in a standard fashion through the right rectus
muscle in a tension-free manner; a rod is placed under
the mesenteric margin and sutured in place. The fascial
and skin incisions are then closed and the stoma’s afferent limb is matured everted and the efferent limb sutured
flush to the skin.

Mesorectum

Sacrum
Levator fascia

Figure 2 View of the pelvic dissection at the time of laparoscopic proctectomy. Total mesorectal excision was carried out to the level of the levator
muscles and the mesorectum is reflected superiorly. This quality of exposure is
rarely seen in open total mesorectal excision.

In case that an abdominoperineal resection
Needs to be done, following the total mesorectal excision
to the level of the levator muscles the surgery continues
with the next steps:
The left colon mesentery is divided laparoscopically
with the bipolar sealing device from the inferior mesenteric artery high ligation to the sigmoid-descending junction and the bowel is divided with a 60 mm endoscopic
linear cutting stapler.
From the perineal aspect, a wide cylindrical abdominoperineal excision is undertaken. After the perineal
proctectomy is completed the specimen is removed from
the perineal incision, which is then irrigated, hemostasis
verified and the incision closed in layers including closure
of the skin. The abdomen is re-insufflated, the pelvic
hemostasis is verified and a drain placed through a stab
wound. The left-sided colostomy site is developed as a
stoma around the port and the descending colon gently
delivered through the stoma site such that it rests above
skin in a tension-free manner. The abdomen is desufflated, fascial and skin incisions are closed and the stoma
matured everted.
Different nuances in the technique of laparoscopic
proctetomy have been described by different authors.
One example is a single stapled technique for low anterior resection, in which an intracorporeal purse-string
suture is placed on the distal rectum and the specimen is
extracted trans-anally[10].

operation (Figure 2). The remainder of the procedure is
dependent according to whether the tumor is far enough
from the sphincter complex and hence a reconstructive
procedure is feasible, or not.
In case of feasibility of performing a restorative
proctectomy
Under direct manual and visual guidance from both
abdominal and perineal fields, a 60 mm articulating endoscopic linear cutting stapler is placed across the distal
rectum, optimally 2 cm cephalad to the dentate line (if
possible with achieving clear DRM). The stapler is fired
and the rectum is removed from the pelvis. Copious irrigation and verification of meticulous hemostasis in the
pelvis takes place, after which the infra-umbilical incision
is lengthened to 3-4 cm. Through this incision a wound
protector is placed and the entire left colon is withdrawn.
The mesentery is divided with a bipolar sealing device
from the inferior mesenteric artery high ligation to the
sigmoid-descending junction and the bowel is divided
with a GIA stapler. The specimen is removed from the
field. Our common practice is to reconstruct the rectal
reservoir with a colonic J pouch whenever possible. The
pouch is fashioned at this stage at a length of 8 cm with
a linear stapler. A purse-string stitch is placed at the apical enterotomy into which the anvil of a circular stapling
device is secured and the colon is returned into the abdominal cavity. The abdomen is re-insufflated and under
direct manual and visual guidance from both abdominal
and perineal fields, the circular stapling device is carefully
trans-anally introduced until the cartridge rests flushed
with the cross staple line. If the patient is female, great
care is taken at this step to ensure that the vagina is free
of the rectum. The stapling device’s trocar is made to
protrude and the anvil is connected to it with care taken
to maintain appropriate orientation of the colon and its
mesentery. The stapler is then closed, carefully excluding
extraneous structures and especially the vagina and fired.
The stapler is then removed and the presence of circumferentially intact donuts is verified. The pelvis is filled
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SHORT TERM OUTCOMES
As mentioned above, many studies over the past two
decades have shown better immediate postoperative outcomes of laparoscopy than of laparotomy. The benefits
of laparoscopy have been proven for other abdominal
surgeries including for colon resections[1,4,6,8,9]. Nevertheless, the question of whether there is benefit in laparoscopy specifically for rectal cancer surgery is not that
straight forward. That is due to the increased technical
complexity of these operations, that raises the question how much of the expected postoperative morbidity
would be due to the abdominal wall incision per say, and
how much would be secondary to stages in the operation
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Figure 3 Cosmetic outcome after a laparoscopic assisted low anterior
resection with a diverting loop ileostomy for rectal cancer, followed by a
takedown of ileostomy. The specimen was extracted through a periumbilical
incision which, especially in thin persons, can be very limited.

Figure 4 Laparoscopic assisted low anterior resection can be safely performed in morbid obese patients. This is a 49 year old gentleman with a body
mass index of 41 kg/m2. The picture was taken at the same hospital stay in which
the patient underwent surgery.

that are being done regardless of the surgical approach,
for example the pelvic dissection.
The short term outcomes after performing laparoscopic proctectomy using the technique described above
at the authors’ institution have previously been published[11]. The results showed a mean operative time of
245 min, a mean hospital stay of 7 d and a significantly
lower rate of 30 d postoperative morbidity compared to
open surgery, as well as a high patient satisfaction from
the cosmetic outcome (Figures 3 and 4).
van der Pas et al[12] have prospectively randomized
1103 patients with rectal cancer to undergo either a laparoscopic or open surgery, of which 1044 were eligible for
analysis. Patients in the laparoscopic group suffered less
blood loss than did those in the open group (200 mL vs
400 mL, P < 0.0001). In the laparoscopic group, bowel
function returned earlier than in the open group (2 d vs 3
d, P < 0.0001) and the hospital stay was shorter (8 d vs 9
d, P = 0.036). Laparoscopic procedures took longer (240
min vs 188 min, P < 0.0001). The 28 d morbidity and
mortality did not differ in between the two groups.
Boutros et al[11] in a study from our institution retrospectively reviewed and compared 234 patients who underwent
either an open or a laparoscopic TME for rectal cancer
over a period of 57 mo. This study has shown that while
laparoscopy was associated with longer operative time (245
min vs 213 min, P = 0.002), it was also associated with less
blood loss (284 mL vs 388 mL, P = 0.01), shorter hospital
stay (7 d vs 8 d, P = 0.05) and lower rates of 30 d postoperative general morbidity (25% vs 43%, P = 0.04) and specifically surgical site infections (9% vs 20%, P = 0.04).
Lee et al[13] have conducted a retrospective study of
160 patients who underwent either laparoscopic or open
surgery for stage I rectal cancer. Overall morbidity and
mortality did not differ in between the groups. Operating
time was longer (221 min vs 184 min, P = 0.008) for the
laparoscopic group, but blood loss (150 mL vs 200 mL, P
= 0.03), time to first bowel movement (2.44 d vs 3.54 d, P
< 0.001), rate of superficial surgical-site infection (0% vs
7.5%, P = 0.03) and postoperative hospital stay (8 d vs 11
d, P < 0.001) were all improved in the laparoscopic group
compared to the open group.

Arezzo et al[14] conducted a meta-analysis of prospective trials comparing open and laparoscopic rectal resection for cancer. They included 23 studies, 8 of which were
randomized, representing 4539 patients. They observed
a mortality incidence of 1.0% in the laparoscopic group
compared to 2.4% in the open group (P = 0.048) and an
overall morbidity rate of 31.8% in the laparoscopic group
compared to 35.4% in the open group (P < 0.001).
A specific aspect of the short term outcomes of
rectal cancer surgery is sexual and urinary dysfunction,
which is an established risk after pelvic surgery, due to
the proximity of the autonomic nerves innervating the
urogenital system to the surgical field. McGlone et al[15]
have analyzed the impact of the surgical approach (open
vs laparoscopic) used in patients undergoing rectal cancer
resection on functional urogenital outcomes. They used
questionnaires which were sent to surviving patients to
assess their postoperative sexual and urinary functions.
They compared 78 patients who undergone laparoscopic
rectal resection (49 men and 29 women) to 65 who had
an open resection (41 men and 24 women). They have
found that both groups were associated with deterioration in urinary and sexual function. While there was no
difference in the deterioration of urinary function in
between the groups in either gender, the deterioration in
sexual function in the laparoscopic group was not as bad
with significantly higher incidence of successful penetration in men and significantly better outcomes in all aspects of sexual activity in women.
The above mentioned are the most recent publications dealing with the short term outcomes of laparoscopic rectal cancer resection, but are definitely not the
only ones. Other studies as well have evaluated the short
term outcomes of laparoscopy versus open surgery for
rectal cancer and have shown superiority of the laparoscopic approach[16-24].
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QUALITY OF THE SPECIMEN IN
LAPAROSCOPIC RECTAL SURGERY
During the past 10 years, many studies have been pub-
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both macroscopic completeness of the resection did not
differ in between the groups. Microscopically as well, the
results were similar with a CRM of less than 2 mm in
10% of patients in each group (P = 0.85) and a median
distance from tumor to DRM of 3 cm in both groups (P
= 0.676).
Lujan et al[31] in a recently published prospective non
randomized multicenter study of 4405 patients, also reported superior results of the laparoscopic approach in
both macroscopically and microscopically results.
Penninckx et al[32] reviewed retrospectively 2660 patients in 82 hospitals who underwent either an open or
a laparosopic TME for a mid to low rectal cancer over a
period of 6 years. They have shown equivalent rates of
incomplete TME, CRM positivity and lymph node yield
between the two groups. They have also shown a lower
morbidity and a shorter length of stay in the laparoscopic
group.
These and many other studies suggest that there is no
difference between the laparoscopic and open approaches concerning the specimen’s DRM, CRM positivity or
number of harvested lymph nodes. These data hence
suggest that laparoscopic rectal resection is not only technically feasible but also seems to be oncologically safe.

Figure 5 Specimen resected in a laparoscopic proctectomy. Notice the high
ligation of the inferior mesenteric artery and the shiny surface of the mesorectum, which reflects its intactness. The laparoscopic approach facilitates visualization and hence precise dissection and achievement of an intact mesorectum.

lished that evaluate the quality of the pathological specimen achieved in laparoscopic rectal cancer surgery, and
compare it to the quality of the specimen achieved in
open rectal cancer surgery. The quality of the specimen
can be measured by several factors. First of all, the completeness of tumor resection with no involved specimen margin with the tumor is essential. It has become a
standard for pathologists to describe the distance of the
tumor from both the DRM and CRM as a factor to evaluate the completeness of resection. Distances of the tumor from the DRM of at least 1 cm and from the CRM
of at least 1 mm have been shown to provide acceptable oncologic outcome and are considered nowadays a
standard of care[25]. Another way to evaluate the completeness of resection according to the anatomic CRM
(which is the mesorectal fascia in TME) is a descriptive
measure of whether the TME is complete or not (Figure
5)[26-27]. In addition, the completeness of resection could
be evaluated indirectly by the number of lymph nodes
in the specimen. Lymph node status is considered to be
the strongest pathologic predictor of patient outcome[28].
The standard of care is for at least 12 lymph nodes to
be present at the specimen. This is due to the to the
National Cancer Institute’s recommendation that a minimum of 12 lymph nodes negative for disease must be
examined to confirm that the disease does not involve
the nodes[29].
Sara et al[30] have published in 2010 a retrospective
case matched study of 200 patients undergoing either
laparoscopic or open surgery for rectal cancer. They have
found non significant differences in CRM positivity (4%
laparoscopic vs 9% open) and mean number of lymph
nodes harvested (13.76 laparoscopic vs 12.74 open).
More recently, Boutros et al[11] have shown no differences in between laparoscopic and open TME groups
in CRM, proportion of DRM < l cm and completeness
of TME, while the laparoscopic group had significantly
more lymph nodes (26 vs 21, P = 0.02) in the specimen
than did the open group. van der Pas et al[12] have shown
no difference in specimen quality between open and laparoscopic resection of rectal cancer groups. In their study
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ONCOLOGIC OUTCOME
As important as the short term outcomes and the quality
of the specimen might be, one must always consider the
long term oncologic outcome as a factor of utmost importance whenever dealing with cancer surgery. The same
concerns of long term outcome, especially wound or
port site recurrence that originally existed for the safety
of laparoscopy in colon cancer still exist regarding rectal
cancer.
Morino et al[33] in 2005 have conducted an analysis of
191 consecutive patients who underwent either a laparoscopic (n = 98) or open (n = 93) surgery for rectal cancer.
They have shown equivalent 5 year overall survival (OS)
and disease free survival (DFS) (80.0% and 65.4% in
the laparoscopic group vs 68.9% and 58.9% in the open
group, not significant) but a significantly lower local recurrence rate in the laparoscopic group (3.2% vs 12.6%, P
< 0.05) than in the open group.
Green et al[34] have recently reported the long term
outcome of the patients that were originally included in
the classic trial. The classic trial was a randomized study
for patients with colorectal cancer to undergo either a
laparoscopic or an open surgery[6]. In a subgroup analysis of the patients with rectal cancer, no difference was
found in median OS and DFS in between the open and
laparoscopic groups. A higher rate of distant recurrence
was found in rectal cancer patient than in colon cancer
patients, but no difference was found in between the
open and laparoscopic surgery for rectal cancer.
Lee et al[13] have recently shown no difference in 5
year OS (98.6% vs 97.1%, P = 0.41) or DFS (98.2% vs
96.4%, P = 0.30) between open and laparoscopic resec-
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tion of stage Ⅰ rectal cancer in a retrospective study on
160 patients.
Another study from Finland compared the 5 year
DFS as well as 5 year local recurrence rate in matched
groups of rectal 191 cancer patients, and found that there
was no difference in these parameters between laparoscopic or open resection[35]. Laurent et al[36] from France
have recently retrospectively compared laparoscopy vs
open surgery for low rectal cancer that requires intersphincteric resection. They included 110 patients who
had laparoscopic surgery and 65 who had open surgery.
There found no difference in 5 year local recurrence (5%
vs 2%, P = 0.349) and 5 year DFS (70% vs 71%, P = 0.862).
Interestingly unlike many other studies this one has
found short term morbidity to be similar in both groups.
Another study which specifically looked at intermediate
term (mean 34 mo follow up) results of intersphincteric
resections for low rectal cancers concluded safety and adequacy of the laparoscopic approach[19]. The local recurrence rates were similar in the 2 groups (laparoscopy 2.6%
vs open 7.7%, P = 0.18) and 3 year DFS for all stages was
82.1% in the laparoscopic group and 77.0% in the open
group (P = 0.52).
Other retrospective studies have shown laparoscopy to
have equal intermediate and long term oncologic outcomes
to open surgery in the treatment of rectal cancer[21-22,37-39].
To date, no long term oncologic results of a randomized study that compares laparoscopic vs open resection
for advanced stage rectal cancer have been published.
Some data from prospective randomized trials for low
stage cancer or as subgroups of colorectal cancer do exist, as mentioned above, but specific wide scale data are
yet to be published. These would include the long term
results of the COLOR Ⅱ trial[12]. Another study that is
still active is the ACOSOG z6051[40]. This is a multicenter
randomized phase Ⅲ trial comparing laparoscopic to
open resection of stage ⅡA, ⅢA, or ⅢB rectal cancer.
Within the next few years, data will be available from
both these studies that will shed light on the true long
term oncologic outcome of laparoscopic rectal cancer
resection.

any of the above mentioned aspects of improved short
term recovery, improved specimen quality or improved
oncologic outcome. The question of long term oncologic
outcomes remains to be answered, since the experience
with robotic assisted surgery has not reached long term
yet. Never the less, up to date, many studies have been
published comparing the short term outcome of robotic
assisted vs laparoscopic surgery for rectal cancer.
A recently published systematic review of the literature on the topics of robotic assisted surgery and laparoscopic surgery for rectal cancer concluded that robotic
assisted surgery was associated with increased cost and
operating time, but lower conversion rates regardless of
the surgeon’s experience[41]. The authors also mentioned a
non-significant marginally better outcome in anastomotic
leak rates, CRM positivity and perseveration of autonomic function.
Kang et al[24] conducted a case matched retrospective
study, comparing robotic assisted, laparoscopic and open
surgery for rectal cancer with 165 patients in each arm.
They have found better outcome of the robotic group
in the time to resume solid diet and in the length of stay
compared to the laparoscopic group, with both these
groups having improved outcome compared to open
surgery. The robotic group also had improved postoperative pain scores, less voiding problems and less CRM
involvement. No significant difference in 2 year DFS was
observed among the 3 groups.
Yang et al[42] in a recently published meta-analysis of
studies comparing robotic assisted surgery to conventional laparoscopic surgery in colorectal diseases, included 7
studies dealing with rectal cancer only and performed a
separate analysis for these studies. They have concluded
that robotic assisted surgery was associated with less
blood loss (P < 0.001) and a lower conversion rate (P <
0.001) than conventional laparoscopy.
Kim et al[43] have prospectively compared the urogenital function of 39 patients who underwent laparoscopic
TME to 30 patients who underwent robotic assisted TME.
They used uroflowmetric studies and questionnaires preoperatively and then at 1, 3, 6 and 12 mo postoperatively
to prospectively evaluate the urogenital function. They
have found that the urogenital function of all the patients
deteriorated after surgery, as expected. The function of
the patients in the robotic assisted group recovered faster
than the patients in the laparoscopic group, but eventually
both groups achieved the same improvement.
In contrast to the above mentioned studies supporting the robotic assistance, and concluding that the robotic
assisted approach does have some potential benefits, several studies in the few recent years have shown no benefit
in the robotic assisted approach.
Baek et al[44] have published a case matched study of
82 patients undergoing either a robotic assisted or laparoscopic TME. No statistically significant differences were
found in DRM, CRM, lymph node harvest or postoperative course or complication rate.
Kwak et al[45] have also conducted a case matched

ROBOTIC ASSISTED SURGERY FOR
RECTAL CANCER
Robotic assisted surgery has several presumed advantages: The robotic platform has the ability to downscale
the surgeon’s movements, to overcome the physiologic
tremor and to supply with a 3D visualization. On the
other hand, there is loss of tactile feedback and it requires a learning curve, hence the question rises whether
there is any advantage for the patient in using it. Due
to the technical complexity of the surgical treatment of
rectal cancer, an assumption exists that with robotic assistance improved technical success, and with it, improved
outcome, should be anticipated. The question persists
whether robotic assisted laparoscopic proctectomy indeed
bares any advantages over laparoscopic proctectomy in
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study with 59 patients in each group of robotic assisted
and laparoscopic rectal cancer resection. They found
no differences between the groups by means of DRM,
CRM, number of lymph nodes harvested or postoperative morbidity or mortality. Operating time was longer
in the robotic group than in the laparoscopic group (270
min vs 228 min, P < 0.0001).
Park et al[23] included 263 consecutive patients who
underwent curative surgery for rectal cancer in a retrospective study. The patients were classified into an open
surgery group (n= 88), a laparoscopic surgery group (n
= 123), and a robotic assisted group (n = 52). Mean operating time was significantly longer for the laparoscopic
group than for the robotic and open groups (158 min of
laparoscopic, 232 min of robotic and 233 min of open, P
< 0.001). Patients from both the laparoscopic and robotic
groups recovered significantly faster than did those from
the open group (P < 0.05) but there was no difference
between the laparoscopic group and robotic group. The
specimen quality (DRM, CRM and lymph nodes) and the
postoperative morbidity did not differ among the three
groups.
Park et al[46] retrospectively compared 40 patients with
distal rectal cancer who underwent a robotic assisted
intersphincteric resection to 40 patients who underwent
laparoscopic intersphincteric resection. The mean operative time was significantly longer in the robotic group
than in the laparoscopic group and no difference was
observed in the postoperative morbidity and pathological
outcomes between the groups.
Baek et al[47] have focused on analyzing the costs of
robotic assisted surgery compared to conventional laparoscopy. They retrospectively analyzed 154 robotic assisted surgeries and compared them to 150 laparoscopic
surgeries for rectal cancer. They have found that while
postoperative course and complications were similar, for
the robotic assisted cases operative time was significantly
longer (285 min vs 219 min, P = 0.018) and costs were
significantly higher ($14647 vs $9978, P = 0.001).
To conclude, the data to date regarding the use of robotic assisted surgery for rectal cancer show feasibility of
this approach, but disagreement exists regarding the true
benefits of its use. Until prospective randomized studies
evaluating both short term recovery and long term oncologic outcome will take place, there will be no definite
answer to this disagreement. Never the less, all the studies which looked at costs agreed upon the increased cost
of the use of the robot. Hence, the use of the robotic
assisted approach should be considered in a cost-benefit
perspective.

shown to be feasible for other laparoscopic procedures
and in some centers has become routinely used for simpler procedures than rectal cancer resection. Recently
single-port laparoscopic surgery has been described in
case reports and short series as a feasible approach to
TME as well, with good short term outcomes and acceptable quality specimen in selected patients with rectal
cancer[48,49]. Never the less, there are no reports of large
series or of long term outcomes for this approach yet.
The growing evidence of the feasibility and safety
of the laparoscopic approach to rectal cancer on one
hand, with the growing experience of local excision of
early rectal tumors via transanal endoscopic microsurgery
(TEM) on the other hand, have led to the development
of a hybrid technique. In 2010 Sylla et al[50] have described
a porcine survival study evaluating TEM rectosigmoid
resection with or without trans-gastric natural orifice
transluminal endoscopic surgery (NOTES) assistance.
They had no mortalities and concluded that NOTES for
rectosigmoid resection using TEM is feasible and associated with low morbidity in a porcine survival model. The
same group has published their experience in a series of
32 human cadavers with or without laparoscopic assistance[51]. They achieved a 100% rate of intact TME using
this approach, but had 9 events of bowel perforation.
Soon after, reports of the transanal approach for the performance of TME in human patients have emerged[52].
Recently, de Lacy et al[53] have published their experience
with 20 selected patients with rectal cancer who underwent minilaparoscopy-assisted NOTES TME. They had
no conversions and achieved complete TME in all cases.
Pathologic analysis revealed negative distal and circumferential margins in all specimens and an average of 15.9
retrieved lymph nodes.
In summary, during the last few years, reports have
emerged on newly designed minimally invasive approaches to the radical resection of rectal cancer. Some reports
have shown feasibility of these approaches but no data
exist regarding its wide application in non-selected patients. Even though recent studies have shown them to
meets the oncologic requirements for high-quality rectal
cancer surgery, no data exist regarding the long term oncologic safety of these approaches. Even if single port
laparoscopy and NOTES will prove to be feasible and
safe in both perspectives of short term outcomes and
long term oncologic safety, the question remains what
benefit they offer to patients over a standard laparoscopic
approach. Therefore, it is the authors’ opinion that these
approaches should be used in the context of clinical trials
until there will be evidence for their safety, feasibility and
at least non-inferiority related to the standard laparoscopic approach.

FUTURE DIRECTIONS
Given the growing body of evidence regarding the safety
and feasibility of laparoscopy for rectal cancer, other
minimally invasive approaches to the radical resection of
rectal cancer have recently been described.
Single port laparoscopy is an approach that has been
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CONCLUSION
Surgery for rectal cancer in complex and entails many
challenges. While the laparoscopic approach in general
and specifically to colon cancer has been proven long ago
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to have short term benefits and to be oncologically safe,
it is still a debatable topic when dealing with rectal cancer.
The attempt to benefit rectal cancer patients with the
known advantages of the laparoscopic approach while
not compromising their oncologic outcome has led to the
conduction of many studies during the past decade.
Many studies have evaluated the short term outcomes
of laparoscopy vs open surgery for rectal cancer and have
shown superiority of the laparoscopic approach. Many
of the same and other studies suggest that there is no difference between the laparoscopic and open approaches
concerning the specimen’s quality. These studies as well
as many retrospective studies that evaluated intermediate
and long term oncologic outcomes suggest that laparoscopic rectal resection is oncologically safe. Never the
less, to date, no long term oncologic results of randomized study that compares laparoscopic vs open resection
for advanced stage rectal cancer have been published.
Some studies are active and when they will be concluded
and published they are expected to shed light on the true
long term oncologic outcome of laparoscopic rectal cancer resection.
Regarding the evolving issues of robotic assisted surgery and innovative minimally invasive approaches for
rectal cancer surgery, they are yet to prove to have any
advantages over the standard laparoscopic approach.
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Core tip: For treatment of superficial colorectal tumors,
endoscopists should be aware of the treatment strategies including the indications, technical issues, and adverse events of each technique. The most appropriate
treatment should be selected according to this information and in accordance with the accurate endoscopic
diagnosis. In terms of endoscopic submucosal dissection (ESD), the most serious complication is iatrogenic
perforation at a rate of < 3%. However, most of our
patients with this complication did not need emergency
surgery. Hence, ESD is considered a safe and appropriate procedure when performed by experienced endoscopists who have acquired the necessary technical skills
through adequate training.

Abstract
The introduction of colorectal endoscopic submucosal
dissection (ESD) has expanded the application of endoscopic treatment, which can be used for lesions with
a low metastatic potential regardless of their size. ESD
has the advantage of achieving en bloc resection with
a lower local recurrence rate compared with that of
piecemeal endoscopic mucosal resection. Moreover, in
the past, surgery was indicated in patients with large
lesions spreading to almost the entire circumference
of the rectum, regardless of the depth of invasion, as
endoscopic resection of these lesions was technically
difficult. Therefore, a prime benefit of ESD is significant improvement in the quality of life for patients who
have large rectal lesions. On the other hand, ESD is not
as widely applied in the treatment of colorectal neoplasms as it is in gastric cancers owing to the associated technical difficulty, longer procedural duration, and
increased risk of perforation. To diversify the available
endoscopic treatment strategies for superficial colorectal neoplasms, endoscopists performing ESD need to
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Figure 1 Indication for colorectal endoscopic submucosal dissection. LST: Laterally spreading tumors; G: Granular; NG: Non-granular; ESD: Endoscopic submucosal dissection; EMR: Endoscopic mucosal resection; HB: Hot biopsy.

has shown rapid progress in the past decade with the introduction of endoscopic submucosal dissection (ESD).
ESD is a state-of-the art technique that enables en bloc
resection regardless of the lesion size[1-4]. Before the advent
of this technique, snare polypectomy or endoscopic mucosal resection (EMR) using an electric snare was the most
popular procedure for local endoscopic excision. EMR is a
simple and safe technique and can be applied for lesions <
20 mm in size that require en bloc resection. If the lesion
size is > 20 mm, en bloc resection is usually difficult and
piecemeal resection[5-7], which has a high local recurrence
incidence and clinically is associated with an inaccurate
pathological evaluation, is performed. Patients who undergo piecemeal EMR require intensive colonoscopic surveillance with repeated examinations recommended every
12 mo. Hence, endoscopists should be knowledgeable of
the recent advances in treatment techniques for superficial
colorectal neoplasms to provide patients with the best care
available. This review outlines the methods and type of
devices used for colorectal ESD, and the training required
by endoscopists to perform this procedure.

ment selection process between endoscopic treatment
and surgery. Specifically, the invasive type Ⅴ pit pattern
with a clear demarcated area is crucial in the prediction
of submucosal deep (≥ 1000 μm) invasive cancer; patients with tumors that do not have an invasive pattern
are candidates for endoscopic treatment[9].
To make the appropriate treatment choice, we must
identify lesions that require en bloc resection. The morphological type is a very important factor and must be
taken into consideration when deciding the treatment
strategy (Figure 1). Laterally spreading tumors (LSTs) are
commonly used to describe flat or depressed type lesions.
LSTs are divided into 2 main types: granular (LST-G) and
non-granular (LST-NG) types. We know that LST-NG tumors ≥ 20 mm and LST-G tumors ≥ 30 mm have a significantly higher possibility of submucosal invasion and
require an en bloc resection for an accurate pathological
evaluation. Hence, ESD is indicated in these types of lesions. ESD is also indicated in lesions that are technically
difficult to treat with conventional EMR, which includes
those that are non-lifting after submucosal injection and
those that demonstrate local recurrence. Piecemeal EMR
is recommended in adenomatous lesions, diagnosed during pre-endoscopic examination, and are representative
of the LST-G homogeneous type.

INDICATIONS FOR ENDOSCOPIC
TREATMENT
Endoscopic treatment is recommended only for lesions
diagnosed as non-invasive tumors with a low metastatic
potential. The risk factors for lymph node metastasis are
as follows: poorly differentiated, signet-ring cell, and mucinous adenocarcinoma histological types; depth invasion;
lymphovascular invasion; and tumor budding[8]. Depth
invasion can be predicted using magnifying endoscopy
or endoscopic ultrasound prior to treatment. We believe
that pit pattern analysis using magnifying endoscopy has
the highest diagnostic accuracy and is helpful in the treat-
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ENDOSCOPIC SUBMUCOSAL
DISSECTION
Treatment devices
We used the water jet endoscope (PCF-Q260JI and GIFQ260J; Olympus Medical System Co., Tokyo, Japan).
When handling of the scope as the operator intends
during the ESD procedure is difficult due to the lesion
location or paradoxical movement, double-balloon colo-
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Figure 2 Devices used for colorectal endoscopic submucosal dissection in the National Cancer Center Hospital, Tokyo, Japan. A: Jet B knife; B: IT knife
nano; C: Short-type ST hood; D: Hemostat Y.

A long-lasting maintenance of submucosal elevation with
submucosal injection is therefore preferable. Considering this, we commonly use 2 solutions; Glyceol (10%
glycerin and 5% fructose; Chugai Pharmaceutical Co.,
Ltd., Tokyo, Japan) mixed with a small amount of Indigo
Carmine and epinephrine, and 0.4% sodium hyaluronate
solution (MucoUp; Seikagaku Corp, Tokyo, Japan)[13]. A
small amount of Glyceol is injected into the submucosal
layer to confirm the appropriate submucosal layer elevation first, and MucoUp is injected into the properly elevated submucosal layer next. Finally, a small amount of
Glyceol is injected again to flush any residual MucoUp[14].

Table 1 Output setting of VIO 300D for colorectal endoscopic
submucosal dissection in the National Cancer Center Hospital,
Tokyo, Japan

Mucosal
incision
Submucosal
dissection

Device

Cut mode

Jet B knife

Dry cut,
[E]3 100 W
Dry cut,
[E]3 100 W
Dry cut,
[E]3 100 W

Jet B knife
IT knife nano

Hemostasis

Hemostat-Y

Coagulation
mode

Forced coag,
[E]2 50 W
Swift coag,
[E]2 50 W
Bipolar,
[E]5 25 W

CO2 insufflation
Use of carbon dioxide (CO2) gas for insufflation of the
colonic lumen has been proven effective[15,16]. Insufflation of CO2 can reduce the risk of pneumoperitoneum
in cases of perforation and abdominal problems before
and/or after treatment.

[E]: Effect; ESD: Endoscopic submucosal dissection.

noscope (EC-450BI, Fujifilm Corp., Tokyo, Japan) can be
used to provide precise control of the endoscope[10].
A ball-tip bipolar needle knife with water jet function
(Jet B knife; XEMEX Co., Tokyo, Japan) is used for mucosal incision and submucosal dissection in the initial part
of the procedure (Figure 2A). A notable characteristic
of this device is use of the bipolar current system, which
minimizes damage to deeper tissues and reduces the risk
of perforation[11,12]. Following that, an insulation-tipped
electrosurgical knife (IT knife nano, KD-612Q; Olympus
Optical Co., Tokyo, Japan), in which the insulation-tip is
smaller and the short blade is designed as a small disk to
reduce the burning effect on the muscular layer, is commonly used to shorten the procedure time (Figure 2B).
As for the distal attachment, we used the short-type
ST hood (DH-28GR and 29CR; Fujifilm Medical Co.,
Tokyo, Japan), which makes it easy to broaden the operator’s horizons and cut the submucosal layer due to its
characteristic tapering shape (Figure 2C).

Technique
The endoscopic submucosal dissection procedure see the
figure 3. We initiate the process in retroflex view because
the endoscope can be stabilized and handled better than
in the forward view. Then, after creating sufficient submucosal elevation by injection, the initial mucosal incision is
made with the Jet B knife from the distal side of the lesion.
It is usually difficult to insert the tip of the endoscope
into the submucosal layer immediately after the initial
mucosal incision. This is followed by trimming. The available cutting space is not enough to perform submucosal
dissection during trimming; the submucosal layer near the
mucosal layer is then carefully cut.
After securing a good visual field of the submucosal
layer, submucosal dissection is continued with the same
Jet B-knife. ESD is advantageous in that it allows good
recognition of the structures in the submucosal layer and
makes it possible to prevent bleeding by pre-coagulation
of vessels. If the vessel is thin, pre-coagulation is performed with cutting devices. On the other hand, if it is
a thick or pulsatile artery, coagulation forceps should be
applied. In our institution, Hemostat-Y forceps (H-S2518;
Pentax Co., Tokyo, Japan) were used in bipolar mode
(25 W) to control visible bleeding and minimize the risk

Electrosurgical current generator
We used the ERBE VIO 300 D (Erbe, Tubingen, Germany). The output setting for ESD procedures is described in Table 1.
Submucosal injection
Maintenance of sufficient submucosal elevation with injection is crucial for the success of the ESD procedure.
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Figure 3 Endoscopic submucosal dissection procedure. A: A flat elevated lesion (85 mm) located in the ascending colon. It was impossible to have a retroflex
view of this lesion; B, C: Submucosal injection of Glyceol and the first circumferential incision were initiated from the oral side of the lesion in the forward view. The
first cut was made with the Jet B knife; D: After the first circumferential incision, it was difficult to slide the top of the short-type ST hood into the submucosal layer. The
next step was to broaden the visual field by cutting the blue colored submucosal layer near the mucosa carefully (white dotted line); E-G: After step D, it was easy to
slide the top of the short-type ST hood into the submucosal layer; it then became easier to cut the submucosal layer. In this situation, the IT knife nano was useful for
a quick dissection of the submucosal layer; H, I: En bloc resection was achieved without any adverse events within 180 min.

was performed using the hemostat-Y forceps on nonbleeding visible vessels to prevent postoperative bleeding.

of any burning effect on the muscle layer (Figure 2D).
Moreover, it is also possible to adjust the cutting line during submucosal dissection. In case of adenomatous lesions, the cutting line could be set near the mucosal layer
to reduce perforation. On the other hand, in lesions that
are possibly submucosal invasive cancer, it is necessary to
achieve R0 resection, and the cutting line should be set
deeper (near the muscularis propria) despite the higher
risk of perforation.
After obtaining an adequate visual field with the
process mentioned above, an IT knife nano is used for
continuous dissection. It knife nano, “blade” type knife
having longer useful section, could shorten the procedure
time compared with the “needle” type knife. Throughout
the procedure, repeated submucosal injections should be
added to maintain good submucosal elevation.
After the colorectal ESD was completed, a routine
colonoscopic review to detect any possible perforation or
exposed vessels was conducted, and minimum coagulation
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Outcomes
The Japan Society for Cancer of the Colon and Rectum conducted a multicenter, observational study for all
patients treated by conventional endoscopic resection
and ESD for colorectal neoplasms exceeding 20 mm in
size from October 2007 to December 2010[17]. A total
of 816 lesions were treated by ESD and the short-term
outcomes were as follows. The mean lesion size was
about 40 mm in diameter. En bloc resection was achieved
in more than 90% of the cases, regardless of lesion size,
with a perforation rate of 2.0% and delayed bleeding rate
of 2.2%. None of the perforation cases needed emergency surgery as most iatrogenic perforations are very
small, and can be successfully closed with endoscopic clip
placement alone followed by intravenous antibacterial
therapy (nothing per os).
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Figure 4 Hybrid endoscopic submucosal dissection procedure. A: Flat elevated lesion (25 mm) located in the sigmoid colon; B, C: After submucosal injection
of Glyceol, a circumferential incision was made using the top of the snare; D: After an additional submucosal injection, the snaring technique was applied to achieve
complete removal; E: En bloc resection was achieved with no complications; F: Mucosal defect was completely closed using metallic endoclips.

for ESD. It may enable en bloc resection or at least fewer
piecemeal resections for large colorectal neoplasms in a
manner that is both safe and relatively quick. The technique is simple; the first step is circumferential mucosal incision, and the next step involves placing the snare around
it via the circumferential incision and tightening it (Figure
4)[21,22]. However, this technique has limitations. From our
limited experience, it is often difficult to achieve en bloc resection in lesions ≥ 35 mm or LST-NG pseudo-depressed
type tumors, and therefore, we believe that hybrid ESD is
most suitable in lesions 20-30 mm in size.

TRAINING FOR ESD
The ESD procedure requires a high level of endoscopic
skill and experience because of the high risk of complications associated with the anatomical characteristics of the
colon. Therefore, a greater understanding of the learning
curve for ESD is required to standardize the training and
achieve wider acceptance of this technique. At our institution, endoscopists who intend to perform colorectal
ESD must meet the following prerequisites: a high skill
level in the non-loop insertion colonoscopy technique
(more than 10 cases of total colonoscopies completed
within 5 min without any patient complaints of abdominal discomfort), skill in conventional EMR or piecemeal
EMR techniques, experience with > 20 gastric ESD cases, and assisting during > 20 colorectal ESDs conducted
by experienced endoscopists[18]. However, in western
countries, gastric cancer is not as common as colorectal
cancer, and it may be difficult to introduce trainees to the
resection of this lesion as the first step of ESD training.
If required, trainees should begin with clinical training
for colorectal ESD for lower rectal lesions, which have
a lower risk of perforation and have a setting similar to
that of gastric lesions.
We reported the short-term outcomes of colorectal
ESD performed by less-experienced endoscopists[18,19].
In terms of the learning curve, they can perform it safely
and independently after preparatory training and experience with ≥ 30 cases. On the other hand, most of LST-G
tumors ≤ 40 mm were treated safely within 120 min procedure time, without any adverse events. Therefore, we
suggest that an LST-G tumor < 40 mm in size is likely to
be suitable for introducing trainees to ESD.

CONCLUSION
Herein, we have described the outline for endoscopic
treatment of colorectal neoplasms. ESD is a reliable
method for achieving en bloc resection of relatively
large colorectal superficial neoplasms, with superior curability and allows for an accurate pathological evaluation
compared to piecemeal EMR. Moreover, colorectal ESD
has succeeded in reducing extensive surgery of mucosal
carcinomas and improving the overall quality of life for
most patients with lower rectal lesions. On the other
hand, associated technical difficulties and complications
such as iatrogenic perforation have affected worldwide
acceptance and generalization of this technique. Considering the technical difficulties associated with ESD, we
should select the treatment method according to tumor
characteristics identified by pre-treatment examination including magnifying endoscopy or endoscopic ultrasound.
Moreover, the technical difficulty encountered depends
on the macroscopic type of the lesions; treatment of the
LST-NG type lesion or local recurrence is generally more
difficult technically than that of the LST-G type[23,24].
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Recent applications of chemosensitivity tests for colorectal
cancer treatment
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sensitivity tests because of their short assay period,
technical simplicity, and the requirement of small
amount of specimen. Among protein- and gene-based
chemosensitivity assays, assessment of KRAS mutation
status predicts the response to epidermal growth factor
receptor-targeted therapy in CRC patients. The validation of predictive and prognostic markers enables the
selection of therapeutic regimens with optimal efficacy
and minimal toxicity for each patient, which has been
termed personalized treatment. This review summarizes currently available predictive and prognostic chemosensitivity tests for metastatic CRC.
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Core tip: This review summarizes currently available
predictive and prognostic chemosensitivity tests and
biomarkers in terms of cell culture, protein, and gene.
Cell culture-based chemosensitivity tests are used widely in clinical practice because of their short assay period, technical simplicity, and the requirement of small
amount of specimen. Among protein- and gene-based
chemosensitivity assays, assessment of KRAS mutation
status predicts the response to epidermal growth factor
receptor-targeted therapy in colorectal cancer patients.

Abstract
The evaluation of therapeutic efficacy is necessary
to predict the outcome of patients with metastatic
colorectal cancer (CRC). In these patients, there is a
critical need for predictive chemosensitivity assays and
biomarkers to optimize efficacy and minimize toxicity.
The introduction of targeted agents has improved the
progression-free survival and overall survival of patients
with metastatic disease. However, approximately 50%
of patients do not show a positive response to chemotherapy and the selection of patients likely to respond
to a specific regimen remains challenging. Cell culturebased chemosensitivity tests use autologous viable
tumor cells to evaluate susceptibility to specific agents
in vitro and predict their direct effects. Adenosine triphosphate-based assays and methyl thiazolyl-diphenyltetrazolium bromide-based assays are used widely as
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INTRODUCTION
Colorectal cancer (CRC) is the third most common can-
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cer and the fourth most frequent cause of cancer death
worldwide[1]. CRC develops as a consequence of accumulated genetic and epigenetic alterations that result in the
loss of tumor suppressor genes and activation of oncogenes.
The response to chemotherapy varies among patients,
with objective tumor response rates to standard chemotherapy regimens of 30%-40% in patients with metastatic
CRC. Therefore, a reliable method to determine the sensitivity or resistance of tumors to specific chemotherapy
agents would be useful in clinical practice. For this purpose, cell culture-based chemosensitivity tests have been
investigated for more than 30 years; however, their use
is limited by technical issues, a low success rate for primary culture, length of time required, and poor correlation with clinical response. To overcome these obstacles,
gene- and protein-based chemosensitivity tests have been
investigated, and certain gene alterations have been identified that are predictive of clinical drug response.
In the present review, we discuss recent advances in
cell culture-based chemosensitivity tests and the identification of genomic alterations as biomarkers for the
design of efficient chemotherapy regimens for CRC patients.

evaluates tumor cell viability by measuring the intracellular ATP levels of drug-exposed cells and untreated
controls[8]. This test has several advantages over other
cell-based assays, including higher sensitivity for predicting cell viability, accurate distinction between cancer cells
and normal cells and the requirement of a small number
of cells[9]. The ATP-based chemotherapy response assay
(ATP-CRA) is an improved method in which the proliferation of normal cells in tumor tissues can be inhibited
through the use of ultralow attachment culture plates;
this assay does not require large amounts of specimen
and has a relatively short test turnaround time[10]. Several
preclinical and clinical studies have shown the feasibility and good treatment outcomes of ATP-CRA-guided
chemotherapy in ovarian, breast, stomach, and lung cancer[11-14].
Differences in the chemosensitivity of CRC patients
to several anticancer drugs, including 5-fluorouracil
(5-FU), oxaliplatin, and irinotecan have been investigated
in preclinical studies[15,16]. The only clinical study was reported by Hur et al[6] who showed that ATP-CRA could
improve treatment response and resectability in initially
unresectable colorectal liver metastasis. In their study,
the authors showed that the ATP-CRA guided chemotherapy group showed better treatment response (48.4%
vs 21.9%, P = 0.027) and a higher rate of resectability of
hepatic lesions (35.5% vs 12.5%, P = 0.032). However,
multi-institutional randomized controlled trials are needed to validate the use of ATP-CRA for individualized
chemotherapy in CRCs.

CELL CULTURE-BASED
CHEMOSENSITIVITY TESTS
In cell culture-based chemosensitivity tests, autologous
viable tumor cells are evaluated to determine the susceptibility of that tumor to specific agents in vitro and to predict the response to therapy. Although cell culture-based
chemosensitivity tests have been investigated extensively,
they are not widely used because of technical problems,
a low success rate for primary culture, length of time required, and poor correlation with clinical response[2]. In
2004, the American Society of Clinical Oncology (ASCO)
stated that the use of in vitro drug response assays to
select chemotherapeutic agents for individual patients is
not recommended outside of the clinical trial setting[3].
In a 2011 update, no changes were made to the original
ASCO guidelines because of insufficient evidence to support the use of these assays in clinical practice[4]. Several
in vitro chemosensitivity and drug resistance assays have
been developed, including the human tumor cloning assay, differential staining toxicity, adenosine triphosphate
(ATP)-based and methyl thiazolyl-diphenyl-tetrazolium
bromide (MTT) assays, histoculture drug response assay
(HDRA), and extreme drug response assay (EDRA)[3,5].
Among these assays, ATP-based and MTT assays are
commonly used as simple sensitivity tests. The advantages of these assays are a short assay period, technical simplicity and the requirement of a relatively small amount
of specimen[6,7]. Table 1 describes cell culture-based in
vitro assays that have been recently used in clinical trials
of human solid cancers.

MTT assay and histoculture drug response assay
The MTT assay is a high throughput (96-well plates)
method for the quantification of viable cells without the
need for elaborate cell counting. It is commonly used
to determine the cytotoxicity of drugs at different concentrations. The principle of the MTT assay is that mitochondrial activity remains constant in viable cells, and
therefore an increase or decrease in the number of viable
cells is correlated with changes in mitochondrial activity. The mitochondrial activity of cells is reflected by the
conversion of the tetrazolium salt MTT into formazan
crystals, which can be solubilized. The absorbance of the
resulting solution, which indicates cell viability, is quantified by measuring the optical density (OD) at 540 and
720 nm using a plate reader. Presently, clinical correlation studies using the MTT assay have been reported for
breast and stomach cancers[17,18].
Hoffman et al[19] developed the HDRA and applied
it to the three-dimensional culture of tumor tissue fragments using a collagen gel matrix and an MTT end
point[20]. Several conventional drug sensitivity tests use
isolated tumor cells obtained after enzymatic digestion.
By contrast, the HDRA technique uses cancer tissue
fragments in which cells maintain their native architecture and can grow in three dimensions. This enables the
maintenance of intercellular contacts and interactions
with stromal cells. The HDRA thus enables assessment
of the sensitivity of tumor cells to anticancer drugs un-

ATP-based assay
The ATP-based assay is a sensitive cytometric assay that
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Table 1 Overview of the cell culture-based chemosensitivity tests
Name

Studied tumor type

MTT[17,18]

Breast and stomach

HDRA[5,21,22]

ATP[6,11-14]

EDRA[26,31]

Description

The MTT assay measures mitochondrial activity and is most often used to detect loss of cell survival/cell viability in
response to a drug or toxin. Tumor cell suspensions are cultured with various chemotherapy agents for 3-4 d and then
exposed to the MTT reagent; because it reduces intracellularly to a blue dye, the intensity of uptake yields an estimate
of the number of viable cells to determine drug sensitivity
Stomach, breast,
The HDRA uses cancer tissue fragments and three-dimensional cell culture, in which intercellular contacts and
ovary, and colon
interactions with stromal cells are maintained. Tumor specimens are cut into 1-mm3 pieces and put on a gelatin
sponge infiltrated with culture medium containing a test drug. After incubation for 3-7 d, cell viability is assessed
using the MTT assay
Ovary, breast,
The quantification of intracellular concentrations of ATP as a measure of cell survival has gained wide acceptance
stomach, and colon
for the evaluation of the medium and long-term cytotoxic effects of drugs (2-3 d). The assay is based on the
bioluminescent detection of cellular ATP and is extremely sensitive, allowing the measurement of ATP levels in a
single adherent or non-adherent mammalian cell
Ovary, breast, lung, After 3-5 d of culture, tumor cells obtained from fresh biopsy specimens are labeled with tritiated thymidine. The level
and colon
of uptake is tracked after exposure to chemotherapy drug concentrations that approximate the peak level achieved
clinically. Extreme resistance is identified when thymidine incorporation is inhibited in the presence of the drug by
less than one standard deviation of the median cell inhibition measured for several hundred reference tumor samples

MTT: Methyl thiazolyl-diphenyl-tetrazolium bromide; HDRA: Histoculture drug response assay; ATP: Adenosine triphosphate bioluminescence; EDRA:
Extreme drug resistance assay.

der conditions that mimic those of the in vivo environment[21]. The correlation rate of the HDRA to clinical
response was reported to range from 74% to 92.1% in
several studies of head and neck, gastric, and colorectal
cancers[5,22,23].
Recently, our group compared chemosensitivity assessed using the HDRA with the clinical response to
different treatment regimens in patients with advanced
CRC[7]. HDRAs were performed to assess the effect of
seven combinations of anticancer drugs, including 5-FU
with leucovorin (FL), FL with oxaliplatin (FOLFOX)
and with irinotecan (FOLFIRI), and their combinations with bevacizumab and cetuximab. The results of
324 HDRAs showed that tumor inhibition rates were
higher for FOLFOX (34.2%-39.2%) than for FOLFIRI
(24.2%-32.7%, P < 0.001). Evaluation of 86 chemotherapeutic regimens showed that the correlation rate
of HDRA to the clinical response to chemotherapy was
66.3% (57/86), with sensitivity and specificity values of
72.7% (40/55) and 54.7% (17/31), respectively. Despite
variations in accuracy, HDRA might be a feasible and
useful technique to predict chemosensitivity in individual
patients. Similar to the ATP-CRA, further randomized
multi-institutional studies are necessary to support the
routine clinical application of the HDRA.

calculated for each drug using a liquid scintillation counter. Tumor specimens are classified as exhibiting extreme
drug resistant (EDR) to an agent when the PCI result is
more than one standard deviation below the median PCI
for examining drug[25]. Kern et al[24] reviewed 450 correlations between EDRA results and clinical response over
an 8-year period and identified EDR with > 99% specificity. The EDRA has been used to identify patients with
therapeutic failure and relapse in various types of tumors
including ovary, breast, and lung cancers[26-29].
In CRC, Fan et al [30] analyzed the outcomes of
EDRAs in 102 CRC patients treated with 5-FU single
chemotherapy using cell viability and ATP assays. In the
clinical correlation of 25 Dukes’ D patients with EDRA,
the sensitivity and specificity of the assay were 100% and
95%, respectively. Recently, Mechetner et al[31] analyzed
the results of EDRA performed in 4854 CRC specimens
and showed that primary and metastatic tumors showing
EDR to FL had up to 58% cross-resistance to a variety
of chemotherapy agents, with the lowest percentages
for oxaliplatin (11% and 8%, respectively) and irinotecan
(16% and 14%, respectively). Approximately 20% of
tumors showed EDR to either FOLFOX or FOLFIRI.
They concluded that the results of the EDRA obtained
at initial diagnosis may be useful for the selection of
therapeutic regimens for metastatic disease.

Extreme drug response assay
The EDRA was developed by Kern et al[24] as an exclusion test to identify drugs unlikely to elicit a response.
According to the Bayesian theory, any laboratory assays
will be accurate only when the assays are extremely (>
98%) specific for drug resistance, concurrently with high
overall response rates. The EDRA measures inhibition
of DNA synthesis by calculating the rate of proliferating tumor cells plated in agar medium using a thymidine
incorporation methodology. The percent inhibition of
cellular thymidine incorporation (PCI) comparing the
quadruplicate negative and duplicate positive controls is
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GENE-AND PROTEIN-BASED
CHEMOSENSITIVITY TESTS
Molecular markers of fluoropyrimidines
Thymidylate synthase: The gene expressions of thymidylate synthase (TS), dihydropyrimidine dehydrogenase
(DPD), and thymidine phosphorylase (TP) play a key
role in 5-FU resistance. TS, an essential enzyme for DNA
synthesis, is the target of 5-FU. Despite controversial
results[32,33], many studies and meta-analyses have shown
that the downregulation of intra-tumoral TS protein
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Table 2 Protein and gene-based chemosensitivity tests in colorectal cancer
Marker

Target chemotherapy drug

TS[34,35]
DPD[33,35]
TP[39]
UGT1A1[49]

5-FU
5-FU
5-FU
Irinotecan

ERCC1[54]

Oxaliplatin

KRAS[65-69]
NRAS[72]
BRAF[74-77]

Anti-EGFR
Anti-EGFR
Anti-EGFR

Function

Change

Consequence

Essential enzyme for DNA synthesis
TS expression ↓
Degradation of 5-FU
DPD expression ↓
Activation of 5-FU (from 5’-DFUR to 5-FU)
Stromal TP expression ↑
Degradation of the active metabolite of
Polymorphism of UGT1A
irinotecan (SN-38)
(UGT1A1*28)
Excision nuclease that repairs platinumERCC1 expression ↓
induced DNA adducts
Proto-oncogene in the EGFR signaling pathway
Mutation of the KRAS gene
Proto-oncogene in the EGFR signaling pathway
Mutation of the NRAS gene
Signaling gene acting downstream of KRAS Mutation of the BRAF gene (V600E)

1

Chemotherapy response ↑
1
Chemotherapy response ↑
1
Chemotherapy response ↑
Irinotecan toxicity↑
1

Chemotherapy response ↑

Chemotherapy response↓
Chemotherapy response↓
Chemotherapy response↓

1

Chemotherapy responses of these markers are generally inconsistent without strong evidences. TS: Thymidylate synthase; 5-FU: 5-fluoropyrimidine;
DPD: Dihydropyrimidine dehydrogenase; TP: Thymidine phosphorylase; 5’-DFUR: 5’-Deoxy-5-fluorouridine; UGT1A1: Uridine diphosphate
glucuronosyltransferase 1A1; ERCC1: Excision repair cross-complementation group 1; anti-EGFR: Anti-epidermal growth factor receptor (cetuximab or
panitumumab).

new predictive biomarkers for clinical application. The
chemosensitive SNP markers GPC5 rs553717 (AA),
SSTR4 rs2567608 (AA) and EPHA7 rs2278107 (TT)
were identified through a three step process consisting of in vitro screening, identification, and validation[41].
These candidate markers are significantly correlated with
recurrence or chemoresponsiveness in patients receiving
fluoropyrimidine-based adjuvant chemotherapy. Recently,
our group identified two chemosensitive SNP markers
for chemoradiation (CRT) therapy in patients with low
lying rectal cancer. Two candidate markers, CORO2A
rs1985859 and FAM101A rs7955740, may be of value for
the prediction of radiosensitivity to preoperative CRT,
although further validation is needed in large cohorts[42].

and mRNA expression is a strong prognostic marker for
the response to 5-FU based chemotherapy regimens in
CRC[34,35] (Table 2).
DPD: DPD catalyzes the first and rate-limiting step of
the pyrimidine catabolic pathway. DPD is also responsible for the degradation of 5-FU and influences the antitumor and adverse effects of 5-FU. High intratumoral
DPD activity markedly decreases the cytotoxic effect of
5-FU. Despite its low incidence, DPD deficiency is associated with severe adverse effects after 5-FU-based chemotherapy and can result in death mainly from infectious
disease due to neutropenia[36]. DPD protein and mRNA
expression is a strong prognostic marker of the response
to 5-FU based chemotherapy regimens in CRC[33,35].

Molecular markers of irinotecan
Uridine diphosphate glucuronosyltransferase 1A1:
Irinotecan (CPT-11) is an inhibitor of DNA topoisomerase I that is widely used in the treatment of CRC. Irinotecan is metabolized to its active metabolite, SN-38, which
is 1000 times more active than the unmodified drug. The
major route of SN-38 elimination is via glucuronidation
by uridine diphosphate glucuronosyltransferase 1A1
(UGT1A1), an essential enzyme involved in the complex
metabolism of irinotecan. UGT1A1*28 is a common allele with seven TA repeats in the promoter of UGT1A1
compared with the wild-type allele (UGT1A1*1) with
six repeats. A seven-repeat allele is associated with decreased transcription and expression of UGT1A1 and
reduced enzymatic activity, which lead to higher or
more prolonged exposure to SN-38. Investigation of
the variant UGT1A1*28 showed that the homozygous
variant allele is associated with a significantly increased
risk for myelosuppression and gastrointestinal toxicities
in patients treated with irinotecan[43]. The frequency of
UGT1A1*28 is very low in Asians compared with that
in Caucasian[44,45]. Another polymorphism, UGT1A1*6,
characterized by replacing single nucleotide in exon1 of
UGT1A1, has been also considered to be related with reduced SN-38 glucuronidation activity and bears a higher
allele frequency in Asians than Caucasians[45]. A recent

TP: TP is a key enzyme involved in the synthesis and
degradation of pyrimidine nucleotides. The antiapoptotic
and angiogenic effects of TP are closely related to the
growth and metastasis of CRC. In addition, TP is a key
enzyme in the activation pathway of the 5-FU prodrug
5’-deoxy-5-fluorouridine (5’-DFUR) to 5-FU[37]. The expression of TP in CRC has a dual function. High expression of TP is associated with poor prognosis in patients
with CRC, as indicated by increased infiltration, growth,
and tumor metastasis. However, the upregulation of TP
expression in CRC tissues improves the curative effect
of 5-FU, which is important in the treatment of CRC.
Therefore, the up- and down-regulation of TP expression in tissues plays an important role in the emergence
and development of tumors and may affect prognostic
and therapeutic indices. Despite conflicting results regarding the association between TP expression and prognosis[37-39], TP serves as an indicator of angiogenic potential and plays an important role in cancer chemotherapy
as a target for antiangiogenic agents and as an activating
enzyme of 5-FU prodrugs[40].
Single-nucleotide polymorphisms: Genome-wide
single nucleotide polymorphism (SNP) analysis may
represent a promising approach for the identification of

WCGO|www.wjgnet.com

2346

February 8, 2015|First Edition|

Yoon YS et al . Chemosensitivity tests for colon cancer

metastatic CRC patients with KRAS wild-type[59-62]. Although previous data have shown similar results for amphiregulin and epiregulin, epiregulin is recently favored as
a better predictor[58,63]. Further researches confirming the
usefulness of these candidate markers are needed.

meta-analysis of 11 studies revealed that UGT1A1*6
polymorphisms is also potential biomarkers predicting
irinotecan-induced severe toxicity in Asians in addition
to UGT1A1*28[46]. Studies investigating the efficacy of
irinotecan in CRC patients bearing different UGT1A1*28
genotypes have yielded conflicting results that are difficult to interpret because of small sample sizes and the
associated poor statistical power[47]. Overall, UGT1A1
genotypes predict severe neutropenia and diarrhea, but
not treatment efficacy[48,49].

KRAS: Activating mutations in the KRAS oncogene, located on the short arm of chromosome 12, are commonly associated with progression from a benign adenoma to
a dysplastic adenocarcinoma and occur in 30%-40% of
CRCs[64]. The value of KRAS as a predictive biomarker
for anti-EGFR therapy has been demonstrated, as mutations of this gene result in the activation of the EGFR
pathway. In 2006, Lièvre et al[65] showed that whereas all
patients who responded to cetuximab presented with
wild-type KRAS, 68% of non-responders showed mutations in this gene. Phase Ⅲ CRYSTAL and phase Ⅱ
OPUS trials showed the benefit of cetuximab in metastatic CRC patients treated with FOLFIRI and FOLFOX,
respectively[66,67]. These findings were confirmed in many
other studies[68,69]. Currently, the presence of the wildtype form of KRAS is considered a positive predictive
marker of response to EGFR inhibitor therapy. KRAS
mutations are associated with lack of treatment response
and a reduction in median progression-free survival (PFS)
in patients treated with cetuximab/panitumumab alone
or in combination with chemotherapy. The results of
several clinical trials have led to the recommendation of
KRAS mutational screening of codons 12 and 13 in patients with metastatic CRC[70].

Molecular markers of oxaliplatin
Excision repair cross-complementation group 1: Oxaliplatin is a platinum analogue that differs from cisplatin
by the presence of a diaminocyclohexane ligand in its
chemical structure. Excision repair cross-complementation group 1 (ERCC1) is an excision nuclease within the
nucleotide excision repair (NER) pathway that plays a
major role in the repair of platinum-induced DNA adducts. Overexpression of ERCC1 has been reported in
cisplatin-resistant cancer cell lines[50]. Downregulation of
ERCC1 expression in tumor tissues is associated with favorable overall survival in advanced CRC patients treated
with oxaliplatin-based chemotherapy[51]. However, clinical
correlations between ERCC1 polymorphisms and poor
oncologic outcomes have been reported[52,53]. In a recent
study, immunohistochemical analysis showed a correlation between negative expression of the ERCC1 protein
and favorable overall survival and low recurrence rates[54].
However, the precise role of ERCC1 expression needs to
be validated in further studies.

NRAS: NRAS mutations, which occur in a smaller percentage (approximately 5%) of patients than KRAS mutations, arise at a later stage in the development of CRC
and suppress apoptosis[71]. A recent PRIME trial showed
that extended RAS mutations including NRAS exons 2,
3, or 4 were associated with inferior PFS and overall survival after panitumumab-FOLFOX4 treatment[72]. Therefore, NRAS mutational screening should be considered
in terms of its low incidence and time-cost benefits.

Molecular markers of EGFR-targeted treatment
The monoclonal antibodies cetuximab and panitumumab, which target the epidermal growth factor receptor
(EGFR), have expanded the range of treatment options
for metastatic CRC[55]. EGFR and downstream signaling
pathways are activated by several mechanisms, including
overexpression of the receptor, overexpression of the ligand, activating mutation of the receptor, or inactivation
of tumor suppressor genes. EGFR ligands, the receptor itself, and the downstream signaling molecules, such
as KRAS, NRAS, BRAF, PIK3CA, and its suppressor
PTEN, have all been examined as potential effectors of
resistance to EGFR-targeted therapy[56]. The mutation
status of signaling molecules downstream of the EGFR
target may predict the clinical response to EGFR-targeted
therapies.

BRAF: An activating mutation (V600E) of the KRAS
downstream signaling protein BRAF is present in
3%-12% of CRC patients[73]. BRAF mutations are mutually exclusive of KRAS mutations in CRC [68]. The
negative prognostic value of BRAF mutations in KRAS
wild-type patients treated with anti-EGFR therapy was
demonstrated in several studies[74-77]. A recent pooled
analysis of the CRYSTAL and OPUS trials confirmed
that BRAF mutation is not a predictive marker for response of cetuximab in combination chemotherapy but
shows as a negative prognostic marker[78]. Although evidence is still insufficient to demonstrate an actual association of BRAF mutations with non-responsiveness to
anti-EGFR therapy, BRAF genetic screening is recommended by National Comprehensive Cancer Network
in patients with KRAS wild-type before anti-EGFR
therapy.

EGFR ligands: EGFR ligands, such as amphiregulin and
epiregulin, may stimulate EGFR through an autocrine or
paracrine loop with positive feedback[57]. Amphiregulin
and epiregulin are coregulated by binding to the same
receptor. Accordingly, similar prognostic or predictive effects would be expected. Despite inconsistent results[58],
many studies reported that increased expression of genes
encoding amphiregulin and epiregulin strongly associated
with increased therapeutic benefit from cetuximab in
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PI3K/PTEN: Another major downstream signaling
pathway activated by EGFR in addition to the KRASBRAF-MAPK pathway is the PI3K/PTEN/AKT signaling pathway. PIK3CA can be dysregulated by activating
mutations in the PIK3CA p110 subunit or through
inactivation of the tumor suppressor phosphatase and
tensin homologue (PTEN) phosphatase. PIK3CA and
PTEN mutations can coexist with KRAS and BRAF
mutations[79,80]. The clinical impact of PTEN protein expression and PIK3CA mutations remains controversial.
Sartore-Bianchi et al[81] showed that PIK3CA mutations
and PTEN loss in CRCs are significantly associated
with lack of response to panitumumab or cetuximab
treatment. However, Prenen et al[82] reported no strong
rationale for using PIK3CA mutations as a single marker
for sensitivity to cetuximab in chemotherapy-refractory
metastatic CRC. A recent randomized controlled trial also
showed that neither PIK3CA mutation status nor PTEN
expression are prognostic or predictive of response to
cetuximab[83]. Further studies are needed to confirm the
usefulness of these candidate markers.

well established as indicators of poor prognosis[90], data
regarding the predictive effect of baseline VEGF-A levels have largely been inconsistent[91]. A recent study demonstrated that an early increase of plasma VEGF-A level
after the initial decrease is a potential predictive marker
of a poor response and reactive resistance to bevacizumab[92]. The predictive value of VEGF-A to bevacizumab
will be evaluated in the phase Ⅲ MERiDiAN trial (opening in 2012).

SNP: Patients carrying the GG genotype at DFNB31
rs2274159 or LIFR rs3729740 are more sensitive to cetuximab-containing regimens than those carrying at least
one A allele[84]. Cell lines transfected with the G allele at
LIFR rs3729740 and the C allele at ISX rs361863 showed
higher sensitivity to cetuximab-containing regimens than
those with the A and T alleles. Recently, a clinical association study conducted by our group showed that patients
homozygous for the wild-type alleles (GG) of LIFR
rs3729740 exhibited a 1.9 times greater overall response
rate and 1.4 mo longer PFS than those homozygous or
heterozygous for the mutant allele[85].

SNP: Several SNP markers have been identified as markers of chemosensitivity to bevacizumab therapy. Koutras
et al[98] reported that the VEGF-1154 GG genotype was
a significant adverse prognostic factor for overall survival
in patients with metastatic CRC receiving irinotecanbased chemotherapy plus bevacizumab. Recently, Loupakis et al[99] showed that VEGFR-2 rs12505758 C-variants
were associated with shorter PFS [HR = 1.36 (1.05-1.75),
P = 0.015] compared to T/T variants. Our group found
that patients carrying the TT genotype at ANXA11
rs1049550 or at least one G allele at LINS1 rs11247226
were more sensitive to bevacizumab therapy than those
carrying at least one C allele or the AA genotype[84]. In a
recent clinical association study, we showed that the TT
genotype at ANXA11 rs1049550 was correlated with increased sensitivity to bevacizumab[85]. These data indicate
that SNP analysis may represent a promising approach
for the identification of novel predictive biomarkers for
clinical application.

Neuropilin-1: Neuropilin-1 (NRP1) is a VEGF coreceptor that enhances VEGF binding to VEGFR-2,
VEGFR-2 phosphorylation, and VEGF-induced signaling and migration[93]. Preclinical data suggest that NRP1
is a valid anticancer target which has roles in both the
proliferation of tumor cells and pathological angiogenesis[94,95]. In gastric and breast cancers, tumor NRP1
expression was identified as a potential predictor of
bevacizumab efficacy[96,97]. Despite insufficient data for
CRC, tumor NRP1 expression appears as a promising
biomarker for anti-angiogenic therapy.

Molecular markers for VEGF targeted treatment
Vascular endothelial growth factor (VEGF) and its receptors VEGFR-1, VEGFR-2, and VEGFR-3 are intimately
involved in cell migration and proliferation and promote
endothelial cell survival and protection against endothelial cell apoptosis and senescence[86]. Bevacizumab is a recombinant humanized monoclonal IgG1 antibody against
VEGF-A that decreases the availability of free circulating
VEGF-A, preventing receptor activation. Hurwitz et al[87]
showed that bevacizumab significantly improved overall
survival in patients with metastatic CRC[87]. Although certain candidate markers have been identified, no efficient
chemotherapy marker for bevacizumab-based regimens
has been established.

CD133: CD133, a surface protein widely used for the
isolation of colon cancer stem cells, is associated with
tumor angiogenesis and recurrence. Pohl et al[100] showed
that patients with high gene expression levels of CD113
(> 7.76) showed a significantly greater tumor response
(RR = 86%) than patients with low expression levels (≤
7.76, RR = 38%, adjusted P = 0.003), independent of the
expression of VEGF or its receptor. Combined analyses
of two CD113 polymorphisms (rs2286455 and rs3130)
showed a significant association with PFS (18.5 mo vs 9.8
mo, P = 0.004) in multivariate analysis as an independent
prognostic factor for PFS (adjusted P = 0.002)[100].

Plasma VEGF-A: The measurement of concentrations
of circulating protein is an attractive biomarker strategy,
as blood is easily accessible, the assays are inexpensive,
and the proteins may be readily and quantitatively measured by automated methods[88]. Plasma VEGF levels
have been proposed to reflect VEGF-dependent tumor
angiogenesis, and might predict benefit from bevacizumab[89]. Although increased plasma VEGF-A levels are
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been investigated extensively, consistent results have not
been achieved mainly because of technical problems and
variable clinical correlations. Certain in vitro sensitivity
tests, including ATP- and MTT-based assays, have recently been used in clinical practice, although validation
in large and well-controlled cohorts is necessary. Further
development of these chemosensitivity assays may enable the accurate prediction of sensitivity or resistance to
chemotherapy drugs. Regarding protein- and gene-based
chemosensitivity assays, assessment of KRAS mutation status to predict the efficacy of antibodies targeting
EGFR in patients with metastatic CRC is an important
step. In addition, gene expression-based panels aimed at
determining the risk of relapse in elderly and marginal
patients who are more sensitive to chemotherapy may
represent a valuable clinical tool[101]. Although many potential biomarkers have recently been reported, few have
emerged as clinically useful, mainly because of limited
reproducibility, technical faults, and their assessment in
small and heterogeneous cohorts. The two types of chemosensitivity tests, in vitro assays and molecular markers,
could be used in combination for an accurate prediction
of the clinical response to chemotherapy. The development of novel cell-based assays and genomic technologies could usher in an era of personalized molecular
medicine in which patients will be accurately stratified
based on their specific molecular profile.
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valuable in the evaluation of extra-colonic and hepatic
disease. PET/CT colonography is useful for obstructing colorectal cancers that cannot be traversed colonoscopically. PET/CT colonography is able to localize
synchronous colon cancers proximal to the obstruction
precisely. However, there is no definite evidence to support the routine clinical use of PET/CT colonography.
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Core tip: We review recent advances in the preoperative imaging of colorectal cancer especially regarding
computed tomography (CT) colonography, magnetic
resonance imaging (MRI), and positron emission tomography (PET)/CT colonography. CT colonography
can provide information for the preoperative assessment of T staging in colorectal cancer by morphological
analysis of wall deformities. CT colonography with contrast enhancement is useful for imaging the vascular
anatomy prior to laparoscopic surgery. MRI is widely
used for the T staging of rectal cancer. N staging in
patients with colorectal cancer is still challenging. The
combination of MRI and PET/CT colonography may be
useful for N staging. Gadolinium ethoxybenzyl diethlenetriamine pentaacetic acid - enhanced MRI is more
accurate than CT and ultrasound for the evaluation of
liver metastases.

Abstract
Imaging studies are a major component in the evaluation of patients for the screening, staging and surveillance of colorectal cancer. This review presents
commonly encountered findings in the diagnosis and
staging of patients with colorectal cancer using computed tomography (CT) colonography, magnetic resonance imaging (MRI), and positron emission tomography (PET)/CT colonography. CT colonography provides
important information for the preoperative assessment
of T staging. Wall deformities are associated with muscular or subserosal invasion. Lymph node metastases
from colorectal cancer often present with calcifications.
CT is superior to detect calcified metastases. Three-dimensional CT to image the vascular anatomy facilitates
laparoscopic surgery. T staging of rectal cancer by MRI
is an established modality because MRI can diagnose
rectal wall laminar structure. N staging in patients with
colorectal cancer is still challenging using any imaging modality. MRI is more accurate than CT for the
evaluation of liver metastases. PET/CT colonography is
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image summarizes in a single image the precise location
and number of colonic lesions. The CT air enema image
is easily read as it closely resembles the familiar imaging
of a double contrast barium enema.

INTRODUCTION
Colorectal cancer is a common malignancy with an increasing incidence in many developed countries. Imaging studies are frequently used to evaluate patients for
screening and staging of colorectal cancer. Cross sectional imaging studies such as computed tomography (CT)
colonography positron emission tomography (PET)/CT
colonography and magnetic resonance imaging (MRI)
provide anatomic and morphologic information about tumors and patterns of spread. This article reviews the role
of these modalities for preoperative evaluation. Accurate
preoperative staging of colorectal cancer is essential for
evaluating the prognosis and developing an optimal treatment strategy.

T staging by ct colonography
CT colonography provides important information for
the preoperative assessment of T stage in patients with
colorectal cancer. Colorectal cancer is seen as a rough
appearance of the bowel wall, especially in patients with
advanced lesions. When there is increased density in
adjacent fatty tissue, the tumors have often infiltrated at
least to the subserosa. Deformity of the intestinal wall is
associated with muscular or subserosal invasion. A rough
appearance of the soft tissue around the intestinal wall,
such as irregular or spicular projections into the pericolonic adipose tissue, is usually associated with a T3/T4
stage tumor.
Wall deformities are classified by degree, and are associated with a specific T stage. Nagata et al[11] classified
bowel wall deformities seen on CT air enema images into
five types: no deformity, slight, moderate, and severe deformities, and proposed that each type of wall deformity
represents a specific T stage. They then used a modified classification to differentiate among Tis, T1, T2 and
T3/T4, and demonstrated an overall accuracy of 77.6%.
Utano at al[12] classified intestinal wall deformities into
arc type, trapezoid type, and apple-core type. Trapezoidal
wall deformity was defined as involving ≥ 50% of the
circumference of the lumen. Arc type, trapezoid type,
and apple-core lesions were primarily associated with T1,
T2, and T3/T4, respectively. When these criteria were
used, the overall accuracy for T stage was 79%. They
stated that a rough appearance was specific for T3/T4 lesions, but not sensitive. Filippone et al[13] reported that, in
contrast-enhanced CT colonography, the overall accuracy
of T staging using transverse image alone was 73%. The
accuracy using both transverse and multiplanar reconstructed images improved to 83%.
Flor et al[14] reported that the accuracy for T3 or higher lesions using a wall deformity ≥ 50% (apple-core) on
CT air enema was 93% and for fat abnormalities adjacent
to the lesion on multiplanar reconstructions was 55%.
They found that the presence of wall deformity ≥ 50%,
regardless of the presence of fat abnormalities adjacent
to the lesion, is highly predictive of stage T3 or higher[13].
Dual-energy CT with iodine mapping may be useful to
detect colorectal cancer without bowel preparation or
bowel distension. Since this is a less invasive approach,
dual-energy CT may be a sensible option for elderly patient with colorectal cancer[15].

CT COLONOGRAPHY
In recent years the role of CT colonography as an alternative to endoscopy has been widely studied. CT
colonography became popular because of recent studies showing its good clinical performance, safety profile,
and cost effectiveness in screening for colorectal cancer.
Low X-ray energy is sufficient to achieve diagnostic CT
colonography images, resulting in a low radiation dose
to the patient[1,2]. CT colonography allows evaluation not
only of the colon, but also visualization of extracolonic
organs (e.g., liver, lung bases). Mainenti et al[3] identified
extracolonic findings, such as liver metastases, pulmonary
metastases, mesenteric and mesocolic infiltration, and
lymph nodes metastases with an accuracy of 93% using
preoperative CT colonography. Three-dimensional (3D)
reconstructions enable accurate quantification of the size
of lesions or identification of metastases[4]. CT scan can
detect polyps or tumors with high sensitivity and specificity. For screening purposes, the sensitivity of CT colonography for adenomatous polyps was 93.8% for polyps
larger than 10 mm in diameter, 93.9% for polyps at least
8 mm in diameter, and 88.7% for polyps at least 6 mm in
diameter[5].
The presence of an advanced colorectal cancer
sometimes limits the evaluation of the colon proximal to
the lesion using colonsocopy. Distension of the bowel
lumen is probably the most important factor for CT
colonography quality. The strength of contrast-enhanced
CT colonography in diagnosing the exact site of colorectal cancers and synchronous colon lesions relies on the
high technical quality of the examination[6]. Flor et al[7]
verified that an obstructing colorectal cancer does not
affect colon distension, this allowing visualization with
CT colonography.
CT colonography is useful in cases of incomplete
preoperative colonoscopy because CT colonography can
evaluate the colon proximal to the tumor, which cannot be seen with the endoscope. Patients with colorectal
cancer have synchronous lesions in 5%-11% of cases[8-10].
Synchronous lesions in different anatomic segments
should be diagnosed preoperatively, because the second
lesion will also require surgical treatment. A CT air enema
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N staging by ct colonography
When lymph nodes have an irregular border or central
necrosis, or form a collection or group with a tendency
to adhere to each other, radiologists usually suspect
metastatic lymphadenopathy. Metastatic lymph nodes
in colorectal cancer often present with calcification, and
CT scan is superior to detect calcified metastatic lymph
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between benign and malignant nodes in addition to longand short-axis diameter, nodal density, solidity and area.
Quantitative analysis holds promise for improving the
prediction of lymph node status in rectal cancer[16].

A

diagnosis of metastatic lesions by CT
CT scan is useful for the diagnosis of metastatic lesions
in patients with colorectal cancer. CT is helpful for detecting metastatic lesions in the lung or liver as well as
intra-peritoneal lesions. Intravenous contrast medium is
mandatory for staging by CT scan. CT scan is superior in
spatial resolution compared to other examinations. It is
possible to create reconstructed or 3D images using the
volume data from a CT scan. CT scan is useful not only
for visualizing the presence of metastases in the liver
but also to grasp the anatomical relations with the main
blood vessels inside the liver. Liver metastases are detected by CT scan with a sensitivity of 85% and a specificity
of 97%[17].
Liver metastases from colorectal cancer are depicted
as hypoattenuated lesions on plain CT scan. The border
of liver metastases on plain CT is usually indistinct. The
density of the liver metastases is heterogeneous. The
frequency of calcifications is about 10%-30% in liver metastases of the colorectal cancer (Figure 1B and C). Liver
metastases from colorectal cancer are usually hypovascular. Ring enhancement is accepted in the arterial phase on
enhanced CT, and is depicted as a low-density area in the
portal venous phase. Multi-detector row CT detects many
lesions, but a large number of these lesions does not allow a definitive diagnosis.
Pulmonary nodules identified by CT scan may include
many benign lesions. Only one quarter of unspecified
pulmonary lesions found on CT are demonstrated to
be metastases, therefore the high sensitivity of CT does
not always confer a benefit to the patient. This concept
is supported by a recent study showing that preoperative staging chest CT is not beneficial for patients with
colorectal cancer who do not have liver or lymph node
metastases on abdominal and pelvic CT who had a negative initial colorectal cancer finding[1].
Dose reduction and image quality was evaluated in
abdominal CT scans reconstructed with model-based iterative reconstruction compared with adaptive statistical
iterative reconstruction in patients with cancer who have
colorectal liver metastases. Model-based iterative reconstruction performed better than adaptive statistical iterative
reconstruction at providing diagnostically acceptable CT
images in the detection of colorectal liver metastases[18].

B

C

Figure 1 Thirty year-old female with liver metastases from colorectal
cancer. A: Contrast-enhanced CT scan image. A lymph node metastasis often
appears with calcifications, and CT is superior to detect these calcifications; B:
Plain CT image. Arrow shows calcification of the tumor. Calcification is often
seen in liver metastases; C: Contrast-enhanced CT scan image. Calcification is
difficult to detect on contrast-enhanced CT. CT: Computed tomography.

nodes (Figure 1A). Metastatic lymph nodes tend to be
more than 1cm in diameter and have a circular appearance. Large lymph nodes do not necessarily contain metastases. In the case of mucinous carcinoma, the inside
of a metastatic lymph node shows low concentration
due to mucus retention. When lymph nodes contain a
very small amount of tumor, their form and density are
usually unchanged, making it difficult or impossible to
diagnose on imaging studies. Thus, metastatic lymph
nodes are not detected as an abnormality, leading to a low
diagnosis rate. The overall accuracy of the assessment of
N stage on contrast enhanced CT colonography images
has been reported from 59% to 71%[3,13]. Fractal dimension and heterogeneity could serve as new indicators of
nodal status, and, aided by image analysis techniques,
they might serve as objective criteria for discriminating
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Anatomical relations with the main blood vessels
Laparoscopic colorectal surgery is a minimally invasive
procedure, but a complicated technique. Therefore, prior
to surgical resection, it is important to determine detailed anatomical information of a tumor. Laparoscopic
colorectal surgery has been shown to have advantages
over open surgery[19,20]. Imaging of vascular anatomy
with 3D CT facilitates laparoscopic surgery, especially for
right-sided lesions[21]. The mesenteric vessels have many
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A

B

Figure 2 Eighty year-old male with liver metastases from colorectal cancer. A: Axial image shows a sigmoid cancer. It is depicted as square-like wall deformity
(arrow); B: Three-dimensional CT imaging shows the feeding artery and draining vein. The left colic and sigmoid arteries become clear from the aortic root. CT: Computed tomography.

can be identified by MRI[28]. According to the criteria of
American College of Radiology, MRI, as well as CT scan,
is recommended for T staging of patients with colon
cancer[29]. Endo-rectal ultrasound and endo-rectal MRI
are established modalities for evaluation of the integrity
of the rectal wall layers. However, these modalities have
disadvantages due to their limited field of view, operator
dependent sensitivity and high cost[30,31]. There is no consensus about whether an endorectal coil or a phased-array
coil should be used routinely. With 3.0-Tesla MRI most
imaging can be performed with only a pelvic phased array coil[24].
The current consensus does not favor the use of
intravenous contrast material for the staging of primary
rectal cancer[32,33]. The use of rectal contrast material in
the staging of primary rectal cancer is controversial. Generally, 60-100 mL of warm ultrasound gel is inserted into
the rectum using a balloon tube[34]. This technique may
be useful for patients with polypoid tumors, small tumors
(< 3 cm), or a history of prior resection or radiation therapy. However, in the evaluation of large tumors it does
not provide any additional information[33]. Diffusionweighted imaging is a promising sequence for evaluation
of patients with primary rectal cancer. However, Feng et
al[35] reported that there were no significant differences
in diagnostic accuracy, sensitivity, or specificity between
diffusion-weighted imaging and T2-weighted imaging
regarding T-staging. High-resolution T2-weighted imaging is the key sequence for evaluation of primary rectal
cancer. On T2-weighted imaging , the rectal wall mucosa
is visualized by low signal intensity, the submucosa by
high intensity, the muscularis propia by low intensity, the
meso-rectum by high intensity, and the meso-rectal fascia
by linear low signal intensity (Figure 3). Initially, some
studies reported a high accuracy for MR imaging in T
staging. However, these results have not been widely reproduced. Limitations include difficulty in differentiating
fibrosis from tumor infiltration, which compromises the
ability to distinguish early stage T3 tumors from stage T2
tumors[36] (Figures 4 and 5).
The category pT3 was subdivided according to the
histological measurement of the maximal tumor invasion

branching patterns. The variation in the branching of the
superior mesenteric artery and the superior mesenteric
vein makes lymph node dissection in right-sided lesions
difficult. Despite these well-known advantages, the laparoscopic resection of colorectal cancer still has significant
limitations, including a limited operative field of view and
lack of tactile sensation.
The inability to manipulate tissue and the limited visibility of the operative field hinder the identification of
vessels and procedure-specific anatomical landmarks.
This results in longer operating times and an increased
risk of visceral and vascular injuries, especially for anatomical vascular variations and in obese patients. Intraoperative bleeding, difficulties in identifying the correct
anatomy, and limited vision are major causes of intraoperative conversion of laparoscopic resection to open surgery[22]. Matsuki et al[23] devised a 3D-CT volume rendering imaging technique to analyze the vascular anatomy,
referred to as visual CT Laparoscopy. Integrated 3D
imaging clearly demonstrates the distribution of arteries
feeding the colorectal cancer and the anatomical location
of colorectal cancer and arterial and venous systems (Figure 2). Measurement of the distance between the aortic
bifurcation and the origin of the inferior mesenteric artery and that between the base of the inferior mesenteric
artery and the origin of the left colic artery on integrated
3D imaging contributed to safe, prompt ligation of
the vessels and excision of lymph nodes. Preoperative
3D-CT is useful for understanding the anatomy to ensure
a safe, precise operation.

MAGNETIC RESONANCE IMAGING
T staging by MRI
Thin-section MRI with a phased array coil is widely used
for T staging of rectal cancer, and is an established modality for the preoperative imaging of rectal cancer[24,25].
MRI can diagnose rectal wall laminar structure and show
the details of the relationship of the tumor with the
meso-rectal fascia and surrounding organs[26,27]. In locally advanced colon cancers, high resolution MRI might
be useful. Patients with locally advanced colon cancer
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A

B

Figure 3 Mucosa is visualized by low signal intensity (black arrow), submucosa by high intensity (white arrow), and muscularis propria by low intensity
(arrow head) on T2-weighted image (A) and pathological correlation between the resected specimen and magnetic resonance imaging (B).

Figure 6 Sixty-two-year-old male with rectal cancer. The circumferential
resection margin. Mesorectal fascia is visualized as a linear low signal intensity
on T2-weighted imaging.

Figure 4 Fifty-eight-year-old male with a pathologically-confirmed T3
tumor. T2-weighted image demonstrates that the tumor invaded beyond the
muscularis propria (arrow).

so-rectal fascia (Figure 6). This information determines
the circumferential resection margin for a total mesorectal excision. Total meso-rectal excision is currently
the standard surgical treatment of rectal cancer, and
involves resection of the rectum and meso-rectum with
an intact meso-rectal fascia. The frequency of recurrence
is higher in patients with a positive circumferential resection margin (19%-22%) than in patients with a negative
circumferential resection margin (3%-5%)[38]. The circumferential resection margin status is significantly associated
with distant metastatic disease and predicts disease-free
survival and local recurrence[39]. Consequently, reliable
preoperative circumferential resection margin evaluation
is vital to surgical planning.

Figure 5 Seventy-four-year-old male with a pathologically-confirmed T2
tumor. It is difficult to differentiate fibrosis from tumor infiltration beyond the
muscularis propria (arrow).

N staging by MRI
Many MR imaging studies of patients with colorectal
cancer have used size as a criterion for predicting nodal
involvement, although there is little consistency in the size
used to discriminate between benign and malignant lymph
nodes. A cutoff of a 10 mm maximal diameter gives high
specificity but low sensitivity[17,40], but no particular size
cutoff is useful in predicting lymph node status.
Prediction of lymph node involvement in patients
with rectal cancer with MR imaging has improved by
using the border irregularity and mixed intensity signal

beyond the outer border of the muscularis propria: pT3a
(up to 5 mm) and pT3b (more than 5 mm). Lymph node
negative pT3a and pT2 patients showed similar 5-year
survival rates (91.2% vs 93.6%, respectively) as well as
lymph node positive pT3a and pT2 patients (77.8% vs
82.8%, respectively)[37].
Another important point is the circumferential resection margin. MRI can differentiate malignant tissue from
the muscularis propria with a clear delineation of the me-
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intensity on Diffusion-weighted imaging, low intensity
on the hepatocyte-specific phase of Gd-EOB-DTPAenhanced MRI (Figure 8). Small hemangiomas are often
difficult to differentiate from metastases. Because hemangiomas do not take up Gd-EOB-DTPA, these lesions
appear hypointense during the hepatocyte-specific phase;
the same as liver metastases.
High signal intensity on T2-weighted imaging provides an important clue as to the presence of a hepatic
hemangioma[48]. However, some liver metastases do not
show a typical enhancement pattern in the dynamic phase
and demonstrate only intermediate signal intensity on
T2-weighted images[49]. Gd-EOB-DTPA-enhanced shows
lower arterial and higher late venous liver parenchymal
enhancement and earlier washout compared with purely
extracellular Gd- DTPA-enhanced MRI[50]. Most hepatic
hemangiomas are hypointense relative to the surrounding liver parenchyma during the equilibrium phase and
the hepatobiliary phase[51]. In a different way, Szurowska
et al[52] reported that Gd-DTPA-enhanced MRI dose not
improve diagnostic accuracy. They reported that unenhanced MR as a method of choice should directly follow
ultrasound in course of diagnostic algorithm in differentiation of hemangiomas from other liver tumors like
metastases. The T2 shine-through effect might be helpful
in differentiating between hemangiomas and metastatic
lesions[53].

Figure 7 Sixty-three-year-old male with a metastatic lymph node. T2weighted image demonstrates an ill-defined and mixed intensity pararectal
lymph node.

intensity of lymph nodes instead of size criteria (Figure 7).
Superior accuracy was obtained and resulted in sensitivities 80%-85% and specificities 97%-98%[41,42].
Lymph node uptake of ultra-small particles of iron
oxide has been proposed as a method for the accurate
identification of normal and metastatic lymph nodes.
Three-dimensional T2*-weighted imaging for border irregularity, short- and long-axis diameter, and estimated
percentage (30%, 30%-50%, or 50%) of the white region
within the lymph node is useful for predicting the presence of tumor in lymph nodes with ultra-small particles
of iron oxide-enhanced MRI[43,44].

Locally advanced rectal cancer after neoadjuvant
treatment
A recent meta-analysis demonstrated that MRI had inconsistent results in diagnostic performance for restaging
rectal cancer after neoadjuvant treatment. Better results
were demonstrated when using diffusion-weighted imaging and/or observers with > 5 years experience reading
rectal/pelvic MRI[54] (Figure 9). Apparent diffusion coefficient (ADC) values of viable tumor were significantly
lower than that of non-viable tumor[55]. Adding diffusionweighted imaging to T2 weighted imaging improves the
detection of tumor viability. Diffusion-weighted imaging
is useful for the identification of patients with a complete
response after neoadjuvant treatment[56]. MRI can provide
valuable information when evaluating the eligibility of a
patient to undergo minimally invasive treatment.

Diagnosis of liver metastases by MRI
Gadolinium ethoxybenzyl diethlenetriamine pentaacetic
acid (Gd-EOB-DTPA) is a hepatocyte-specific contrast medium specifically taken up in the delayed phase,
thereby providing increased lesion liver contrast. Small
particles of iron oxide targets Kupffer cells and causes a
marked signal loss on T2-weighted imaging. Gd-EOBDTPA-enhanced MRI and small particles of iron oxideenhanced MRI were more accurate than contrast-enhanced CT and contrast-enhanced-US for evaluation of
liver metastasis in patients with colorectal cancer[45]. Kim
et al[46] reported slightly better diagnostic accuracy with
Gd-EOB--DTPA enhanced MRI (93.8% and 92.5%)
compared to small particles of iron oxide-enhanced MRI
(88.8% and 87.5%) by two independent readers but without statistical significance. However, Gd-EOB--DTPA
enhanced MRI is superior to small particles of iron oxide-enhanced MRI in evaluating enhancement characteristics and vascularity of liver lesions during the dynamic
arterial, portal, and late phases after a bolus injection[46].
Small particles of iron oxide-enhanced MRI could be
used for evaluation of patients with allergy to gadolinium-based contrast agents or for evaluation of patients
with renal failure at risk of nephrogenic systemic fibrosis[47]. MRI findings of liver metastases are visualized
by low intensity on T1-weighted imaging, intermediate
intensity on T2-weighted imaging, marginal enhancement
on early phase fat-suppressed T1-weighted imaging, high

WCGO|www.wjgnet.com

PET/CT
PET/CT seems to be a useful tool in the evaluation of
colorectal cancer by metabolically characterizing undetermined lesions suspected to be recurrent disease, to
perform a complete pre-surgical staging and to identify
occult metastatic disease. PET and PET/CT have been
shown to change the therapy in almost a third of patients
with advanced primary rectal cancer[57]. However since it
is an expensive modality, its use in routine preoperative
examinations is controversial. Currently, PET/CT is recommended only for the assessment of suspected recurrences of colorectal cancer and in pre-operative staging
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Figure 8 Sixty-four-year-old male with liver metastases (arrows). A: Liver metastases show low intensity on T1-weighted image; B: Intermediate intensity on T2weighted image; C: Marginal enhancement on early phase fat-suppressed T1-weighted image; D: High intensity on diffusion-weighted image; E: Low intensity on the
hepatocyte-specific phase of gadolinium ethoxybenzyl diethlenetriamine pentaacetic acid-enhanced fat-saturated T1-weighted image.

prior to metastasectomy. In contrast to plain PET/CT,
PET/CT colonography is recommended in patients with
obstructing colorectal cancers that cannot be traversed
colonoscopically to obtain additional information[58].

struction precisely. There were no false-negative or falsepositive proximal colorectal cancers by PET/CT colonography. Other preoperative examinations missed the
synchronous colon cancers[58,59]. PET/CT colonography
in conjunction with optical colonoscopy may be suitable
strategy for staging of colorectal cancer[53].

T staging by PET/CT (colonography)
PET/CT is inappropriate to determine the exact depth
of invasion of the primary tumor due to its limited resolution. Multi-detector row CT provides more accurate
anatomical and structural information than PET. Therefore, T staging of colorectal cancer by PET/CT is almost
completely reliant on CT. A standardized uptake value
(SUV) max is more significantly related to tumor size
than to T staging. It is important to compare the results
of colonoscopy with PET/CT. And it is well known that
the normal gastrointestinal tract can accumulate FDG
extensively, hindering pathological focal tracer uptake
or simulating the presence of a tumor. Physiological
fluorodeoxyglucose gastrointestinal uptake may lead to
misinterpretation. PET/CT colonography is useful for
obstructive colorectal cancers that cannot be traversed
colonoscopically. PET/CT colonography was able to
localize synchronous colon cancers proximal to the ob-

WCGO|www.wjgnet.com

N staging by PET/CT
A recent meta-analysis demonstrates the diagnostic performance of PET scan in the preoperative assessment
of nodal staging in patients with colorectal cancer[54].
The pooled estimates of sensitivity and specificity of
PET/CT in the detection of preoperative lymph node
involvement in patients with colorectal cancer were
42.9% and 87.9%, respectively. There is no definite
evidence to support the routine clinical application of
PET/CT to determine the lymph node involvement[60].
However, PET/CT could be used to strengthen the possibility of suspected metastatic lymph nodes detected by
other imaging modalities. If SUV max is 2 or 3, pathologically metastatic lymph nodes were seen frequently
(Figure 10). Clinical experience is needed to evaluate
metastatic lymph nodes.
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Figure 9 Seventy-one-year old female with advanced rectal cancer. From (A) to (B), T2-weighted images show changes before and after chemo-radiation
therapy. From (C) to (D), diffusion-weighted images show changes before and after chemo-radiation therapy. From (E) to (F), apparent diffusion coefficient maps show
changes before and after chemo-radiation therapy. Tumor cell viability is visualized by diffusion-weighted images and apparent diffusion coefficient maps (arrow). The
apparent diffusion coefficient value decreased obviously. This lesion pathologically confirmed remaining cancer cells. The apparent diffusion coefficient value is good
indicator of cell viability; G: Area surrounded by the red dotted line confirmed remaining cancer cells in this patient.

Liver metastases
The role of PET/CT for the detection of liver metastases is not clear. A meta-analysis of prospective studies
demonstrates that the sensitivity estimates of CT, MRI
and PET on a per-lesion basis were 74.4%, 80.3%, and
81.4%, respectively[61]. On a per patient basis, the sensi-
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tivities of CT, MRI and PET were 83.6%, 88.2%, and
94.1%, respectively. The per-patient sensitivity of CT was
lower than that of PET (P = 0.025). However, the sensitivity of MR imaging improved after Gd-EOB-DTPAenhanced MRI become common. Gd-EOB-DTPAenhanced MRI has become a first line imaging modality.
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Figure 10 Sixty-four-year-old male with metastatic rectal cancer. A: Maximum intensity projection image of PET shows the primary rectal lesion, metastasis of
lateral lymph node and metastasis of spleen (arrow); B: PET/CT axial image shows a pathologically-confirmed metastasis of lateral lymph node with a SUVmax = 2.2
and diameter of 8 mm (arrow); C: PET/CT axial image shows metastasis of spleen (arrow); D: PET/CT axial image show primary rectal lesion (arrow). PET: Positron
emission tomography; CT: Computed tomography; SUV: Standardized uptake value.

Table 1 Benefits and limitations of imaging techniques
CT colonography
T staging

MRI

PET/CT (colonography)

Recommendations

Wall deformities are associated with a
specific T stage. Wall deformities are
classified by degree, and the overall
accuracy for T stage is 73%-83%

MRI with a pelvic phased array coil
SUVmax is more significantly
MRI = CT
is a well-established modality. Highrelated to tumor size than to T
Colonography >
resolution T2-weighted imaging is
staging. PET/CT colonography
PET/CT
the key sequence. Evaluation of the
is useful for obstructing
circumferential resection margin is
colorectal cancers that cannot be
important
traversed colonoscopically.
N staging
Metastatic lymph nodes tend to be more
Sensitivity 80%-85% and specificity
Sensitivity of 42.9% and
MRI > PET/CT > CT
than 1cm in diameter, and have a circular 97%-98% by using border irregularity
specificity of 87.9% for the
shape, irregular border, central necrosis, and mixed intensity signal intensity of detection of preoperative lymph
and calcifications. The overall accuracy
lymph nodes instead of size criteria.
node involvement
of identifying metastatic lymph nodes
Ultra-small particles of iron oxideon contrast CT colonography images is enhanced MRI is a promising modality
59%-71%
M staging
CT colonography demonstrates liver
Gd-EOB-DTPA-enhanced MRI has
The role of PET/CT for the
Liver metastases:
metastases, pulmonary metastases and become a first-line imaging modality to detection of liver metastases is
MRI >> PET/CT >
other sites of disease. The sensitivity of
identify liver metastases
not well-defined
CT For other distant
liver metastases detected by CT is 85%
metastases: PET/CT
and the specificity is 97%
> CT > MRI
Limitations
Radiation exposure (Model-based
Expensive and time consuming. Motion
Expensive and time
iterative reconstruction provides low
artifact. Difficulty in differentiating
consuming. Physiological
dose and high quality images)
fibrosis from tumor infiltration, which
fluorodeoxyglucose
compromises the ability to distinguish gastrointestinal uptake may lead
early stage T3 tumors from stage T2
to misinterpretation
tumors
Benefits
Easily available. Three-dimensional CT
Established imaging modality for
Valuable for the evaluation of
provides a great deal of information
T staging, chemoradiation therapy
distant metastases
regarding vascular anatomy, which can evaluation and the identification of liver
assist in planning laparoscopic resections
metastases
CT: Computed tomography; MRI: Magnetic resonance imaging; PET: Positron emission tomography; SUV: Standardized uptake value; Gd-EOB-DTPA:
Gadolinium ethoxybenzyl diethlenetriamine pentaacetic acid.
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PET can be used as second-line modality because it is
valuable in the evaluation of extra-hepatic disease[62].
13

CONCLUSION
We review the current consensus in clinical practice for
the preoperative imaging of patients with colorectal cancer. Table 1 shows the benefits and limitations of each
imaging technique. CT colonography, MRI, and PET/CT
colonography can provide valuable information for the
TNM staging of patients with colorectal cancer as an essential part of the preoperative assessment. A combination of these modalities is important for the optimal use
of preoperative imaging studies.
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Core tip: MicroRNAs (miRNAs) are evolutionarily conserved molecules that modulate expression of their
target genes post-transcriptionally, and they may participate in various physiological and pathological processes including colorectal cancer (CRC) metastasis by
influencing various factors in the human body. They
have been associated with every step of the CRC metastatic cascade. More recently, miRNAs have been used
as biomarkers for CRC early detection. MiRNA-based
therapies are have been emphasized recently to treat
various pathological conditions.

Abstract
Colorectal cancer (CRC) is the third most common
malignancy and the third leading cause of cancer related deaths in the United States. Almost 90% of the
patients diagnosed with CRC die due to metastases.
MicroRNAs (miRNAs) are evolutionarily conserved molecules that modulate the expression of their target
genes post-transcriptionally, and they may participate
in various physiological and pathological processes
including CRC metastasis by influencing various factors in the human body. Recently, the role miRNAs play
throughout the CRC metastatic cascade has gain attention. Many studies have been published to link them
with CRC metastasis. In this review, we will briefly discuss metastatic steps in the light of miRNAs, along with
their target genes. We will discuss how the aberration
in the expression of miRNAs leads to the formation of
CRC by effecting the regulation of their target genes.
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INTRODUCTION
Colorectal cancer (CRC) is the third most common ma-
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lignancy in the United States, with > 148000 cases projected to have occurred in 2008[1]. Despite improvements
in diagnosis and treatment, more than 52000 patients are
estimated to have died of CRC at the end of 2007, and
approximately 50% of all patients diagnosed with CRC
will eventually die of metastatic disease[2]. Approximately
90% of CRC related mortalities are due to metastases, yet
the mechanism underlying this process remains unclear[3].
The complex multistep process of metastasis can be divided into multiple stages, including invasion of the surrounding tissues, vasculature intravasation, translocation
through the systemic circulation, extravasation into the
parenchyma of distant secondary sites (liver and lungs),
establishment of micrometastases, and finally the formation of macroscopic secondary tumors[4]. Multiple studies
have been conducted recently to investigate the genes and
their products that are involved in metastasis[5]. In recent
years, studies have evidenced the role of microRNAs
(miRNAs) in the establishment and progression of CRC.
The fragile chromosomal regions, where more than 50%
of miRNA genes are situated, alter during tumor progression[6]. MiRNAs are small, endogenous, regulatory RNA
molecules that modulate the expression of their target
genes post-transcriptionally. MiRNAs are located in the
spacer regions between protein-coding genes or in the introns of protein-coding genes, and they have either their
own promoters or use the same promoters as proteincoding genes, and are transcribed as primary miRNAs
(pri-miRNAs) in the same manner as the mRNAs of the
protein-coding genes. After being processed within the
nucleus, pri-miRNAs become miRNA precursors (premiRNAs), which are then transported to the cytoplasm,
where they are further processed into mature miRNAs,
and function through post-transcriptional regulation of
gene expression via base-pairing with complementary sequences in target mRNAs, resulting in translational suppression of imperfectly matched mRNAs or degradation
of perfectly matched mRNAs[7]. The two strands of a
pre-miRNA can be processed into two mature miRNAs
either having similar efficiencies that are discriminated
by -5p and -3p or can develop into one dominantly
processed and the other being the recessive one starlabeled(*), and they function differently against target
genes[8]. MiRNAs are evolutionarily conserved molecules
and may participate in various physiological and pathological processes including CRC metastasis by influencing
cancer stem-cell biology, angiogenesis, epithelial-mesenchymal and mesenchymal-epithelial transition or drug
resistance[9]. An aberration in the expression of miRNAs
leads to the progression of CRC[10]. This effect may be
underlined by deletions, amplifications or point mutations
of miRNA loci, epigenetic silencing, deregulation of
transcription factors (modifiers of miRNA expression)
or inhibition of processing of primary miRNA to its mature form[11]. Certain specific miRNAs, when upregulated,
can suppress genes responsible for growth/proliferation
inhibition, and downregulation of other specific miRNAs
can enhance the expression of genes responsible for
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growth/proliferation promotion, resulting in either development or progression of cancer. However, the processes of dysregulated expression of miRNAs in human
cancers are still not fully understood. Aberrant methylation of the miRNA gene promoters located in or near
CpG islands is a mechanism which has gained attention
recently. Recent studies has demonstrated that aberrant
hypermethylation of certain miRNAs (miR-34b, miR34c, miR-9-1, miR-129-2, and miR-137), which are all
located in CpG islands, is associated with their reduced
expression in CRC cell lines and cancerous tissues[12-14].
By comparing miRNA expression and histone modifications (H3K4me3, H3K27me3, and H3K79me2) before
and after the DNA demythylation, it was found that 47
miRNAs, including miR-1-1, were potential targets of
epigenetic silencing in early and advanced CRCs[15]. The
DNA demythlation of these miRNA promoters resulted
in upregulation of H3K4me3 and H3K27me3, which
has provided a new insight into the association between
hypermethylation, chromatin modifications, and miRNA
dysregulation in cancer. In addition, expression profiling
analysis has revealed characteristic miRNA signatures
that can predict the clinical outcomes of CRC[16]. The
recent discovery of miRNAs secreted in membrane
vesicles (exosomes)[17,18] as well as in the blood serum[19,20]
and other body fluids[21], suggests that miRNAs play a
role in intracellular communication in both paracrine and
endocrine manner, and some miRNAs have been identified as oncogenes or tumor suppressor genes in CRC[22].
These findings have also opened a new exciting direction
for the study of miRNAs as biomarkers for diseases, and
cancer diagnostics by miRNA profile in blood serum has
quickly become a growing field[23]. In this article, we will
review the role of miRNAs in the metastatic process of
CRC as well as in the diagnosis and therapeutics of this
malignancy.

MIRNAS INVOLVED IN CRC METASTATIC
CASCADE
Cancerous cells escape from the primary site, followed
by local invasion of surrounding tissues into the circulatory or lymphatic system. After extravasation and survival
of tumor cells, they proliferate and colonize into the
secondary site. These are the multiple sequential steps
of the metastatic cascade. MiRNAs that are associated
with colorectal cancer metastasis[24] have been identified
by Hanahan et al[25] and others. The complex metastatic
process can be broadly divided into two main stages, with
the first being the migration of tumor cells from their
primary tumor environment to various distant tissues and
the second being the colonization of these tumor cells in
their new location[26]. Underlying these two main stages
provides a number of cellular hallmarks taking place during the development and metastasis of human tumors[27].
The expression patterns of miRNAs can also distinguish
normal colonic mucosa, colon adenomas and colon carcinomas. These expression patterns are consistent with
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Table 1 MicroRNAs involved in angiogenesis
MicroRNAs
miR-194
miR-221,
miR-222
miR-17-92
(Oncomir-1)
miR-126
miR-210

miR-497
miR-424

Target genes/activators

Table 2 MicroRNAs and invasion

Effect on
angeogenesis

Ref.

THBS1
c-Kit, Stat5A, ENOS, and ETS1

↑ Enhance
↓ Inhibit

[69]
[70]

TSP-1 and CTGF

↑ Enhance

[71]

SPRED1 and PIK3R2 p85beta
Hypoxia-induced miR-210
activation accompanied by
KRAS mutation
IGF1-R
Hypoxia-induced activation of
angiogenic genes

↑ Enhance
↑ Enhance

↓ Inhibit
↑ Enhance

MicroRNAs Dysregulation
miR-31

↑

miR-122

↑
↓

[72]
[73]

miR-200
family
miR-328

↑

[74]
[75]

miR-143

↓

miR-145,
miR-103
and
miR-107
miR-29a

↑

miR-21,
miR-17,
miR-19a

↑

ENOS: Endothelial nitric oxide synthase; ETS1: V-ets erythroblastosis
virus E26 oncogene homolog 1; Stat5A: Signal transducer and activator
of transcription 5A; CTGF: Connective tissue growth factor; TSP-1:
Encodes thrombospondin-1; SPRED1: Sprouty-related protein1; PIK3R2:
Phosphatidylinositol-3-kinase regulatory subunit; KRAS: V-Ki-ras2 Kirsten
rat sarcoma viral oncogene homolog; IGF1-R: Nsulin-like growth factor 1
receptor gene.

the stepwise, multi-hit model for colon carcinogenesis
and support a role for miRNAs in each step. MiR-21 is a
good example of this in that it is elevated in both adenomas and colon carcinomas[10]. Higher expression levels
of miR-21 are associated with more advanced stages of
CRC, indicating that miR-21 plays an important role in
the initiation and progression of CRC[28]. Moreover, the
frequency and extent of miR-21 expression were found
to be enhanced during the transition from adenoma to
carcinoma. Another miRNA, miR-135b, may also have
a role in the early stages of colon carcinogenesis. Various molecular, genetic, and epigenetic changes define
the multistep dissemination process of the tumor, also
known as the “metastatic cascade.” The steps involved in
the cascade, schematically focusing particularly on miRNAs, will be discussed and described in detail below.

↑

Ref.
[76]
[77]
[77]
[78]
[79]

[80]
[81]

Elevated in CRC tumor samples [82,83]
compared to normal epithelial
tissue; a specific and sensitive
marker discriminating CRC
with liver metastases from nonmetastatic CRC
Favored cell proliferation and CRC [84]
metastasis

CRC: Colorectal cancer; miRNA: MicroRNA.

distal organs[34,35] prior to the development of frank metastatic lesions. An early step in tumor progression is the
invasion of the cancer cell from the tumor mass to the
adjacent tissue. Increased potentials for malignant cells
to spread to local and distant sites, including directional
activation of proteolytic enzymes (including metalloproteases), degradation of extracellular matrix, transition of
the cancer phenotype from epithelial to mesenchymal
(EMT), and translocation of cancer cells, are known to
be linked with a variety of cellular events. The role of
miRNAs has been evaluated in the process of cancer cell
invasion. Various miRNAs contributing to the process of
invasion are listed in Table 2.

Angiogenesis
The generation of new blood vessels, also known as
angiogenesis, is an essential physiological process that
can be dysregulated in various pathological conditions,
including cancer[29]. Both primary and secondary (metastatic) tumor growth at any site are key components of
angiogenesis[30]. Regulated by pro- and anti-angiogenic
factors, angiogenesis near the tumor is essential for its
growth and contact with the bloodstream[31]. Recent studies indicate that miRNAs may regulate angiogenesis by
exerting pro-angiogenic or anti-angiogenic effects[32,33]. It
seems that miRNAs may play distinguishing roles in CRC
angiogenesis through regulating the levels of mRNAs
encoding inhibitors or activators of angiogenesis. Various
miRNAs involved in angiogenesis are listed in Table 1.

Intravasation, circulation and extravasation
The exact mechanism of how a cancer cell intravastes
blood/lymph vessels by crossing the basement membrane is still elusive. The connection of miRNAs with
tumor growth, invasion and intravasation has been illustrated by recently published studies, even though the
complex mechanisms are still not fully understood. Degradation of cancer cells as they enter the bloodstream
may occur due to shear stress and immune system attacks[36]. A number of miRNAs have been discovered to
play critical roles in modulation of T and B lymphocyte
activation, innate and adaptive immune responses[37]. It
seems that miRNAs help cancer cells evade recognition
by the immune system in the blood/lymph vessels, even
though the exact role of miRNAs is still unknown. The
escape of cancer cells from the capillaries to invade the
parenchyma is a step before creating cancer cell colonies

Cancer cell invasion
Cancer cells exhibit properties consistent with a propensity to migrate and invade into surrounding tissues and
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↓

Remarks
Contributed to the invasive nature
of CRC cells in vitro and in vivo
Non-neoplastic tissue to dysplasia
Dysplasia to inflammatory bowel
disease-associated CRC
Associated with acquiring an
aggressive phenotype
Accompanied by a high fraction of
side population (SP) cells showing
cancer stem like properties
Stimulated cell growth, migration
and invasion
Promoted local invasion and liver
metastasis in a mouse model
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tant role in the colorectal carcinogenesis and hypoxia-induced apoptosis[12,43], due to the fact that MIF can inhibit
p53 tumor suppressor activity[13]. Bioinformatic analysis
has shown that MIF is a potential target of miR-451.
Over-expression of miR-451 in gastric cancer and CRC
has been related to reduced cell proliferation, enhanced
susceptibility to radiotherapy and downregulated expression of MIF at both mRNA and protein levels. In biopsies of gastric tumors, it was observed that there was an
inverse connection between miR-451, a tumor suppressor, and MIF expression[44]. It has been elucidated that
miRNAs play a role in linking inflammation and tumorigenesis, and their close relationship with DNA methylation. Methylation of CpG islands in the miR-34b/c gene
was repeatedly observed in CRC cell lines (9 of 9, 100%)
and in primary CRC tumors (101 of 111, 90%) rather
than in normal colonic mucosa[45]. Five other miRNAs
were downregulated in CRC samples, whose genes are
located around/on a CpG island. Expression of miR-9,
miR-129 and miR-137 was restored after treatment
with a DNA methyltransferase inhibitor and a histone
deacetylase inhibitor in three CRC cell lines. Methylation
of their genes was frequently observed in CRC cell lines
and in primary CRC tumors instead of normal colonic
mucosa[46]. Evidence has shown the acquisition of EMT
(a process by which epithelial cells lose their cell-to-cell
contacts and subsequently attain characteristics of mesenchymal phenotype) could be regulated by deregulated
expression of miRNAs in the context of metastasis. The
responsibility for tumor cell metastasis is believed to be
due to the detachment of these cells from the primary
tumor site and the entering into circulation[47,48]. In the
context of metastasis, the phenotype could be regulated
by deregulation in the expression of miRNAs. Studies
have shown that detection of circulating miRNAs can be
associated with clinical parameters such as relapse with
metastatic disease[49]. It has been reported that the expression of KRAS is inversely regulated by miR-143 in vivo[50].
Compared with their surrounding normal tissues, KRAS
was downregulated in 87.5% (35 of 40) of CRC tissues
and was inversely correlated with mRNA and protein
expression of DNMT3A in CRC. After the restoration
of miR-143 expression, tumor cell growth and soft-agar
colony formation were inhibited, and DNMT3A expression at both mRNA and protein levels was downregulated[51]. Thus, miRNAs have an impact on the expression
of oncogenes[52]. It has been suggested that c-Myc could
encourage the growth of cancers via the miR-17-92 cluster[53]. SiRNA-mediated downregulation of microtubuleassociated kinase (DCAMKL-1) resulted in a growth
arrest of the HCT116 tumor, increased the level of prilet-7a miRNA and decreased the expression of Myc in
tumor cell lines. It is suggested that DCAMKL-1 may
play a role in both stem cell differentiation and tumor
growth[54]. In colorectal adenomas and carcinomas[55] an
inverse correlation was observed between the level of
APC mRNA and miR-135. In two of the eight human
CRC samples based on stem-loop RT-PCR[56], human let-

Table 3 Intravasation, extravasation and colonization
MicroRNAs

Dysregulation

Effect

Ref.

Intravasation and
extravasation
miR-21
↓ Pdcd4
↑ Intravasation and metastatic [34,85]
potential
miR-126
↓ VCAM-1
↓ Decreased cell-cell adhesion, [86]
leukocytes-epithelial cell
adherence, inflammation
miR-155
Required for adaptive
[40]
and innate immunity
miR-17-92
Adaptive differentiation of B
[40]
cells and conventional T cells
Colonization
miR-328
↓ in SP cells
Low miR-328 expression
[79]
correlated with high SP
fraction
miR-26b
↓ HUES-17 and
↓ Cell growth
[87]
CRC cell line
and induction of apoptosis
miR-103/107 ↓ DAPK and
↑ Colonization
[69]
KLF4

in the site far from the primary tumor. Based on these
miRNAs-regulated processes, it is hypothesized that
miRNAs may influence cancer cell extravasation as illustrated in only a few studies[38,39]. MiRNAs regulating the
processes of intrasation, circulation and extravasation are
listed in Table 3.
Metastatic colonization
The final step in cancer metastasis is colonization to the
distant secondary sites. The circulating tumor cells or
cancer cells in the bloodstream showing the affinity for
the particular sites[40] are explained by the “seed and soil”
hypothesis, with the “seed” being the cancer cell and
the specific organ microenvironment being the “soil”.
Metastatic colonization to this microenvironment may
be dependent on the ability of cancer cells to proliferate and to adapt to the new conditions. Characterized by
the ability of self-renewal and multipotency, cancer stem
cells are a subpopulation of cancer cells which may aid in
the establishment of distant metastases[41]. MiRNAs may
control the pathways that are necessary for the phenotype of stem cells. The abnormal levels of miRNAs were
observed in cancer stem cells compared to their nonstem counterpart. Given that these miRNAs may regulate
the stem-cell properties of cancer cells, they may possibly
play a role in CRC metastasis and enable the colonization
(Table 3) of CRC cells at a metastatic site, but the precise
mechanism of that action is unidentified[42].

MIRNAS ARE ASSOCIATED WITH
VARIOUS OTHER FACTORS PROMOTING
METASTATIC CASCADE
Macrophage migration inhibitory factor (MIF) is an innate cytokine which plays a critical role in the control of
host inflammation and immunity; it also plays an impor-
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ing evidence. These circulating miRNAs can potentially
serve as noninvasive markers for CRC detection (Table
4). However, the false-positive and false-negative rates in
diagnosis and lower specificity are problems still left to
resolve. An optimized method of plasma/serum miRNA
detection and data analysis has recently been described.
The improved protocol can increase the detection accuracy and help uncover novel miRNA markers in the
plasma[58], as expected. A widely adopted noninvasive
screening method for CRC diagnosis is stool-based test.
Endogenous miRNAs are packed and protected from
RNases, compared to mRNAs and proteins which are
degraded rapidly. Therefore, they are more likely to be
detected in the stools. Several criteria need to be met if
stool miRNAs have to be developed as diagnostic markers, including predictability, reproducibility and measurability, due to complex and hostile stool environment as
compared to plasma. Recently, a novel detection protocol
including stool preparation, stool miRNA extraction and
quantitative analysis has been developed[28]. In comparison with blood, it has been postulated that tumor cells
and most tumor markers can be readily detected in the
stools at earlier stages of CRC. Thus, stool miRNA testing has the advantage for pre-cancerous lesion screening [59]. For stool miRNA purification, a commercial
miRNA extraction kit is also available, which can yield
total RNA of high quality and integrity for further assays. The use of stool miRNAs as biomarkers is still in
its infancy and none of the miRNAs discussed above
has progressed beyond the preclinical stage; however, the
obtainable data indicated that higher specificity, sensitivity and reproducibility can be achieved for stool miRNA
detection. For CRC diagnosis, further studies of stool
miRNA characterization and validation are required. A
variety of known stool miRNAs are listed in Table 4.

Table 4 MicroRNAs as diagnostic markers
MicroRNAs Sensitivity

Specificity

Remarks

Ref.

89.1%

Upregulated in CRC
plasma, associated with
advanced TNM stages
Upregulated in CRC
plasma; could distinguish
CRC from other GI cancers
and IBD; not associated
with TNM stages
Upregulated in CRC
plasma
Upregulated in CRC
plasma; not associated with
TNM stages

[82]

Upregulated in stool of
CRC patients
Upregulated in stool of
CRC patients
Upregulated in stool of
CRC patients
Upregulated in stool of
CRC patients

[88]

miR-29a

Plasma
69%

miR-92a

64%

70%

miR-17-3p

89%

70%

miR-92a

84%

71.2%

Fecal
69.5%

81.5%

46.2%

95%

miR-92a

50%

80%

miR-21

50%

83%

miR-17-92
cluster
miR-135

[50]

[51]
[82]

[88]
[89]
[89]

CRC: Colorectal cancer; miRNA: MicroRNA; TNM: Tumour-node-metastasis.

7a miRNA expression was significantly reduced. A low
level of let-7a could activate multiple signaling pathways
including c-Myc and KRAS and lead to the formation
and development of CRC. Meanwhile, a high level of
let-7a could restrain the drug-induced apoptosis of CRC
cells. Cyclooxygenase-2 (COX-2), which has a significant
effect on the growth and invasiveness of CRC cells, was
inversely correlated with miR-101 expression in colon
cancer cell lines and translation of COX-2 mRNA was
directly inhibited by miR-101 in vitro.

MiRNAs as therapeutic agents and prognostic markers
Since a single miRNA can modulate the expression of
various genes[60], applying miRNAs in anticancer therapy
could be efficient. The use of miRNA-based therapies
to treat cancer has been emphasized lately. There are
two general strategies for miRNA-based therapies: to
inhibit oncogenic miRNAs or to restore tumor suppressor miRNAs. Both of these strategies can be effective, as
shown in preclinical models. Antisense oligonucleotides
or miRNA sponges can be used to bind and sequester
the target miRNA for direct inhibition of miRNAs. Antagomirs are modified antisense oligonucleotides which
have been used to inhibit miRNAs in vivo[61]. In a recent
study, anti-miR-122 treatment in chimpanzees chronically infected with HCV has shown promising results
in improving HCV-related liver pathology[62]. This antimiR-122 drug has progressed to phase II clinical trials to
treat HCV in humans, suggesting that anti-sense based
miRNA therapeutics may soon be available. Through
treatments with various chemical compounds, indirect
inhibition of miRNAs can also be achieved. In fact,
through screening, various small molecule inhibitors
that can inhibit the function of at least mir-21 have been

CLINCAL PERSPECTIVES
In addition to DNA methylation, a large body of data support that miRNAs serve as biomarkers for early detection,
determination of predictive responses to chemotherapy,
and prognosis in patients with colorectal neoplasia. Along
with DNA methylation, miRNA expression changes can
be easily measured in archival tissues, as well as in blood,
feces, urine, and so on. Moreover, miRNA expression and
DNA methylation can be measured quantitatively, which
might be useful for monitoring disease progression and
the patient responses to various treatments.
MiRNAs as diagnostic markers (blood and stool tests)
In the peripheral blood[23], circulating miRNAs, as bloodbased markers for cancer detection, have been discovered
in a highly stable, cell-free form. Through mechanisms
still unknown, circulating miRNAs are packed in complexes, either called exosomes or microvesicles, and released by normal and tumor cells. Such external miRNAs
are also involved in cell-to-cell signal transduction and
genetic information exchange[57], as indicated by emerg-
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aberrantly expressed miRNAs in CRC, among which 5
highly expressed miRNAs (miR-20a, miR-21, miR-106a,
miR-181b and miR-203) were related with poor survival
in the test cohort. The statistically significant association
between poor prognosis and high tumor level of miR-21
in Asian CRC patients was validated and confirmed.
Prognostic and therapeutic perspectives related to miRNAs are mentioned in Table 5.

Table 5 MicroRNAs as therapeutic, potential prognostic and
predictive markers for colorectal cancer
MicroRNAs

Dysregulation

Clinical phenotypes

miR-221

Upregulated in
Prognostic factors for poor
CRC
overall survival in CRC patients
miR-141
Upregulated in
Higher level associated with
CRC
poor survival; an independent
prognostic factor for advanced
CRC
pre-miR-423 Upregulated in
SNPs in these miRNAs were
CRC
significantly associated with
pre-miR-608 Upregulated in recurrence-free survival in CRC
CRC
miR-222
Upregulated in Played a role in the development
CRC
of MDR by modulation of
ADAM-17 in CRC
miR-328
Upregulated in Chemotherapeutic insensitive
CRC
CRC cells, carrying stem cell-like
properties, could be reversed by
restoring miR-328 to normal
let-7g
Upregulated in
Higher level associated
CRC
with poor S-1 response; was
prognostic in early-stage CRC
miR-18a
Upregulated in
Higher level associated with
CRC
poor overall survival
miR-21
Upregulated
Higher level associated with
in adenoma,
lymph node metastasis, poor
CRC, and liver
survival, poor therapeutic
metastases
outcomes, rapid recurrence, and
shorter disease-free interval
miR-31
Upregulated in
Higher level associated with
CRC
higher TNM stages and local
invasion
miR-106a
Upregulated in
Higher level associated with
colon cancer
longer disease-free survival and
overall survival
miR-143
Downregulated
Lower level associated with
in colon cancer larger tumour size and longer
and liver
disease-free interval; expression
metastases
levels served as an independent
prognostic biomarker for KRAS
wild-type CRC
miR-145
Downregulated
Lower level associated with
in CRC
large tumour size and tumour
location
miR-181b
Upregulated in
Higher level associated with
CRC
poor S-1 response
miR-320
Downregulated
Lower level associated with
in MSS tumour shorter progression-free survival
miR-498
Downregulated
Lower level associated with
in MSS tumour shorter progression-free survival

Ref.
[90]
[71]

[91]

CONCLUSION

[91]

Although miRNAs have a crucial role throughout the
metastatic cascade and an important role in the diagnosis
and treatment of CRC, further large-scale evaluation in
multiple independent cohorts is indispensable for determining their realistic expectation. It is expected to develop novel therapeutics in the near future to re-normalize
the altered miRNAs in CRC by directly restoring downregulated miRNAs and knocking down the upregulated
miRNAs.
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Chemopreventive effect of apple and berry fruits against
colon cancer
Saravana Kumar Jaganathan, Muthu Vignesh Vellayappan, Gayathri Narasimhan, Eko Supriyanto,
Dyah Ekashanti Octorina Dewi, Aqilah Leela T Narayanan, Arunpandian Balaji, Aruna Priyadarshini Subramanian,
Mustafa Yusof
ies have linked colorectal cancer with food intake. Apple
and berry juices are widely consumed among various
ethnicities because of their nutritious values. In this review article, chemopreventive effects of these fruit juices
against colon cancer are discussed. Studies dealing with
bioavailability, in vitro and in vivo effects of apple and
berry juices are emphasized in this article. A thorough
literature survey indicated that various phenolic phytochemicals present in these fruit juices have the innate
potential to inhibit colon cancer cell lines. This review
proposes the need for more preclinical evidence for the
effects of fruit juices against different colon cancer cells,
and also strives to facilitate clinical studies using these
juices in humans in large trials. The conclusion of the review is that these apple and berry juices will be possible
candidates in the campaign against colon cancer.
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Core tip: Colon cancer is one of the leading causes of
death worldwide. Chemoprevention of colon cancer using various dietary agents is an area of current interest.
This manuscript reviews the chemopreventive potential
of apple and berry juices against colon cancer. This
work will further promote the importance of dietary
fruit juices in colon cancer prevention.
Original sources: Jaganathan SK, Vellayappan MV, Narasimhan
G, Supriyanto E, Octorina Dewi DE, Narayanan ALT, Balaji A,
Subramanian AP, Yusof M. Chemopreventive effect of apple and
berry fruits against colon cancer. World J Gastroenterol 2014;
20(45): 17029-17036 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i45/17029.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i45.17029

Abstract
Colon cancer arises due to the conversion of precancerous polyps (benign) found in the inner lining of the colon. Prevention is better than cure, and this is very true
with respect to colon cancer. Various epidemiologic stud-
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preventive effects of these juices against colon cancer as
well. For this purpose, studies examining the effects of
apple and berry juices in colon cancer cell lines and animal models, as well as their bioavailability, are discussed.

INTRODUCTION
Current statistics from the American Cancer Society indicate that in 2014, there will 1665540 new cancer cases in
the United States and 585720 cancer deaths, corresponding to 1600 deaths per day. Colon cancer is the second
most prevalent cause of cancer death in men and women
after lung cancer. Recently, there has been tremendous
growth in understanding the fundamentals of carcinogenesis leading to the new mode of cancer prevention
known as “chemoprevention.” Chemoprevention is defined as the intake of foreign agents in order to restrain
induction, to prevent or slow the progression of cancer,
or reversal of carcinogenesis at a premalignant stage[1].
Chemoprevention makes use of either suitable pharmacologic or dietary agents that are consumed in various
forms such as macronutrients, micronutrients, or nonnutritive phytochemicals[2]. Various dietary agents have
been explored for their chemopreventive effects against
cancers[3,4]. There is always an increasing interest for how
these agents are linked with colon cancer, as unlike other
cancer cells, colon cancer cells are exposed directly. Various epidemiologic studies demonstrated that the oral
consumption of fruits and vegetables is inversely associated with the risk of cancer development[5]. In addition,
fruits consumed in liquid form as juices also exhibit similar
chemopreventive effects against colon cancer[6,7]. Digestive tract cancers, especially colon cancer, are amenable
to dietary modification. Recent research works show that
almost 75% of all the sporadic cases of colorectal cancer
are directly affected by dietary intake. Thus, dietary modification is probably one of the best ways for alleviating
the risk of developing colon cancer[8].
Apple and berry fruits have long been widely consumed by various ethnicities because of their beneficial
values. Fruit juice intake is gaining in popularity among
younger generations due to the comparative ease of
consumption. Moreover, the quantity of fruit intake can
also be incremented by the intake of juice. In addition to
this, fruit juices are available in most retail stores and the
various benefits of intake have encouraged many to consume them. The protective nature of fruits against colon
cancer may be attributed to the presence of compounds
such as dietary fiber, minerals, vitamins and phytochemicals[9]. Phytochemicals are biologically active non-nutrient
components present in fruits that can be divided into
alkaloids, carotenoids, polyphenols and other nitrogencontaining components[10]. The phytochemicals have a
chemopreventive property due to their antioxidant activity via inactivation of reactive oxygen species, which plays
a vital role in the initiation and progression of colon
cancer[11]. Hence adequate intake of these phytochemicals
may hinder cancer by enhanced DNA repair and thereby
reduce the damage to DNA via oxidative stress[12].
We recently reviewed the role of pomegranate and
citrus juices in colon cancer prevention [4]. As a fair
amount of research has been conducted using apple and
berry juice phytochemicals as a chemopreventive agent
against cancer, we chose to further delineate the chemo-
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APPLE JUICE
The botanical name of the apple is Malus domestica. It is
the one of the most commonly cultivated tree fruits. Apple juice is the consumable fluid or liquid that is obtained
by crushing the apple. The apple juice contains various
beneficial polyphenols such as hydroxycinnamic acids,
flavan-3-ols/procyanidins, flavonols, dihydrochalcones,
and anthocyanins (red peel).
Bioavailability and metabolism of apple juice in colon
cancer
In order to determine the protective effect of apple juice
on colon cancer, we first must understand the bioavailability of apple products. Research on determination
of absorption in ileostomy patients by Feskanich et al[13]
showed that nearly 67%-100% of apple phenolics were
digested almost completely in the small intestine itself,
while only 0%-33% reached the colon. These authors
showed the level of metabolization of the polyphenolic
components of the apple juice after digestion and absorption. Other studies have demonstrated the extensive
cleavage, isomerization and conjugation of the native
polyphenolic compounds occurring during the process.
It was observed that 12.7% of the cloudy apple juice
compounds get as far as the intestine, however, 22.3% of
the apple juice compounds are recovered as metabolites.
These studies shed light on the importance of the compounds in the metabolized apple products and indicate
the need for the determination of the biologic activity of
metabolites of the phytochemicals in vivo[13]. In general,
only the native polyphenolic compounds are commonly
tested, though they are subjected to substantial metabolic
modification. Thus, under physiologic conditions of the
tissues, the ingested polyphenolic compounds may be
present in a very small quantity or absent. The ingested
polyphenols are metabolized by colonic microflora.
Hence, it is vital to examine the breakdown products produced at the stomach along with the various metabolites
in the blood[13].
In vitro studies of apple juice using colon cancer cell
lines
For the study of in vitro effects of apple juice on cancer
related processes, various experiments were conducted
using cultured colonic cells and cancer-derived cell lines
at different developmental stages. Schaefer et al[14] crushed
and extracted apple juice to obtain several polyphenolic
mixtures from cider and table apples harvested in Germany, including one extract from apple pomace. A comparison was made among four preparations differing in
relative percentages of 14 phytochemicals in apple juice
and their effects on oxidative markers in cell lines such
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as Caco-2 and HT29. HT29 is a well-developed cell line
of colon adenocarcinoma and Caco-2 cells are from human colon cancer cells. It was found that all the extracts
reduced the oxidative damage and the presence of butyl
hydroperoxide-induced reactive oxygen species. Even
though there is difference in the effectiveness observed
in the different extract preparations, their efficacy against
cancer is similar to the efficacy of phytochemicals identified in the apple juice. In addition, antioxidant capacity
determined by Trolox equivalent antioxidant capacity
differed for the various extracts with similar chemical
compositions. This indicates that there are unknown
compounds that account for the antioxidant effects in
apple juice. Moreover, prolonged exposure of apple juice
results in even greater antioxidant properties for some
compounds. From this, it can be deduced that metabolic
products obtained over time may have enhanced antioxidant capacity compared to the parent phytochemicals.
A recent study examined the effect of apple juice on
cell proliferation. An experiment was done with MCF-7
cells, a breast cancer cell line, and HT29 cells for the
study of effect of extracts of ten fruits, including apple
peels[15]. Moreover, a proportion of anthocyanidin-rich
parts of the fruit juices were tested. It was found that
apple peel extract exhibited the property of significant dose reduction in HT29, but not MCF-7 cells; the
MCF-7 cells were less responsive to extract exposure.
Thus, there was a differential outcome in the inhibitory
effect of anthocyanidin-rich fraction of apple juice in
HT29 cells.
Gossé et al[16] conducted a study to determine whether
polymeric or monomeric apple polyphenols are more
effective in attenuating the proliferation of SW620
adenocarcinoma-derived metastatic colon cancer cells.
This study revealed that larger polymeric molecules are
absorbed in a higher segment of the intestine, which reduces their effectiveness in attenuating colon cancer. The
absorbed polymeric molecules result in increased residual
concentration in the colon. When the SW620 cells are
incubated with the procyanidins (polymeric molecules),
dose-dependent inhibition of cell growth was observed;
50% inhibition was observed at 45 mg/mL, and total
inhibition at 70 mg/mL. Moreover, this extract induced
downregulation of various signaling pathways involved
in cell proliferation and differentiation, including protein
kinase C (PKC), and enzymes involved in polyamine biosynthesis. The polyamines are regulators of cell function
and have a significant impact on cancer via nurturing cell
proliferation or cell death based on the cell type. Finally,
flow cytometric experiments revealed that the apple extract increased the number of apoptotic cells and interrupted the cell cycle. In an extension of the above study,
the procyanidins found in apple juice have dual effects
of downregulating polyamine biosynthesis and stimulating the catabolism or breakdown of these compounds.
In addition, the apoptotic effect of apple procyanidins
is improved by a compound that disables the activity of
polyamine oxidase. Hence, the authors concluded that
apple procyanidins are a potential chemopreventive agent
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for treating colon cancer.
Some other works have described the molecular
mechanisms and cell signaling response to apple juice
exposure. A recent work by Kern et al[17] in 2007 showed
that after 24-h exposure at a high concentration (403
mg/mL) of apple juice, PKC activity was decreased by
50% in HT29 cells. When the duration of exposure was
longer, extracts in the apple juice targeted the signaling
elements upstream of PKC. However, when each compound was segregated from the apple extract, they were
ineffective in altering any of the markers under study.
Thus, it may be concluded that only the composite mixture of the apple extracts are more important in mediating the observed effects due to the synergy or interaction
between different compounds.
The effects of apple juice products on particular
enzymes involved in colon carcinogenesis have also
been studied. Cytochrome P450 1A1 is one of the most
prominent enzymes responsible for activating the chemical carcinogens in the colon. In a study using Caco-2
cells, apple juice without or with reduced levels of acids,
carbohydrates, and other native compounds induced the
expression of cytochrome P450 1A1 as well as inhibited
its catalytic activity. The major phenolics isolated from the
apple juice, such as phlorizin, rutin, quercetin and their two
glucoside forms, and phloretin, exhibited significant inhibition. It was found that the other types of enzymes relevant
to cancer etiology also were favorably affected by apple
products[18]. In a study, polyphenols were extracted from
cider apple and a variety of juices. Moreover, an artificial
mixture mimicking the natural polyphenolic profile was developed, and its effect on cultured HT29 cells was studied.
Cells incubated with the apple juice extract for 24, 48, or
72 h had a decreased growth rate. Furthermore, inhibition
of cell growth by the synthetic mixture was less efficient
than the natural polyphenolic profile. The isolated components were less effective than both mixtures. Treatment
with apple juice triggered an increase in the expression of
some vital genes, which includes phase 2 enzymes. These
enzymes are associated with chemoprevention (glutathione
S-transferases and sulfotransferases). Even though more
study is needed, it is intriguing that the apple products have
the potential to alter the genetic profiles in a protective
manner. All the observed results clearly show that individual isolated components are less effective than the complete
mixture of the juice polyphenols.
In 2007, Veeriah et al[19] examined the effects of apple
extracts fermented in vitro with human fecal flora on cultured HT29 and LT97 cells. LT97 is a colon adenoma cell
line representing the early stage of malignant tumor development. It was found that 99.9% of the parent polyphenols, with the exception of complex structures, were
degraded due to fecal fermentation. Furthermore, the
short-chain fatty acids (SCFA) increased 1.5-fold in the
fermented samples compared to non-fermented samples.
Even though a correlation between growth inhibition and
SCFA was not assessed, it is known that SCFA stimulates
apoptosis, differentiation, and growth arrest pathways.
Hence, it can be concluded that the fermented apple juice

2377

February 8, 2015|First Edition|

Jaganathan SK et al . Apple and berry fruits for colon cancer

extracts have an antiproliferative effect on both types of
cells lines, especially LT97 cells.

Berry juices are prepared by crushing various berries and
bottled for marketing.

In vivo effect of apple juice on colon cancer
To determine the impact of apple juice on colon cancer,
Barth et al[20] utilized a rat model of chemically induced
colonic damage (using 1,2-dimethylhydrazine). The rats
were fed daily with two preparations of apple juice, a clear
juice preparation and “cloudy” (higher content of pectin
and procyanidin) preparation, obtained from a combination of apples, for seven weeks. The daily consumption
of this apple juice protected the mucosa from colonic
damage. As there is a possibility for the progression of
early lesions into malignancies, the presence of hyperproliferative and aberrant crypts indicated the potential
pathogenesis in this rat model. The two methods of apple
juice preparation decreased the number of large aberrant
crypt foci in the distal colon, DNA damage and hyperproliferation. The same authors further studied the effects of
segregated fractions on the various markers and concluded that the juice in the original form has a better efficacy
compared to the unique components, which include the
polyphenolic-rich extracts[21]. The work done by Soyalan et
al[22] demonstrated the potential of polyphenol-rich apple
juices in stimulating the redox-sensitive gene expression in
rats for colon cancer prevention. They also elucidated that
the cloudy apple juice has better efficacy as a cancer chemopreventive agent compared to the clear apple juice and
smoothie apple juice. In another independent experiment,
Koch et al[23] explored the efficacy of apple juice in obese
rats, and found no cancer preventive bioactivity. Although
obesity and colon cancer formation are directly linked,
they did not rule out the role of chemopreventive effects
of apple juices and suggested future trials with obese or
diabetic human individuals[23].
In another study, rats were injected with the chemical carcinogen azoxymethane, which results in various
morphologic changes such as carcinoma. It was found
that apple extracts given along with the animals’ drinking
water for 6 wk had colon cancer protective effects[16]. Preneoplastic lesions in the rats fed with apple phytochemicals were reduced as result of apple intake. There were
50% fewer aberrant crypts observed compared to the
non-fed group. The authors predicted that this effect is
extendable to humans who are consuming two apples per
day. This would provide a sufficient amount of procyanidin (4-10 mg/kg body weight) to attain similar results in
humans.

Bioavailability and metabolism of berry juice in colon
cancer
Anthocyanins in chokeberry extract pass into the large
intestine and are degraded by bacteria. Detecting and
measuring the trace levels of anthocyanins in urine,
plasma, excretion and metabolism is very difficult[24].
Approximately 66% of anthocyanins derived from
cyanidine-3-galactoside were detected in urine and serum
samples of volunteers who consumed 20 g of chokeberry extract consisting of 1.3 g cyanidin-3-glycosides.
Metabolites such as oxidized and methylated derivatives
of cyanidin-3-galactoside, cyanidin glucuronide and
glucuronide conjugates, were present at levels of 0.011
to 0.013 nmol/L in urine samples. The cumulative total
serum concentration of anthocyanins and their metabolites was 591.7 nmol/L[25]. Wu et al[26] reported similar
results, showing that cyanidine-3-galactoside accounted
for 60.7% of the total anthocyanin-based compounds in
the urinary excretion of chokeberry-fed pigs. The peak
anthocyanin concentration of 2.9 nmol/L in plasma at 1
h and 18 min, including a total renal excretion of 0.02%
of ingested anthocyanins over 24 h, which are metabolites of cyanidin, was observed in healthy volunteers as
depicted by Wiczkowski et al[27] in 2010. As flavonols are
present in very small quantities in chokeberry extracts,
there is not much information on its bioavailability. However, a study with rats by Kida et al[28] in 2000 showed that
the monomers of flavan-3-ol were eliminated in the liver
from the bloodstream and returned to the small intestine.
Flavan-3-ols are highly excreted in urine and recovered in
ileal fluid from ileostomy patients[29]. Biosorption studies
revealed that biologic uptake of anthocyanin extracts depends on the structure of anthocyanin. However, Koide
et al[30] demonstrated that HCT-15 cancer cell growth inhibition was affected by various anthocyanin sources and
glycosylation modifications. In addition, anthocyanins in
bilberry extracts are non-acylated glucoside derivatives,
but are cyanidin derivatives in chokeberry extracts.
In vitro studies of berry juice using colon cancer cell
lines
Growth of human intestinal carcinoma HCT-15 cells
in vitro was inhibited efficaciously by anthocyanin fractions extracted from different cherry and berry extracts
in comparison to that of flavonoid fractions[31]. Berry
extracts including cowberry, strawberry, blueberry, and
bilberry extracts that contain anthocyanins inhibited the
growth of HCT-116 colon cancer cells[32]. Growth of
HT29 and HCT-116 cell lines were also inhibited by tart
cherry anthocyanins and their aglycon, cyanidin[33]. Cyanidin-3-galactoside is the predominant anthocyanin in commercialized chokeberry ARE that is available as a mixture
of phenolic compounds. Chokeberry AREs rendered
65% growth inhibition and cell viability of HT29 cells
within 24 h of exposure, suggesting a cytostatic inhibi-

BERRY JUICE
The botanical name of chokeberry is Aronia meloncarpa
and that of bilberry is Vaccinium myrtillus. These fruits are
grown in North America, Europe, Asia, and Africa. Anthocyanin-rich extracts (AREs) derived from berries are
prepared by certain quantization methods to maximize
pigment recovery. The berry extracts contain anthocyanin, β-carotene, a carotenoid and tangeretin, a flavonoid.
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The cells treated with ARE showed an increase in COX-2
protein and prostaglandin E2, indicating that growth inhibition was not ascribed to COX-2 inhibition. HT29 cell
growth inhibition after exposure to chokeberry AREs is
not mediated through the suppression of COX-2 activity, though the activity of COX enzymes was inhibited
by anthocyanins in vitro. It may be a COX-independent
growth inhibition. A COX-independent effect in growth
was also observed in colorectal cancer cells treated with
celecoxib[37]. Furthermore, the mechanism of growth
inhibition may involve the NF-κB pathway inhibition,
peroxisome proliferator-activated receptors, or expression
of the cell cycle genes[38]. Thus, it can be concluded that
chokeberry AREs upregulated p21WAF1 and p27KIP1
and downregulated cyclin A and cyclin B1 to inhibit colon
carcinoma cell growth, with very limited effects on the
growth of normal colon cells. This ensures that AREs can
be used for treating human colorectal cancers without affecting normal cells significantly.

tion. In the presence of the chokeberry extract, NCM460
cells, which are epithelial cells from normal colon, were
found to grow normally[34].
Cell cycle progression is regulated by the interaction
between cyclins and cyclin-dependent kinases (CDKs).
Cyclin-dependent kinase inhibitors (CDKIs) negatively
regulate the activity of CDKs and play an important role
in controlling cell cycle progression. CDKIs, such as
p21WAF1 and p27KIP1, bind to cyclin-CDK complexes
and halt the G1 phase of the cell cycle. HT29 cell percentage after exposure to chokeberry was increased, and
a block in the cell cycle checkpoint in the G1/G0 phase
was observed[35]. Depending on the time of exposure
to AREs, an increase in p21WAF1 and p27KIP1 gene
expression was in agreement with ARE-induced G1/G0
cell cycle arrest. Phytochemicals, such as β-carotene
and tangeretin, mediate cell cycle arrest in colon cancer
cells by upregulating the expression of p27KIP1 and
p21WAF1, which can block the cell cycle by inhibiting
both G1 and G2-phase cyclin-CDK complexes[35]. Although blocking of cell cycle at both G1/G0 and G2/M
phases after exposure of HT29 cells to chokeberry AREs
was demonstrated, chokeberry AREs neither affected the
cell cycle nor altered the expression of cell cycle genes
in normal colon cells. This evidence supports the notion
that AREs prevent cancer cell growth through the inhibition of cell cycle events.
Cyclooxygenase (COX) enzymes are involved in prostaglandin formation through the catalysis of arachidonic
acid oxygenation. Carcinomas and colorectal adenomas
show an increase in COX-2 mRNA compared to normal
mucosa[36]. COX-2 is also upregulated or induced in response to inflammation, whereas COX-1 is expressed in
all body tissues and performs a “housekeeping” role. In
the NCM460 cell line, derived from normal colon mucosa,
expression of COX-2 is low in comparison to the constitutively expressed COX-1. In contrast, high expression of
COX-2 is seen in HT29 cells. Hence, chemoprevention of
colon cancer is possible by inhibiting COX genes. A plausible method is to use non-steroidal anti-inflammatory
drugs to inhibit the COX-2 enzyme, thereby delaying or
preventing cancer of the colon. Recent studies revealed
that anthocyanin fractions isolated from various berries show an inhibitory effect on COX enzyme activities
in vitro[37]. Seeram et al[37] demonstrated that COX-1 and
COX-2 enzymes were inactivated by cyanidin-3-rutinoside
and cyanidin-3-glucosylrutinoside anthocyanins extracted
from sweet cherries and raspberries. The basal level of
COX-2 mRNA after exposure to chokeberry ARE was
not altered in NCM460 cells. In contrast, the levels of
COX-2 mRNA derived from colon adenocarcinoma were
high. It is supposed that the difference in growth response
of the two cell lines after exposure to chokeberry extracts
may be through a COX-dependent mechanism, as evidenced by the variable expression levels of COX enzymes.
However, further experimentation revealed that with an
increase in chokeberry extract exposure time, there was
an increase in COX-2 expression levels in HT29 cells.
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In vivo effect of berry juice on colon cancer
Hagiwara et al[33] demonstrated that rats fed with purple
corn color extract, which is rich in anthocyanin, showed
a decrease in the prevalence of aberrant crypt foci and
early colon cancer lesions. This experiment demonstrates
that 2-amino-1-methyl-6-phenylimidazol(4,5-b) pyridineinduced colon carcinogenesis was abated by anthocyaninrich fractions[33]. In another report, oral administration of
lyophilized black raspberries containing anthocyanins to
rodents produced inhibitory effects on colorectal cancer
and/or polyp tissue. In addition, biomarkers of proliferation and angiogenesis were significantly reduced by the
berry treatment, while apoptosis was greatly enhanced[39].
Mirtocyan is an anthocyanin-rich standardized bilberry extract. It causes pharmacodynamic changes commensurate with colorectal cancer chemopreventive efficacy
and generates measurable anthocyanin levels in urine,
blood and target tissues. Low doses of mirtocyan showed
a significant reduction in the levels of circulating insulinlike growth factor-1, which possesses a procarcinogenic
property[40]. Hence, further studies on the pharmacodynamic effects of bilberry anthocyanins at various doses
are essential to demonstrate them as potential colorectal
cancer chemopreventive agents.

CONCLUSION
The objectives of this review were to document the
chemopreventive effects of apple and berry fruit juices
against colon cancer and to discuss preclinical and clinical
effects of these juices. Furthermore, bioavailability and
metabolism of these fruit extracts were highlighted. Summaries of in vitro and in vivo studies of apple and berry
juice against colon cancer represented in Tables 1 and 2,
respectively.
This review justifies the need for additional preclinical
studies with these juices and extracts. In order to bolster
the anticancer effect of these juices/extracts against co-

2379

February 8, 2015|First Edition|

Jaganathan SK et al . Apple and berry fruits for colon cancer
Table 1 In vitro and in vivo effects of apple extracts against colon cancer
Apple juice and its
Components
Apple extracts
Composite mixture of apple
extracts
Polyphenolic mixtures from
cider, table apples and apple
pomace;
Phenolics such as phlorizin,
rutin, quercetin and phloretin
Anthocyanidin-rich fraction of
apple juice
Procyanidins of apple juice
(polymeric polyphenols)

Apple phytochemicals

Apple juice extract;
Synthetic mixture, isolated
components

Two preparation methods of
apple juice: clear and cloudy
(higher content of pectin and
procyanidin)
Polyphenolic-rich extracts

Models
(cell line/animal)

Observation/result

Ref.

HT29 and LT97 colon
adenoma cell line
HT29 cells

SCFA increased 1.5 fold in fermented samples
SCFA stimulates apoptosis, differentiation and growth arrest
PKC activity was decreased by 50% after 24 h exposure of 403 mg/mL
Upstream signaling elements targeted after longer duration of exposure
Reduced oxidative damage
Reduced the presence of butyl hydroperoxide-induced ROS
Induction of p450 1A1 expression and inhibition of catalytic activity of the enzyme

[19]

Caco-2 cells and HT29
colonic cell lines
Caco-2 cells

[17]
[14]

HT29 and MCF-7 breast
Significant dose reduction in HT29 cells and not in MCF-7 cells
[15]
MCF-7 cells are less responsive to extract exposure
cancer cell line
SW620
Dose-dependent inhibition of cell growth
[16]
50% of inhibition at 45 mg/mL and total inhibition at 70 mg/mL
adenocarcinomaderived metastatic cells Downregulation of signaling pathway such as cell proliferation and differentiation, PKC
and enzymes involved in polyamine biosynthesis and stimulation of catabolism
of colon cancer
Increased number of apoptotic cells and interruption in cell cycle
Rats injected with
Reduction in preneoplastic lesions and 50% fewer aberrant crypts
azoxymethane
HT29 cells

Decreased growth rate efficiently for 24, 48 and 72 h
[18]
Increased the expression of genes which include phase-2 enzymes, including glutathones-transferases and sulfotransferases, which are involved in chemoprevention
Growth rate inhibition was less efficient comparatively
Lesser effectiveness than either mixture
Rat model
Protection from dimethylhydrazine-induced genotoxic damage
[20]
Important markers were reduced including decreased number of large aberrant crypt
(induced with
foci in the distal colon, reduced DNA damage and reduced hyper-proliferation
1,2-dimethylhydrazine)
Rat model
Juice fractions were found to be more effective in protecting from damage compared to
(induced with
isolated fractions
1,2-dimethylhydrazine)

[21]

PKC: Protein kinase C; ROS: Reactive oxygen species; SCFA: Short-chain fatty acids.

Table 2 In vitro and in vivo effects of berry extracts against colon cancer
Berry juice and its
Components
Anthocyanin fractions of berry
juice
Chokeberry ARE

Models
(cell line/animal)
HCT-15 cells
HCT-116 cells
HT29 cells

Predominant anthocyanin:
cyanidin-3-galactoside

HT29 cells

Anthocyanins
(cyanidin-3-glucosylrutinoside
and cyanidin-3-rutinoside)
Phytochemicals of berry juice;
Carotenoid (β-carotene) and
flavonoid (tangeritin)
Anthocyanin-rich purple corn
color of berry juice
Anthocyanin-rich black
raspberries
Mirtocyan of bilberry extract

HT29 cells

Observation/result

Ref.

Inhibited growth of human intestinal carcinoma cells
[31,33]
Inhibited the growth of colon cancer cells
Percentage of cells increased and blockade in G1/G0 phase of cell cycle
[32,33]
Increased expression of p21WAF1 and p27KIP1 genes
Decreased percentage of cells in S phase indicating that cells moved to G2/M phase
[35]
65% growth inhibition after 24 h exposure
[34]
High cell viability observed indicating cytostatic inhibition
Inactivation of COX-1 and COX-2 enzymes
Growth inhibition of cells may occur in a COX-independent manner
[37]

HT29 cells

Upregulation of p21WAF1 and p27KIP1 expression
p21WAF1 CDKI blocks G1 and G2 phase cyclin-CDK complexes

[35]

Rats injected with PhIP

Decrease in incidence of early colon cancer lesions, decrease in aberrant crypt foci
and a protective effect against PhIP-induced colon carcinogenesis
Biomarkers of proliferation and angiogenesis were significantly reduced while
apoptosis of cancer cells was enhanced
Significant reduction in IGF-1 levels thereby reducing carcinogenesis

[33]

Rodents with colorectal
cancer/polyp tissue
Patients with colorectal
adenocarcinoma
and colorectal liver
metastases

[40]

ARE: Anthocyanin-rich extract; CDK: Cyclin-dependent kinase; CDKI: CDK inhibitor; COX: Cyclooxygenase; IGF-1: Insulin-like growth factor-1; PhIP:
2-amino-1-methyl-6-phenylimidazol(4,5-b) pyridine.
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lon cancer in vitro, experiments using additional cell lines
are crucial. Further, in vivo studies using ApcMin/+ mouse
models may provide some valuable insights about the
mechanism of action of these juices. The purpose of this
work is to highlight the importance of establishing clinical
trials in human subjects. It will be noteworthy to perform
clinical trials in patients with colon cancer, in which the
effects produced by the oral consumption of these fruit
juices can be outlined. For instance, colorectal cancer patients must be administered a measured quantity of fruit
juices on a regular basis for a specific duration of time.
Then, chemopreventive effects produced by these fruit
juices against colon cancer may be documented. Hence,
conducting human clinical trials may validate the potency
of these fruit juices in the fight against colon cancer.
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sphincter preservation rate in low-lying tumors, with an
acceptable acute and late toxicity. This review describes
the multidisciplinary management of rectal cancer, focusing on the effectiveness of neoadjuvant chemoradiotherapy and of post-operative adjuvant chemotherapy
both in the standard combined modality treatment
programs and in the ongoing research to improve these
regimens.
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Core tip: In the last three decades, multidisciplinary
treatments have significantly reduced both local and
distant recurrences due to locally advanced rectal cancer, with a consensual increase in overall survival. Even
if surgery still remains the mainstay of treatment, for
patients with stage Ⅱ or Ⅲ rectal cancer, available data
support the use of neo-adjuvant chemoradiotherapy
followed by radical resection. In the neo-adjuvant setting, novel biologic agents targeting aberrant pathways
in rectal carcinogenesis are currently under study. This
review describes the multidisciplinary management of
rectal cancer, focusing on evidences supporting this approach and on the ongoing research to improve these
regimens.

Abstract
Rectal cancer accounts for a relevant part of colorectal
cancer cases, with a mortality of 4-10/100000 per year.
The development of locoregional recurrences and the
occurrence of distant metastases both influences the
prognosis of these patients. In the last two decades,
new multimodality strategies have improved the prognosis of locally advanced rectal cancer with a significant
reduction of local relapse and an increase in terms of
overall survival. Radical surgery still remains the principal curative treatment and the introduction of total mesorectal excision has significantly achieved a reduction
in terms of local recurrence rates. The employment of
neoadjuvant treatment, delivered before surgery, also
achieved an improved local control and an increased
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operative, chemotherapy, radiotherapy, chemoradiation,
combined treatment, locally advanced”.
Full articles were obtained and reviewed, and all the
included references and related articles were checked for
additional appropriate references.
If results were reported or updated in more than one
publication, only the most recent one was considered.

INTRODUCTION
Rectal cancer accounts for nearly a third of colorectal cancer cases and the mortality with a mortality of
4-10/100000 per year[1].
In the last twenty years, new multimodality strategies
have been introduced in order to reduce both local and
distant risk of recurrences.
As reported in the ESMO 2013 guidelines, from a
practical point of view, rectal cancers could be divided
into four groups, that can be also used for categorising
rectal cancers clinical subgroups: (1) very early (some
cT1); (2) early (cT1-2, some cT3), or “good”; (3) intermediate (cT3- some cT4a), or “bad”; and (4) locally advanced (cT3crm +, some cT4a, all cT4b), or “ugly”.
Factors other than clinical T stage, such as tumour
height, anterior location, proximity of the tumour or
lymph node growths to the mesorectal fascia, size of the
mesorectum, cN stage and vascular and nerve invasion
are also relevant. It is presently not possible to give a
precise definition of which T and N substages belong to
these groups.
In recent studies, the term locally advanced (LARC)
has been commonly used for the intermediate/bad group,
but is best reserved for the truly locally advanced/ugly
tumours as used in the most recent European consensus
documents[2-5].
Multidisciplinary treatments have reduced local recurrences due to LARC from 40 to < 10% with an increase
in overall survival (OS) from 50% to 75% in the last 40
years[6]. High-quality surgery still remains cornerstone
of the treatment in patients with rectal cancer, and the
introduction of total mesorectal excision (TME) has
revolutionised the oncologic outcomes of patients with
resectable rectal cancer, leading to significantly lower local recurrence rates at 10-year follow-up[7,8].
In order to improve the outcome, pre- and post-operative combined therapy (radiotherapy +/- chemotherapy)
has been used.
Due to a favourable acute and long-term toxicity
profile combined with a significant decrease in local failure, neo-adjuvant combined chemo-radiotherapy is now
widely used in standard clinical practice for LARC[9,10].
This review describes the multidisciplinary management of rectal cancer, focusing on the effectiveness of
neoadjuvant chemoradiotherapy (CRT) and of postoperative adjuvant chemotherapy both in the standard
combined modality treatment programs and in the ongoing research to improve these regimens.

LARC: WHAT IS THE ENTITY OF THE
PROBLEM?
The occurrence of a locoregional relapse and the development of distant metastases substantially influences the
overall prognosis of rectal cancer. The extent of tumour
invasion into peri-rectal fat as well as other anatomic and
biologic determinants like lymphatic, vascular or neural
invasion, tumour differentiation, integrity of the radial resection margin, and location of the tumour in the upper,
middle or lower part of the rectum can have an impact
on the risk for local recurrences[11].
An accurate American Joint Committee on Cancer
TNM (Classification of Malignant Tumours T = tumor,
N = nodes, M = metastasis) tumor staging is essential
to identify the patients who might be candidates for upfront surgery vs those who might require neo-adjuvant
therapy.
Radical surgery represents the principal curative treatment and locoregional tumour control has improved significantly after the introduction of TME, which leads to
the complete removal of the intact mesorectum including lymphatic vessels, lymph nodes, nerves, and vascular
supply. TME now represents the gold-standard surgical
procedure for rectal cancer[12].
For the last three decades, post-operative radiotherapy
+/- chemotherapy has been used widely in an attempt to
improve outcome. Post-operative CRT significantly improved both local control and OS when compared with
surgery +/- radiotherapy. This prompted a National Cancer Institute Consensus Conference in the United States
in 1990 to recommend it for patients with TNM stage Ⅱ
and Ⅲ rectal cancer as standard treatment[13].
In recent years, pre-operative neo-adjuvant CRT has
been studied more extensively. After showing less acute
and long-term toxicity along with an improved local control in a randomised study, pre-operative combined CRT
has replaced post-operative CRT as standard treatment
for LARC[9,14].

RESEARCH

MANAGEMENT OF LARC IN CLINICAL
PRACTICE: STANDARD OF CARE

We extensively reviewed the scientific literature on this
topic and studies on the multimodality treatment of
LARC have been searched in peer-review journals. We
used the MEDLINE and CancerLit databases, and the
search was restricted to English-language publications.
The search term included the terms “rectal cancer”
together with “induction, primary, neoadjuvant, pre-

At present, the clinical management of LARC is performed most effectively by a multidisciplinary team,
including GPs, gastroenterologists, medical oncologists,
radiation oncologists, radiologists, surgeons and pathologists (Table 1).
Early and accurate determination of tumour location
within the rectum and TNM stage are important because
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Table 1 Multidisciplinary team involved in the treatment of
rectal cancer

Table 2 Clinical management of rectal cancer according to
[2]
risk categories

Multidisciplinary team-Specialists

Role in the management of LARC

Risk group

Colorectal cancer screening, followup
Screening, diagnosis (colonoscopy)
Neo-adjuvant and adjuvant
treatment, follow-up, management of
toxicity
Radical surgery with TME
Preoperative (or in a few
cases post-operative) radio or
chemoradiotherapy
Staging, evaluation of response,
follow-up
Preliminary diagnosis (on biopsy
obtained during colonoscopy) and
definitive diagnosis and pathological
staging on surgical specimen

Very early
(some cT1)

General Practitioner
Gastroenterologist
Medical Oncologist

Surgeon
Radiation Oncologist

Radiologist
Pathologist

LARC: Locally advanced rectal cancer.

such information will determine the type of surgery to be
performed and the need for CRT. Endoscopic ultrasound
for the earliest tumours (cT1-T2) or rectal magnetic resonance imaging (MRI) for all others is recommended in order to select patients for pre-operative treatment. Pre- or
post-operatively complete colonoscopy is also required.
The recommended modalities of treatment for rectal
cancers are summarised in Table 2.

TEM: Total mesorectal excision; CRT: Chemoradiotherapy; cCR: Clinical
complete response; CT: Computed tomography.

on conservative surgery and to the bad compliance to
post-operative treatment. Also a significant reduction of
local recurrence rate after combined CRT was observed,
even if it was not translated into an improvement in disease free survival (DFS) and OS[19,20].
Similar results derived from the randomised EORTC
Radiotherapy Group Trial 22921 by Bosset et al[21] in patients with LARC who received preoperative radiotherapy, the addiction of fluorouracil-based chemotherapy
preoperatively or postoperatively had no significant effect
on survival. However, 5-FU chemotherapy, regardless of
whether it was administered before or after surgery, conferred a significant benefit in terms of local control.
Unfortunately, the combined CRT showed increased
the toxicity when compared with preoperative radiation
alone. However, these side effects were predictable and
manageable allowing and not impairing the delivery of
full radiotherapy doses.
These findings have been confirmed by a recent Cochrane meta-analysis based on the results of four published studies comparing pre-operative RT alone vs preoperative CRT in patients with resectable stage Ⅱ and
Ⅲ rectal cancer. The results showed that the addition of
chemotherapy to pre-operative radiotherapy significantly
increased grade Ⅲ/Ⅳ acute toxicity, while no differences
were observed in post-operative morbidity or mortality.
Compared to pre-operative RT alone, pre-operative CRT
significantly increased the rate of complete pathological response, even if this did not translate into a higher
sphincter preservation rate. The incidence of local recurrence at five years was significantly lower in the CRT
group compared to RT alone. No statistically significant

EVIDENCES FOR THE USE OF NEO-ADJUVANT TREATMENT IN LARC
In the last three decades several randomised studies were
performed in order to compare pre-operative radiotherapy to surgery. These studies showed a decrease in local
recurrence rates, even if only the Swedish Rectal Cancer
Trial demonstrated an advantage in OS using the shortcourse pre-operative radiotherapy vs surgery alone[15]. A
recent meta-analysis also concluded that pre-operative radiotherapy followed by surgery significantly improved local control and OS when compared with surgery alone[16].
Moreover, recent data deriving from the 12-year followup of the multicentre, randomised controlled TME trial,
which randomised patients with clinically resectable
disease (T1-3) to radical surgery with TME alone or to a
preoperative radiation regimen of 5 × 5 Gy applied immediately before TME surgery, showed that for patients
with TNM stage Ⅲ cancer with a negative circumferential resection margin, 10-year survival was 50% in the preoperative radiotherapy group vs 40% in the control-arm
receiving surgery-alone group (P = 0.032)[17].
Also the utility to add concomitant chemotherapy to
radiation in the neo-adiuvant setting has been investigated[18]. Two large randomised phase Ⅲ studies have tested
pre-operative CRT and 5-FU-based chemotherapy vs radiotherapy alone. Both studies showed that pre-operative
CRT might be the preferred option, due to the benefits
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Management

Local excision (TEM)
If poor prognostic characteristics are present, (such as
high grade, vascular invasion, etc), TME resection (or
possibly CRT) can be considered
Early
Surgery alone (TME) is sufficient, and should result in a
(cT1-2, some
few rate of local recurrences (< 3%-4% after 5 yr)
cT3), or
If poor prognostic characteristics are present, such as
“good”
circumferential margin or nodal involvement, postoperative CRT or CT can be added
Intermediate Surgery alone results in a high rates of local recurrences
(cT3- some
(> 8%-10% after 5 yr if surgery alone)
cT4a), or
Add preoperative RT (5 × 5 Gy) or CRT followed by
“bad”
TME
If cCR is obtained with CRT, wait-and-see policy may be
considered in selected cases (such as high risk patients
for surgery)
Locally
Preoperative CRT is needed to achieve high probability
advanced
of R0 surgery (TEM) and a decrease of local recurrences
(cT3crm +,
Preoperative 5 × 5 Gy RT with a delay to surgery can
some cT4a,
be considered in elderly or in patients with severe
all cT4b), or
comorbidity who cannot tolerate CRT
“ugly”
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differences were observed in 5-years DFS and OS[22].
Whether pre-operative CRT is preferable than postoperative CRT has been demostrated by the CAO/
ARO/AIO-94 trial, which showed no greater surgical
morbidity for CRT, while pre-operative combined modality had a significant decrease in local failure, acute toxicity, chronic toxicity, in addiction to a better compliance to
treatment, even if no difference in 5-year survival rates
was observed[9,23].
Given the superior overall compliance rate, the improved local control, reduced toxicity, and increased
sphincter preservation in low-lying tumours, pre-operative CRT is now the preferred treatment.

rienced surgeons collaborating with a multidisciplinary
team in high-volume centres. The main goal of surgical
treatment is to achieve clear surgical margins yielding
a curative radical resection (R0). TME has become the
standard procedure for low rectal cancers resection. It
results in higher local control and increased DFS. The
surgical approach to resection varies with the location of
the tumour. Proximal tumours are resected by a low anterior resection (LAR) and primary anastomosis. Most midrectal tumours can also be resected by a LAR, although
when the anastomosis is low in the pelvis, a temporary ileostomy or colostomy may be required to divert the fecal
stream from the anastomosis and facilitate proper healing. Distal rectal tumours typically require an abdominoperineal resection with permanent colostomy because the
anal sphincter cannot be preserved.
Finally, only a small subgroup of superficial, distal
rectal tumours with favourable histological features may
be resected with local excision, that should go through
the muscular layer[25]. If local excision is required, TEM
(transanal endoscopic microsurgery) is the standard procedure. Transanal endoscopic microsurgery appears to be
appropriate only for T1 N0 tumors and it has been developed in order to obtain clear margins using transanal
excision: in these cases, this approach results in low rates
of local relapse[26,27].
Recently, even if surgery still remains the cornerstone
of treatment, the rectal preservation after clinical complete response (cCR) to neo-adjuvant treatment is becoming a point of interest. In fact, approximately up to
20% of the patients who undergo neoadjuvant CRT for
LARC obtain a pCR[28].
It is now widely established that rectal cancer patients
obtaining pCR after neoadjuvant CRT have both lower
local recurrence rate and improved survival when compared to those with residual tumor[29].
Several studies investigated the possibility of a “waitand-see policy” (omission of surgery with follow-up) and
showed long-term results as good as that of patients with
a pCR after surgery[30,31]. Several trials investigated the
role of “wait-and-see policy” in patients with low rectal
cancer who achieved a cCR after CRT: these patients
did not receive surgery but only underwent to a close
follow-up. The results suggested that the “wait-and-see
policy” with strict selection criteria, up-to-date imaging
techniques, and close follow-up results in promising longterm results, as good as that of patients with a pCR after
surgery[30-32].
However, accuracy for regression rate and histopathological response is still unsatisfying. Diffusion-weighted
MRI prior, during and after CRT may permit early evaluation of response during neoadjuvant CRT, in order to
classify patients as “responders” and “non-responders”.
Diffusion-weighted MRI seems to predict more sensibly
the achievement of a pCR, important prognostic factor
by itself, when compared with MRI only[33,34].
The role of fluorine-18-fluorodeoxyglucose-positron
emission tomography/computed tomography (FDG-

Neoadjuvant treatment: A standard of care
For patients with stage Ⅱ or Ⅲ rectal cancer (in particular with extramural infiltration and/or regional lymph
nodes involvement), available data support the use of
neo-adjuvant CRT with continuous infusion 5-FU, followed by radical resection[9].
Given the superior overall compliance rate, the improved local control, reduced toxicity, and increased
sphincter preservation rate in low-lying tumors, pre-operative CRT is now the preferred treatment when compared
with post-operative CRT[9].
Pre-operative CRT is often preferred in patients with
resectable rectal cancer due to a significant decrease in
local failure, acute toxicity, chronic toxicity, even if no significant differences in term of OS have been observed[9,23].
There are two different approaches to pre-operative radiation therapy: an intensive short-course radiotherapy with
large fractions (5 × 5 Gy), for 1 wk followed by immediate
surgery, or 5-6 wk of conventional fractions (1.8-2.0 Gy),
combined with concurrent chemotherapy, and surgery 4-6
wk later (long-course pre-operative radiotherapy).
In clinical practice, in larger tumours (cT3-4 and/or
N+) in which the goal is downstaging or downsizing,
full course pre-operative CRT (50.4 Gy plus concurrent
chemotherapy) is considered the standard treatment. In
patients with earlier stages of disease both the two strategies can be considered.
Patients with a cT3N0, cT4N0 and cTxN+ should be
considered for a neo-adjuvant CRT. According to most
experts, T2N0 distal rectal cancer should also be considered also for a neo-adjuvant CRT. Indeed, in patients with
low rectal cancer (0-5 cm from the anal verge) the risk
of a positive circumferential resection margin is higher
as well as the local recurrence rate. With the strategy of
pre-operative CRT or radiotherapy we probably overtreat
some cT3N0 patients because of potential over-staging,
but experts agree to take this risk as pre-operative CRT is
clearly better tolerated and results in a lower regional recurrence rate compared with post-operative radiotherapy
or CRT[2,24].
Surgical treatment and “wait-and-see policy”
High-quality surgery is the cornerstone of the treatment.
Preferably, surgery should be done by a team of expe-
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PET/CT) is still investigational. Several studies also
showed that FDG-PET, especially when combined with
MRI, could be more accurate for predicting pathological
response[35].
In conclusion, “Wait-and-see policy”, if assessed with
up-to-date imaging techniques, needs further investigations and could form the basis for future large prospective randomised trials with adequate follow-up.

more efficacious in this setting than radiotherapy alone
or chemotherapy alone, but the tolerance is however less
good than when delivered pre-operatively. In the setting of post-operative CRT a long course radiotherapy
(45-50.4 Gy in 1.8 Gy fractions) regimen in combination with chemotherapy (protracted infusion of 5-FU or
capecitabine) is usually administered[24].
Several questions remain unanswered, including
whether the incorporation of newer cytotoxic and targeted agents can decrease morbidity and mortality associated with this disease.

Adjuvant treatment
In the standard combined-modality treatment programs
for LARC, CRT and surgery are often followed by 4-6
mo of adjuvant chemotherapy.
The aim of adjuvant treatment is to complement
the reduction of local failures achieved through preoperative treatment with a reduction of distant metastasis
and, thereby, increase survival. To date, adjuvant chemotherapy is recommended (and given) by most centres in
Western Countries.
The support for the use of adjuvant chemotherapy is
provided by a recent pooled analysis of five randomised
studies demonstrating a 20% absolute survival benefit
with post-operative chemotherapy, administered for 6-18
mo +/- post-operative radiotherapy, compared with observation or post-operative radiation alone[36].
Adjuvant treatment including fluoropyrimidinebased chemotherapy is effective in those patients who
show downstaging (pT1-pT2) after pre-operative treatments (CRT or radiotherapy). An unanswered question
is whether adjuvant chemotherapy may be omitted in patients with a good response to pre-operative CRT. Several
retrospective studies have shown that patients with a pCR
have a better long-term prognosis[18]. However, a contribution of post-operative chemotherapy to this good
long-term outcome cannot be excluded, since patients in
these studies generally received adjuvant chemotherapy
despite the response to pre-operative treatment. Furthermore, it is not possible to determine whether this better
outcome depends on inherent characteristics of these
tumors, with response to pre-operative CRT representing just an index of a favourable biological and clinical
behaviour, or whether this prognosis is indeed the result
of tumor response to pre-operative treatment. Response
to pre-operative CRT may also indicate chemosensitivity
with intact cell death pathways and a potential positive
impact also on the efficacy of post-operative treatment.
At present, adjuvant infusional 5-FU/folinic acid or
capecitabine for 6 mo is recommended[37]. Oxaliplatinbased regimens as post-operative chemotherapy are considered in some cases, in particular in patients in whom
5-FU-based CRT did not lead to a downsizing. The duration is sometimes limited to 4 mo, especially in patients
who were exposed to a long course of preoperative CRT.
In patients who did not receive neo-adjuvant radiotherapy or CRT, adjuvant treatment should be considered after
radical resection of a stage Ⅱ-Ⅲ rectal cancer. CRT is
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ACUTE AND LATE TOXICITY OF
PRE-OPERATIVE CRT
Pre-operative CRT and advanced surgical procedures
may result in high rates of post-operative complications
and long-term morbidity with urinary problems, altered
defecation, pain, fatigue and sexual problems[38,39]. In addition, many patients may have a permanent colostomy.
Late toxicities due to pelvic radiotherapy most often
are diarrhoea, faecal incontinence, soiling, abdominal
cramping and discomfort, rectal strictures, anal blood and
mucus loss, but in general, the reported rate of severe
late side effects to the gastrointestinal system is about 5%.
The most common delayed severe complications are due
to small bowel damage and include enteritis, adhesions
and small bowel obstruction requiring surgical intervention. Functional results with respect to sphincter preservation are generally not well documented, but both preand post-operative radiotherapy seems to have a negative
impact, although contradictory data exist [40-43]. There
does not seem to be a relevant difference between shortcourse radiotherapy and CRT if both are administered
pre-operatively[41].
Also urogenital dysfunction after rectal cancer treatment is common (about 34% after TME in one report).
Surgical damage to the pelvic autonomic nerves is the main
course of urinary dysfunction. The influence of radiotherapy on the urinary function remains controversial[44].
As with surgery, radiotherapy can lead to increased
sexual dysfunction. In males a long-term deterioration of
ejaculatory and erectile function is due to late radiation
damage to the seminal vesicles and small vessels, respectively. In females, radiotherapy leads to vaginal dryness
and reduced sexual satisfaction[38].
Surgical damage to pelvic autonomic nerves might be
involved, in particular to the superior hypogastric plexus
and hypogastric nerves during presacral mesorectal dissection (resulting in urinary incontinence, ejaculatory
dysfunction in male patients and reduced lubrication in
female patients) and to the sacral splanchnic nerves and
the inferior hypogastric plexus during dissection of the
lateral planes of the mesorectum (leading to urinary retention, erectile disorders in men and reduced labial and
vaginal swelling in women)[45].
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although the study failed to reach its primary endpoint
that was the improvement in complete response rate (9%
vs 11%, P = 1)[55].
Angiogenesis is another important therapeutic target
in colorectal cancer. Radiosensitizing properties have
been described in pre-clinical models and a promising
anti-tumour activity has been observed in a small series
of patients with the anti-vascular endothelial growth factor antibody bevacizumab combined to 5-FU and preoperative radiation[56]. However, safety concerns may
be raised for its use prior to surgery with an unresected
primary rectal tumour, such as thrombosis, haemorrhage
and hypertension.
The most recent data concerning the use of bevacizumab in addiction to pre and postoperative CRT with
CAPOX is derived from the ECOG 3204 trial. The study
enrolled 57 patients, of whom 9 (17%) achieved pathological complete response, and 32 patients (59%) experienced pathological tumour downstaging. It also must
be noted that at least 68% of patients experienced acute
grade 3-4 toxicity and that 47% of patients who underwent surgery experienced a surgical complication[57].
In conclusion, tailored treatment programs are being
developed based on patient and/or tumour biological
features that may predict the activity and toxicity of specific drugs.
Similarly, efforts are being made to develop imaging
tools that allow the identification of responding and nonresponding patients early during pre-operative CRT, such
as diffusion-weighted MRI and FDG-PET[58].

FUTURE PERSPECTIVES IN NEOADJUVANT AND ADJUVANT SETTINGS
- NEW DRUGS AND TARGETED
THERAPIES
All the new drugs approved for use in colorectal cancer
in the last years (irinotecan, oxaliplatin, capecitabine) have
radiosensitizing properties. Several trials are thus investigating the incorporation of these agents in the CRT
programs for LARC in order to increase treatment efficacy. Efforts are also being made to increase treatment
convenience replacing intravenous administration with
oral fluoropyrimidine as well as to address each treatment
to specific individual patient and tumour biological characteristics and to develop new strategies.
Comparable results were reported for orally administered capecitabine and intravenously delivered 5-FU[46].
Both irinotecan and oxaliplatin have been combined with
pre-operative radiation and either 5-FU or capecitabine
with acceptable toxicities rates, but without a significant
benefit in term of downstaging/downsizing or survival[47,48].
Moreover, the next generation of clinical trials is integrating the novel “targeted” drugs, already used in the
metastatic setting, like bevacizumab and cetuximab in
both pre-operative and post-operative setting. At present,
the role of biologic agents is the subject of ongoing clinical trials[48].
The Epidermal growth factor receptor (EGFR) is
a promising target of antitumor treatment because it
participates in cell division, inhibition of apoptosis, and
angiogenesis.
EGFR-inhibition in particular may result in radiosensitization[47] and the toxicity profile of anti-EGFR
drugs appears favourable for their use in combination
with CRT. Several phase Ⅰ and Ⅱ trials suggested that
the addition of Cetuximab (an anti-EGFR-1 monoclonal
antibody) could be safe and effective, even if only a small
percentage of patients achieved a pCR[49-52]. In particular,
K-ras mutational status, which is considered crucial to
identify the population of patients who are likely to benefit from the addition of anti-EGFR monoclonal antibodies in the metastatic setting, seems to have a less defined
role in this setting: while published data by Grimminger
et al[53] seem to confirm the role of K-ras status as predictive of response to pre-operative CRT with the addition
of Cetuximab, Erben et al[54] failed to show any significant
relationship between K-ras mutations and PTEN loss
and different response patterns in patients treated with
the same chemoradiation regimen.
Lastly, the most important trial assessing the role of
addiction of cetuximab to preoperative chemoradiation is
derived from the EXPERT-C trial, where in ninety K-RAS
or B-RAF wild type patients randomised to receive CAPOX for four cycles followed by capecitabine-based CRT
or the same regimen plus weekly cetuximab, a significantly higher overall survival (HR = 0.27, P = 0.034) and
response rate (75% vs 93%; P = 0.0028) were observed,
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DISCUSSION
Currently, the optimal treatment of locally advanced
rectal cancer has evolved toward a multidisciplinary
team modality, which includes GPs, gastroenterologists,
medical oncologists, radiation oncologists, radiologists,
surgeons and pathologists. The multidisciplinary team
modality can optimize treatment strategy by enabling an
accurate and integrative evaluation of each case of LARC
before the planning of treatment.
Recent evidences also confirmed that the multidisciplinary approach improves patient selection for surgery
by enabling accurate classification of the recurrence pattern for each LARC patient, in order to achieve R0 resection, representing the most significant factor affecting
long-term survival[59].
In the neo-adjuvant setting, novel biologic agents
targeting aberrant pathways in rectal carcinogenesis are
currently under study. Incorporating molecular imaging
studies and assaying biologic endpoints in these studies
will provide insights on the mechanisms of action of
these agents.
It is also clear, that in the face of current and future
schedules and the increasing number of therapeutic options, translational research is urgently required for the
identification of patient groups, by both clinical-pathological features and molecular and genetic markers, that
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will gain maximum benefit from each treatment option.
In this time of changing therapeutic approaches, it clearly
appears that a common standard for large heterogeneous
patient groups will prospectively be substituted by more
individualised therapies[60].
We need also to develop a more rigorous and consistent approach for the evaluation of late toxicity due to
surgery and radiotherapy with commonly overlapping
toxicities. Quality of life and functional assessment tools
report differing levels of late normal tissue dysfunction
and the latter approach does not measure the patient perspective.
Further progress depends on the completion of welldesigned randomised clinical trials, that will lead to the
identification of more active combined CRT regimens
for LARC.
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that suggest that early-onset CRC may have a different molecular basis. The purpose of this review was
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separate disease, although it has much in common with
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Core tip: Early-onset colorectal cancer is a heterogeneous disease with various molecular alterations, in
which different subgroups with different histopathologic
and familial characteristics can be distinguished. Classification of colorectal cancer tumors according to their
genetic alterations is important for establishing the molecular bases of the disease, as well as for predicting
patient outcomes and developing more individualized
treatments.

Abstract
Colorectal cancer (CRC) has a great impact on the
world population. With increasing frequency, CRC is described according to the presenting phenotype, based
on its molecular characteristics. Classification of CRC
tumors according to their genetic and/or epigenetic
alterations is not only important for establishing the
molecular bases of the disease, but also for predicting
patient outcomes and developing more individualized
treatments. Early-onset CRC is a heterogeneous disease, with a strong familial component, although the
disease is sporadic in an important proportion of cases.
Different molecular alterations appear to contribute to
the apparent heterogeneity of the early-onset population and subgroups can be distinguished with distinct
histopathologic and familial characteristics. Moreover,
compared with late-onset CRC, there are characteristics
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INTRODUCTION
Colorectal cancer (CRC) has a great impact on the world
population. The estimated incidence is 1.2 million new
cases per year. It is the third most common malignancy
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Table 1 Main pathways involved in the onset and development of colorectal cancer

Percentage of CRC
Clinical characteristics

Histopathologic
characteristics

Chromosomal instability or “suppressor”
pathway

Microsatellite instability or
“mutator” pathway

CpG island methylator phenotype or “serrated”
pathway

80%-85%
Predominant location of tumor in the
distal colon

10%-15%
Predominant location of tumor in
the right colon
Better prognosis
Lymphocytic reactions
Mucinous features
Signet ring cells
Low-grade tumor differentiation
Diploidy, MSI

40%
Predominant location of tumor in the right colon

MLH1, MSH2,
MSH6, PMS2,
TGF-b RII, IGFIIR,
MSH3 and BAX
Lynch syndrome

BRAF, MSI

No lymphocytic reactions
No mucinous features
Good differentiation

Molecular
characteristics
Main genes involved

Aneuploidy, polyploidy, loss of
heterozygosity
APC, P53, KRAS, C-MYC,
DCC/SMAD4, TGFBR, PIK3CA

Hereditary syndromes

Familial adenomatous polyposis

Female sex
Low-grade tumor differentiation

Methylation of CpG islands

CRC: Colorectal cancer; MSI: Microsatellite instability.

and the second leading cause of death in developed
countries[1-3]. In Spain, CRC incidence projections for
the population in 2015 are about 30000 people (17000
men and 13000 women)[4]. Early-onset CRC accounts
for 2%-8% of all CRCs. Furthermore, its incidence in
the United States increased by 1.5% per year in men and
by 1.6% in women between 1992 and 2005. The growing frequency of CRC in young adults contrasts with the
progressive decline of CRC among older people. This
underscores the importance of early evaluation in cases
of young adults with compatible symptoms[5,6].
The classical model of colorectal carcinogenesis for
the adenoma-carcinoma sequence has been evolving since
its original formulation[7] thanks to advances in our understanding of the molecular mechanisms involved. CRC is,
nowadays, described with increasing frequency, according
to the molecular characteristic of the presenting phenotype; thus, the molecular classification of CRC is gaining
importance[8]. Particularly, studies analyzing the possible
basis of early-onset CRC have evolved: in early studies,
the principle prevailed that early-onset is an indicator of a
hereditary component[9,10], whereas currently, the concept
prevails that it is a heterogeneous disease, which includes
cases with a strong familial component as well as cases of
sporadic disease. Different molecular alterations appear
to contribute to the apparent heterogeneity of early-onset
CRC and subgroups can be distinguished with distinct
histopathologic and familial characteristics[11].
The aim of this review was to analyze the current
knowledge of the molecular basis of early-onset CRC,
and its relationship with the particular clinicopathologic
and familial features of this subset.

the CpG island methylator phenotype (CIMP) or serrated
pathway (Table 1). These three pathways differ from the
clinicopathologic, familial and prognostic points of view.
While they are overlapping, they are the dominant mechanisms that determine the final phenotype[12].
Most (80%-85%) sporadic CRCs involve the CIN
pathway, which is characterized by alterations in the number and structure of chromosomes and frequent loss of
heterozygosity. Cases of familial adenomatous polyposis
with germline mutations in APC also show CIN; these
tumors are also referred to as having microsatellite stability (MSS). Genetic changes include the activation of proto-oncogenes such as KRAS and C-MYC and inactivation
of the tumor suppressor genes, APC, and p53, and loss
of heterozygosity for the long arm of chromosome 18.
Recently, mutations in the genes TGFBR and PIK3CA
have been described, which are involved in the adenomacarcinoma sequence[3,13-16].
MSI tumors, whose carcinogenetic pathway is also
known as the “Mutator Phenotype pathway”, represent
10%-15% of all CRCs. MSI is due to an inability of the
DNA nucleotide mismatch repair (MMR) system to correct errors that often occur during DNA replication,
which is controlled by several genes (including MLH1,
MSH2, MSH6 and PMS2) and is characterized by the
accumulation of single nucleotide mutations and alterations in the lengths of repetitive microsatellite nucleotide sequences[15,17,18]. Apart from genes related with the
DNA nucleotide MMR system, other tumor suppressor
genes such as TGF-β RII, IGFIIR, MSH3 and BAX are
involved[19]. MSI tumors are present in two CRC forms:
hereditary forms such as lynch syndrome (LS), the molecular basis of which is a germline mutation in an MMR
gene; and sporadic cases, in which MSI is due to hypermethylation of MLH1[20]. MSI tumors are characterized
by a more frequent location in the right colon, increased
mucin production, the presence of signet ring cells, and
low-grade tumor differentiation[18].
Analysis of the methylation of CpG islands as a

CARCINOGENETIC PATHWAYS OF CRC
To date, three main pathways involved in the formation
and development of CRC have been identified: the chromosomal instability (CIN) or suppressor pathway; the
microsatellite instability (MSI) or mutator pathway; and
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Table 2 Main features of molecular classification
Category

CRC

MSI/CIMP-high

MSI/CIMP-low/0

MSS/CIMP-high
MSS/CIMP-low/0

Characteristics
Molecular

Histopathologic

Clinical

10%

MLH1 methylation
BRAF mutations

5%

MMR
Negative for BRAF mutations

Poor differentation
Lymphocytic reaction
Mucinous/signet ring cells
Lymphocytic reaction
Mucinous features
No signet ring cells
Good or moderate differentation
Poor differentation
Signet ring cell
Well differentiated
Heterogeneous

Predominant location of tumor in right colon
Elderly females
Sporadic MSI
LS

5%-10% BRAF mutations and methylation of multiple other genes
75%-80%
CIN
KRAS mutations

Predominant location of tumor in right colon
Elderly females
Predominant location of tumor in distal colon
Male sex

CIMP: CpG island methylator phenotype; CIN: Chromosomal instability; CRC: Colorectal cancer; LS: Lynch syndrome; MMR: Mismatch repair; MSI: Microsatellite instability; MSS: Microsatellite stability

mechanism of silencing genes in colon tumors has resulted in the identification of a third major pathway
(CIMP), which accounts for almost 40% of CRCs[21-23].
This carcinogenetic mechanism is also known as the “serrated pathway”, because CRCs of this subset often arise
from a serrated precursor lesion. CIMP-high tumors have
a distinct clinical, pathologic, and molecular profile, such
as association with proximal location in the colon, female
sex, and poor differentiation. From the molecular point
of view, they show a higher frequency of BRAF mutations, MSI and, albeit less often, P53 mutations[13,24,25].
Until recently, only MSI tumors were thought to be
CIN-, and CIN+ tumors were thought to have an intact
MMR system and to show MSS. However, several studies
have demonstrated that up to 50% of MSS tumors are
CIN- [also called microsatellite and chromosome-stable
(MACS) tumors], and a significant, but smaller, portion
of MSI colorectal tumors are CIN+. MACS tumors are
being characterized and some of their features are a preference for the distal colon and rectum, histologic features
associated with poor prognosis, and more frequent identification in younger cases[26,27].

EARLY-ONSET CRC
Clinicopathologic characteristics
Currently, there are some controversial aspects to the natural history and prognosis of early-onset CRC, and there
are also some clinical and pathologic differences when
comparing with CRC in the elderly[9,29].
Mucinous and signet ring cell tumors account for
10%-15% and 1% of all CRCs, respectively. Several reports indicate that early-onset CRC is clinically and pathologically characterized by a predominance of low-grade
tumor differentiation, mucinous tumors, and a higher
percentage of signet ring cells; these features are shared
with hereditary CRC forms[9,30,31]. In addition, some studies have found a relationship between mucinous CRC and
poor prognosis[32-34]. Early-onset CRC is associated with
a higher percentage of synchronous and/or metachronous tumors, as well as with an increased development
of polyps during follow-up[10,35]. Studies addressing the
early-onset group within CRC showed important variations concerning tumor location. Some of them found a
striking predilection for the distal colon, particularly the
sigmoid colon and rectum[33,36]; furthermore, recent studies show an increased incidence of rectal cancer in adults
younger than 50 years[34,37]. However, in other series the
highest percentage of CRC was seen in the right colon,
and a greater proportion of patients had a family history
of CRC, suggesting that CRC in the proximal colon in
young patients may reflect a genetic predisposition[30,31].
Generally, early-onset CRC is diagnosed at advanced
stages. One reason that could explain this is the absence
of screening programs for CRC in patients under 50
years, except in cases of family or personal history of
cancer[38]. On the other hand, the aggressive histopathologic characteristics of the tumor and a possible genetic
basis may predispose to accelerated development of this
tumor in young patients[39,40]. Regarding reports in the
literature, there are studies showing that CRC in young
patients has a poor outcome[32,39]. However, other series
found equivalent survival rates in younger patients with
CRC compared with older patients, despite presenting a

MOLECULAR CLASSIFICATION
As mentioned previously, carcinogenesis pathways are not
mutually exclusive. Classification of CRC tumors according to the genetic and/or epigenetic alterations observed is
important to establish the molecular bases of the disease, as
well as to predict patient outcomes and to develop more individualized treatments. For this reason, a molecular classification has been gaining strength that is based on the three
global cellular events (CIN, MSI and CIMP) and reflects
underlying mechanisms of carcinogenesis; it correlates with
some phenotypic characteristics, as described in our previously published study[28]. Globally, sporadic CRC should
be classified into four major subtypes: two MSI statuses
(MSI-H vs MSI-L/MSS) times two CIMP statuses (CIMP-H
vs. CIMP-low/0), with distinct molecular correlates (BRAF,
KRAS) and pathologic features[8]. In Table 2, the main features are summarized that define each category[8,15].
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Table 3 Proportion of microsatellite instability in early-onset colorectal cancers series and their age of onset
Study
Losi et al[9]
Liang et al[10]
Perea et al[11]
Jasperson et al[50]
Durno et al[51]
Farrington et al[52]
Antelo et al[66]

Age of CRC onset, yr

Population

MSI, n (%)

≤ 45
≤ 40
≤ 45
< 36
< 25
< 30
< 50

Unselected CRC surgical patients
Unselected CRC surgical patients
Unselected CRC surgical patients
Hereditary cancer registries
Familial cancer registry
Cancer registries
Cancer registry

71 (19.7)
138 (40.5)
88 (13.6)
96 (29.1)
16 (72.7)
50 (47.5)
118 (22.9)

CRC: Colorectal cancer; MSI: Microsatellite instability.

more advanced stage of disease[41]. These discrepancies
may be explained by the inclusion of hereditary CRC,
particularly LS, which has a better survival rate than sporadic CRC in young patients[42]. The review by Chang et
al[33] shows that early-onset CRC, despite having histologic features that are related to worse prognosis, presents overall and disease-free survival rates similar to those
seen in patients over 40 years, but in contrast, also has a
higher incidence of recurrence and development of distant metastases. These results agree with those published
by Yeo et al[43], with a median survival at five years in their
series of 59.4% in patients under 40 years, and of 61.1%
in patients older than 40, while the rate of metastases and
locoregional recurrence was greater in the young group.

twelve out of 82 (15%) early-onset cases were defined as
MSI[28]. In all cases, MSI correlated with lack of detectable expression of any of the MMR proteins in immunohistochemical analysis, and 83% of them were explained
by a mutation in one of the MMR genes. Moreover, we
later confirmed that MSI tumors in the younger population are mostly related to LS and rarely due to somatic
inactivation of MLH1[28], showing that the criterion of
early age of onset, together with other clinicopathologic
and familial features, is helpful in identifying LS cases[11].
In contrast, diagnosis of LS in early-onset CRC is highly
unlikely in patients with certain combinations of clinical
and familial features: e.g., left-sided CRC and absence of
family history[49].
As expected, early-onset MSI CRC shows some clinical and pathologic features similar to those described for
LS: more frequent right-sided colon tumors, frequently
poorly differentiated tumors showing mucin production
and signet ring cells, and a more frequent development
of synchronous and metachronous tumors[42,53,54]. Prognosis for MSI tumors is better than for MSS tumors, and
as MSI tumors are hypermutated, mutation rate may be a
better prognostic indicator for this age of onset[27,42,55,56].

Familial characteristics
Early-onset CRC includes cases with strong familial history and cases with sporadic disease. It is well known
that in this population identification of cases of LS
is more likely, even more so when the age of onset is
younger[11,44,45]. Apart from that, the familial component
within this age of onset group is so important, that when
we leave aside LS, there is still a clear familial component
in this population: Compared to elderly MSS CRC, earlyonset CRCs with the same component show more familial aggregation and Lynch-type tumors, a fact that may be
related to new hereditary CRC syndromes, such as Familial CRC syndrome type X[46-49].

CIN analysis
The majority of early-onset CRC are MSS tumors, and
there are few studies that evaluate the clinicopathologic
features of this subset of CRC within the early-onset
population[46,57,58]. MSS tumors are characterized by a later
age of onset, lower prevalence in the right colon, and
fewer synchronous and metachronous tumors; they also
tend to be diagnosed at later stages and more frequently
show adverse histologic features[33]. Compared with lateonset cases showing MSS, early-onset MSS tumors are
remarkably different, as highlighted by the important rate
of left colon location, low frequency of other primary
neoplasms, and the presence of an important familial
component[24,28,46].
We previously pointed out the importance of age of
onset to make an appropriate approach to the molecular
classification of CRC, given the possible different molecular bases of early-onset CRC compared with elderly
CRC[28]. Apart from some preliminarily defined molecular
markers (modified expression of the APC, B-catenin and
P53 genes), new findings have been reported concerning
MSS early-onset CRC[59]. The main emerging key aspects

Molecular characteristics
From a molecular point of view, two main aspects have
been addressed among the subset of early-onset CRCs:
on the one hand, the analysis of proportions of cases
with MSI and the necessary relationship with LS, and on
the other hand cases with molecular alterations that relate
to carcinogenesis pathways associated with CIN.
MSI analysis: LS and sporadic cases
Early-onset of cancer is a marker of a potentially hereditary component, with LS being the most frequent hereditary form of CRC. Nevertheless, the proportion of MSI
tumors found within early-onset CRC varies from 19.7%
to 41.0%, depending on the age of onset. As shown
in Table 3, MSI frequency is inversely proportional to
the age at diagnosis and directly proportional to the LS
component of the series[9-11,48,50-52]. In our recent study,
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not necessarily related to hereditary tumors[47,63]. Little is
known about MACS from a molecular point of view, but
it seems that these tumors have a different methylation
profile that involves genes not known to be involved in
global CCR. Several studies have found that MACS tumors are associated with CIMP-low, that they rarely have
BRAF gene mutations and absent MLH1 expression, and
they seem to have a different pattern of hypomethylation
when compared to MSI and CIN CRC. This has raised
the possibility that LINE 1 hypomethylation may be related to MACS[64-66]. Recently, LINE-1 hypomethylation
has been shown to be a feature of young-age of onset
CRC, and it is also associated with family history of CRC.
According to the molecular classification of CRC, CIMPhigh and MSI-high are inversely associated, while MSS
tumors are correlated with LINE-1 hypomethylation, and
genomic hypomethylation may represent different pathways to CRC[67].

are: (1) analysis of MACS tumors: these tumors, particularly when they are located in rectum, appear to have
longer telomeres than those of MSS CIN rectal cancers
and use alternative lengthening of telomeres rather than
activation of telomerase[60]; and (2) the use of high resolution tumor genome copy number variations in order
to identify differences in the tumor genomes between
these groups and to pinpoint potential susceptibility loci.
Comparing two MSS CRC groups with different ages of
onset, Berg et al[61] identified ten genomic loci, containing more than 500 protein-coding genes, as more often
altered in tumors from early-onset vs late-onset CRC. In
addition, integration of genome and transcriptome data
identified seven novel candidate genes with the potential
to identify an increased risk for CRC[61].
CIMP analysis
CIMP has been rarely evaluated within early-onset CRC.
Previous large series, without using age of onset as a differential criterion, showed that LS cases were mainly included in the CIMP-low group, while sporadic MSI cases
were more likely to be CIMP-high, with high rates of
BRAF mutations[8]. Nevertheless, these features are observed within the late-onset CRC group, whereas in earlyonset CRC, LS primarily has a higher percentage within
the CIMP-high group. This could be the consequence,
among others, of a low number of BRAF mutations and
hypermethylation of the MLH1 promoter in early-onset
CRC[28,36,57,58]. It is known that the difference between
CIMP-low and CIMP-0 is unclear when considering CRC
in general. Within the early-onset population, a number
of differences with the elderly group draw attention:
a progressive disappearance of right colon tumors, a
higher rate of CIMP-low cases, and an important familial
component: LS-related tumors, but also cancer history,
are observed in cases of CIMP-low or CIMP-0, with an
important number of LS-related neoplasias[28].

Molecular classification
The first classification of CRC to correlate the main molecular carcinogenetic pathways was proposed by Jass[68],
and was later modified by Ogino and Goel[8]. Based on
MSI and CIMP status, CRC should be classified into four
major subsets, with some features particular for each one,
as has been described previously.
Perea et al[28] carried out a comparative analysis of
MSI status and CIMP in two series of early-onset and
late-onset CRCs, in order to evaluate molecular classification according to age of onset. It was the first study that
characterized early-onset CRC based on its molecular
classification, and the main differences found, compared
with the features of previously described global CRC,
were: (1) early-onset MSI/CIMP-high tumors were Lynch
tumors, whereas elderly MSI/CIMP-high tumors were
associated with BRAF mutations; (2) half of early-onset
MSI/CIMP-low/0 cases were Lynch tumors with a mucinous component and were left-sided. According to these
results, the early-onset criterion would make a change in
the MSI groups of Ogino and Goel’s molecular classification[8], particularly in MSI/CIMP-high tumors, because
they would contain the main proportion of LS within
early-onset MSI CRC[28,36,57]; (3) the MSS/CIMP-high category had more similarities, although there was a remarkably important familial component in the early-onset
subset of tumors, mainly regarding LS-related neoplasm
aggregation; and (4) the most common group within the
early-onset population was formed by MSS/CIMP-low/0
tumors, showing a preference for the distal colon and
containing an important familial cancer component.

MACS
Some tumors with MSS have recently been identified
that, contrary to expectations, do not have CIN. Furthermore, they do not strictly fit with tumors involving the
serrated pathway. This subset of CRC, defined as MACS,
is identified most frequently in younger cases. It is also
more frequently observed in the distal colon and rectum,
has histologic features associated with poor prognosis and some familial aggregation for LS neoplasms[47].
MACS tumors also present metastases at diagnosis[46,62].
Banerjea et al[62] showed that patients with MACS tumors
had early disease recurrence and lower survival than
patients with MSI or CIN tumors. This important circumstance is due to a diminished or inhibited immune response to MACS tumors in comparison with other CRC
phenotypes[62]. Regarding family characteristics, some
published studies conclude that MACS may be related to
familial CRC syndromes, based on an observed increased
frequency in young patients with a family history. However, other studies illustrate that MSS and CIN CRCs are
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Several studies suggest that tumor location is one of the
most influential factors of CRC morphology. When comparing the characteristics of CRCs according to their location, differences are observed in terms of epidemiologic, clinicopathologic, familial, genetic and risk factors[69-73].
Increasingly, it is suggested that these differences between
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tumors of the right and the left side of the colon and the
rectum may be due to differences in embryologic origin,
or to different physiologic, biologic and gene expression
properties. This would condition different carcinogenetic
pathways depending on the location in one or another
region of the colon[71,72,74].
To our knowledge, there are no published studies
to date that examine the phenotype of CRC in young
adults according to the location of the tumor. Globally,
cancer of the right colon is frequently observed in the
elderly and in women, whereas cancer of the left colon
predominates in young people and in men[69,75-79]. Indeed,
several studies show an increased incidence of rectal
cancer in patients younger than 50 years[34,37]. Regarding
histopathologic features, tumors in the right colon have
been associated with a low degree of differentiation and
a higher frequency of signet ring cells and mucin production when compared to left and rectum tumors. These
characteristics are also described for early-onset CRC[66,73].
Regarding family characteristics, neoplasms located in the
right colon are more frequently associated with LS[48,50,80].
However, some studies draw attention to the high percentage of cases with a family history of tumors located
in the rectum and left colon within early-onset CRC[28].
These cases could be related, as mentioned previously,
to new hereditary syndromes whose molecular bases and
phenotypic characteristics are not yet known, such as Familial CRC syndrome type X[46-49].
Finally, knowledge of the molecular characteristics
of early-onset tumors at different locations in the colon
is limited. Regardless of the age of onset, Bufill[70] suggested that proximal colon cancers and distal CRCs have
arisen through different genetic pathways. Subsequently,
different studies described the preference of CIMP and
MSI in proximal colon cancer and of CIN and P53 mutation in distal and rectal cancer[56,81,82]. In our recent study
that analyzed 88 young patients with CRC, we observed
a gradual decrease in the frequencies of CIMP and MSI
when going from the proximal colon through the left
colon to the rectum, and increased frequencies of MACS
in the distal colon and rectum[83]. Our results agree with
those previously described by other authors[73].

possibility that early-onset CRC may be a different disease than late-onset CRC, even though they have much in
common.
This integrated view of molecular alterations, their associations with disease phenotype and their implications
in tumor progression and development will allow a better understanding of the physiopathology of CRC and
the identification of new therapeutic targets, and lead to
more individualized patient management, in this case, according to the age of onset.
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Core tip: The importance of angiogenesis, which is an
essential process of colorectal cancer (CRC), has been
established. Therefore, the in vivo measure of angiogenesis such as computed tomography (ct) perfusion
(CTP) technique can be a robust imaging biomarker in
CRC. Especially, CTP certainly fulfils the criteria necessary for prospective validation as a clinical trial end
point, because CT is a stable platform, broadly available, and non-invasive. Therefore, we believe that CTP
will plays an important role in the management of CRC,
providing patients more personalized and effective
treatment.
Original sources: Hayano K, Fujishiro T, Sahani DV, Satoh
A, Aoyagi T, Ohira G, Tochigi T, Matsubara H, Shuto K. Computed tomography perfusion imaging as a potential imaging
biomarker of colorectal cancer. World J Gastroenterol 2014;
20(46): 17345-17351 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i46/17345.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i46.17345

Abstract
Neovascularization was reported to arise early in the adenoma-carcinoma sequence in colorectal cancer (CRC),
and the importance of angiogenesis in cancer progression has been established. Computed tomography (CT)
perfusion (CTP) based on high temporal resolution CT
images enables evaluation of hemodynamics of tissue
in vivo by modeling tracer kinetics. CTP has been reported to characterize tumor angiogenesis, and to be a
sensitive marker for predicting recurrence or survival in
CRC. In this review, we will discuss the biomarker value
of CTP in the management of CRC patients.

INTRODUCTION
Colorectal cancer (CRC) is the second leading cause of
cancer death in the United States[1]. About 70% of patients are operated with curative intent; however, up to
30% of these patients will relapse subsequently, usually
within 2-3 years[2,3].
In CRC, neovascularization was reported to arise early
in the adenoma-carcinoma sequence[4]. Angiogenesis is an
essential process of CRC, and plays an important role in
the process of growth and metastasis[5,6]. Previous studies
reported that angiogenesis could be a useful prognostic
marker in almost all carcinomas, including CRC[5-7]. However, currently, the methods for assessing angiogenesis in

© 2015 Baishideng Publishing Group Inc. All rights reserved.
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Table 1 Summary of previous reports on computed tomography perfusion and chemoradiation therapy in rectal cancer
Ref.

Year

Number of patients

Sahani et al[13]

2005

15

Bellomi et al[25]

2007

20

Curvo-Semedo et al[24]

2012

25

Parameter changes

Response Prediction

BF/decrease; MTT/increase High baseline BF and low MTT associated with poor response
(12 responders vs 3 non-responders)
BF, BV, PS/decrease
High baseline BF and BV associated with good response
(17 responders vs 7 non-responders)
BF, BV, PS/decrease;
High baseline BF and low MTT associated with poor response
(5 responders vs 15 non-responders)
MTT/increase

BF: Blood flow; BV: Blood volume; MTT: Mean transit time; PS: Permeability surface area product.

clinical practice have relied mainly on immunohistological
analysis of postoperative specimens such as microvessel density (MVD) counting. The disadvantage of this
analysis is that they assess anatomical data only, and can
be used only for postoperative specimens. Therefore, the
methods, which enable quantitative measure of angiogenesis in in vivo, are highly expected to be a robust biomarker for the management of CRC patients in clinical
practice.
Computed tomography perfusion (CTP), which can
quantify tumor vascularity by measuring the temporal changes in tissue attenuation following intravenous
contrast administration, is readily incorporated into the
existing CT protocol, and enables evaluation of hemodynamics of tissue in vivo by modeling tracer kinetics[8,9].
Generally, a small volume of contrast material (40-70
ml depending on concentration) is injected at high flow
injection rate (> 4 ml/s), and followed by 20-40 ml
of saline flush at a similar flow rate to obtain a narrow
bolus for optimal CTP analysis. Both tissue and vascular
enhancement by contrast material can be measured and
traced over time (45-120 s depending on kinetic model
and parameter), and mathematic models such as compartmental or deconvolution analysis for contrast material exchange have been applied to quantify the tissue vascular physiology[10]. Perfusion parameters are dependent
on the scan protocol and the kinetic model for perfusion
analysis[9,11], but the common CTP parameters were blood
flow (BF), blood volume (BV), mean transit time (MTT),
and permeability surface area product (PS)[12-16]. CTP has
emerged as an important imaging biomarker to evaluate
tissue vascular physiology and tumor biology, which has
been reported to associate with tumor characterization,
survival, and therapy response in CRC[13-15,17,18]. Furthermore, with the increasing use of the neoadjuvant chemoraditaion therapy (CRT) for rectal cancer and the targeted
therapy including antiangiogenic therapy in recent various
oncology trials, there is a renewed interest in the use of
CTP as a surrogate endpoint for monitoring early therapeutic response or predicting treatment outcome[18-22].
Although still considered a research tool in the realm of
oncology, CTP offers several potential clinical applications; and therefore, its integration into routine clinical
practice is a distinct possibility because most CT scanners
now come equipped with sophisticated hardware platforms coupled with powerful and user-friendly software
packages for tissue perfusion analysis.

WCGO|www.wjgnet.com

Needless to say, imaging plays an important role in the
management of patients with CRC. And CT has become
the main diagnostic tool in tumor evaluation, including
diagnosis, staging, or monitoring of anticancer therapies
because of the relatively low cost and wide availability.
In this review, we discuss how CTP can be applied to the
management of CRC as an imaging biomarker, reviewing
novel clinical approaches of CTP in assessing response
to the treatment or predicting survival in CRC patients.

CTP for monitoring and
predicting the response to the
chemoradiation therapy
In patients with a locally advanced rectal cancer, neoadjuvant CRT has been recommended, and such neoadjuvant therapy is useful for decreasing the tumor stage to
facilitate curative resection and to decrease the rate of
recurrence[22,23]. Thus, it is highly desirable and beneficial
to develop the noninvasive diagnostic tool to monitor or
predict the response to CRT.
There are several CTP studies reporting perfusion
changes of rectal cancer during CRT (Table 1)[13,24,25].
These previous reports demonstrated that BF and BV
decreased, whereas MTT increased after CRT (Figure
1). Similar perfusion changes were also reported in CTP
studies of head and neck cancer and esophageal cancer
treated with CRT[26,27]. These changes may reflect the fibrosis induced by CRT. The tissue fibrosis leads directly
to compression of tumor capillaries and increased flow
resistance, which leads to decrease in BF and BV, and increase in MTT[14,28]. Another assumption is that these perfusion changes may reflect reduction in MVD. Johansson
et al[29] showed that irradiation caused decrease in MVD
in a rat glioma model.
Previous papers also reported that baseline perfusion values could predict the response to the CRT[24,25].
However, their results are controversial. Bellomi et al[25]
showed baseline BF and BV in non-responders to be
significantly lower and MTT significantly higher than in
responders, while Curvo-Semedo et al[24] showed baseline
BF in non-responder to be significantly higher and MTT
significantly lower than in responders. The reasons for
these discrepancies might be because they used different
reference standards to assess response, different patient
selection criteria and different kinetic models. The small
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A

B

C

D

Figure 1 Perfusion change after chemoraditaion therapy.
Contrast enhanced CT images at baseline (A) and post-CRT
(B). BF maps at baseline (C) and post-CRT (D). After CRT, tumor showed significant decrease in BF (arrows). CRT: Chemoraditaion therapy; CT: Computed tomography; BF: Blood flow.

Table 2 Summary of previous reports on computed tomography perfusion and antiangiogenic therapy in colorectal cancer
Ref.
[18]

Willet et al
Willet et al[32]
Anzidei et al[33]

Year

Number of patients

Time of CTP after the treatment

Parameter changes

2004
2009
2011

6 (primary)
32 (primary)
18 (liver metastases)

After 12 d of administration of bevacizumab
After 12 d of administration of bevacizumab
After 181 d of the treatment (including bevacizumab)

BF, BV/decrease
BF, PS/decrease
BF, BV/slightly decrease (not significant)

CTP: Computed tomography perfusion; BF: Blood flow; BV: Blood volume; PS: Permeability surface area product.

sample size of these studies also might affect their results.
It is highly beneficial to predict the response to CRT so
that non-responders could avoid the side effects associated with intensive therapeutic regimens, and therefore,
predictive value of CTP in the response to CRT should
be evaluated in a prospective study with a larger sample
size.

is highly beneficial for the personalized therapy in CRC.
In addition, the morphologic assessment has a difficulty
in distinguishing viable tumor from necrotic or fibrotic
tissue because molecular targeted agents suppress tumor
growth by downregulating angiogenesis without causing
much morphologic change. Thus, there is an increasing
interest in the in vivo quantification of angiogenesis based
on images such as CTP. A few CTP papers concerning
antiangiogenic therapy have been published in CRC (Table
2)[18,32,33]. Willett et al[18,32] reported that tumor BF and BV
decreased within two weeks of the initiation of bevacizumab alone, which is a monoclonal antibody that targets
VEGF, and they also reported reduction in MVD after
the administration of bevacizumab (Figure 2). Anzidei
et al[33] reported a CTP study of liver metastases in CRC
treated with chemotherapy and bevacizumab. Their study
showed reduction in BF and PS after the therapy, but this
tendency was not statistically significant. It is assumed
that these perfusion changes may reflect the change of
MVD, because several previous reports demonstrated
positive correlations of BF, BV and PS with MVD[15,34,35].
However, exploitation of the ability of this technique in
predicting response to antiangiogenic therapy is still in

CTP and antiangiogenic therapy
Tumor angiogenesis provides an attractive target for anticancer therapy. Previous clinical trials have established
that the addition of antiangiogenic agents to chemotherapy significantly improves survival compared with chemotherapy alone in first-line and second-line treatment
of metastatic CRC[30,31]. These studies have shown followings: (1) in the treatment of metastatic CRC, the addition
of the VEGF-directed antibody, bevacizumab, to chemotherapy significantly improve outcome in comparison
with chemotherapy alone; and (2) bevacizumab has minimum activity as a single agent. Based on these findings,
further understanding of the mechanism of the interaction between antiangiogenic agents and chemotherapy
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A

B

Figure 2 Perfusion change after antiangiogenic therapy. After 2 wk of antiangiogenic therapy (bevacizumab), tumor BF decreased significantly (arrows). A: Baseline; and B: Post-therapy BF map. BF: Blood flow.

A

B

C

D

Figure 3 Tumor perfusion and distant metastases. A-C: Rectal cancer patient with synchronous multiple liver metastases; D: Computed tomography perfusion
demonstrated low tumor BF (35.3 mL/100 g per minute) (arrow). BF: Blood flow.

study demonstrated that rectal cancer with low BF, which
tended to be accompanied by synchronous metastatic
lymphnodes or distant metastases (Figure 3), associated
with poor overall survival[14]. These authors hypothesized
that reduced BF are related to increasing interstitial fluid
pressure and hypoxia in tumor tissue[14,16]. Accumulation
of excess fluid in the interstitium of tumor and excessive
tumor growth in a confined space also leads to increased
solid tissue pressure and elevated interstitial fluid pressure, which in turn cause capillary compression, and may
reduce blood flow[36,37]. Regarding to relationship between
CTP and tissue oxygenation, Haider et al[38] reported that
the tumor blood flow on CTP correlated positively with
tumor oxygenation in cervical cancer. Hypoxic environ-

early stages of development.

CTP and survival in CRC patients
Angiogenesis plays an important role in cancer progression, and could be a useful prognostic marker in almost
all carcinomas, including CRC[5-7]. Thus, CTP that can assesses angiogenesis of the tumor in vivo, is highly expected
to be an imaging biomarker that can reflect clinical outcome of CRC. CTP has been reported to be a sensitive
marker for predicting recurrence or outcome in CRC[14,16].
Goh et al[16] reported that tumor BF measured by perfusion CT was significantly lower in CRC patients who ultimately developed metastatic disease. Our previous CTP
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A

B

C

Figure 4 Hepatic perfusion and recurrence. This patient underwent curative surgery, and was diagnosed as stage Ⅱ colon cancer (no distant and lymphnode
metastases). Preoperative hepatic BF (A) and hepatic arterial fraction (B) was high (BF = 191 mL/min per 100 g, HAF = 32%). After 6 mo of surgery, this patient developed a liver metastasis (C). BF: Blood flow.

further supportive work is necessary[49].

ment plays an important role in cancer progression with
promoting oncogenic mutations, cell survival, and more
aggressive behavior in tumors[39]. Therefore, low BF tumor may correlate with poor survival. But we have to say
that CTP measurements to clinical outcomes remain limited. These reports are based on small and single center
studies. Therefore, we need to confirm these results with
larger multicenter trials.

CONCLUSION
Data relating CTP to clinical outcomes in CRC still remain limited. Relatively small, single center studies have
suggested that CTP parameters may reflect clinical outcome in CRC[14,16]. Thus, there is a need to confirm these
results with prospective and larger multicenter trials. As
CT technology has reached maturity, further consideration has to be given to the direction of CTP research.
As an imaging biomarker, CTP certainly fulfils the criteria
necessary for prospective validation as a clinical trial end
point, because CT is a stable platform, widely available,
and non-invasive. Therefore, we believe that CTP technique will play an important role in the management of
patients with CRC as a key imaging technique in clinical
practice, providing patients more personalized treatment.

Liver perfusion and metastases
Several studies have suggested the relationship between
tumor progression and hemodynamic changes in the
liver. In 1983, Leveson et al[40,41] reported that gastrointestinal cancer patients with simultaneous liver metastasis
exhibited a higher hepatic arterial blood flow measured
with scintigraphy. In CRC with simultaneous liver metastases, Leen et al[42] demonstrated a significant increase in
the hepatic arterial blood flow and a significant decrease
in the portal blood flow compared with those observed in
healthy volunteers using doppler ultrasonography study.
The CTP technique was also applied to this investigation
of the relationship between tumor progression and hemodynamic changes in the liver. In liver CTP studies of
patients with known metastatic disease, increased arterial
perfusion has been shown by Miles et al[43] and Blomley et
al[44]. Cuenod et al[45] reported that hemodynamic changes,
including decrease in the portal blood flow and increase
in the mean transit time, could be detected using CTP in
the rats with occult liver metastases. In CRC with simultaneous liver metastases, Leggett et al[46] reported that the
hepatic arterial blood flow significantly increased and the
portal blood flow decreased by using CTP. In CTP study
of esophageal cancer, Fujishiro et al[47] reported that the
preoperative hepatic arterial blood flow might be a useful
predictive marker for the future metastases. Therefore,
CTP derived hemodynamic change in the hepatic blood
flow has a potential to become a novel imaging biomarker to predict recurrence or metastases in CRC patients
(Figure 4). A tumor-related circulating vasoactive mediator may contribute to this global perfusion change[48], and
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Toll-like receptor signaling in colorectal cancer:
carcinogenesis to cancer therapy
Ting-Ting Li, Shuji Ogino, Zhi Rong Qian
by recognizing particular TLR ligands, including flagellin and lipopolysaccharide of bacteria, nucleic acids
derived from viruses, and zymosan of fungi. There are
2 major TLR pathways; one is mediated by myeloid
differentiation factor 88 (MYD88) adaptor proteins,
and the other is independent of MYD88. The MYD88dependent pathway involves early-phase activation
of nuclear factor of kappa light polypeptide gene enhancer in B-cells 1 (NF-κB1) and all the TLRs, except
TLR3, have been shown to activate this pathway. TLR3
and TLR4 act via MYD88-independent pathways with
delayed activation of NF-κB signaling. TLRs play a vital
role in activating immune responses. TLRs have been
shown to mediate inflammatory responses and maintain epithelial barrier homeostasis, and are highly likely
to be involved in the activation of a number of pathways following cancer therapy. Colorectal cancer (CRC)
is one of the most common cancers, and accounts
for almost half a million deaths annually worldwide.
Inflammation is considered a risk factor for many common malignancies including cancers of the colorectum.
The key molecules involved in inflammation-driven carcinogenesis include TLRs. As sensors of cell death and
tissue remodeling, TLRs may have a universal role in
cancer; stimulation of TLRs to activate the innate immune system has been a legitimate therapeutic strategy for some years. TLRs 3/4/7/8/9 are all validated
targets for cancer therapy, and a number of companies are developing agonists and vaccine adjuvants.
On the other hand, antagonists may favor inhibition
of signaling responsible for autoimmune responses. In
this paper, we review TLR signaling in CRC from carcinogenesis to cancer therapy.
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Abstract
Toll-like receptors (TLRs) are germ line encoded innate
immune sensors that recognize conserved microbial
structures and host alarmins, and signal expression of
major histocompatibility complex proteins, costimulatory molecules, and inflammatory mediators by macrophages, neutrophils, dendritic cells, and other cell
types. These protein receptors are characterized by
their ability to respond to invading pathogens promptly
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released from stressed or dying cells[10].

sensors which can recognize inflammatory mediators.
TLRs have been shown to mediate inflammatory response and maintain epithelial barrier homeostasis. Inflammation is a risk factor for many cancers including
colorectal cancer (CRC). The key molecules involved
in inflammation-driven carcinogenesis include TLRs. In
this paper, we reviewed TLR signaling in CRC from carcinogenesis to cancer therapy.

TLR in disease and cancer
TLRs play a major role in microbe-host interactions and
innate immunity[11]. TLRs are very important in early innate immune defense mechanisms by activating canonical
and non-canonical pathways of inflammation. Because
TLRs are primary sensors of PAMPs, DAMPs, and stress
signals associated with allergen exposure, genetic variations in the TLR genes may influence the incidence, severity, and outcome of allergic diseases[2]. Several singlenucleotide polymorphisms within the TLR genes are
associated with altered susceptibility to infectious, allergic,
and inflammatory diseases as well as cancers[2].
More and more evidence suggests that malfunction
of TLR signaling contributes significantly to the development of autoimmune connective tissue diseases[3], tuberculosis[9], severe acute pancreatitis[12], necrotizing enterocolitis[13], atherosclerosis[14], alcohol-induced liver disease
and non-alcoholic steatohepatitis[15]. TLR signaling plays
a role in regulating injury responses of chronically injured
precancerous organs and promoting malignant cell survival[16]. The TLR/MYD88 pathway is essential for microbiota-induced development of colitis-associated cancer, and it was demonstrated that the severity of chronic
colitis directly correlates with colorectal tumor development and that bacterial-induced inflammation drives progression from adenoma to invasive carcinoma[17]. TLRs
and MYD88 signaling have been shown to be associated
with hepatic inflammation and hepatomitogen expression
which is important for hepatocarcinogenesis, suggesting
that a better understanding of TLR signaling pathways
may help to clarify the mechanisms of tumorigenesis,
and provide new therapeutic targets for hepatocellular
carcinoma[15]. Researchers have found that TLR9 initiates
a cascade of immune responses: expression of TLR9
promotes angiogenesis and cancer progression, and reduces survival, so an understanding of how TLR9 boosts
angiogenesis may help refine the development of anticancer agent[18,19]. Table 1 showed TLR functions in disease and cancer.

Original sources: Li TT, Ogino S, Qian ZR. Toll-like receptor
signaling in colorectal cancer: carcinogenesis to cancer therapy.
World J Gastroenterol 2014; 20(47): 17699-17708 Available
from: URL: http://www.wjgnet.com/1007-9327/full/v20/
i47/17699.htm DOI: http://dx.doi.org/10.3748/wjg.v20.i47.17699

INTRODUCTION
Toll-like receptor biology
Toll-like receptors (TLRs) are a family of evolutionally conserved pattern recognition receptors (PRRs)[1-3].
TLRs are included in the type Ⅰ transmembrane glycoprotein receptor family with N-terminal ligand-recognition, transmembrane, and intracellular C-terminal signaling domains[4]. Currently, 13 TLRs have been identified
in humans and mice, and equivalent forms of many of
these have been found in other mammalian species[5].
TLRs recognize a wide range of microbial moieties, and
engagement by their respective ligand(s) triggers activation of intracellular signaling cascades leading to the induction of genes involved in antimicrobial host defence,
such as those encoding proinflammatory cytokines and
chemokines[6,7].
TLR signaling has been investigated extensively in
recent years. There are two important TLR pathways:
one is dependent on myeloid differentiation factor 88
(MYD88) adaptor proteins and the other is independent
of MYD88. All TLRs commonly use MYD88 as the
downstream adapter protein except TLR3. After activation with their individual ligands, TLRs recruit MYD88,
leading to subsequent activation of downstream factors,
including nuclear factor κB (NF-κB), mitogen-associated
protein kinase (MAPK), and interferon (IFN) regulatory
factors[8,9]. TLR signaling activates transcription factors,
and generates cytokines as well as chemokines via intracellular pathways (Figure 1). TLR2 and TLR4 combine
with their respective ligands to form dimeric complexes.
The configuration is then changed and 5 specific adapters
within cells are recruited, including MYD88, TIR domaincontaining adaptor protein (TIRAP)/MYD88 adaptorlike (Mal), TIR domain-containing adaptor-inducing
IFNβ (TRIF), TRIF-related adaptor molecule (TRAM),
as well as sterile α and armadillo motif-containing protein
(SARM)[4]. Immune cell expressing TLRs play important
roles in immune responses against invading pathogens.
TLRs recognize conserved pathogen-associated molecular
patterns (PAMPs) expressed on a wide array of microbes,
as well as danger-associated molecular patterns (DAMPs)
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TLR in therapy
As the evidence for the involvement of TLRs in multiple
immune diseases has increased, more and more research
has shown that TLRs could be a therapeutic target for inflammatory diseases. TLR2 could be a useful therapeutic
target for the development of antagonists given the range
of diseases that are associated with this receptor[20]. The
humanized version of OPN-305 entered phase Ⅰ clinical
trials for the treatment of inflammatory autoimmune
diseases[20-22]. Small synthetic compounds, acting as TLR3
agonists and/or TLR2/TLR4, TLR7/9 and MYD88
antagonists may favor the inhibition of signaling responsible for autoimmune responses in multiple sclerosis and
experimental autoimmune encephalitis[20].
Various TLR agonists have been considered for multiple clinical applications, including cancer immunotherapy,
and the TLR7 agonist imiquimod is approved for topical
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Figure 1 Toll-like receptor signaling pathways. There are 2 major toll-like receptor (TLR) pathways: one is mediated by myeloid differentiation factor 88 (MYD88)
adaptor proteins, and the other is independent of MYD88. With the exception of TLR3, all other TLRs commonly use MYD88 as the downstream adapter protein.
Activated TLRs recruit MYD88, leading to subsequent activation of the downstream targets. TLR2 and TLR4 combine with their respective ligands to form dimeric
complexes and change their configuration, and then recruit specific adapters within cells, including MYD88, TIR domain-containing adaptor protein (TIRAP)/MYD88
adaptor-like (Mal), TIR domain-containing adaptor-inducing interferon (IFN)-β (TRIF) and TRIF-related adaptor molecule (TRAM). The subsequent activation of the
IKK complex, consisting of TBK1/TRAF3/IKKε, NEMO/IKBKE, induces phosphorylation of IKBKE, leading to the activation of transcription factors. TLRs bind bacterial
and viral PAMPs, leading to activation of proinflammatory and anti-viral signaling pathways including NF-κB1 and IFN regulatory factor-3 (IRF3) and 7 (IRF7), then
activation of transcription factors and production of inflammatory cytokines, leading to inflammation, immune regulation, survival, proliferation and tumorigenesis.

Table 1 Toll-like receptor functions in disease and cancer
TLR
TLRs
TLRs
TLRs
TLRs
TLRs
TLRs
TLR2/TLR4
TLR4
TLR4
TLR9
TLR9

Disease

Function

Autoimmune disease
Infectious disease
Cancer (CRC, HCC, etc)
Allergic diseases
Tuberculosis
Systemic inflammatory response syndrome
Atherosclerosis
NEC
Alcohol-induced liver injury
NASH
Cancer

Microbe-host interactions and innate immunity
Activating canonical and non-canonical pathways of inflammation
Carcinogenesis
Primary sensors of PAMPs, DAMPs and stress signals associated with allergen exposure
Recognition of Mycobacterium tuberculosis
Development of syndrome
Development of disease
Development of intestinal barrier failure
Activation of Kupffer cells
Development of disease
Angiogenesis

TLR: Toll-like receptor; CRC: Colorectal cancer; HCC: Hepatocellular carcinoma; PAMPs: Pathogen-associated molecular patterns; DAMPs: Danger associated molecular patterns; NEC: Necrotizing enterocolitis; NASH: Non-alcoholic steatohepatitis.
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therapy of basal cell carcinoma[23]. Most TLR-targeted
therapeutics are intercellular nucleic acid-derived immunoregulatory sequences. such as TLR3, TLR7, TLR8, and
TLR9. Agents can also target cell surface TLRs, including
TLR2 and TLR4. These therapeutics may be used in oncology, immune disease, and infectious disease[1].
Activation of the TLR4 pathway may cause chronic
inflammation and increase production of reactive oxygen
and nitrogen species (ROS/RNS), leading to oxidative and
nitrosative stress and TLR-related diseases. This implies
that drugs or substances that modify these pathways may
prevent or improve TLR-related diseases, for example,
anti-lipopolysaccharide (LPS) strategies, aim to neutralize
LPS and TLR4/MYD88 antagonists, including eritoran,
CyP, EM-163, epigallocatechin-3-gallate, 6-shogaol, cinnamon extract, N-acetylcysteine, melatonin, and molecular hydrogen[24]. Rajput et al[25] correlated TLR4 expression with resistance to paclitaxel in either depleted or
overexpressed TLR4 protein breast cancer cell lines and
found that paclitaxel not only killed tumor cells but also
enhanced their survival by activating the TLR4 pathway,
suggesting that blocking TLR4 could significantly improve
the response to paclitaxel therapy. TLR4 is critical for the
airway inflammatory response, and agents targeting TLRs
are being actively pursued as novel therapies for the treatment of airway diseases such as asthma[26]. Synthetic oligodeoxynucleotide-expressing CpG motifs (CpG-ODN) are
TLR9 agonists that can enhance the antitumor activity of
DNA-damaging chemotherapy and radiation therapy in
preclinical mouse models, and findings provide evidence
that the tumor microenvironment can sensitize cancer
cells to DNA-damaging chemotherapy, thereby expanding the benefits of CpG-ODN therapy beyond induction
of a strong immune response[27]. TLR9 agonists can exert
antitumor effects by blocking angiogenesis; it is likely that
TLR-induced IFNs play an important role as IFNα is well
known to suppress tumor angiogenesis[16].

sociated with higher TLR protein levels throughout the
spectrum of lesions of colon carcinogenesis[22]. TLR3 may
indicate the tendency of normal tissue to form adenoma
or CRC[17].
Each receptor in CRC carcinogenesis (in vivo and in
vitro)
TLR2: TLR2 is encoded by a DNA sequence that codes
784 amino acids[9]. This type Ⅰ transmembrane receptor
is composed of an extracellular leucine-rich domain, a
single transmembrane domain, and a cytoplasmic domain[9]. Colon carcinogenesis is associated with increased
expression levels of TLR2 and TLR4. Functional TLR2
and TLR4 polymorphisms significantly alter the risk of
CRC. Smoking and obesity may influence the risk of
CRC along with these genetic profiles[33]. TLR2 is unique
in its requirement to form heterodimers with TLR1 or
TLR6 for the initiation of signaling and cellular activation[11]. Tumor cells from TLR2 knockout mice showed
less cell death and suppressed senescence[16]. Nihon-Yanagi
et al[34] suggested that TLR2 activation may also be involved
in sporadic colon carcinogenesis in humans.
In CRC , the role of TLR2 is still controversial. One
study showed that there were no differences between
wild-type and TLR2-deficient mice in CRC[16,35]. However,
another study showed increased tumor development and
higher interleukin (IL) 6, IL17A and phospho-signal
transducer and activator of transcription 3 (STAT3) levels in CRC in TLR2-deficient mice[16,36]. In colitis, TLR2
plays a protective role against the development of colitisassociated cancer[36]. TLR2 plays a key role in Grampositive bacterial, mycobacterial, fungal, and spirochetal
cell wall component recognition, while TLR4 seems to
be a key receptor of the Gram-negative component LPS;
both TLR2 and TLR4 in cancer patients are implicated in
carcinogenesis and antitumor treatment; the lower stress
response in laparoscopic colectomy vs open colectomy
provides an impetus to investigate the long-term results
of laparoscopic colectomy vs open colectomy for CRC[37].
Some papers also showed that TLR2 and TLR4 were
both associated with survival after diagnosis of colon
cancer, but not rectal cancer[38].

TLR in COLORECTAL CANCER
carcinogenesis
General introduction
Colorectal cancer (CRC) is the fourth leading cause of
cancer-related death in the world and the third leading
cause in the United States[28]. Initiation and progression
of malignancies is the result of a series of complex processes that depend upon multiple interactive factors[29].
There are 3 distinct molecular mutagenic pathways, including chromosomal, microsatellite instability, and epigenetic pathway in colon carcinogenesis[11,22].
Inflammation is considered a risk factor for many
common malignancies including CRC[29,30]. The key molecules involved in inflammation-driven carcinogenesis
include TLRs, NF-κB signaling, pro- and anti-inflammatory cytokines, growth factors, kinase tumor suppressor
proteins, cyclooxygenases, and nitric oxide synthases[31].
Pimentel-Nunes et al[32] found persistently positive TLR
expression and lower expression of TLR inhibitors as-

WCGO|www.wjgnet.com

TLR4: TLR4 is composed of 839 amino acids. It is activated by bacterial LPS as well as lipotechoic acid[9]. TLR4
is expressed on human colon cancer cells and is functionally active. It is important in promoting immune escape of
human colon cancer cells by inducing immunosuppressive
factors as well as apoptosis resistance[31]. The TLR4 signaling pathway has oncogenic effects both in vitro and in vivo.
The increased individual expression of TLR4 and IL6 is
a common feature of CRCs and is associated with poor
prognosis[39-41]. To demonstrate the role of TLR4 signaling
in colon tumorigenesis, Wang et al[39] examined the expression of TLR4 and MYD88 in CRC, and suggested that
high expression of TLR4 and MYD88 is associated with
liver metastasis, and is an independent predictor of poor
prognosis in patients with CRC. Their findings also sug-
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gest that TLR4/MYD88 signaling contributes to CRC tumorigenesis not only in colitis-associated cancer but also
in sporadic CRC[39]. Other studies also showed that TLR4
signaling activates NF-κB through the MYD88 pathway,
leading to transcription of pro-inflammatory cytokines as
well as many important components of the inflammatory
response[42].
TLR4 is overexpressed in mouse and human inflammation-associated CRC, and TLR4-deficient mice are
strongly protected against colon carcinogenesis, suggesting that TLR expression on tumor cells promotes tumor
progression directly or indirectly[8]. TLR4 expression by
stromal fibroblasts is associated with poor prognosis in
CRC[43]. The TLR4 variant D299G induces neoplastic
progression in Caco-2 intestinal cells and is associated
with advanced human colon cancer, implying a novel
link between colonic carcinogenesis and aberrant innate
immunity[44]. Single TLR4, LY96 (MD-2), and CXC chemokine receptor 7 (CXCR7) expression levels are significantly correlated with human CRC TNM stage, advanced
histological grade, tumor size, and lymph node metastasis;
furthermore, concomitant expression of TLR4, LY96 and
CXCR7 has been shown to be associated with increased
potential for carcinoma growth and metastasis in human
CRC[29]. Cammarota et al[45] found that adenocarcinoma
patients (pT1-4) with higher TLR4 expression in the
stromal compartment had a significantly increased risk
of disease progression, and high TLR4 expression in the
tumor microenvironment represents a possible marker of
disease progression in colon cancer. Nox enzymes are major sources of endogenous ROS generation in response
to inflammatory mediators, including cytokines, growth
factors, and hypoxic conditions, all of which are elevated
in response to surgical trauma[42,46,47]. It was shown that
the LPS-Nox1 redox signaling axis plays a crucial role in
facilitation of colon cancer cell adhesion, thus increasing
the potential for colon cancer cell metastasis. Nox1 may
represent a valuable target to prevent colon cancer metastasis[42].

Figure 2 show the TLRs involved in CRC.

TLR in CRC prognosis
It was reported that high expression of the TLR4/ MYD88
signal was correlated with poor prognosis of CRC[51]. In
the tumor microenvironment, high TLR4 expression
represents a possible marker of disease progression in
colon cancer[45]. TLR4 expression in stromal fibroblasts is
associated with poor prognosis in CRC, therefore, TLR4
expression in fibroblasts could be a useful prognostic
marker in CRC[43]. It has been documented that the deregulated activation of STAT3 and NF-κB is a common
feature of gastrointestinal cancers and invariably correlates with poor prognosis; NF-κB and STAT3 are key
downstream signal transducers of the TLR families and
IL-6 cytokine, respectively; the molecular mechanisms are
associated with cross-talk between the IL-6 cytokine family/STAT3 signaling network and the TLR family/NF-κB
signaling network, and there is potential benefit in their
therapeutic targeting in colorectal and gastric cancers[7].
Genetic variations in TLR2, TLR3 and TLR4 may influence colon cancer development as well as survival after
diagnosis with colon cancer[38]. Persistent TLR-specific
activation of NF-κB in CRC and particularly in tumorinitiating cells may sustain further tumor growth and progression through perpetuation of signaling from inflammatory and tissue repair mechanisms, with consequent
self-renewal of pluripotent tumor cells. TLR7 and TLR8
expression on PROM1 (CD133)+ cells in CRC may play a
specific role in tumorigenesis and tumor progression[52].

TLR in CRC therapy
Agonists
TLR agonists play a fundamental role in activating innate and adaptive immune responses[10]. TLR agonists
are currently under investigation as vaccine adjuvants in
anticancer therapies for their ability to activate immune
cells and promote inflammation[10]. A growing body of
evidence indicates that TLRs are expressed or can be induced on various cell types, including T cells and tumor
cells[8,10].
Current available synthetic TLR2 ligands are based on
cell wall constituents of (potential) pathogens, and adjuvant research could possibly benefit from elucidating the
variations in the LPS make-up of probiotic strains. With
regard to the indispensable role of pattern recognition
receptors (PRRs) in facilitating microbe-induced TLR2
function, determination of specific PRRs involved in the
recognition of probiotic strains would aid research on the
mechanism of action of probiotics. In addition, because
microbial manipulation of PRR-TLR crosstalk is used
by pathogens to subvert appropriate immune responses,
determination of the specific PRRs involved could lead
to new therapeutic approaches[11]. The TLR2⁄4 agonists
S100A9 and HMGB1 have been touted as potential biomarkers for CRC, as they are upregulated significantly in

TLR9: TLR9 recognizes unmethylated CpG motifs in
bacterial DNA[9]. TLR9 is expressed mainly in intracellular
vesicles such as the endoplasmic reticulum, lysosomes,
endosomes and endolysosomes, where they recognize
microbial nucleic acids[1]. TLR9 recognizes DNA derived
from both DNA bacteria and viruses[1,48]. Several studies
have shown that TLR9 engagement on CD4 T cells can
enhance their survival and therefore, could potentiate antitumor responses by prolonging T cell survival[10,49]. The
role of TLR9 signaling in colonic carcinogenesis remains
unclear. It was recently reported that oligodeoxynucleotides targeting TLR9 have opposite effects in modulating
DNA repair genes in tumor cells vs immune cells, and
enhance the biologic effects of chemotherapy. TLR9 expression was decreased in hyperplastic and villous polyps
from patients who developed CRC, suggesting a possible
protective role of TLR9 expression against malignant
transformation in the colorectal mucosa[50]. Table 2 and
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Figure 2 Toll-like receptors in colorectal cancer and therapeutics. Toll-like receptor (TLR) agonists play a fundamental role in activating innate and adaptive immune responses. The TLR2 and TLR4 agonists HMGB1 and S100A9 have been proposed as potential biomarkers for colorectal cancer (CRC). The TLR4 agonist
monophosphoryl lipid (MPL) A is approved for use in several vaccines as an adjuvant. TLR9 agonist, commonly referred to as CpG-ODN, has been added to the
arsenal of anti-cancer drugs as monotherapy or in combination with chemotherapy, radiotherapy and other immunotherapeutic approaches. Activated TLR2, TLR4 and
TLR9 recruit MYD88, with activation of NF-κB, IRF, and MAPK signaling, leads to inflammation, immune regulation, survival, proliferation and tumorigenesis. MAPK:
Mitogen-associated protein kinase; IRF: Interferon regulatory factor; NF-κB: Nuclear factor (NF)-κB.

Table 2 Toll-like receptors role in colorectal cancer
TLR

Carcinogenesis

Prognosis

Treatment

TLR2

Controversial role in mouse model; protective against
development of CRC in colitis
Oncogenic effects in vitro and in vivo
Remain unclear; possible protection against malignant
transformation in colorectal mucosa

Associated with survival after diagnosis of colon cancer

HMGB1, S100A9

Poor progression

HMGB1, S100A9, MPLA
CpG-ODN

TLR4
TLR9

CRC: Colorectal cancer; TLR: Toll Like receptor.

tients carrying the wild-type KRAS gene; estrogen receptors may take part in colorectal carcinogenesis, and interaction between TLR9 and estrogen receptors may have
further therapeutic importance in CRC, and TLR9 agonist therapy has been tested clinically on the colon[50]. The
TLR9 agonist, which is commonly referred to as CpGODN, has been added to the arsenal of anti-cancer drugs
as monotherapy, or in combination with chemotherapy,
radiotherapy, and other immunotherapeutic approaches,
as they increase antigen presentation and boost anti-tumor
B and T cell responses[56]. TLR9 agonists were reported
to show TP53-independent activity within human CRC
cells, inhibit their proliferation, promote apoptosis, and
improve anti-cancer effects of radiotherapy and chemotherapy[17]. One therapeutic advantage of the use of
TLR9 agonists in this tumor model could be to sensitize
tumors to the toxic effects of radiation treatment[10,57].
Combined administration of a TLR9 agonist and an

CRC and have been shown to be regulated by STAT3,
which is hyperactivated in approximately 90% of colorectal tumor biopsies[41,53,54]. The TLR4 agonist monophosphoryl lipid A is approved for use in several vaccines as
an adjuvant[1,51].
Rosa et al[55] established a KRAS mutated CRC model
and showed that an immunomodulatory oligonucleotide sequence in combination with cetuximab had an
antitumor effect. This is probably based on the alteration
of MAPK phosphorylation, resulting in structural and
functional changes in the relationship between epidermal
growth factor receptor (EGFR) and TLR9[50,55]. Mutation
of the KRAS gene has a critical role in colon cancer and
may cause resistance to anti-EGFR therapy, which is the
reason why panitumumab and cetuximab therapy do not
show a positive effect on the control of proliferation and
metastasis in KRAS-mutated colon cancer; this kind of
biological therapy could only be useful in the case of pa-
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Table 3 Summary of therapy in colorectal cancer
Compound
BCG[10,71,72]
MPL[10,72]
CBLB502[1,23,71]
Imiquimod (Aldara)[10,71,72]
IMO2055[1,10]
MGN1703[16]

Target (agonist)

Indications

Drug class or trade

Clinical phase

TLR2/4
TLR4
TLR5
TLR7
TLR9
TLR9

CRC
CRC
Colon cancer
CRC
CRC
CRC

Synthetic ssRNA
Synthetic ssRNA
Flagellin
Small molecule ssRNA
CpG oligonucleotide
dSLIM

Phase Ⅰ
Phase Ⅰ
Phase Ⅰ
Phase Ⅰ/Ⅱ/Ⅲ
Phase Ⅰ/Ⅱ
Phase Ⅱ

immunity [10]. Pollinex Quattro (Allergy Therapeutics
Ltd., Worthing, UK) is a vaccine that contains a monophosphoryl lipid adjuvant to stimulate TLR4, combined
with ragweed pollen extract for the treatment of seasonal allergic rhinitis[1,62]. Following positive results in
phase Ⅲ trials, Allergy Therapeutics have submitted Pollinex Quattro for regulatory approval in Europe[1]. TLR9
is a key determinant of the innate immune responses in
both sterile and infectious injury. Specific TLR9 antagonism reduces tissue damage in a wide range of pathologies, and has been delivered by modification of nucleic
acids, a recognized ligand for TLR9, and a novel smallmolecule enantiomeric analogue of traditional morphinans which has specific TLR9 antagonist properties and
reduces sterile inflammation-induced organ damage[52].
Some of the TLR-based therapeutics under evaluation in
CRC are shown in Figure 2 and Table 3.

IL-10 antagonist is one of the candidates for cancer treatment[8]. Recently, it was shown that TLR ligands may be
critical for dendritic cell (DC) activation, and combined
TLR activation can lead to better DC maturation status,
and also induce more effective antitumor immune responses against colon cancer, showing that it may be a
potential strategy to develop more powerful DC cancer
vaccines[58].
It was reported that specific small molecule inhibitors
of phosphatidylinositol-4,5-bisphosphate 3-kinase, catalytic subunit alpha (PIK3CA) reduce immunosuppression
to increase the proinflammatory effects of TLR ligands
that support antitumor immunity. Multiple strategies to
inhibit PIK3CA in DC led to IL-10 and transforming
growth factor-β1 suppression but did affect IL12 or IL1B
induction by the TLR5 ligand flagellin[59].
Antagonist
TLR4 plays an important role in innate immunity as
the first line of host defense. Most human cells express
high levels of TLR antagonist proteins and a low level
of TLR4. Tumor progression involves TLR4-mediated
irregular and uninhibited production of proinflammatory cytokines, immunosuppressive cytokines as well as
chemokines; suggesting that the discovery of TLR4 antagonists may be an ideal strategy to treat tumors. TLR4
antagonists were found to pose a risk of compromising
host immunity in other studies, so that it is a scientific
dilemma whether a TLR4 agonist or antagonist should
be targeted as treatment for cancer[60]. The TLR4/LY96
antagonist antibody inhibited colitis-associated neoplasia
in a mouse model, and it was shown that TLR regulation
can affect the outcome of both acute colitis and its consequences, i.e., cancer. Targeting TLR4 and other TLR’s
may ultimately play a role in prevention or treatment of
colitis-associated cancer[61].

CONCLUSION
TLRs are very interesting receptors and are highly important in the field of adjuvant, pathogen, and probiotic
research. TLRs constitute a link between adaptive (specific) and innate (non-specific) immunity, contributing to
the capacity of our immune system to efficiently combat
pathogens. They also enable immune cells to discriminate between self and nonself antigens [17]. TLRs are
connected to the cell signaling machinery via intracellular
adaptor molecules, and stimulation of the TLR/IL1R
signaling pathway activates the major inflammatory transcription factor NF-κB1 by allowing its nuclear translocation[63]. Predictably, MYD88 was shown to play a
role in tumorigenesis via TLR and IL1 proinflammatory
mechanisms[63-65]. TLR-mediated signaling can promote
tumor growth, and using a TLR agonist or antagonist in
combination with an antigen isolated from tumors may
increase the effect of vaccination and evoke specific innate immunity against a tumor[6]. TLR stimulation results
in NF-κB1 activation, a key modulator in driving inflammation to cancer and mitogen-activated protein kinases
that have been shown to recruit mitotic and prostaglandin endoperoxide synthase 2 (PTGS2)-induced pathways
in carcinogenesis[66].
CRC is a major cause of cancer-associated morbidity
and mortality worldwide, and is the third most common
cancer in men and women; in addition, CRC is the third
leading cause of cancer-related deaths, and the incidence
of this disease is increasing[67,68]. The role of TLRs in

TLR in clinical trialS
The developmental process for TLR-targeting products
in cancer has not been altogether straightforward, and
two of the earliest TLR pioneers have had disappointing
results. However, there are a number of promising second-generation products currently in development, and
targeting of TLR9 for metastatic CRC in clinical phase
[45]
Ⅱ/Ⅲ trials is being performed by Mologen company .
Various TLR agonists are currently under investigation
in clinical trials for their ability to orchestrate antitumor
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CRC pathology has not been fully elucidated. Bacterial
infection stimulates the TLR/MYD88 pathway in tumor
tissues, which leads to the induction of PTGS2 in stromal cells, including macrophages, and induction of the
PTGS2/PGE(2) pathway in tumor stroma is important
for the development and maintenance of an inflammatory microenvironment in gastrointestinal tumors[69]. Persistent TLR-specific activation of NF-κB in CRC, and particularly in tumor-initiating cells, may thus sustain further
tumor growth and progression through perpetuation of
signaling in inflammatory and tissue repair mechanisms,
with consequent self-renewal of pluripotent tumor cells;
activation through self-ligands or viral RNA fragments
may maintain this inflammatory process, suggesting a key
role in cancer progression[66]. Chronic activation of TLRs
expressed by tumor cells from CRC and pluripotent
PROM1 (CD133)+ colon cancer initiating cells may sustain inflammation responses, mediate resistance to apoptosis, and promote further tumor progression. Therefore,
targeting of TLR signaling may be a potential mechanism
to abrogate this inflammation-mediated effect in tumor
progression[66]. The pathways that are downstream of
TLRs and culminate in proliferation and recruitment of
inflammatory cells during injury can be usurped to support cancer development[70].
Although much effort has been put forward to determine TLR ligand requirements and receptor activity,
many questions remain. However, there are reasons to
be optimistic that TLRs represent strong candidates for
cancer targeting. Drug candidates are being developed
to target CRC or act as vaccine adjuvants. We hope that
they can be safely used systemically and have the power
to transform chemotherapeutic interventions in CRC in
the near future.
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receptor and the vascular endothelial growth factor
receptor. The genetic and molecular knowledge of CRC
has widen the scientific and clinical perspectives of
diagnosing and treatment. However, despite significant
advances in the understanding and treatment of CRC,
results from targeted therapy are still not convincing.
Future studies will determine the role for this new
treatment modality.
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Core tip: Over the last years the treatment of colorectal
cancer has become increasingly dependent on individual
patient profiling with regard to both microbiology
and genetics. Apart from lifestyle factors and age,
genetic predisposition, inflammation and impact of the
microbiome appear to be important contributors to
malignant transformation in the colon. The review gives
an update on colorectal carcinogenesis.

Abstract
Colorectal cancer (CRC) is a very common malignancy
in the Western World and despite advances in surgery,
chemotherapy and screening, it is still the second
leading cause of cancer deaths in this part of the
world. Numerous factors are found important in the
development of CRC including colonocyte metbolism,
high risk luminal environment, inflammation, as well
as lifestyle factors such as diet, tobacco, and alchohol
consumption. In recent years focus has turned towards
the genetics and molecular biology of CRC and several
interesting and promising correlations and pathways
have been discovered. The major genetic pathways
of CRC are the Chromosome Instability Pathway
representing the pathway of sporadic CRC through the
K-ras, APC, and P53 mutations, and the Microsatellite
Instability Pathway representing the pathway of
hereditary non-polyposis colon cancer through
mutations in mismatch repair genes. To identify early
cancers, screening programs have been initiated, and
the leading strategy has been the use of faecal occult
blood testing followed by colonoscopy in positive cases.
Regarding the treatment of colorectal cancer, significant
advances have been made in the recent decade. The
molecular targets of CRC include at least two important
cell surface receptors: the epidermal growth factor
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INTRODUCTION
Colorectal cancer (CRC) is a common malignancy
especially in Western Europe, North America, Australia
and New Zealand. Despite advances in surger y,
chemotherapy and screening, it is still the second
leading cause of cancer deaths in these affluent parts
of the world[1]. Numerous epidemiological data from
around the world show major geographical variation
with significantly higher risk in affluent societies and
prospective cohort data have linked dietary habits and
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lifestyle factors to CRC[2].
As opposed to dietary and environmental mutagens,
the contribution of immune-mediated mechanisms and
inflammation is not completely clear, but a connection
between inflammation and carcinogenesis has been
established [3] . Strong evidence show that immune
cells, cytokines, and other immune mediators as well
as disturbance of the host/microbiome mutualism
play important roles in virtually all steps of colon
tumorigenesis, including initiation, promotion,
progression and metastasis[3,4]. Indeed, carcinogenesis may
be initiated by bacteria with pro-carcinogenic featuressocalled bacterial drivers[4], but other unknown pathogens
like bovine viruses may also be involved[5].
There is an increasing interest among clinicians to
understand risk factors, genetics and molecular biology
of CRC. Treatment is becoming increasingly tailored to
each patient according to the molecular biology, receptor
status, and genetic phenotype of the tumour[6]. Moreover,
differential follow-up programmes and genetic counseling
of families with hereditary CRC and sporadic CRC is
increasingly practiced.
Until recently, the molecular biology and genetics were
purely scientific fields for researchers, microbiologists and
geneticists. When treating CRC, clinicians today must be
aquainted with the predominant hypotheses of colorectal
carcinogenesis and dietary/environmental risk factors.
Furthermore, patients are often involved in decisionmaking regarding treatment and genetic counselling
and require increasing amounts of information and
explanation and therefore, a basic knowledge on the
subject is important for every clinician working with
these patients.
This article provides an update on recent data on
molecular genetics and molecular biology such as
microbiome/host interaction, inflammation, chromosome
instability (CIS), microsatellite instability (MIS), mismatch
repair (MMR), and implications of mutations in Kras,
epidermal growth factor receptor (EGFR), and vascular
endothelial growth factor receptor (VEGFR).

of the crypts up towards the colonic lumen at a speed of
approximately 1 cell position per hour. When colonocytes
reach the luminal surface they are exfoliated. Thus, a
crypt is fully renewed in 2-8 d. The total proliferation rate
is 3-10 billion colonocytes per day[11,12]. This makes the
colonic mucosa the organ with the highest proliferation
rate of all organs in mammals. The rapid replication of
cells require a readily available supply of nutrients for
tissue synthesis and the process is very responsive to
dietary changes[13].
The colon hosts a major part of the human
microbiome consisting of approximately 0.5-1 kilo of
bacteria of thousands of different and mostly anaerobic
strains[4]. The number of bacteria in the microbiome
is approximately 10 times the number of cells in the
entire body and has an overwhelming impact on human
health[14,15].
It has become increasingly appreciated that the
microbiome makes up an important part of an organism’
s phenotype far beyond the context of disease[4,16-18].
Both diet and environment can impact on function and
composition of the gut microbiome[19] and later in life
the microbiome is typically characterized by a reduced
biodiversity with an increased abundance of opportunistic
facultative anaerobes, and a decreased abundance of
species with anti-inflammatory properties[4]. The agerelated proliferation of opportunistic bacteria could
contribute to an environment predisposing for diseases
known to increase with age, such as colorectal cancer[20,21].
Moreover, changes in the number, diversity and stability
of commensal bacteria (dysbiosis), especially in the
Clostridia group, also can alter normal physiological
processes and lead to diseases including cancer[4,22].
Fer mentation of dietar y fibres results in the
production of short chain fatty acids (SCFA) with
the primary being butyrate, acetate, and propionate.
Under optimal conditions SCFA are the main and
preferred source of energy for colonocytes. At optimal
conditions the SCFA supply 90% of the energy for
colonocytes. Butyrate plays a pivotal role in maintaining
normal colonic function and preventing disease and
more importantly has an anti-proliferative activity and
induces apoptosis of CRC cells in vitro[23,24]. Fermentation
predominates in the right colon where SCFA levels are
highest. In the distal parts of the colon the SCFA levels
fall and pH rises, which could explain the higher CRC
risk in the distal colon[23]. Taken together, a diet high in
fermentable fibre and low in total energy and protein is
considered a low-risk diet in relation to CRC. A low-fat
diet and energy restriction also lowers the abundance of
opportunistic pro-inflammatory pathogens, which could
represent CRC bacterial drivers.

NORMAL COLONOCYTE METABOLISM
AND TURNOVER
The normal function of the colon is fermentation of
undigested food remnants such as starch and protein
in order to extract energy from otherwise indigestible
carbohydrates, production of vitamins, to absorb
water and electrolytes and to transport waste products
(feces) to the rectum for excretion/defecation[7,8]. Food
remnants, intestinal secretions, digestive juices and
exfolated intestinal cells are metabolised by the bacteria
(microbiome) in the colon[9].
In the bottom of each colonic crypt, 4-6 stemcells
give rise to the enormous amount of colonocytes and
host the potential of accumulating genetic and epigenetic
changes [10] . As a result of the ongoing and rapid
proliferation, the colonocytes move from the lower parts
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undergo bacterial degradation/fermentation producing
ammonia, phenols and hydrogen sulfide. Furthermore,
nitrate and nitrite are found in processed meat[22]. The
presence of these chemical compounds in the colon
has been shown to cause inflammation and mucosal
damage. Free ammonia is considered the most toxic of
these substances. It is easily absorbed by colonocytes and
induces inflammation, increases proliferation rate and
raises the intraluminal pH, which again affects colonocyte
function and oxygen levels in the mucosa[25-28].

exposure to carcinogens through smoking and alcohol
consumption represent major risk factors. Mucosal
cells/colonocytes adapt rapidly to changes in diet and
in this process they accumulate epigenetic and genetic
changes often resulting in genome instability which
is a prerequisite for cancer formation. If hereditary
disposition in terms of mutations in key genes controlling
cell cycle and replication (gatekeeper/caretaker genes)
already exists, genome instability will catapult the process
into tumorigenesis[40].
Meat consumption increases the risk of CRC. This
is the convincing evidence-based conclusion from
numerous cohort studies. Both red meat and processed
meat increase CRC risk by approximately 10% with
each 30 g of meat consumed per day. Numerous cohort
studies and meta-analyses of more than 20000 cases of
CRC show increased risk of CRC of 21%-28% with
high intake of red and processed meat[25,41-43]. The 2007
SER (second expert report) meta-analysis on food and
prevention of cancer showed a 37% increase in risk of
CRC on a diet with more than 100 g meat/d[44].
Much like with nitrogen/ammonia, undigested
dietary protein undergo bacterial degradation and
fermentation[23], which subsequently lead to formation
of NOC and thereby mutations in key oncogenes and
tumour suppressor genes[30]. The cooking preparation
of meat results in formation of carcinogens such as
NOC, heterocyclic amines and polycyclic aromatic
hydrocarbons, and the contents of these compounds in
the fecal matter are linked to inflammation and mucosal
damage[45,46].
A high intake of dietary fibre, in particular cereal
fibre and whole grains is associated with a reduced risk
of colorectal cancer[47]. Dietary fiber is the indigestible
portion of food derived from plants and although a
universally accepted definition for dietary fiber does
not exist, it is generally agreed that the term means
complex carbohydrates that are not digested in the upper
part of the gastrointestinal tract. These carbohydrates
are basically different from the readily digestible
glycemic carbohydrates such as sugars and starches[48,49].
United States and United Kingdom health authorities
recommend that adults consume 20-35 g of dietary
fiber per day, but the average daily intake among the
population in the Western World is only 12-18 g[25].
When fiber reaches the colon, the result is a partial or
a total fermentation leading to the production of short
chain fatty acids and gas, which affects gastrointestinal
function. Short chain fatty acids reduce the intraluminal
pH securing optimal conditions for colonocytes and
decreasing the conversion of bile acids to secondary bile
acids[22]. Dietary fibres increase bulking by stimulating
growth of normal gut flora [50], and reduce the time
and concentration of carcinogens in contact with the
bowel wall[49]. The unwanted side effect of fiber is the
production of gas, which may cause abdominal pain,
bloating, and flatulence[51].

Possible mechanisms
The presence of nitrogen facilitates the formaton of
N-nitroso compounds (NOC). They are formed in
the colon primarily by nitrosation of nitrosamines and
amides by bacterial decarboxylation of amino acids in
the presence of a nitrosating agent. NOC form DNAadducts (chemicals binding to the DNA), which can
cause mutations in key oncogenes and tumor suppressor
genes[29,30].
Bile acids
Secondary bile acids (SBA) such as deoxycholic acid and
lithocholic acid have been linked to increased CRC risk,
but so far the evidence that SBA are involved in colonic
carcinogenesis is largely circumstantial. SBA are formed
after enzymatic deconjugation and dehydroxylation
of primary bile acids in the large bowel by anaerobic
bacteria. The concentrations of SBA are doubled in the
colonic contents of humans in response to a high animal
fat diet [31]. In populations with high CRC incidence,
fecal concentrations of SBA are increased and SBA may
therefore play a role in CRC initiation[32-35].
Possible mechanisms
Epithelial cell kinetics show that SBA alter cell
proliferative activity in the colonic mucosa by increasing
the number of DNA synthesizing cells end expanding
the proliferative compartment of the colonic crypt
up to the middle third. The increased proliferation
rate may increase the risk of mutation and malignant
transformation. Exposure of colonocytes to high
physiologic concentrations of SBA induces formation
of reactive free oxygen radicals[36], which causes oxidative
damage and mitotic aberrations that could lead to DNA
changes and genome instability[37,38].

DIET AND CRC
It is proven beyond reasonable doubt that diet plays an
important roles in the development of CRC, and it is
equally accepted that the malignant transformation of
colonocytes is a reaction to a constant or prolonged
exposure to carcinogens in the colon. Luminal events
in the colon together with environmental exposure and
genetics interact to create adenomas and carcinomas[25,39].
Diets rich in meat, fat and calories pose a challenge
for colonocytes to survive. Total energy intake and
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Animal fats
Overall, there are limited epidemiological data linking
animal fats to CRC. Nine cohort studies were evaluated
by The World Cancer Research Fund and The American
Institute for Cancer Research in The Continous Update
Report in 2011[25]. A trend towards an increased risk could
be demonstrated although statistical significance was
not reached, which makes the evidence circumstantial[25].
Nonetheless, a high-fat diet impacts the microbiome in
a way that favours the expansion of pro-inflammatory
microorganisms, which may link high-fat diet to intestinal
inflammation and other diseases[4,52].

has been shown to damage DNA and interfere with
cell proliferation and may therefore be involved in the
pathogenesis. Furthermore, alcohol and acetaldehyde
may act as carrieres of other carcinogens[59].
Total energy intake
A recent comprehensive report from the World Cancer
Research Fund and the American Institute for Cancer
Research concluded that total energy intake has no
simple relationship with the risk of developing CRC,
but its effect may be dependent on other factors, such as
physical activity. Risk calculations were inconsistent for
carbohydrates, cholesterol and proteins. However, if a
major source of energy was red meat or processed meat,
there was a direct increased association[25,41-44,60].
Another recent study in 1760 CRC cases and 2481
controls found a direct association between total energy
intake and the risk of developing CRC. However, when
examining the individual food components, there was no
evidence of any substantial effect of the intake of total
fat, saturated fatty acids, mono-unsaturated fatty acids,
polyunsaturated fatty acids, or cholesterol on the risk of
developing CRC[61].

Possible mechanisms
High intake of animal fats results in increased volume
of bile acids in the colon. Bile acids undergo bacterial
degradation and metabolisation in the colon resulting in
formation of secondary bile acids such as deoxycholic
acid and lithocholic acid, which have been shown to be
carcinogenic in experimental settings[36].

TOBACCO AND CRC
Tobacco smoking not only increases the risk of cancer in
the lungs, but also in organs such as the kidney, bladder,
cervix, lower urinary tract, pancreas and the colorectum.
Recent data show that cigarette smoking doubles the risk
of colorectal adenomas[53]. The adjusted (relative) risk of
CRC increases 25% after 10 pack-years of smoking and
peaks at approximately 40% after 30 pack-years (1 packyear = 1 pack of cigarettes per day for 1 year). There
is a linear increase in the risk of CRC with smoking
consumption, which is considered to be responsible for
12% of CRC cases[54].

Conclusion
Convincing data show that meat, alcohol and tobacco
increase the risk of CRC and dietary fibre may reduce
this risk. A diet high in protein from red and processed
meat, high in total energy and low in fibre is considered
a high risk diet resulting in a high intraluminal pH, high
ammonia levels and low SCFA levels all contributing to
a environment facilitating the development of neoplastic
cells.
Inflammation and crc risk
The connection between inflammation and tumorigenesis
is well established and exemplified by the higher risk of
CRC in patients with inflammatory bowel disease[62,63].
In the last decade evidence has emerged from genetic,
pharmacological, and epidemiological data that immune
cells, cytokines, and other immune mediators as well
as dysbiosis of the microbiome play important roles
in virtually all steps of colon tumorigenesis, including
initiation, promotion, progression and metastasis[3,4].
The process of human aging has an impact on the gut
microbiome. The aged-type gut microbiome is typically
characterized by a reduced biodiversity, an increased
abundance of opportunistic facultative anaerobes, and a
decreased abundance of species with anti-inflammatory
properties[4]. Aging itself involves chronic immune and
inflammatory disturbances causing a decline in immune
system functionality giving rise to a chronic inflammatory
status (called “inflamm-aging”), which characterizes the
entire organism[63,64]. At the level of the gut, inflammaging could be responsible for an increased stimulation
of the inflammatory response, allowing opportunistic
pathogens to thrive at the expense of symbiotic
microorganisms[65,66]. The age-related proliferation of

Possible mechanisms
The carcinogenic chemical compounds of tobacco
smoke such as acetaldehyd, benz-pyrenes, aromatic
amines and N-nitrosamines form DNA adducts binding
to DNA molecules and disrupting normal gene function
and replication[55].

ALCOHOL AND CRC
Alcohol comsumption is responsible for 6% of all deaths
in the western world and is a significant risk factor for
many cancers. Approximately 10% of all cancers in
men and 3% of cancers in women are considered to be
attributable to alcohol use[56]. Epidemiological studies
have found that alcohol increases the risk of CRC, where
10 g/d increases the risk by 10% and 100 g/wk increases
the risk by 18% [57]. A pooled analysis of 4600 CRC
cases among 475000 individuals followed for 6-16 years
showed a 41% increased risk of CRC among those with
the highest alcohol consumption[25,58].
Possible mechanisms
Aceetaldehyde is the primary metabolite of alcohol and
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opportunistic bacteria could both contribute to and be
nurtured by inflammation, in a sort of self-sustaining
loop, possibly creating an environment for age-related
diseases, such as CRC[67].
Inflammation may also represent a possible molecular
link between host immune response, intestinal microbiome
and genetic events in the development of CRC.
Additionally, inflammation has been shown to increase the
amount of toxic E. coli strains and facilitate their adhesion
to the colonic epithelium[66] and several potential “bacterial
drivers” have been identified[4]. When irritants such as
NOC and fatty acids in the fecal contents get in contact with
the colonic mucosa, inflammation is initiated. Usually the
inflammatory response is precisely timed, but abberations
in the apoptosis and phagocytosis of inflammatory cells
may lead to chronic inflammation and tissue damage.
Increased proliferation is mediated by prostaglandins and
cytokines, which again are the result of an accelerated
arachidonic acid metabolism. Cytokines and inflammatory
cells may even protect transformed cells from the host
immune response and facilitate angiogenesis[27].

traditional model of the adenoma-carcinoma pathway is
very attractive because it relatively uncomplicated explains
the growth of several solid cancers, but alternative
pathways have been identified, and the natural history
of CRC development is constantly refined. Especially
bacterial drivers in the microbiome and intraluminal
events are subjects for intense research [75,76] . The
prevailing view is still to look at CRC development as a
multistep carcinogenesis arising as a result of multiple
mutations in growth promoting oncogenes and growth
limiting tumour suppressor genes which in turn cause
numerous changes in mitogenous signalling pathways and
enzymes (up- and down-stream effects)[77,78].
In the normal mucosa there is a constant proliferation
rate as a result of an equilibrium between naturally
occuring and normally functioning oncogenes (called
proto-oncogenes or wild-type oncogenes) that increase
proliferation and tumour suppressor genes that decrease
proliferation. The functional DNA sequences of genes
(exons) are regulated by changes in methylation and
down-stream signalling proteins from surface receptors
binding to socalled silencer and enhancer binding sites
in the DNA thereby regulating transcription[79]. In this
fashion, gene expression can change without changing
the DNA sequence itself (epigenetic effect).
Proliferation studies have shown that the rapid
turnover and immense number of mitoses in the colon
results in tens of thousands of mutations in the normal
colonic mucosa per day [80]. Very efficient genomic
repair systems (called caretakers) such as the mismatch
repair system (MMR), the base excision repair system
(BER), the nucleotide excision repair system, and the
double strand break repair system continuously scan the
genome for replication errors and mutations and in many
instances also repair the genome. In the colon, the BER
alone accounts for more than 10000 repairs per day[81].
If mutations are too large or extensive to repair, the
cell is directed to apoptosis (suicide or programmed cell
death) through a complex signal pathway shutting down
mitochondrial function[82].
When DNA repair systems identify replication errors
the cell needs time to make the repair and the cell cycle
it put on stand by. The G1 repair phase is prolonged
by tumorsupressor genes, among which the p53 is one
of the most important. The p53 tumour supressor
gene is also called “the guardian of the genome”[83,84].
Nevertheless, genomic repair systems are not perfect and
from time to time mutations slip through the control
systems. This is the basis for evolution, and without this
imperfection evolution would stop.
The development of cancer usually requires a long
exposure to carcinogens and accumulation of several
mutations in key oncogenes and tumour suppressor
genes. This may take decades unless the patient already
inherited mutations. If a mutated gene is inherited (a
germline mutation) cancer often occurs earlier in life.
A normal gene consists of two identical alleles. In
the case of tumour suppressor genes, both alleles must

Arachidonic acid metabolism
Arachidonic acid (AA) is an essential fatty acid and
a major constituent of biomembranes. It is released
from cellular membranes by enzymatic activity of
phospholipase A2 and converted into various lipid
mediators that exert many physiological actions [68,69].
The AA metabolism is one of the major inflammatory
pathways triggered by direct contact between the
bowel wall and fecal water irritants, pro-inflammatory
microorganisms and luminal carcinogens. The most
important enzymes converting AA into pro-inflammatory
cytokines are the cyclooxygenase enzymes (COX) and
especially the inducible cyclooxygenase-2 enzyme COX2.
The major end-product of AA is the prostaglandin E2
(PGE2), which induces proliferation, suppresses the
immune system, and stimulates angiogenesis by inducing
production of vascular endothelial growth factor
(VEGF) and fibroblast growth factor[70]. Lipid mediators
derived from AA metabolism, particularly PGE2, are
associated with various diseases including CRC, mainly
based on the fact that COX inhibitors are effective
chemopreventives[71].
Aspirin, which is the only non-selective and
irreversible COX-inhibitor is effective in CRC prevention
and may reduce lifetime risk of CRC by 25%-50%[72,73].
Apart from inflammation, the COX2 activity is
upregulated during CRC carcinogenesis from epigenetic
and genetic events in neoplastic cells. Mutation of the
important “gatekeeper” gene APC (see later) results in
increased COX2 activity and human CRC cells generally
have increased COX activity and PGE2 levels[74].

GENETICS AND CRC
During the last decades the genetics and molecular
biology of CRC have been mapped in great detail. The
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mutate or be silenced to knock out the function of the
gene. An oncogene only need one hit to accelerate gene
function. In sporadic CRC, it normally takes several
decades to acquire two hits on the two loci on one of
the key tumour suppressor genes. With one inherited
mutation you only need to acquire one hit to knock
out the gene[85]. The two major well-established genetic
pathways to CRC are: (1) CIS (chromosome instability
pathway) representing/characterising sporadic CRC; and
(2) MSI (Microsatellite Instability Pathway) mainly being
the pathway of hereditary non-polyposis colon cancer
(HNPCC).
In the following, we will take a closer look at the
most significant mutations leading to the vast majority of
both sporadic CRC and the hereditary syndromes such
as Hereditary Non-Polyposis Colon Cancer (HNPCC),
Familial Adenomatous Polyposis (FAP) and MYHAssociated Polyposis (MAP).

treatment with EGFR inhibitors such as panitumumab
and cetuximab[97].
BRAF/V600E mutation
BRAF is another downstream effector molecule of
the KRAS pathway: BRAF wild type CRC are typically
microsatellite stable tumors displaying CIS. Various
studies show that BRAF mutations (also known as
V600E) appear to be a valid indicator of poor prognosis
in CIS/microsatellite stable CRC. BRAF mutation in MSI
CRC have a better prognosis[98,99].
Adenomatous polyposis coli mutation
The APC (adenomatous polyposis coli) gene is
an important tumour suppressor gene in the CRC
carcinogenesis. It is also called “the gatekeeper gene”
because this mutation is considered to be the gate to
malignant transformation[100]. Without the APC mutation
the adenoma-carcinoma pathway is unlikely to take
place[101,102].
The APC gene has several functions with regard to
intercellular communication, cell orientation, transcription
and proliferation. The main function is regulation of the
Wnt-signalling pathway (wingless/integration1) by its
interaction with the protein beta-catenin (see later)[103].
The APC gene is large and contains 15 exons, and
therefore is a prime target for mutagenesis. The mutation
and subsequent silencing of the gene is found in the
stem cells at the bottom of the crypt rather than in the
epithelial cells[104].
The APC mutation is found in both sporadic CRC
and the hereditary FAP (familial adenomatous polyposis)
disease. Individuals with FAP carry an inherited mutation
in one APC allele and the second hit in the other allele
usually inactivates the gene within the first 30 years of
life, resulting in hundreds to thousands of adenomas and
subsequent carcinomas. Total colectomy is considered
necessary to prevent formation of CRC[3]. In FAP, the
APC gene on chromesome 5 is mutated by deletion in
its main coding exon 15. If mutations occur towards
either ends of the gene, the result is a milder form of the
syndrome (called attenuated FAP)[102].
The APC mutation is seldomly found in precursors
of adenomas (aberrant crypt foci or ACFs) but occur
increasingly with adenoma formation and is found in as
many as 80% of adenomas and carcinomas supporting
the concept, that the APC and Wnt-pathway are
important in early stages of sporadic CRC[105,106].
The gene product, the APC protein, secures the
function of some very important junctions between
colonocytes, the cadherins (calcium dependant adherins)
through which much of the intercellular communication
takes place. To maintain proper function of the cadherins,
the APC protein must bind to the cytoplasmic domain of
the cadherin molecule together with two other molecules,
beta-catenin and GSK3-β. The binding of these three
proteins to the cadherin domain secures normal function
of the junctions [107]. Moreover, the binding of beta-

CIS
The CIS pathway is the traditional adenoma-carcinoma
pathway that was first described in 1990 [86] . This
pathway is characterised by accumulation of mutations
in key genes controlling the cell cycle, intercellular
communication and apoptosis. As many as 85% of CRC
cases develop through this pathway[87]. Some of the
important “need-to-know” genes and mutations in the
CIS pathway are the K-ras, APC, and P53.
K-ras mutation
The K-ras gene is an oncogene, with its natural form as
a proto-oncogene or wild-type oncogene. It is a short
gene sequence susceptible to point mutations and a single
amino acid substitution in a nucleotide can cause an
activating mutation. The mutation is found in 30%-50%
of CRC and provides the colonocytes with a growth
advantage as guanosine triphosphatase (GTP) activity is
lost with mutation. This increases levels of GTP results
in a constant signalling through the downstream pathway.
The K-ras gene product (K-ras protein) is responsible for
transduction of mitogenic signals from the EGFR on the
cell surface to the cell nucleus[88].
A primary K-ras mutation generally leads to a selflimiting hyperplastic or borderline lesion and may be
implicated in the serrated pathway[89,90] through which
serrated adenomas and carcinomas also may develop.
Alone, the K-ras mutation is not sufficient or necessary
to drive the malignant transformation, which needs
additional “drivers”[91]. K-ras mutations are frequently
found in up to 95% of early dysplasia including aperant
crypt foci (ACF) and also in hyperplastic polyps[92-94]. The
sequence in which the K-ras mutation occurs in relation
to the APC mutation (see later) is important. If a K-ras
mutation occurs after an APC mutation the dysplastic
lesion often progresses to cancer[95,96].
Because of the key role in EGFR signalling, the
presence of a K-ras mutation predicts a very poor
response to specific antibody (monoclonal antibodies)
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catenin to the cadherin complex secures low levels of free
beta-catenin in the cytoplasm. This is important as betacatenin otherwise will translocate into the nucleus and
upregulate signalling through the Wnt-pathway, which
accelerates proliferation, and impairs differentiation
and apoptosis. Also the loss of functional APC may
interfere with normal mitosis as APC deficient cells do
not adequately detect replication errors during metaphase
and the cell continues into anaphase, thus contributing to
CIS[108]. Furthermore, the APC mutation increases COX2
activity, which occurs with a simultaneous upregulation
in Epidermal Growth Factor (EGF) activity. Actually one
of the three domaines of the COX enzyme is identical
to EGF[109]. However, whether this is the reason for the
increased EGF activity is unknown.
Because the APC mutation acts as a stop codon,
the gene product, the amino acid chain of the APCprotein, becomes too short (truncated). The truncated
protein can not bind to the cadherin domain and betacatenin. As a consequence the level of beta-catenin in the
cytoplasm rises, which subsequently enters the nucleus
and overstimulates transcription[110].
The APC mutation and Wnt pathway is regarded as
the mechanism that advances ACF to adenomas. Patients
with CRC but without the APC mutation will often
have a beta-catenin mutation instead, suggesting that the
malfunction of intercellular communication is extremely
important in the disease process[111].

in Li-Fraumeni syndrome, which leads to many different
cancers at an early age[118].
CIS pathway - conclusion
The traditional adenoma-carcinoma pathway is still
considered the major pathway for the development of
sporadic CRC, although it does not explain why the
majority of adenomas never progress to invasive disease.
This may reflect that cells are able to overcome CIS
by unknown pathways. Probably CIS, environmental
factors and luminal events in a certain lethal combination
promotes carcinogenesis to create invasive cancer.
Microsatellite instability pathway and mismatch
repair: The microsatellite instability pathway represents
another key milestone in the natural history of CRC.
Microsatellite instability pathway (MSI) results from a
failure of the mismatch repair system (MMR) to correct
base errors and maintain genomic stability as cells with
abnormally functioning MMR accumulate errors rather
than correcting them[119].
In humans, nine genes with MMR function have been
identified. Five of these are of particular interest because
they are involved in hereditary non-polyposis colorectal
cancer (HNPCC/Lynch syndrome). The five genes and
the frequency in which they are mutated are MLH1 (49%),
MSH2 (38%), MSH6 (9%), PSM2 (2%), and PMS1
(0.3%)[120]. CRC tumours can be divided into MSI-H (high)
if two or more MMR genes are mutated, MSI-L (low) if
only one mutation is found or MSS (microsatellite stable).
MSI-H occurs in HNPCC (Lynch syndrome)[121].
At least two mechanisms can result in a defect MMR.
MMR gene mutation resulting in a malfunctioning
gene product (protein) as in HNPCC or a silenced
production or underproduction of MMR gene product
by hypermethylation, which can be seen in sporadic CRC
(usually silencing MLH1). Hypermethylation of a gene
often lead to under-expression or “silencing” and is a so
called epigenetic event.

P53 "Guardian of the Genome"
P53 is a protein encoded by the TP53 gene. The name
refers to the mass of the protein of 53 kilodaltons and
it is crucial to all cells in which it controls cell cycle and
preserves genome stability[112]. The p53 protein is one of
the most extensively studied proteins in cancer research
and more than 50000 papers are published on the
mechanism and function of p53[113].
P53 is an important gene for maintaining genome
stability. When replication errors or mutations occur,
p53 stops or slows down the cell cycle in G1/S phase
(before S-phase) and points out the DNA damage to the
caretakers for repair. If DNA damage is too extensive to
be repaired, p53 induces apoptosis through the caspase
pathway by shutting down mitochondrial function[114]. In
unstressed cells p53 is kept at a low level by continuous
degradation.
The mutation in the tumour suppressor gene p53 is
crucial for carcinogenesis to enter from non-invasive to
invasive disease. p53 mutations are found in adenomas
(5%), malignant polyps (50%) and invasive CRC (75%)
with a increasing frequency correlating to the extent of
malignancy[115,116].
p53 is activated by numerous factors other than
DNA damage, among those are ultraviolet radiation,
oxidative and osmotic stress, chemicals and viruses[117].
Some types of human papilloma viruses (HPV) are able
to shut down p53 function and thereby increase the risk
of cancer. An inherited mutation in one p53 allele results
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MICROSATELLITES
Humans share 99.5% of identical DNA, whereas the
pattern of microsatellites makes each individual’s DNA
profile unique as a DNA-fingerprint[122]. A microsatellite
is a non-coding stretch of DNA in which short
sequences of nucleotides are repeated many times. The
repeated sequence is naturally occurring and often simple,
consisting of two to four nucleotides and can be repeated
3 to 100 times. Hundreds of thousands of microsatellites
are scattered throughout the genome[123].
Microsatellite instability
With loss of function of MMR, the length of microsatellites
are not replicated faithfully meaning that basemismatches are not corrected and new microsatellite
fragments of different lengths may be created.
MIS and defect MMR also increases the risk of
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strand slippage. When the polymerase complex reaches
a nucelotide repeat, the enzyme is temporarily released
from the template strand and the risk of strand slippage
occurs. The new strand detaches from the template strand
and pairs again with a repeat upstream. Microsatellite
instability and strand slippage increases risk of mutations
in nearby coding areas (exons)[124].

transmembranous domain is merely an ion-channel,
whereas the intracellular domain, which is often a tyrosine
kinase, passes the signal on by converting a substrate
molecule within the cytoplasm[135].
Currently, at least two cell surface receptors are
considered important in the treatment of CRC, the
EGFR and the VEGFR.

HNPCC/lynch syndrome
Lynch syndrome is defined as an autosomal dominant
predisposition to colorectal, endometrial and additional
cancers due to heterozygous germline mutations within
the mismatch repair genes MLH1, MSH2, MSH6 and
PMS2[119].
Lynch syndrome was the first hereditary cancer
syndrome to be recognized. In case of germline mutation,
all cells posses only one functional allele and it takes only
one hit to render the MMR system invalid. Patients with
Lynch Syndrome have 80% risk of developing CRC
during their lifetime[39,125].
Testing for this syndrome should follow the revised
Bethesda Guidelines[126].

EGFR
The EGFR is located on the cell surface and downstream
signalling from the receptor to the nucleus is activated
when receptor ligands bind to the receptor. The main
ligands are epidermal growth factor (EGF) and TGFalpha[136]. The EGFR signals protect cells from apoptosis,
facilitate invasion, and promote angiogenesis. Although
EGFR is not considered to be a prognostic factor in
patients with colorectal cancer, it plays a major role in
tumor cell proliferation[137]. Studies have shown that the
EGFR protein is overexpressed in anywhere from 20%
to 80% of CRC partly by gene amplification and rarely
by mutation of the gene[138].
The most important effector molecule for EGFR
pathway is the K-ras protein. A K-ras mutation leads to
constant signalling through this pathway, which can not
be blocked by anti-EGFR targeted therapy[133,139,140].
Monoclonal antibodies (anti-EGFR) have been
developed but the clinical significance is lacking. Gene
amplification and expression of EGFR is not fully
understood as there is no direct correlation to EGFR
expression in the tumor tissue and the response to antiEGFR therapy[141]. As a consequence, testing for EGFR
gene amplification in CRC is not routinely performed and
anti-EGFR therapy is administered as indicated without
EGFR testing[142].
Randomised trials have shown efficacy of antiEGFR treatment in combination with conventional
chemotherapy (FOLFOX/FOLFIRI) in patients with
metastatic CRC and wild-type (normal) K-ras, whereas
no effect could be seen in a K-ras mutated population.
As a consequence anti-EGFR therapy as adjunct to
conventional chemotherapy is now offered as standard
first-line therapy to patients with metastatic CRC and
wild-type K-ras[143-145].

MYH-associated polyposis
Another hereditary polyposis syndrome leading to a
significantly increased lifetime risk of CRC is MYHassociated polyposis (MAP), which is an autosomal
recessive, syndrome caused by bi-allelic mutations
in the MYH gene. The MYH gene product is a base
excision repair enzyme (the BER system is one of the
genomic caretakers)[127]. The MYH protein also interacts
with the MMR protein MSH6 in the BER processes.
These patients develop multiple polyps (adenomas and
polyps) although usually fewer than FAP patients[128]. It
is estimated that approximately 1%-2% of the general
population carry a mutation in MYH. Mono-allelic
MYH mutation carriers are at modest increased risk of
CRC (OR = 1.15; 95%CI: 0.98-1.36). Given the rarity
of mono-allelic mutation carriers and an only modest
increase in CRC risk, they account for only a small
proportion of CRC[129]. Bi-allelic MYH mutations are
associated with a 93-fold excess risk of CRC with near
complete penetrance by age 60 years[130]. Data from FAP
registries show that approximately 7%-9% of patients
with a FAP phenotype and without a detectable APC
germ line mutation carry bi-allelic mutations in the MYH
gene[131,132].

VEGFR
Under normal conditions angiogenesis is closely regulated
by a range of pro- and anti-angiogenetic factors[146].
With the growth of solid tumors hypoxic areas develop
because the tissue burden outweigh the tumor’s blood
supply. Part of the hypoxic cell response is the induction
of the transcription factor HIF-1 (hypoxia-inducible
factor 1), which directly upregulates VEGF to promote
new blood vessel formation[147,148].
Increased VEGFR signalling has been demonstrated
in CRC and monoclonal antibody therapy has shown
significantly to improve progression free survival in
metastatic CRC [149,150]. Based on these results, antiVEGFR therapy together with standard chemotherapy is

Cell surface receptors
Cells have thousands of surface receptors of which the
ones of importance in relation to CRC are the growth
factor receptors. A growth factor receptor consists of at
least one but usually several proteins, which are products
of different proto-oncogenes[133].
A cell surface receptor has an extracellular domain, a
transmembranous domain and an intracellular domain.
The extracellular domain is a stereo-chemical site that
only binds to specific molecules (ligands) [134]. The
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approved for first-line therapy in K-ras mutant patients
with metastatic CRC.
In patients with wildtype K-ras, anti-VEGFR is
approved for second-line therapy in cases already treated
with anti-EGFR during first-line therapy[151].
The APC mutation increases COX2 activity. Increased
levels of proinflammatory cytokines contributes with
a proliferation stimulus and antagonises GSK3-beta.
Simultaneously with the upregulation of COX2, there
is an upregulation in EGF activity. Actually, one of the
3 domains of the COX enzyme is identical to EGF.
Whether this is the cause of increased EGF activity is
unknown. Transmission of proliferative EGF stimuli are
conducted from the EGFR to the nucleus via SMAD
proteins[152,153].

2

3
4

CONCLUSION

5

While CRC incidence seems to stagnate and even drop
among generations over 50 years of age, incidence is
shown to increase by approx. 1% among both men and
women younger than 50 years. Advances in surgical
techniques, radiology and oncology have increased life
expectancy in metastatic disease, but cure is very unlikely
obtained in advanced disease. The increasing prevalence
of CRC has a major impact on health care systems in the
western world. In the Nordic countries, CRC prevalence
is estimated to increase 30% by 2025.
The next few decades will see dramatic changes within
the field of oncology. New understanding of biological
processes involved in CRC will have a huge impact on
future treatment and for patients. Oncologists treatment
options will increase and offer the potential to focus on
individual needs through selective and ‘personalized’
approaches.
In recent years, our understanding of the mechanisms
underlying colorectal carcinogenesis has vastly expanded.
It is believed that carcinogenesis in the gut is driven by
the presence of potentially harmful microbes, by the
production of carcinogens generated by microbes, and
by the induction of inflammation and modulation of
the immune system. Since CRC is ultimately caused by a
series of mutations, these factors are believed to create
genotoxic stress to promote genetic and epigenetic
alterations leading to cancer.
In the clinic, there will be a need for alternative
approaches to adequately characterize changes to the
microbiome that often accompany-or potentially underliegut disorders like CRC. Furthermore, modulation of the
gut bacterial composition and structure may be useful in
preventing adenomas and CRC.
New knowledge of molecular genetics and molecular
biology will affect prevention, screening, diagnosis and
treatment, and may form the basis for new anticancer
agents.
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Core tip: Studies on diet and colorectal cancer are in
their infancy, and the relevance of many publications
on the topic is questionable due to three problems: (1)
there is uncertainty about which diet-derived compounds are present in the colon; (2) most studies
have focused on individual bioactives; whereas, food
intake results in complex metabolite mixtures; and (3)
the physiological concentrations of many colonic bioactives are unknown. Here we discuss how the use of fecal water samples and in vitro models of human colon
address these problems.

Abstract
Preventive approaches against cancer have not been
fully developed and applied. For example, the incidence
of some types of cancer, including colon cancer, is
highly dependent upon lifestyle, and therefore, amenable to prevention. Among the lifestyle factors, diet
strongly affects the incidence of colon cancer; however, there are no definitive dietary recommendations
that protect against this malignancy. The association
between diet-derived bioactives and development of
colonic neoplasms will remain ill defined if we do not
take into account: (1) the identity of the metabolites
present in the colonic lumen; (2) their concentrations
in the colon; and (3) the effect of the colonic contents
on the function of individual bioactives. We review two
approaches that address these questions: the use of
fecal water and in vitro models of the human colon.
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INTRODUCTION
Within the past 100 years, the leading causes of death
have changed dramatically[1]. Approximately a century
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ago, the three leading causes of death were influenza
and/or pneumonia, tuberculosis, and gastrointestinal
(GI) infections. However, in 1997 less than 5% of the
deaths were attributed to pneumonia, influenza, and human immunodeficiency virus infection; whereas, heart
disease and cancers accounted for more than 50% of
all deaths[2], In 2008, the American Cancer Society projected that soon cancer will become the leading cause of
death worldwide[3], and the 2010 data for United States
indicate almost equal number of deaths caused by heart
disease and cancer (597689 vs 574743, respectively[4]).
Recent projections of mortality and causes of death by
the World Health Organization also support cancer as
emerging leading cause of death in both, economically
developed and developing countries[5]. How are these
changes explained? The deaths from infectious diseases
declined due to the implementation of childhood vaccinations, improvements in sanitation and hygiene, and the
discovery of antibiotics. Except for the use of antibiotics,
these approaches are classified as preventive measures.
The more recent reduction of total cardiovascular death
is also attributed to prevention; thus, massive educational
efforts have raised the awareness of what constitutes a
healthy lifestyle, and novel medications that control high
blood pressure and cholesterol levels have been introduced into clinic. Therefore, the decreased deaths from
infectious and heart diseases are mainly attributed to the
development of preventive measures.
Unfortunately, the full power of prevention has not
been applied in the battle against cancer. Presently, the
focus is on cancer treatment, and as a result, billions of
dollars are invested in drug development. The new arsenal of molecularly targeted anti-cancer drugs has raised
hopes; however, it is increasingly clear that although
“targeted” therapies prolong patients’ lives, their benefit
is limited in time by the inevitable acquisition of drug
resistance. Combination therapies that incorporate conventional chemoradiation and molecularly targeted drugs
might be the next step; however, the lesson from the past
is that to obtain a significant victory against any disease,
we need to emphasize on primary prevention.
Similar to the trend of personalized cancer treatment, future cancer prevention measures should be
stratified by phenotype, genotype, and family history.
Cancer prevention strategies could include, but not be
limited to, the following: (1) monitoring of the patient’s
exposome (a set of biomarkers indicative of individual’s
exposure to cancer promoters[6]); (2) non-invasive imaging techniques that detect the earliest stages of abnormal
growth; (3) reliable dietary, physical activity, and other
lifestyle recommendations; and (4) vaccines that reduce
the risk for specific cancers. In addition to developing future personalized prevention approaches, it is important
to expand the existing prevention strategies that address
some types of cancer as a public health issue affecting
large populations (e.g., educational approaches, influencing legislation, mobilizing communities). The present review focuses on the dietary approach to colorectal cancer
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(CRC) prevention, and addresses several problems that
hinder the progress of this approach in terms of obtaining valid and unambiguous dietary recommendations.
There are over 140000 new cases of CRC and approximately 50000 CRC-related deaths a year in the United States[7]. A distinct characteristic of CRCs is that they
develop slowly from benign adenomas: polyps larger than
one centimeter in size have a 24% chance of progressing
into carcinoma over a 20-year period[8]. The transition of
benign adenomas into malignancies and the incidence of
colonic neoplasms are modulated by diet-derived compounds[9]. However, studies on diet and CRC are in their
infancy, and the relevance of many publications on the
topic is questionable due to three problems: (1) there is
uncertainty about which diet-derived compounds are
present in the colon, and what their half-life; (2) most
studies have focused on individual bioactives; whereas,
food intake results in a complex mixture of metabolites that could modify each other’s effect on neoplastic
cells; and (3) the concentrations of many bioactives in
the colon are unknown; whereas compounds, for which
such information is available, have been frequently analyzed at levels exceeding physiological concentrations.
Here we review two approaches that address these
problems, and discuss how these strategies solve a specific question on the interaction between two dietary
bioactives: butyrate and polyphenol derivatives. Both
bioactives affect the risk for CRC, and although there
are other dietary compounds and mechanisms proposed
to be protective against the malignancy, this review is
limited to one example. Our objective is to highlight the
methodologies that unravel the effects of multiple dietary
bioactives on colonic cells, and not to comprehensively
discuss all classes of dietary bioactives and their plausible
physiological effects.
WNT/catenin signaling by butyrate
In 2011, the World Cancer Research Fund and the American Institute for Cancer Research upgraded the protective
effect of fiber against colon cancer from “probable” to
“convincing”[10] and this effect is attributed in part to the
fermentation product of fiber in the colon, butyrate. Butyrate is a short-chain fatty acid (SCFA), the production
of which enables the salvage of energy from dietary fiber
that would be otherwise lost. It is estimated that SCFAs
contribute to about 5%-15% of the total caloric requirements in humans[11]. Various tissues in the body can utilize SCFA for energy generation; however, butyrate is the
preferred fuel for the colonic epithelial cells that derive
about 70% of their energy from butyrate oxidation[12,13].
Butyrate is regarded as a healthy metabolite due to its
positive influence on cell growth and differentiation, as
well as its anti-inflammatory properties[12,14]. Butyrate also
acts as an inhibitor of histone deacetylases (HDACi). Its
colonic concentration is between 2 and 10 mmol[15] and
at these levels, butyrate induces apoptosis in most CRC
cells in vitro. We have provided evidence that this effect is
in part due to the ability of butyrate to hyperactivate the
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WNT/catenin signaling pathway, and several synthetic
HDACis mimic the effect of butyrate on the WNT pathway and apoptosis[16,17]. The hyperactivation of WNT/
catenin signaling by HDACis takes place only in colonic
neoplastic cells with mutations in the pathway, and such
mutations are detected in 80% of the sporadic colon
cancers[18-20]. This finding is in agreement with observations that moderate levels of oncogene activities support
cancer development; however, hyperactivation of oncogenic functions may result in cell death and senescence[21].
Therefore, WNT/catenin signaling is not “oncogenic”
under all conditions, and sometimes its activation correlates with less aggressive cancer phenotypes[22].

butyrate and polyphenol metabolites on WNT/catenin
signaling are unknown; however, there have been reports on the modulation of WNT/catenin signaling by
polyphenols. For example, polymeric black tea polyphenols inhibit 1,2-dimethylhydrazine-induced colorectal
tumorigenesis in rats, and the researchers proposed that
this effect is mediated by suppression of WNT/catenin
signaling[39]. EGCG suppresses WNT/catenin transcriptional activity in HCT-116 CRC cells at concentrations of
100-200 mol, which are unachievable in vivo[40]. However,
at physiologically relevant concentration of 0.5 mol[23,24,32],
EGCG inhibits the enzyme glycogen synthase kinase-3
beta (GSK-3beta)[41]. This inactivation of GSK-3beta
should result in accumulation of transcriptionally active
Ser-37/Thr-41-dephosphorylated beta-catenin, and increased WNT transcriptional activity[42,43]. Polyphenol-rich
apple juice extract, as well as the free aglycon phloretin
and the flavonol quercetin, also inhibit GSK-3beta in in
vitro assays[44]. In agreement with this inhibitory effect on
the enzyme, quercetin at 10 mol increases WNT/catenin
transcriptional activity[41]. The interpretation of these
findings is difficult due to the fact that the bioavailability
of the compounds has not been taken into account, or
is unknown. In addition, polyphenols are biochemically
transformed or completely fermented by the gut microbiota to metabolites with a modified biological activity, as
discussed below. The inhibition of GSK-3beta by some
polyphenols indicates that these compounds may synergize with butyrate in its effect on WNT/beta-catenin
signaling. Furthermore, similar to butyrate, some polyphenols and their metabolites inhibit histone deacetylases
(HDACs). Thus, fermentation of polyphenol-rich apple
juice extracts with human fecal slurry revealed that polyphenol metabolites have a HDAC inhibitory function[45].
Metabolites of polyphenols in the colon, such as P Coumaric acid, 3-(4-OH-phenyl)-propionate, and caffeic acid
also exhibit HDAC inhibitory function in in vitro assays
with nuclear extracts from HT-29 human CC cells[46].
Therefore, similar to butyrate[16,17], polyphenol metabolites with HDAC inhibitory function may protect against
CC via stabilization of beta-catenin and hyperinduction
of WNT/beta-catenin signaling. Despite these data,
the question of how polyphenols and their metabolites
modulate the effects of butyrate on colonic neoplastic
cells has remained unanswered. Several problems hinder the progress of the studies: there is little knowledge
about the polyphenol derivatives present in the colon,
their physiological concentrations, and how the colonic
content modulates the functions of the bioactives. The
main colonic species might be the polyphenol aglycones
and their derivatives: phenolic and non-phenolic aromatic
acids. The deglycosylation of polyphenols is catalyzed
by microbial beta-glucosidases in the small intestine and
primarily the colon, and this process results in aglycone
forms that are more absorbable[47]. After absorption in
the intestinal cells, the aglycones are metabolized to conjugates of glucuronate and sulfate, which are the major
forms in plasma and urine[47]. However, these conjugates
have not been detected in the colon, most likely due to the

Polyphenols as biological food constituents
The intake of fiber (the most important source of butyrate in the colon) is usually associated with that of
other bioactive ingredients; for example, many fiberrich foods are a source of polyphenols (e.g., cereals, fruit,
and vegetables). The drinks that accompany our meals
further increase the complexity of bioactives: wine, fruit
juices, cocoa, tea, and coffee are all rich in polyphenols.
The two main classes of dietary polyphenols are the flavonoids and the phenolic acids. In in vitro experiments,
the flavonoids are powerful antioxidants; however, this
activity is exhibited at concentrations exceeding the levels
achievable in vivo. Thus, after consumption of 10-100
mg of a single compound, the maximum plasma levels
of individual flavonoids are approximately 1-3 mol[23,24].
In addition, due to host metabolism the in vivo halflife of the precursor polyphenols is short due to their
rapid conversion into metabolites, all of which exhibit
diminished antioxidant activity[24-26]. More recent studies
indicate that at physiological concentrations, polyphenols
and their metabolites modulate cell signaling pathways[27],
and exhibit anti-inflammatory activity through inhibition of COX-2 protein levels, prostanoid biogenesis, or
pro-inflammatory cytokine production[28-31]. Polyphenol
metabolites also exhibit anti-proliferative effect on neoplastic cells[32,33], thus, similar to butyrate, some polyphenols and their microbial metabolites exhibit a CRC
protective role. For example, quercetin, a flavonol found
in citrus fruit, buckwheat, and onions, suppresses the
formation of aberrant crypt foci and induces apoptosis
in preneoplastic human colonocytes[34,35]. Caffeic acid
esters present in propolis are potent inhibitors of human
colon adenocarcinoma cell growth, carcinogen-induced
biochemical changes, and preneoplastic lesions in the rat
colon[36,37]. A CRC-preventive role has also been reported
for isoflavons, curcumin, and tea polyphenol in green tea,
(-)-epigallocatechin-3-gallate (EGCG)[38].
Synergistic or antagonistic effects of butyrate and
polyphenols?
Since the intake of dietary fiber is frequently accompanied by that of polyphenols, it is logical to investigate
whether the effect of butyrate on WNT/catenin signaling
and apoptosis in CRC cells are modified by polyphenols
and their metabolites. Presently, the combined effects of
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the most prevalent flavonoids naringenin, quercetin, and
formononetin reached a maximum concentration of 4.04,
1.30, and 0.84 mol, respectively. Colonic derivatives of the
flavonoids in the colon were detected at concentrations
up to two orders of magnitude higher than these of their
precursors; thus, the total monophenolic acids reached up
to 740.7 mol and the total nonphenolic aromatic acids, 1.5
mmol[48]. Recent analyses of fecal water have confirmed
the prevalence of the phenolic and non-phenolic aromatic
acids in fecal water[28,54]. Therefore, our question of how
polyphenols and their metabolites modulate the activity of
butyrate may need to be re-stated to how the activity of
butyrate is affected by high levels of monophenolic and
nonphenolic acids.
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In vitro models that mimic the human colon
The combined effect of butyrate and polyphenol metabolites on neoplastic cells, however, is even more complex.
The combined effect could be modified by the presence
of additional metabolites, as the intake of any diet results
in a complex mixture of compounds in the colon. The
physiological properties of diet-derived mixtures could
be analyzed with in vitro models of the human GI tract,
and one such model has been developed by TNO in the
Netherlands[55]. This system closely mimics the physiological conditions in the GI tract, as established in numerous
validation studies[32,56-67]. The GI system is composed of
two separate models: TIM-1 that simulates the stomach
and the small intestine (not further discussed here), and
TIM-2 that simulates the colon[68] and contains compartments with a high density, metabolically active microbiota
of human origin. The physiological conditions of the
large intestine that are simulated include pH, anaerobiosis and gradual intake of pre-digested meal compounds
coming from the small intestine (Figure 1). Physiological amounts of microorganisms in the TIM-2 model are
maintained via dialysis mechanism. This mechanism takes
up electrolytes and microbial metabolites, and ensures
that the concentrations of these remain at physiological levels, preventing inhibition of the microbiota by
metabolites. The in vitro GI system permits the use of
an intestinal microbiota from different enterotypes and
the comparison between various donors, e.g., healthy vs
diseased, lean vs obese[69]. The technology also allows for
controlled analyses on the colonic outputs from various
diets. Thus, entire meals representative of different types
of diet can be “fed” to the GI model[60] and the resulting
real-time fermented samples from the TIM-2 compartments can be tested on neoplastic and normal colonic
cells in vitro[32]. Although fecal water from human subjects
could be used for similar studies, there are several problems associated with this approach: inter-individual differences in metabolic rates and colonic microbiota, noncompliance with diet, preferential absorption of some
compounds by the colonocytes, and the impossibility of
acquiring samples from different locations of the human
GI tract (e.g., pre-colon, proximal colon). The last point is
important, since metabolite concentrations change along
the colon[11]. Using the in vitro GI system has several

Figure 1 TIM-2 is a validated, computer-controlled system that simulates
the human colon. The model consists of glass units with a flexible wall inside
(A); Peristaltic movements, achieved by pumping warm water into the space
between the glass unit and the flexible walls at regular intervals, simulate peristaltic movements and allow the lumen to be mixed and transported through
the loop-shaped system. The system is kept at body temperature (37 ℃).
To simulate the pH in the proximal colon, the pH is set at 5.8 and controlled
(B) and adjusted by secretion of 2 mol/L NaOH into the system (C). A dialysis
membrane consisting of semi-permeable hollow fibres is placed in the lumen
(D). Water and fermentation products are removed from the lumen through the
dialysis system, thereby maintaining physiological concentrations of microbial
metabolites and preventing accumulation of metabolites to toxic levels. Furthermore the model contains an inlet system for the delivery of food (I) and a level
sensor to control (E) a constant volume of the luminal content. The system was
kept anaerobic by flushing with nitrogen gas (F), which allowed for the growth of
a dense, complex microbiota, comparable to that found in the proximal colon of
humans. A: Peristaltic compartments containing fecal matter; B: pH electrode; C:
Alkali pump; D: Dialysis liquid circuit with hollow fibre membrane; E: Level sensor; F: N2 gas inlet; G: Sampling port; H: Gas outlet; I: “Ileal efflux” container; J:
Temperature sensor.

hydrolase activity of the GI microbiota[48-50].
Use of fecal water
The problems listed above are not specific to our example on the combined effect of dietary butyrate and
polyphenols on colon cancer cells, as they represent a
stumbling block for all studies aimed at characterization
of the effects of dietary bioactives. To date, there are two
approaches that address these problems: (1) performing
analyses with the aqueous phase of feces (fecal water);
and (2) utilizing in vitro GI models. The first approach is
justified by the fact that the colonic epithelium is exposed
to the fecal matter in vivo[48,51-54] and that fecal water affects
the growth of colonocytes more effectively than components of the solid phase of feces[52,53]. Gas chromatography and mass spectrometry analyses of the fecal water of
healthy volunteers have identified and quantified the flavonoids and their derivatives in the colon[48]. In these samples, the most prevalent flavonoids were naringenin, quercetin, formononetin, catechin, epicatechin, isorhamnetin,
apigenin, and kaempferol, and they were detected at mean
concentrations of 1.2, 0.63, 0.17, 0.14, 0.11, 0.10, 0.07
and 0.05 mol, respectively. All polyphenols and derivatives
exhibited daily fluctuations in the same individual, and
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vidual compounds, should be used to analyze the effects
of various diets on colonic cancer cells.

advantages: it is computer-controlled, allowing standardization of the experiments, it is cheaper than clinical or
animal trials, and it does not have the ethical constraints
associated with animal and human subject studies. Furthermore, sampling from various locations along the GI
tract and at different time points enables kinetic studies
of the microbial metabolism of dietary components. The
application of the in vitro gut approach can facilitate the
design of functional foods and dietary supplements that
decrease CRC incidence. For example, utilizing the in vitro
GI system, Gao et al[32] discovered that tea, citrus fruit,
and soy flavonoids are metabolized in the colon to a few
phenolic and aromatic acids, therefore ascertaining the
exact compounds that should be screened for effects on
CRC cells.
In addition to the studies performed with the computerized human gut TIM-2, there are numerous reports
on simpler colon simulators, and the function of some
of these has been validated by chemical and microbiological measurements of the intestinal contents of human
sudden death victims[70]. These models are fermentation
systems that closely reproduce the proximal and distal
human colon in terms of physicochemical parameters by
utilizing a number of different vessels and continuous or
semi-continuous culturing modes[71]. For example, a twostage compound continuous culture models consisting of
a proximal vessel (with lower pH) and a distal vessel (with
higher pH) inoculated with human feces have been used
to evaluate how various nutrients and supplements affect
genotoxicity of the colonic environment and the populations of human gut bacteria[72,73]. Continuous culture
models have been applied to analyses of how certain prebiotics affect the fecal metabolite profile, the survival of
probiotics, and the interactions between various colonic
microbial populations[74-77]. The effect of retention time
(colonic transit time) on the catabolism of organic sources of carbon and nitrogen have been analyzed by a threestage continuous culture model, which revealed that the
majority of carbohydrate breakdown and SCFA production takes place in the proximal part of the colon (in the
first vessel); whereas, formation of branched-chain fatty
acids and phenolic compounds, occurs primarily in the
distal part (mimicked by vessels 2 and 3)[70]. Other threestage continuous culture colonic models inoculated with
human fecal material were utilized to quantitate bacteria
and evaluate the fermentability of oligosaccharide sources[78,79]. Four-stage semicontinuous model systems of the
human colon, in which the four compartments mimic
the conditions of the ascending, transverse, descending
and sigmoid colon, have been employed to investigate
the effects of probiotics, prebiotics, and various synbiotic
combinations[80-82].
Applied to our question of whether the apoptotic
and WNT signaling-modulating functions of butyrate
are affected by diet-derived polyphenol compounds and
their metabolites, the strategy utilizing in vitro gut models
would be a reliable approach.
Thus, digesta samples from in vitro fermentation systems or the computerized TIM-2 model, instead of indi-
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Screening for dietary components that increase butyrate
production by the colonic microbiota
TIM-2 allows determining the potential of dietary fibers
to produce butyrate by the microbiota under physiological conditions. In an extensive study comparing 17 fibers
Maathuis et al[57] showed varying levels of butyrate production for each fiber, with the highest production resulting from pullulan. Interestingly, this fiber also produced
high levels of lactate, an intermediate intestinal metabolite that accumulates when there is a fast fermentation
of a substrate. Lactate is usually converted into propionate[83] and butyrate[84] and through cross-feeding between
different members of the microbiota. Butyrate is also
produced through cross-feeding from acetate; thus, using
13
C-starch Maathuis et al[58] have shown that cross-feeding
between Ruminococcus bromii and Eubacterium rectale results
in production of butyrate from acetate[56]. Similarly, using
13
C-labeled galacto-oligosaccharides it was shown that
lactate, produced by Bifidobacteria and Lactobacilli, was converted into butyrate. These two cross-feeding reactions
in the colon could be quantified[85,86] and an in silico model
can be used to predict production of the various SCFA
by the colonic microbiota.
Analyses of human fecal samples also allow for
focused analyses of how dietary changes affect butyrate levels in different individuals. Thus, considerable
variations in fecal butyrate concentrations have been
detected among individuals consuming resistant starch
or nonstarch polysaccharides in a randomized cross-over
study[87]. McOrist and colleagues reported that intake of
resistant starch overall increases butyrate concentrations
in most, but not all, individuals[87].
Analyses with a semi-continuous colonic simulator
revealed that Lactobacillus acidophilus NCFM™ in combination with lactitol increases the numbers of Bifidobacteria,
and stimulates synergistically the production of butyrate[82]. Similar colonic simulation system consisting of
three vessels and inoculated with fecal slurry from healthy
nonmethane producing donors established the parameters of SCFA production, including this of butyrate[70].
Use of in vitro models to study the microbial metabolism
of polyphenols in the colon
Approximately 90%-95% of dietary polyphenols are not
absorbed in the small intestine and reach the colon intact[88]. In the case of monomeric units, studies performed
with ileostomy patients have shown that almost 70% of
the ingested monomeric flavanols are accumulated in the
colon, with 33% corresponding to the intact parent compounds[89]. As mentioned above, the major colonic metabolites of the polyphenols are phenolic acids. Thus, (epi)
catechin and the monomeric units of procyanidins are
degraded into several phenolic acids, namely various substituted phenylvaleric, phenylpropionic, phenylacetic, benzoic, and hippuric acid[90-92]. Additional metabolites from
catechin and epicatechin such as 5-(3,4-dihydroxyphenyl)-
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A

metabolites ranged from two (for epicatechin) to 12 (for
quercetin). Even glycosylation of the polyphenols (e.g.,
quercetin versus rutin) affected the production of microbial metabolites, likely because different groups of colonic microorganisms ferment quercetin and rutin. Thus,
compared to other polyphenols, fermentation of rutin
resulted in decreased proportion of benzoic acid and
other metabolites (Figure 2), as well as an about 20-fold
lower absolute amount of metabolites.
Analyses with colonic simulators allow for the detection of new colonic metabolites. In urine, the most frequent metabolite found after polyphenol ingestion is hippurate. This metabolite, a conjugate of benzoic acid and
glycine, is considered to be produced by co-metabolism
of the host and the microbiota. Benzoic acid is produced
from the phenolic acids produced by the microbiota, and
the glycine is thought to be coupled to benzoic acid in the
liver. However, in the in vitro human gut TIM-2, which
lacks the host metabolism component, we have shown
that hippurate is also produced, indicating that the colonic
microbiota by itself produces the metabolite (Figure 2).
Studies with colonic models could also address the
question on the half-life of monomeric flavanols. For
example, in studies on the dimeric forms of chocolate
procyanidins Appeldoorn et al[90] have shown that the human microbiota produce several metabolites: 2-(3,4-dihyd
roxyphenyl)acetic acid, 2-(3-hydroxyphenyl)acetic acid, 2(4-hydroxyphenyl)acetic acid and 3-(3-hydroxyphenyl)pro
pionic acid, as well as various hydroxylated phenylvaleric
acids, phenylvalerolactones,and 1-(3’,4’-dihydroxyphenyl)3-(2’,4’,6’-trihydroxyphenyl)propan-2-ol. The researchers
also indicated that the formation of smaller metabolites
was due to the direct degradation of dimers instead
of cleavage of the monomeric form as previously assumed[90]. It is still possible that some procyanidin dimers
are converted into monomeric flavanols before being fermented into phenolic acids; however, monomeric flavanols are rapidly metabolized, and therefore their presence
is difficult to analyze[94].
Finally, phenolic acids produced from flavanols by
the colonic microbiota significantly inhibit pathogenic
human intestinal bacteria, such as Clostridium perfringens,
Staphylococcus aureus, E. coli, and Salmonella, while exhibiting a much lower inhibition of commensal bacteria and
probiotics, Clostridium, Bifidobacterium and Lactobacillus[95,96].
One mechanism mediating this activity is the destabilization of the outer membrane of Salmonella species[97].
Since changes in microbiota composition influence the
production of butyrate from dietary fiber, the combined
effects of polyphenols and fibers need to be thoroughly
investigated in colonic simulator systems that include the
naturally occurring colonic microorganisms.

Benzoic acid

Quercetin

4-Methylcatechol
4-Hydroxy-benzoic acid
3-Hydroxy-benzoic acid

Rutin

3-Hydroxy-phenyl acetic acid
4 Hydroxy-cinnamic acid
3-(4-Hydroxy-phenyl) propionic acid

Theafulvin

3,4 Dihydroxy-phenyl acetic acid
Hippuric acid
Theaflavin

Epicatechin

Ngproduced after 48 h

B

2500000
2000000
1500000
1000000
500000

in
te
ica
Ep

ea

fla

ch

vi

n

in
Th

lv
fu
ea

Ru

tin
Th

Q

ue

rc

et

in

0

Figure 2 Cumulative production of ‘simple’ phenolic metabolites after 48
h fermentation of different polyphenols in TIM-2. At time zero a single shot
of individuals polyphenols (1 microgram in dimethyl sulfoxide) was introduced
into TIM-2 throigh the sampling port (Figure 1G). At regular intervals for the next
48 h samples were taken from the lumen and dialysate and analyzed using LCMS for the microbial metabolites generated by the gut microbiota. The ratio (bar
graph, in percentage) and absolute cumulative production (B; in ng) at t = 48 h
of microbial metabolites after fermentation in TIM-2 were subsequently calculated and compared amongst the different polyphenols.

γ-valerolactone and 5-(3-hydroxyphenyl)-γ-valerolactone
have been identified in man[90,91,93].
Under physiological conditions, the monomeric polyphenols are fermented rapidly; therefore, it is unknown
whether these compounds have sufficient half-life to
affect colonic (neoplastic) tissue from the luminal side,
or whether the resulting microbial metabolites exert a
stronger biological effect. Studies with human gut models
can facilitate the answer to this question. In unpublished
studies with TIM-2, we have observed that the same
microbiota metabolizes different polyphenols to different low-molecular weight aromatic acids with variable
hydroxylation profile and length of the aliphatic side
chain (Figure 2). The number of produced microbial
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CONCLUSION
Analyses on individual bioactives pinpoint their molecular targets in cells; however, such studies (1) should utilize
physiological concentrations of the compounds; and (2)
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should be accompanied by analyses with colonic digesta
from different diets, since the activity of individual metabolites is likely modified by the complex colonic milieu.
Such studies can be facilitated by the use of artificial GI
systems and fecal water samples. This type of analyses
will assist the design of functional foods and/or dietary
supplements with CRC-preventive role.
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Core tip: It is currently thought that aerobic glycolysis is
key for understanding cell survival in the hostile tumor
microenvironment. Then, the antidepressant fluoxetine
(FLX) has been shown to reduce colon tumor growth in
animals and colon cancer incidence in humans. Here,
we explore new perspectives of FLX reducing the development of colon tumors through a blockage in tumor
metabolism. This perspective review is based on our
current unpublished experimental dataset which shows
FLX as a potential co-chemotherapeutic agent for colon
cancer therapy.
Original sources: Stopper H, Garcia SB, Waaga-Gasser AM,
Kannen V. Antidepressant fluoxetine and its potential against colon tumors. World J Gastrointest Oncol 2014; 6(1): 11-21 Available from: URL: http://www.wjgnet.com/1948-5204/full/v6/i1/11.
htm DOI: http://dx.doi.org/10.4251/wjgo.v6.i1.11

Abstract

INTRODUCTION

Colon cancer is one of the most common tumors worldwide, with increasing incidence in developing countries.
Patients treated with fluoxetine (FLX) have a reduced
incidence of colon cancer, although there still remains
great controversy about the nature of its effects. Here
we explore the latest achievements related to FLX
treatment and colon cancer. Moreover, we discuss new
ideas about the mechanisms of the effects of FLX treatment in colon cancer. This leads to the hypothesis of
FLX arresting colon tumor cells at the at G1 cell-cycle
phase through a control of the tumor-related energy
generation machinery. We believe that the potential of
FLX to act against tumor metabolism warrants further
investigation.

Colon cancer is one of the most common human malignancies worldwide and much effort has been applied
to understand its development. The discovery of new
therapeutical strategies or potential co-therapeutical
agents against it might reduce the suffering of millions
of people. A growing body of evidence suggests that the
use of fluoxetine (FLX), an antidepressant belonging to
the selective serotonin reuptake inhibitors (SSRIs), may
be related to a reduced colon cancer incidence. However,
its activity is not completely understood and potential
new mechanisms are unknown to date.
Here, we discuss our recent published and unpublished data regarding the activity of FLX against colon
cancer. This review takes a fresh view of the material,
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mainly of how FLX acts to block malignant metabolism,
reducing colon tumors.

ing the transforming growth factor-β (TGF-β) signaling
within the subepithelial compartment[21]. Previous studies
had already shown that the subepithelial TGF-β signaling
has tumor promoting potential on epithelial cells, due to
its control over proliferation[22,23]. Nevertheless, under inflammatory conditions, subepithelial cells seem to be able
to transform epithelial progenitor cells towards malignancy[20]. These ideas have actually been applied to colon
carcinogenesis, confirming the malignant participation of
subepithelial cells in the development and manifestation
of colon tumors[20,24,25].

COLON CANCER
The American Cancer Society estimates the number of
new cases and expected deaths for cancer in the United
States every year[1]. About 1.5 million cases and 569490
deaths of cancer were expected in 2010. This ranked colon
cancer as the third most common cancer in the United
States, with almost 50000 deaths per year[1,2]. In this year, it
is expected that more than 143460 patients will be newly
diagnosed with colon cancer in the United States[3]. Although survival has increased during the 5 years after diagnosis[2], a 60% increase for newly diagnosed cancer cases is
projected for developing countries until 2030[4]. This highlights colon cancer as one of the major human malignancies worldwide and a great challenge for cancer therapy[5-7].

TUMOR METABOLISM
Hyperproliferation enables the clonal expansion of mutated cells, which further drives tumor growth[14,15,17,26-29].
For this, tumor cells require: high and fast adenosine5’-ATP generation; a tightened maintenance of the cell
redox status to overcome the stressful tumor microenvironment; and enhanced biosynthesis of macromolecules. Basically, tumor cells shift their energy generation
machinery from oxidative phosphorylation to an aerobicglycolytic metabolism[30,31]. This allows tumor cells to
keep a high ATP generation and at the same time to
avoid the negative feedback regulation from overusing
glycolysis, which would otherwise activate metabolic and
cell-cycle inhibitors, such as p53[30]. This was extensively
discussed by Cairns et al[31]. Specifically, glycolysis-related
mechanisms enhance the synthesis of nucleotides and
DNA repair[30,31]. However, high proliferation enlarges the
distance between cells and microvessels, which reduces
the oxygen and nutrient supplies to the cells and creates a
hypoxic microenvironment. While hypoxia generally promotes the expression of growth factors, inducing neovascularization, hypoxic areas in tumors may persist due to
the chaotic and malformed structures of tumoral vessels
and microvessels[14,32-34].
Moreover, hypoxic tumor cells are known to use
glycolysis in order to increase energy generation (Figure
1). This requires an over-activation of glucose transporters (i.e., GLUT1), lactate transporters (i.e., MCT4) and
lactate dehydrogenase A (LDH-A) through the hypoxiainducible factor 1 (HIF-1) transcriptional activity. By inhibiting the degradation of HIF-1, a transcription factor
which upregulates the glycolysis-related molecular activities, tumor cells increase the conversion of pyruvate to
lactate[32,35]. Because tumor cells would then suffer from
the hypoxia-induced and glycolysis-related acidosis, they
alkalinize their intracellular pH (ipH) on their way to survival and proliferation. This is achieved via hyperactivation of HIF-1 activity, which enhances the hydration of
carbon dioxide to bicarbonate by the catalytic activity of
carbonic anhydrase Ⅸ and Ⅻ enzymes and promotes the
activity of MCT-4 to extrude lactate and H+ ions, both
supporting an ipH alkalinization[32,36]. Overall, tumor cells
undergo deep metabolic changes on their way to survival
in the stressful tumoral microenvironment[31].

Adenoma-adenocarcinoma sequence model
The adenoma-adenocarcinoma sequence model is the
most well-known and accepted hypothesis for the development of colon cancer[8]. It is thought that a sequence
of mutations of the epithelial stem cell niche induces the
development of colon tumors through different stages,
such as initiation, promotion and progression[8]. Initiation is known as an irreversible step, where mutations
in one or two gatekeeper genes occur in a single cryptal
stem cell. This will then disrupt cell proliferation, leading
to the expansion of malignant clones, a process termed
promotion[9,10]. Mutations are thought to derive from cell
exposure to carcinogenic compounds which directly attack the DNA or lead to increased oxidative stress (OS)
with the generation of reactive oxygen species (ROS),
which would then attack the DNA basis inducing mutations[11,12]. Clever’s research group has elegantly generated
Lgr5-EGFP-IRES-creERT2/Apcflox/flox mice, which have a stem cellspecific knockin reporter for tamoxifen-inducible loss
of the adenomatous polyposis coli (APC) sequence, and
found that this genetic deletion in epithelial stem cells
leads to their transformation within days, which was due
to β-catenin accumulation[13]. This further supports the
idea that a monoclonal propagation of acquired stem cell
mutations occurs during the initial steps of colon carcinogenesis[9]. The manifestation of mutations in colon epithelia seems to be closely related to hyperproliferation[13-15].
In fact, mutations in the APC gene sequence at cryptal
stem cell niches activate hyperproliferation due to an increase in β-catenin transcriptional activity which blocks
p53 activity[15-17].
Subepithelial cells and their role in carcinogenesis
The cancer-enhancing activity of the microenvironment
has been a matter of discussion since recent reports
showed that disrupting key genetic sequences in stromal
cells abrogates epithelial homeostasis, which then induces
tumors[18-20]. An elegant report has specifically shown that
epithelial tumors have arisen in forestomach after disrupt-

WCGO|www.wjgnet.com

2443

February 8, 2015|First Edition|

Stopper H et al . Fluoxetine and colon cancer
Glucose

+

H and lactate

Cell
membrane
Lactate
transporter

Glucose
transporter

Cytoplasm

ipH
H

Lactate
H

H

+

H

ROS

+

Cytc

+

Ⅲ

Ⅰ

ΔΨm

UbQ

Ⅳ

DNP

Glucose

+

H2O

H

ATP
synthase

Ⅱ

Pyruvate
H

+

NAD

+

NADH H NAD

H

+

NADH

+

+

ADP H ATP

Mitochondria
Succinate

Acetyl-CoA

Mitochondria
membrane

CO2
ATP

Glycolysis

Nucleus

Figure 1 Main metabolic interactions lead to formation of the aerobic glycolytic metabolism in colon tumor cells. The increased biosynthetic activity of cancer cells, as related to the activation of the aerobic glycolytic metabolism or “Warburg effect”, is based on the activation of glucose and lactate transporters supplying
tumor cells not only with vast amounts of energy (glucose), but further reducing blockage-associated mechanisms due to glycolysis over usage. It seems that the lactate overproduction is compensated by the hyperactivation of lactate transporters allowing a rapid transport of this molecule across the plasma membrane together
with H+ atoms, which results in an intracellular alkalinization. This event hyperpolarizes the mitochondrial membrane potential (ΔΨm) and induces a higher uptake
of NADH by the first and succinate by the second mitochondrial complexes enhancing the oxidative mitochondrial phosphorylation (Krebs cycle). All together, this
means that tumor cells are prone to produce higher energy amounts (ATP) than found in a normal tissue. ROS: Reactive oxygen species; CO2: Carbon dioxide; ipH:
intracellular pH. NADH: Nicotinamide adenine dinucleotide phosphate-oxidase.

were reported by another research group[48]. Then, this
compound showed neuroprotective effects, decreasing
the translocation of p67 protein and ROS generation (by
suppressing the activation of nicotinamide adenine dinucleotide phosphate-oxidase oxidase and inducible nitric
oxide synthase) in rats exposed to lipopolysaccharide[47].
In depressive patients, FLX was found to decrease serum
MDA, SOD and ascorbic acid levels[44].

ANTIDEPRESSANT FLX MODULATES
OXIDATIVE STRESS
FLX was first reported by a research group from the Eli
Lilly Company in 1974 as a SSRI[37]. In 1978, the United
States Food and Drug Administration approved FLX for
the treatment of patients with depression, anxiety and
insomnia; this medication became known worldwide as
Prozac[38,39]. This antidepressant exhibits higher safety
and fewer side effects than other groups of antidepressants[38-41]. FLX was characterized as a lipophilic weak
base, which when administered orally experiences a direct
contact with epithelial cells in the intestines. In these
epithelial cells, it induces an increase in serotonin (5-HT)
levels by blocking L-monoamine oxidase and serotonin
reuptake transporters[41-43].
On the other hand, FLX has been shown to interfere with the OS machinery in experimental models
and humans[44-55]. Treatment with FLX was found to
reduce malondialdehyde (MDA) and carbonyl levels in
stressed rats, whilst it enhanced superoxide dismutase
(SOD), catalase, glutathione S-transferase, glutathione
reductase and glutathione contents[45,46]. Similar findings
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FLX AND TUMORS
Tutton and Barkla first revealed the anticancer potential of FLX against colon tumors[56]. However, in 1992,
Brandes and colleagues reported a 40% increase of the
numbers of mammary fibrosarcomas among mice treated with FLX for 5 d, which was followed by findings of
a 95% enhancement in breast cancer incidence after 15
wk[57]. Opposite to that, Volpe et al[58] showed that treating human and murine breast tumor cell lines with FLX
in vitro did not stimulate tumor cell proliferation, DNA
synthesis or colony formation. Jia et al[59] reported that
FLX did not enhance the growth of pancreatic tumors.
Moreover, this treatment was further found to reduce
lymphoma growth, modulating the T-cell-mediated im-
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munity reaction through a 5-HT-dependent activity[40].
In patients, FLX treatment was reported to reduce
the risk of colon cancer to almost 50%[60]. Chubak et al[61]
also observed that FLX reduced the risk of colon cancer in humans, while one meta-analysis study suggested
that FLX does not act on colon cancer[62]. Studies with
animal models support the idea of FLX reducing colon
cancer incidence in different animal models, such as carcinogen induced preneoplastic lesions and tumors in rats
and mice, and xenograft tumors in immunosuppressed
rats[38,63-65]. These studies have mainly been focused on
the antiproliferative effects of FLX treatment in colon
tumorigenesis[38,63-65]. In cell culture models, FLX was
reported to not only inhibit multidrug resistance and increase the intracellular doxorubicin concentration[66], but
also to induce a further nuclear distribution of this chemotherapeutic drug[67].

(Figure 4)[64]. This idea was abetted by the discovery of a
small subset of stromal spindle cells expressing CD133
and CD34 in angiofibromas, which suggests tumors
promoting subepithelial resident cells to transit towards
endothelial cell phenotypes[72]. Endothelial progenitor
cells were then shown to lose, in a process related to high
proliferation[73], the expression of CD133 during their
differentiation into vascular cells, while the expression of
CD34 was increased[74-76]. Considering that CD31-positive
cells have been designated as mature endothelial lineage
promoting microvessels[77], vascular smooth muscle cells
were found to increase the expression of CD31 during their differentiation process, whilst a simultaneous
decrease of CD133 and CD34 progenitor markers was
previously observed[78,79].

FLX TAKES ENERGY GENERATION UNDER CONTROL TO REDUCE MALIGNANT
EXPANSION

FLX reduces preneoplastic lesions acting on colonic
microenvironment
We have reported that FLX treatment counteracted the
carcinogen-induced dysplasia in two different experimental colon cancer models[64,65]. Our first report revealed
FLX as a chemopreventive compound against colonic
dysplasia since treatment with FLX was started before
the treatment with the carcinogen[65]. We then reported
that FLX could also reduce pre-existent colon preneoplastic lesions[64]. Our findings suggested that FLX takes
the carcinogen-induced preneoplastic changes under control by reducing epithelial proliferation[38,56,60,61,64,65].
Besides the fact that FLX treatment reduced dysplasia
and preneoplastic angiogenesis, decreasing the epithelial and subepithelial proliferation[64,65], our unpublished
dataset further suggests that by suppressing the NF-κB
nuclear activity, through increased expression of cytoplasmic NF-κB-inhibitor IκB-α and IκB-β proteins, FLX
reduced c-Myc expression and then stromal proliferation
(Figures 2 and 3). As we will discuss next, FLX treatment
seems to take preneoplastic angiogenesis under control
by reducing the proliferation of subepithelial cells (Figure
4). Indeed, NF-κB-transcriptional activity was reported
to induce the transformation of subepithelial cells from
normal to reactive phenotypes, enhancing the expression
of pro-inflammatory molecules and periendothelial cell
numbers[68,69]. Koh et al[38] reported that FLX inhibited
NF-κB signaling in colonic epithelial tumor cells. Inhibition of the NF-κB-transcriptional activity actually yields
reduced expression of its downstream genes c-Myc and
vascular endothelial growth fator, which blocks the proliferation of colon cancer cells[70,71].
The activity of FLX on the colonic preneoplastic
microenvironment further includes the question whether
this treatment could directly act upon angiogenesisrelated cell phenotypes[64,65]. We have demonstrated that
the anti-angiogenic potential of FLX could be related
to its control over the differentiation and further transition of endothelial cells through different angiogenesisrelated stem cell markers in colon preneoplastic lesions

WCGO|www.wjgnet.com

Here, we should pull a few points together about malignancy, ROS production and energy generations, as: (1)
unbalancing the machinery for energy generation induces
ROS production; (2) ROS production is one of the main
known events inducing DNA damage and mutation; (3)
ROS generation promotes genetic mutations leading to
the manifestation of preneoplastic lesions; (4) tumor cells
undergo deep metabolic changes to survive and promote
malignant expansion; (5) tumors enhance ROS production to promote growth through malignant molecular
signaling; and (6) malignant metabolism seems to be the
Achilles’ heel in tumors. These few remarks give us the
notion that metabolism, or energy generation, is a key
for malignant transformation, tumor manifestation and
growth, as well as a valuable tool for anticancer therapy[35,80-82].
As a lipophilic weak base[42], FLX quickly diffuses
through multiple body-sites[83]. We have already demonstrated that FLX treatment arrested colon tumor cells
within the G0/G1 cell-cycle phase without inducing DNA
damage[64]. Then, FLX was shown to reduce ROS generation, reversing the melanoma-induced tissue oxidation
in mice[50]. In brain tissue of tumor-bearing mice, FLX
treatment further reduced OS, enhancing the SOD activity[49]. Actually, FLX was twice reported to stimulate Ca2+
flux reducing the B-cell lymphoma 2 (bcl-2) expression
and mitochondrial membrane potential (ΔΨm), which
induced DNA fragmentation and apoptosis in Burkitt’s
lymphoma cells[52,53]. Another lipophilic weak base ([Z]5-methyl-2-[2-(1-naphthyl) ethenyl]-4-piperidinopyridine
[AU-1421]) was also reported to uncouple mitochondrial
oxidative phosphorylation, dissipating the proton motive force during its energized state, which inhibited ATP
synthesis[84]. It is known that lipophilic weak bases, such
as FLX, reduce ΔΨm (or extra- and intra-mitochondrial
motions of H+ atoms generating positive charges in the
mitochondrial membrane) in their energized or proton-
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Figure 2 Fluoxetine modulates nuclear factor kappa-B nuclear activity among subepithelial colonic cells. For this figure, groups of female C57BL/6 mice (25
g) consisted of control (CTRL) animals or received methylnitronitrosoguanidine (MNNG) treatment [four successive doses of MNNG (5 mg/mL; intrarectal deposits of
100 µL) twice a week for 2 wk], FLX treatment (30 mg/kg per day; intraperitoneal, ip) or MNNG + FLX treatment. FLX treatment was started after 2 wk from the end
of MNNG treatment, and continued for the next 4 wk. All mice were euthanized by CO2 exposure at week 8. Individual autopsies were performed and colon tissue
samples were fixed in paraformaldehyde buffer (4%; 24 h). All experimental protocols were approved by the Internal Animal Care, Ethical and Use Committee (n°
068/2012). Immunohistochemistry was performed with anti-nuclear factor kappa-light-chain-enhancer of activated B cells [nuclear factor kappa-B (NF-κB), p50; clone
C-19], nuclear factor of kappa light polypeptide gene enhancer in B-cells inhibitor (IκB), alpha (IκB-α; clone N-20), beta (IκB-β; clone H-4). Antibodies were acquired
from Santa Cruz Biotechnology (Heidelberg, Germany). A: Representative histological image of a colonic-longitudinal section labeled with anti-NF-κB antibody, picture
taken at × 400 magnification and scale bar of 45 μm inserted. A cytoplasmic anti-NF-κB antibody positively cell detected within cryptal area (inset below; × 1000 magnification of the boxed region, middle-left). Nuclear-NF-κB protein detected in stromal cells (inset right-side; × 1000 magnification of the boxed region, middle-right).
Graph shows the relative number of nuclear-NF-κB positive cells within colonic subepithelial areas (PCCS; bP < 0.01 vs MNNG without FLX, n = 4; FLX + MNNG, n = 4);
B: Relative number of IκB-α positive cells (aP < 0.05 vs MNNG without FLX, n = 4; FLX+MNNG, n = 4); and C: IκB-β positive cells within colon stromal areas (aP < 0.05
vs MNNG without FLX, n = 5; FLX + MNNG, n = 4). FLX: Fluoxetine. PCCS: Pericryptal colonic stroma.

ated state, which reduces mitochondrial respiratory rate
and energy generation[84-86]. FLX was also found to induce ROS generation in human ovarian cancer cell lines,
which induced apoptosis through mitochondrial bcl2-associated X protein, cytochrome c release, caspase-3
activation and p53 expression levels, whilst this treatment
further reduced ΔΨm, BH3 interacting-domain death
agonist and bcl-2 levels[54]. Similar findings were reported
in human neuroblastomas[55].
Comparing those reports that describe how FLX
modulates tumor metabolism[49,50,52-55] with others describing its activity against tumor growth[40,58,87-92], it becomes
clear that FLX blocks tumor cell proliferation by impair-
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ing the malignant energy generation. The anti-tumor
proliferative effects of FLX[40,56,92,93] have been related to
different causes, such as delays in cell-cycle progression
by inhibiting DNA synthesis and also to a possible binding directly to DNA via groove mode and high attraction
force[58,87-90,94]. On a molecular level, FLX was shown to
arrest breast tumor cells at G0/G1 phase by disrupting
skp2-CKS1 assembly, which is required to enable cell
cycle progression[91]. Recent reports have been supporting the idea of FLX acting against tumor proliferating
cells by reducing c-Myc and cyclins (D1, D3, E, B and A),
whereas cell-cycle checkpoints (p15, p16, p21, p27 and
p53) were enhanced[40, 91, 92].
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Figure 4 Schematic illustration shows fluoxetine anti-angiogenic potential in colon preneoplastic tissue. This means that by reducing proliferation of
subepithelial cells, blocking their cell-cycle, fluoxetine would reduce microvessel density. This anti-angiogenic potential was observed in a direct relationship
with reduced differentiation-related angiogenesis of subepithelial stem cells.
This suggests that fluoxetine would reduce the differentiation of CD133 positive
cells into a CD34 phenotype, which would also not differentiate in endothelial
cells, as CD31. This sequence of events would mainly be associated with the
control of fluoxetine treatment on nuclear factor kappa-B signaling, as reducing
proliferation and preneoplastic angiogenesis. PCNA: Proliferating cell nuclear
antigen.

Figure 3 Schematic illustration shows fluoxetine antiproliferative activities in colon tissue. Boxed figure shows the clear division between epithelial
and subepithelial colonic areas. Considering that crypts compose the colonic
epithelia, it is known that microvessels surround these gland structures. Fluoxetine (chemical structure represented at the center) blocks cell-cycle (blue
line and letters) in colonic tissue. We have observed that fluoxetine treatment
reduced two proliferative markers, named proliferating cell nuclear antigen
(PCNA, red line) and KI67 (green line). These effects of fluoxetine treatment
might be related to its enhancement on IκB-α and IκB-β proteins. This could
arrest nuclear factor kappa-B (NF-κB) protein in the cytoplasm, reducing its
transcriptional activity which, due to its activation over c-Myc transcription factor, would decrease this protein activation and proliferation. We believe that a
similar mechanism could take a place in epithelial and subepithelial cells.

duction for malignant cells within the hostile tumor environment, allowing not only high proliferative rates, but
the enhancement of malignant angiogenesis[97-101]. These
authors have further shown that enhancing the subepithelial NF-κB signaling is closely associated with “reverse
Warburg effect” in tumors[96].
Our findings, that FLX treatment reduced the nuclear
detection of NF-κB protein among preneoplastic subepithelial cells (as related to reduced angiogenesis due
to fewer subepithelial cellular proliferation [64,65]), lead
towards the idea of FLX treatment having similar effects on subepithelial cells which surround epithelial
cells in colon tumors. Figure 5 illustrates that malignant
microvessels show high-cytochrome C oxidase activity in
colon xenograft tumors. Moreover, our new experiments
(unpublished dataset) argue that FLX treatment, in different colon tumor models, takes the malignant metabolismrelated energy generation in epithelial cells under control
to shrink tumors. We strongly believe that FLX counteracts aerobic glycolysis reducing the activity of lactate
transporters that inhibits oxidative phosphorylation due
to increased intracellular levels of lactate. This might
bring down the ipH values blocking the tumor energy
generation machinery. After having this hypothesis challenged in experimental models and by different research
groups, we could think of clinical trials for FLX as a cochemotherapeutic agent in colon cancer patients. Because
of the low costs of FLX, this would also be transferable
to developing countries with their tightly limited budget
for cancer therapy.

Perspectives in FLX treatment acting against colon
cancer
The application of FLX for tumor patients has so far
been limited to its use as an antidepressant, but it might
provide much more benefit, potentially making it an
interesting co-chemotherapeutic agent. FLX treatment
seems to block tumor growth by breaking the malignant
metabolism down[49,52-55]. While the pieces for this puzzle
are slowly being pulled together, there are already several
reports which have given the ground ideas for following
investigations[38-40,49,50,52-56,58,60,61,64-67,87-92,95]. Besides the specific idea of FLX acting against the tumor metabolism,
there is an open question regarding the effects of FLX
treatment against the “reverse Warburg effect”. Pavlides
et al[96] have suggested the idea of a reverse Warburg effect taking place in tumors; this idea argues that epithelial
cancer cells induce the subepithelial cells to undergo
aerobic-glycolysis and secrete lactate and pyruvate, which
malignant cells would take up to enhance their tricarboxylic acid cycle, not only to generate more energy through
mitochondrial phosphorylation, but further increase
redox mechanisms which in turn corroborates with tumor cell survival and proliferation[30,31,82]. Schulze and
colleagues have extensively reviewed this topic[30,82]. Such a
mechanism would efficiently ensure enough energy pro-
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FLX treatment against tumor metabolism are still very
limited but exciting enough to warrant new investigations.
The fact that FLX was designed as an antidepressant but
was further found to act against tumors already highlights
that new drugs can be developed from it. Additionally,
cancer therapy lacks alternative strategies to overcome
chemoresistance. In many cases, chemoresistance is closely associated with tumor metabolism. It seems reasonable
to suggest that treatments disrupting metabolic events,
as might be possible with FLX, could effectively not only
reduce chemoresistance, but also malignant angiogenesis.
Whether these new perspectives for FLX treatment will
be applicable for colon cancer patients are a matter of
time, discussion and deeper research efforts. We strongly
suggest that FLX is a promising target for further studies
in cancer research.
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Core tip: Dietary fiber modulates our health at nearly
every level, and in every organ system, via complicated
modes of action. This article reviews the mechanistic
association of dietary fiber, gut microbiota and colon
cancer prevention.
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INTRODUCTION
Colon cancer is one of the most common malignancies
in the United States and accounts yearly for approximately 11% of all cancer deaths[1]. The incidence rates of
colon cancer are higher in the Western world but are rapidly increasing in developing countries, and it is predicted
that half of the Western population will develop at least
one colorectal tumor by age of 70[1]. Although cancer
treatments have made large strides in recent decades,
prevention by diet and other healthy lifestyle factors and
habits (e.g., physical exercise) offers a more desirable alternative. Genetic variation and environmental exposures
(e.g., diet, physical activity), including diet, are the two
main contributing factors influencing the occurrence of
colon cancer[2]. Thus, colon cancer may be highly amenable to prevention through a dietary regimen, and dietary
carbohydrates may play a critical role[3]. Carbohydrates
can be separated into two basic groups based upon their
digestibility in the gastrointestinal (GI) tract[4,5]. The first
group is simple carbohydrates such as starch and simple
sugars, which are easily hydrolyzed by enzymatic reactions and absorbed in the small intestine. The second
group is composed of complex carbohydrates such as
cellulose, lignin and pectin which are resistant to diges-

Abstract
Many epidemiological and experimental studies have
suggested that dietary fiber plays an important role in
colon cancer prevention. These findings may relate to
the ability of fiber to reduce the contact time of carcinogens within the intestinal lumen and to promote
healthy gut microbiota, which modifies the host’s metabolism in various ways. Elucidation of the mechanisms by which dietary fiber-dependent changes in gut
microbiota enhance bile acid deconjugation, produce
short chain fatty acids, and modulate inflammatory bioactive substances can lead to a better understanding of
the beneficial role of dietary fiber. This article reviews
the current knowledge concerning the mechanisms via
which dietary fiber protects against colon cancer.
© 2015 Baishideng Publishing Group Inc. All rights reserved.
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major butyrate-producing bacteria Faecalibacterium prausnitzii, although total butyrate concentration is increased only
in the distal vessel[20]. The same researchers reported that
xylo-oligosaccharides also affect the levels of sulphatereducing bacteria, Bacteroides fragilis, providing evidence
that dietary carbohydrates modify the gut microbiota, and
therefore, its ability to change the physiological properties of the colonic environment. In humans, diets high
in nonstarch polysaccharides and/or resistant starch profoundly affect the types of fecal bacteria, including species related to Ruminococcus bromii, which can contribute
to starch degradation and short chain fatty acid (SCFA)
production[21].
There are over 50 bacterial phyla described to date
but the human gut microbiota is dominated by two of
them, the Bacteroidetes and the Firmicutes; whereas, the
phyla Proteobacteria, Verrucomicrobia, Actinobacteria, Fusobacteria, and Cyanobacteria are present in minor proportions[22,23].
The taxonomic composition of the “ideal” microbiota, if
such exists, remains to be identified. Presently, individuals
are categorized into “enterotypes” or clusters based upon
the abundance of key genera in the gut microbiota[24].
Recent studies showed that gut microbial communities
are clustered into three types: Bacteroides (enterotype 1),
Prevotella (enterotype 2) and Ruminococcus (enterotype 3),
and these clusters seem unrelated to geographical origin,
body mass index, age, or gender[25]. These findings suggest that there is not one ideal microbiota composition,
but “a limited number of well balanced host-microbial
symbiotic states”[25].
Much remains to be determined about what constitutes a healthy microbiota, but there are numerous
diseases and conditions associated with a disturbed gut
microbiota[26]. It has been generally accepted that the human gut contains approximately 500 to 1000 species[27],
and the differential colonization suggests a relationship
with disease susceptibility[28-30]. For example, the intestinal
microbiota of children from Europe and rural Africa
who are exposed to a modern Western diet and a rural
diet respectively, exhibit significant differences in microbial composition. The major difference is that rural
African children have microbiota enriched in Bacteroidetes
and depleted in Firmicutes in comparison to European
children[30].
Although amino acid fermenting bacteria and syntrophic species are present in the large intestine, the
majority of colonic bacteria have predominantly saccharolytic metabolisms. Therefore, dietary fiber/carbohydrate availability is almost certainly the most important
nutritional factor that determines the composition and
metabolic activities of the gut microbiota, and many of
the physiologic properties of the microbiota are attributed to the fermentation and production of SCFAs[31].
For example, lower dietary fiber intake and consistently
lower SCFA production were observed in colon cancer
risk subjects compared to healthy individuals, and these
differences were accompanied by distinct profiles of

tion in the small intestine and undergo bacterial fermentation in the colon. These complex carbohydrates,
referred to as dietary fibers, are found in plants[4,5]. Many
studies suggest that there is an association between high
dietary fiber intake and a low incidence of colon cancer,
and that dietary fiber has anticancer properties[6-8]. Furthermore, the US Food and Drug Administration has approved health claims supporting the role of dietary fiber
in cancer prevention[9].
It is known that the human GI tract represents the
most abundant reservoir of microbes with over 100 trillion bacteria grouped in about 1000 species[10,11]. The
bacterial gut populations can be shifted to a healthier
composition by fermentable dietary fiber that provides
substrates for bacterial fermentation[10,11]. Dietary fiber
decreases the risk for type 2 diabetes mellitus, obesity,
cardiovascular disease, colon cancer, and improves immunity by modulating the gut microbiota landscape[6]. Dietary fiber modulates our health at nearly every level, and
in every organ system, via complicated modes of action,
many of which remain to be determined[10,11]. In the present review, we focus on the mechanistic association of
dietary fiber, gut microbiota and colon cancer prevention.

IMPACT OF DIETARY FIBER ON GUT
MICROBIOTA
Dietary fiber constitutes a spectrum of non-digestible
food ingredients including non-starch polysaccharides,
oligosaccharides, lignin, and analogous polysaccharides
with an associated health benefit[12,13]. Dietary fibers are
not a static collection of undigestible plant materials that
pass through the human GI tract without any function;
instead, they bind potential nutrients, result in new metabolites, and modulate nutrient absorption/metabolism.
Certain dietary fibers are fermentable, and in addition
to their anaerobic degradation in the GI tract, there is
also a concurrent anaerobic proteolytic fermentation[14].
Whereas the main fermentation products of fiber are
thought to be beneficial (positive), the products of the
proteolytic fermentation can be detrimental (negative),
resulting in a ying-yang effect[14]. In healthy individuals,
fermentation processes are primarily controlled by the
amount and type of substrates accessible to bacteria in
the colonic ecosystem[11]. The fate of fiber in the colon largely depends on the colonic microbiota and the
physio-chemical characteristics of the fiber itself[15]. Fiber
sources such as oat bran, pectin, and guar are highly fermented; whereas, cellulose and wheat bran may be poorly
fermented[15,16]. On the other hand, the type of dietary
fiber affects the microbial composition of the gut lumen.
For example, inulin, a polymer of fructose monomers
present in onions, garlic and asparagus[17], stimulates the
growth of Bifidobacteria; whereas, it restricts the growth
of potential pathogenic bacteria such as E. coli, Salmonella,
and Listeria[17-19]. In experiments with a simulator of the
human colon, dietary xylo-oligosaccharides decrease the
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the fecal microbiota communities of the two groups[32].
In the same study, Clostridium, Roseburia, and Eubacterium
spp. were significantly less prevalent in the colon cancer
risk group than the healthy individuals group; whereas,
Enterococcus and Streptococcus spp. were more prevalent in
the colon cancer risk group[32]. Consistent with these
observations, the low pH conditions resulting from fiber fermentation increase biosynthetic requirements for
nitrogen-containing precursors, and subsequently inhibit
toxin accretion in the colon[33]. Taken together, individual
properties such as body mass index, age, or gender may
not explain the three observed gut bacterial enterotypes[25], but data-driven marker genes/microbial markers
can be identified for certain diseases and conditions[30-32].

way is employed by the butyrate-producing bacterium R.
inulinivorans with fucose as substrate[40].
Colonic bacteria that produce butyrate belong to the
clostridial clusters Ⅰ, Ⅲ, Ⅳ, Ⅵ, XIVa, XV and XVI. Two
particularly abundant groups that are estimated to consist
7%-24% of the total gut bacteria in healthy subjects are
cluster Ⅳ bacteria related to Faecalibacterium prausnitzii,
and cluster XIVa bacteria related to Eubacterium rectal and
to Roseburia spp[41]. For example, reduced dietary intake of
fiber by obese subject results in decreased concentrations
of butyrate and butyrate-producing bacteria related to
Eubacterium rectal and to Roseburia spp[42].

PHYSIOLOGICAL EFFECTS OF SCFA
Acetate (C2), propionate (C3) and butyrate (C4) are
found in the human intestine at concentrations of
approximately 13 mmol/L in the terminal ileum, approximately 130 mmol/L in caecum and approximately
80 mmol/L in the descending colon[36]. These SCFAs
released in the intestinal lumen are readily absorbed and
used as energy source by colonocytes (approximately
10% of basal energy requirements) and also by other tissues such as liver and muscle[43].
Acetate stimulates proliferation of normal crypt cell
but reduces the frequency of spontaneous longitudinal
muscle contractions in rat colonic smooth muscle[44]. Acetate enhances ileal motility, increases colonic blood flow,
and plays a role in adipogenesis and host immune system
through interacting with the G protein-coupled receptor
(GPCR43, 41) in adipose tissue and immune cells[45,46].
In addition, it has been shown that acetate reduces lipopolysaccharide-stimulated tumor necrosis factor (TNF),
interleukin (IL)-6 and nuclear factor (NF)-κB level while
boosting peripheral blood antibody production in various
different tissues[47].
Similar to acetate, propionate has been shown to exert a concentration-dependent effect on the frequency
of spontaneous contractions in longitudinal muscle via
enteric nerves in rat distal colon[44]. In both animal and
human studies, it has been shown that propionate reduces food intake and increases satiety via augmentation
of the satiety hormone leptin, and through activation
of GPCR43, 41[48,49]. Also, propionate may be protective
against carcinogenesis because it reduces human colon
cancer cell growth and differentiation via hyperacetylation
of histone proteins and stimulation of apoptosis[50,51]. In
addition, propionate also inhibits the production of proinflammatory cytokines (e.g., TNF-α, NF-κB) in multiple
tissues[52,53].
Although acetate, propionate, and butyrate are all
metabolized to some extent by the epithelium to provide
energy, butyrate plays the most critical role in maintaining
colonic health and moderating cell growth and differentiation[54]. More than 70% of oxygen consumption in
isolated colonocytes is due to butyrate oxidation, and the
uptake and utilization of butyrate by the colonic epithelium have been demonstrated in a study on the SCFA lev-

SCFA PRODUCTION
Dietary fiber consumption can have significant health
benefits, particularly in laxation, mineral absorption, potential anticancer properties, lipid metabolism and antiinflammatory effects[34]. Many of these health benefits
can be attributed to the fermentation of dietary fiber
into SCFAs in the colon. These SCFAs are generated by
the colonic microbiota, and an equation outlining overall
carbohydrate fermentation in the colon has been described[35]:
59 C6H12O6 + 38 H2O → 60 acetate + 22 propionate +
18 butyrate + 96 CO2 + 256 H+.
The significance of carbohydrate breakdown by intestinal bacteria is broad. For example, the increased input
of carbohydrates allows for increased bacterial cell mass,
which supports laxative effects and shorter colonic transit
times. The decreased transit times decrease protein breakdown and the accumulation of putrefactive substances,
such as ammonia, phenols, amines and hydrogen sulfide
in the colon.
The three major colonic SCFAs are acetate, propionate and butyrate, and the total concentration of SCFAs
in colonic content may exceed 100 mmol/L [36]. The composition of diet and gut microbiota are the major factors
in determining the molar proportion of SCFA species.
In general, acetate makes up around 60%-75% of the
total SFCA, and is generated by many of bacterial groups
that inhabit the colon, with approximately one-third of
the product coming from reductive acetogenesis[37]. The
bacterial groups that form propionate and butyrate are
specialized, and are of particular interest in terms of
their health beneficial effects. The fact that a considerable
number of bacterial species provide diverse molecular
functions underscores the importance of a functional
analysis to understand the composition of microbiota[25].
The data on the main propionate-producing bacteria
in the human colon are still emerging, and several biochemical pathways for propionate formation are characterized[38,39]. The succinate route for propionate formation
is generally employed by Bacteroides species, but the acrylate route from lactate is adopted by bacteria belonging to
the clostridial cluster Ⅸ group. In addition, a third path-
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els in portal and arterial blood and in colonic contents[36].
Compared to acetate and propionate, butyrate exhibits
strong anti-inflammatory properties, and this effect is
likely mediated by inhibition of TNF-α production, NFκB activation, and IL-8, -10, -12 expression in immune
and colonic epithelial cells[55,56].

and macrophages are the major source of inflammatory mediators[57]. Once activated, macrophages produce
significant amounts of mediators such as TNF-α, Il-1β,
IFN-γ and IL-6, chemokines, and nitric oxide (NO)[57,66].
SCFAs, mainly butyrate, reduce the LPS- and cytokinestimulated production of pro-inflammatory mediators
such as TNF-α, IL-6, IFN-γ and NO while increase the
release of the anti-inflammatory cytokine IL-10[66,67]. The
histone deacetylases (HDACs) and histone acetyltransferases control the degree of protein acetylation and gene
expression, and the ability of butyrate to inhibit HDAC
activity is the main mechanism via which the acid affects
the expression of proinflammatory mediators[66-68]. In
addition to increasing net histone acetylation and therefore, influencing gene expression, butyrate also augments
the acetylation of nonhistone proteins such as NF-kB,
MyoD, and p53[66].

ANTI-INFLAMMATORY ACTION, SCFAS
AND MICROBIOTA
Inflammation, a host defense mechanism, is an immediate
response of the body to tissue injury caused by microbial
infection and other noxious stimuli. However, inadequate
resolution of inflammation and uncontrolled inflammatory reactions can evoke a state of chronic inflammation,
which is a common etiologic factor for cancer[57].
Leukocyte recruitment and SCFAs
Leukocytes are recruited and migrate from the bloodstream to the inflamed tissue through a multistep process
that involves expression and activation of several proteins such as adhesion molecules and chemokines[58], and
SCFAs modify this leukocyte recruitment[59,60]. Several
lines of evidence show that SCFAs induce directional
migration of neutrophils, which is dependent upon the
activation of GPR43, a G protein-coupled receptor[59,61].
The function of SCFAs as agonists of GPR43 may result in activation of protein kinase B (PKB) and mitogen
activated protein kinases in neutrophils. Furthermore,
the receptors GPR41 and GPR109A, both of which are
related to GPR43, are activated by SCFAs[62]. These results support a role for the SCFAs in the movement of
neutrophils[61].
SCFAs also modulate the expression and secretion of
cell adhesion molecules and chemokines that play a central role in leukocyte recruitment[52,60]. Cell adhesion molecules such as selectins, integrins, vascular cell adhesion
molecule-1, and intercellular adhesion molecule-1 are critical for adhesion and transendothelial migration of leukocytes[63]. Recent studies have shown that SCFAs reduce
the adherence of monocytes and lymphocytes to human
umbilical vein endothelial cells, and this is associated with
an attenuation of NF-κB and PPARγ activities and adhesion molecule expression (ICAM-1 and VCAM-1)[52,63].
In addition, butyrate reduces the constitutive and IFNγ-induced expression of LFA-3 and ICAM-1; the LPSstimulated production of CXCL-2, 3, and macrophage
chemoattractant protein-1, IL-8 by neutrophils and macrophages[64,65]. Therefore, by modulating the amount or
type of adhesion molecules and chemokines, SCFAs may
alter the recruitment of leukocytes, and in part, reduce
the chronic GI tract inflammatory response.

Gastrointestinal barriers and microbiota
Gut microbiota contribute to the maintenance of an
intact GI barrier, and the disruption of this barrier can
cause an inflammatory process[10]. The primary or innate barrier is an interaction between the microbiota and
the gut epithelial cell layer. This interaction is an active
process, in which certain inflammatory mediators are
produced. For example, the ligands of toll like receptors
(TLRs) such as LPS and flagellin are microbially derived,
and they activate respectively, TLR-4 and -5 to modulate distinct aspects of host metabolism and immune
response[69]. The secondary physical barrier is formed by
epithelial cell secretion of mucus, and this intestinal mucus layer is a critical physical barrier protecting the intestinal epithelium from the intestinal microbiota, including
invasive microbes[70]. The mucus layer is composed by
mucin proteins produced by Goblet cells[10], whereas, in
the small intestine, the Paneth cells directly sense enteric
bacteria through TLR activation, and release various antimicrobial peptides[71]. Therefore, mucus not only forms
a physical barrier and provides a nutrition source for the
microbiota, but it also contains protective mediators such
as secreted antimicrobial peptides and Ig A[70,72]. Thus, the
mucosal immune system and the homeostasis of gut microbiota are interdependent, and a balance between them
maintains a stable intestinal environment.

EFFECT OF SCFAS ON CELL CYCLE,
MIGRATION AND APOPTOSIS
Although SCFAs stimulate normal colonocyte proliferation at low concentrations (e.g., 0.05 mmol/L-0.1 mmol/
L butyrate), SCFAs also inhibit the growth of most human colon cancer cells by cell cycle arrest and apoptosis
through a complex molecular regulation[73,74]. Several in
vitro studies have demonstrated that butyrate inhibits
HDACs, and allow histone hyperacetylation that leads to
transcription of many genes including p21/Cip1, and cyclin D3[75]. The induction of the cyclin-dependent kinase

Proinflammatory mediators, SCFAs
A wide variety of cytokines and other proinflammatory mediators contribute to both extrinsic and intrinsic
pathways of inflammation-associated carcinogenesis,
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of a diet with wheat bran (resulting in high butyrate concentrations) in a rat dimethylhydrazine model of colon
cancer[83]. The researchers reported the highest protection
against colonic tumors in the group of rats fed the wheat
bran diet. Similarly, rats fed diet with resistant starch exhibited a lesser burden of colonic adenocarcinomas after
exposure to azoxymethane, and this protective effect
seemed to be related to the production of butyrate in the
colon[79]. It has been observed that in rats with tumors
induced by azoxymethane and deoxycholic acid, dietary
sodium gluconate increases butyrate levels and decreases
the numbers of tumors in the colon[84]. Also, oral administration of the butyrate-producing bacteria Butyrivibrio
fibrisolvens augmented butyrate levels, and reduced the
formation of aberrant crypt foci, an early colonic lesion,
in the colon and rectum of mice treated with dimethylhydrazine[85].
However, not all reports support a chemopreventive effect for butyrate[15]. Some epidemiological studies
have also shown no relationship between fiber intake
and colon cancer incidence, and no effect of SCFAs (e.g.,
butyrate) on colonic tumorigenesis[86,87]. These observations were initially counter-intuitive given the reported
anticancer-effects of dietary fiber/SCFAs. However,
molecular analyses on the effect of SCFAs in colonic
tumorigenesis may partly explain these seemingly controversial observations.
First, the constitutive activation of the canonical
WNT signaling pathway is a common characteristic of
colon cancer, and the beta-catenin- Tcf (BCT) transcriptional complexes are the downstream mediators of this
pathway[88,89]. It has been proposed that WNT/betacatenin activity exists as a gradient, within which absence
of WNT signal results in terminal differentiation and
apoptosis, relatively low levels of signaling lead to controlled self-renewal, moderate levels of signaling promote
uncontrolled cell proliferation, and relatively high levels
of WNT signaling lead to apoptosis[90]. Therefore, hyperactivation of WNT/beta-catenin signaling in butyratetreated colon cancer cells is a required event to achieve
high levels of apoptosis in these cells[91].
Second, studies on human colon cancer cell lines with
different WNT/beta-catenin signaling mutations have
identified two classes of cell lines: those which respond to
butyrate treatment with (1) a high fold; and (2) a low fold
induction of WNT/beta-catenin activity and apoptosis[91].
Thus, discrepancies in the literature as to the protective
nature of fiber intake against colon cancer[5,15,92] may be
due to the fact that only a subset of colonic lesions responds to butyrate with hyper-activation of WNT/betacatenin signaling and enhanced apoptosis. Further, colonic lesions may become resistant to the effects of butyrate
through exposure to suboptimal levels of this agent; for
example, butyrate-resistant cells produced in vitro exhibit
suppressed WNT/catenin hyperactivation and inhibited
induction of apoptosis upon exposure to butyrate and
other HDAC inhibitors[93]. This butyrate-resistant cell line
may reflect the in vivo existence of human tumors that are

inhibitory protein p21/Cip1 accounts for cell arrest in
the G1 phase of the cell cycle[75]. In addition, we and others have also observed that at 0.5 or higher mmol/L concentration, butyrate inhibits the migration and invasion
rate of cancer cells by increasing the expression of antimetastasis genes (e.g., metalloproteinases) and inhibiting
the activation of pro-metastatic genes (e.g., matrix metalloproteinases)[76,77].
There is also overwhelming evidence that dietary fiber
counteracts the earliest stages of colonic carcinogenesis.
For example, carbohydrates may protect colonocytes
against the genotoxicity of a typical Western diet, which
is characterized by increased levels of protein and fat
intake. Thus, resistant starch decreases by 70% the DNA
damage manifested by single-strand breaks in colonocytes of rats fed a Western diet[78]; significantly, when
such DNA damage is not repaired, it may initiate colonic
carcinogenesis. This interpretation is supported by experimental data that resistant starch protects rodents against
tumors induced by the carcinogen azoxymethane[79,80].
The protective effect of resistant starch against such
DNA alterations could be attributed to the increased
production of SCFAs, and the decreased phenol and
ammonia levels[78]. Among the SCFAs, butyrate has been
demonstrated to have a significant physiological effect
on neoplastic colonic cells[81]; however, acetate has also
been implicated in protection against genotoxic agents[20]
Interestingly, different carbohydrates affect differentially
the extent of DNA damage; for example, dietary xylooligosaccharides but not inulin may alter the genotoxicity
of the colonic environment. Utilizing a human colonic
simulator inoculated with human feces and a soy protein
isolate, the researchers have reported that xylo-oligosaccharides reduce genotoxicity of the liquid phase in the
proximal vessel, but increase genotoxicity in the distal
vessel[20].
It is evident that the DNA-protective effects of the
carbohydrates are mediated by (1) their ability to sustain
the existence of specific colonic microbiota; and (2) by
the fermentation products resulting from the presence
of the colonic bacterial species. In rats, a resistant starchenriched diet increases the numbers of bifidobacteria
and lactobacilli species; whereas, it decreases coliforms
and results in higher levels of SCFAs[82]. However, the
levels of the short-chain fatty acids are dependent not
only upon the type and amount of dietary carbohydrates,
but also by the present colonic bacterial species. Such
two-way interactions explain the observations that rats
fed resistant starch diet supplemented with the probiotic
Bifidobacterium lactis exhibit a stronger apoptotic response
to a genotoxic carcinogen in the colon than those fed the
same diet without the probiotic supplement[82].
Evidence for a protective role of butyrate against
colon cancer comes mostly from studies in carcinogeninduced rodent models of this malignancy. Thus, the
effects of diets containing guar gum and oat bran (both
highly fermentable, but associated with low butyrate
levels in the distal colon) have been compared to these
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resistant or partially resistant to the effects of butyrate,
and suggests that a high dietary fiber intake is required
for an effective protective action against colon cancer.
Differences in the responsiveness of colonic neoplastic
cells to the effects of butyrate on WNT/catenin signaling may be mediated through the differential expression
and activity of transcriptional coactivators that influence
WNT/catenin activity, particularly CBP and p300[94,95].
For example, a butyrate-resistant cell line has been shown
to be defective in p300 expression, which likely mediates
effects of butyrate on WNT/catenin signaling and cell
physiology[95].
Third, the composition of gut microbiota and diet (e.g.,
fat) are factors that affect the SCFA productions and their
action[15,96,97], and the effect of SCFAs on colon neoplastic
cells might be modifiable by other dietary compounds
and metabolites; thus, adding a particular type of oil (e.g.,
fish oil vs corn oil) results in a variable reduction of colon
tumors in rat azoxymethane model of carcinogenesis[98].
Finally, the effect of fiber and butyrate on colon carcinogenesis is likely dependent upon the timing of fiber
and butyrate administration with respect to the stage of
cancer development[15]. Several studies have shown that
a high fiber intake specifically affects early tumor development in the colon; however, progression to advanced
adenomas is unlikely to be influenced by fiber intake[7,86].
These data clearly support a multifaceted role of SCFA
production/action, and more in vivo studies are warranted
to further dissect the role of fiber intake in modulating
colon cell cycle and apoptosis pathways.

(e.g., carotenoids) do not seem to be absorbed through
the GI tract into the rest of the body, even though the
colon is the primary site for fiber fermentation and the
release of these chemicals[104]. However, since the concentrations of bioactive substances derived from dietary
fiber sources can be much higher in the colonic lumen
than in plasma and other tissue, these phytochemicals
may delay the onset of colon cancer.

CONCLUSIONS AND PERSPECTIVES
A large amount of research has reported an inverse relationship between dietary fiber intake and colon cancer
risk. The protective effect of fiber against colon cancer
derives from a multi-layered system of mechanistic checks
and balances, which may explain why not all studies report
this beneficial effect. Although the anticancer mechanisms
of dietary fiber are not fully understood, several modes
of action have been proposed (Figure 1). First, dietary
fiber resists digestion in the small intestine, and enters the
colon where it is fermented to produce SCFAs that may
enhance the healthy composition of gut microbiota. Second, SCFAs have anticancer properties which include the
promotion of cancer cell cycle arrest, apoptosis, and the
inhibition of chronic inflammatory process and cancer
cell migration/invasion in the colon. Importantly, these
molecular activities are effective only within a certain
physiological concentration range of the SCFAs. Third,
dietary fiber increases fecal bulking and viscosity, reduces
the time for proteolytic fermentation that results in harmful substances, and shortens the contact between potential
carcinogens and mucosal cells. In addition, dietary fiber
can bind/excrete potential luminal carcinogens (e.g., secondary bile acids), lower fecal pH in the colon, and thus
provide a healthy intestinal environment.
Not all fibers have the same properties; therefore, the
characteristics and components of dietary fibers (e.g., arabinoxylan, β-glucan) may determine their modes of action against colon cancer cells. Future studies on the type
of fiber and fiber components may provide a better understanding of how and why dietary fiber decreases the
risk of colon cancer. Furthermore, evidence from many
lines of research demonstrates that fiber consumption
modifies the composition of gut microbiota, and a well
balanced colonic microbiota influences the host at nearly
every level including immunity and neoplastic development. Metagenomics is one of the newest approaches
to determine gut microbiota composition, but it is still
difficult to characterize the interactions between hosts
and their microbiota. The combination of several “meta”
analyses such as metagenomics, metabolomics, metatranscriptomics, and the shift of focus from a “who is there”
to a “why are they there” will advance our understanding
of the relationship between dietary fiber consumption,
microbiota composition, and human health. Future studies are required to unravel the microbiota changes that
correlate with the beneficial effects of fiber, although it is
likely that such changes in the gut bacteria may be dose-,

FUNCTIONAL ROLE OF FIBER SOURCE
PER SE
Although gut microbiota and fiber fermentation to SCFAs play a critical role in cancer prevention, the fiber
source per se may have independent effects on colonic
health. First, dietary fiber increases viscosity and fecal
bulking (diluting potential carcinogens), and it therefore
shortens the time for proteolytic fermentation (and
production of harmful substances) and also decreases
the contact between potential carcinogens and mucosal
cells[4,99]. In addition, dietary fiber could bind/excrete potential luminal carcinogens (e.g., secondary bile acids) and
lower fecal pH in the colon[4,100,101]. Second, dietary fiber
is not only a substrate for fermentation, but it is also a
source of vitamins, minerals and slowly digestible energy;
for example, bran fractions are rich in minerals, vitamin
B6, thiamine, folate and vitamin E[102]. Third, dietary fiber is associated with phytochemicals such as phenolics,
carotenoids, lignans, beta-glucan and inulin[102,103]. For
example, arabinoxylan, a constituent of hemicelluloses, is
an important source of phenolic compounds that may be
released in the colon during fermentation of complexed
fibers[4,102]. These bioactive substances may protect the GI
tract from oxidative damage, although this possibility is
controversial due to the anaerobic environment in the colon and the fact that the fiber-associated phytochemicals
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Figure 1 The proposed interaction of primary pathways related to dietary fiber consumption, gut microbiota and colon cancer risk.

time-, and strain-dependent. These efforts may lead to
identification of microbiota signatures that are causal or
correlative biomarkers for fiber consumption and colon
cancer prevention.
If butyrate is indeed the key mediator for the protective effect of fiber against colon cancer, then the effects
of diet and microbiota on the butyrate levels in the colon, and our ability to manipulate these levels via dietary
supplements, will be important for designing effective colon cancer preventive strategies. The levels of fecal butyrate among individuals differ widely (3.5-32.6 mmol/kg),
and these inter-individual differences have been explained
in part by body-mass index and dietary intake of protein,
fiber, and fat[105]; however, there are additional factors that
remain to be determined.
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Role of antioxidants and pro-oxidants in colon cancer
William L Stone, Koyamangalath Krishnan, Sharon E Campbell, Victoria E Palau
intestinal microfold cells, cyclooxygenase-2 and CRC
are detailed in this review. While a strong case can be
made for pro-oxidant stressors in causing CRC, the role
of food antioxidants in preventing CRC is less certain.
It is clear that not every micronutrient with antioxidant
activity can prevent CRC. It is plausible, however, that
the optimal food antioxidants for preventing CRC have
not yet been critically evaluated. Increasing evidence
suggests that RRR-gamma-tocopherol (the primary dietary form of vitamin E) or other “non-alpha-tocopherol”
forms of vitamin E (e.g. , tocotrienols) might be effective. Aspirin is an antioxidant and its consumption is
linked to a decreased risk of CRC.
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Core tip: This review summarizes the roles that antioxidant and pro-oxidant factors play in the development of colorectal cancer (CRC). This review is timely
since our understanding of the roles these factors play
in CRC has made major advances and is now ripe for
translational research efforts. A systems biology research approach appears to be optimal since environmental pro-oxidative stress factors (such as cigarette
smoking, a high dietary consumption of n-6 polyunsaturated fatty acids and alcohol intake) are likely to interact with the intestinal microbiome causing genotoxic
damage to the epithelial cells of the large intestine and
CRC.

Abstract
This review focuses on the roles antioxidants and prooxidants in colorectal cancer (CRC). Considerable evidence suggests that environmental factors play key
roles in the incidence of sporadic CRC. If pro-oxidant
factors play an etiological role in CRC it is reasonable
to expect causal interconnections between the wellcharacterized risk factors for CRC, oxidative stress and
genotoxicity. Cigarette smoking, a high dietary consumption of n-6 polyunsaturated fatty acids and alcohol
intake are all associated with increased CRC risk. These
risk factors are all pro-oxidant stressors and their connections to oxidative stress, the intestinal microbiome,

WCGO|www.wjgnet.com

Original sources: Stone WL, Krishnan K, Campbell SE, Palau
VE. Role of antioxidants and pro-oxidants in colon cancer. World
J Gastrointest Oncol 2014; 6(3): 55-66 Available from: URL:
http://www.wjgnet.com/1948-5204/full/v6/i3/55.htm DOI: http://
dx.doi.org/10.4251/wjgo.v6.i3.55

2464

February 8, 2015|First Edition|

Stone WL et al . Antioxidants, pro-oxidants and colon cancer
N-6 PUFA

Apoptosis threshold level

Alcohol

Apoptosis

Survival

Total oxidative stress

Smoking

Oxidative stress

Chemotherapy
oxidative stress
Intrinsic oxidative
stress

Normal cell

Typical
cancer cell

ROS

Figure 2 Conceptual framework for the selective action of chemotherapeutic agents that induce oxidative stress. Many cancer cells show a high
level of intrinsic oxidative stress (“blue” component of total oxidative stress)
compared to normal cells. Chemotherapeutic agents often act by inducing an
additional level of oxidative stress (“red” component of total oxidative stress)
that is sufficient to reach an apoptotic threshold (blue line) in a typical cancer
cell but not a normal cell.
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The role of both antioxidants and pro-oxidants in colon
cancer has become a topic of intense interest and controversy[3-6]. A great body of evidence supports the view
that in vivo oxidative stress and the accompanying reactive
oxygen species (ROS) are genotoxic and contribute to
the development of colon cancer and cancers in general
(Figure 1)[7]. ROS are thought to be a major source of
endogenous DNA damage and at least one hundred oxidative modifications to DNA have been identified[8,9]. It
is plausible to assert, therefore, that antioxidants could be
beneficial by minimizing the genotoxic insults caused by
ROS and thereby reduce the incidence of cancers. In this
capacity, antioxidants in food or in dietary supplements
would be acting as long-term chemopreventive agents.
Moreover, it is now well recognized that many cancer cells
exhibit an enhanced level of intrinsic oxidative stress that
plays a causative role in the expression of many oncogenic
phenotypes[10,11]. The ROS giving rise to the enhanced level of intrinsic oxidative stress in cancer cells are thought
to promote oncogenic phenotypes by virtue of their roles
in modulating redox sensitive signal transduction mechanisms[12]. It follows, that in vivo antioxidant agents (chemical
and enzymatic) that lower ROS could potentially inhibit
the expression of aggressive cancer phenotypes. Antioxidants could, therefore, be chemopreventive by reducing
both genotoxicity and by slowing cancer progression.

Figure 1 Connections between known risk factors of colorectal cancer
and oxidative stress. Smoking, dietary n-6 polyunsaturated fatty acids (n-6
PUFA) and heavy alcohol consumption contribute to in vivo oxidative stress
with an accompanying overproduction of genotoxic reactive oxygen species
(ROS) that give rise to mutations, cancer and also promote cancer phenotypes.
Antioxidants such as gamma-tocopherol (gamma-T), tocotrienols (T3s) and
aspirin reduce oxidative stress and ROS overproduction (up arrow).

INTRODUCTION
Colorectal cancer (CRC) remains a major contributor
to cancer cancer worldwide and accounts for about 9%
of overall cancer incidence[1]. There is, however, a quite
remarkable country-to-country variation and CRC appears to be primarily a disease of Western life-style[1]. In
India the incidence of CRC is about one seventh that
of the United States[2]. Moreover, immigrants from lowrisk countries who move to high-risk countries generally
assume the high-risk profile of the new host country[1].
These data suggest that environmental factors could be
important in the etiology of sporadic CRC and provide
some hope that chemopreventive/lifestyle strategies
could have a significant impact on reducing CRC incidence. The primary purpose of this review is to evaluate
the potential role that pro-oxidant and antioxidant factors
play in the development of CRC. The roles of these factors are of major importance to the advice that oncologists provide to cancer patients and that nutritionists
provide to the general population. The food industry also
has a vested interest in these issues since many foods are
labeled as being “high in antioxidants” with the implicit
promise of promoting health.

DO ANTIOXIDANTS INTERFERE WITH
CHEMOTHERAPY?
On the other hand, many effective pro-oxidant chemotherapeutic agents rely on inducing additional oxidative
stress in cancer cells, thereby driving them into apoptotic
cell death (Figure 2). This process is thought to have
some degree of selectivity since cells with a “normal”
level of oxidative stress would not be sufficiently stressed
by pro-oxidant chemotherapeutic agents to reach the

PRO-OXIDANTS AND ANTIOXIDANTS IN
CRC
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threshold at which apoptosis would be triggered. A key
concern, however, is that cancer patients with a high
level of dietary/supplement antioxidant intake could be
resistant to pro-oxidant chemotherapeutic agents[3,6]. It is
likewise plausible that a high level of antioxidant intake
could shield normal tissues from the cytotoxic effects
of pro-oxidant chemotherapeutic agents, thereby reducing many of the severe side effects associated with these
agents. These issues were expertly reviewed in 2008 with
the conclusion that supplemental antioxidants should
be avoided during chemotherapy and radiation therapy
based on their potential for protecting tumors and reducing the effectiveness of the pro-oxidant therapies. Little
has changed from 2008 and this assessment remains
valid. Nevertheless, this remains an area where more
evidence-based medicine is needed. As is often the case
in clinical research, a more nuanced approach is required
that is cancer specific, dose and time controlled and focused on specific antioxidants.

important factor.
A major difference between the small intestine and
large intestine is the number of bacteria present. The
duodenum and jejunum (66% of the small intestine)
contain low numbers of bacteria but this number markedly increases by about four orders of magnitude in the
distal ileum and in the large intestine[16]. Owen et al[17]
have found that the human fecal matrix is capable of
generating abundant ROS. In marked contrast, many isolated and cultured aerobic or anaerobic fecal bacteria do
not generate abundant ROS[17]. Babbs et al[18] also found
that fecal matrix generates a high flux of ROS being the
equivalent of 10000 rads of gamma irradiation per day.
This high level of ROS production stopped after autoclaving the feces suggesting the direct involvement of
fecal bacteria. The in vitro experiments of both Owen et al[17]
and Babbs et al[18] must be interpreted with some caution and
future work in this area is needed given the importance
of understanding the role of digestive system microflora
in cancer development. Nevertheless, these studies suggest that the interaction between fecal bacteria and the
fecal matrix generates oxidative stress.

A SYSTEMS BIOLOGY APPROACH TO
REDOX ISSUES IN CRC
The complex set of interconnected events that give rise
to CRC are unlikely to be fully replicated (or even well
elucidated) in cell-based studies, animal models, observational studies or even short term clinical intervention
trials. A systems biology approach in which an organism
is considered a dynamic set of interacting organs, tissues,
cells and molecular level components is more realistic,
especially since time-dependency and interconnecting environmental factors are also key to this approach[13].

IS COLONIC OXIDATIVE STRESS
SUFFICIENT TO CAUSE GENOTOXIC
DAMAGE?
Whether or not colonic oxidative stress arising from
colonic bacteria is capable of causing significant in vivo
genotoxicity in humans is not yet known. The in vitro results of Wang and Huycke[19] are, however, very relevant
in this regard. These investigators found that Enterococcus
faecalis (E. faecalis), a prevalent fecal bacteria that uniquely
generates extracellular superoxide, is quite effective at
promoting chromosomal instability (CIN) in mammalian
cells at a level equal to that 2 gray (or 200 rad) of gammairradiation. E. faecalisis thought to generate superoxide
by virtue of a rudimentary respiratory chain in which an
electron is transferred to oxygen by membrane-associated
demethylmenaquinone[19].
Under normal circumstances, fecal bacteria do not
come into contact with the epithelial cells of the large
intestine, which is covered by layers of dense mucin
(10-90 microns thick). With this fact in mind, Wang and
Huyche[19] reasoned that M cells (or microfold cells) in
the colon could potentially transport E. faecalis across the
intestinal lumen to macrophage cells (antigen presenting
cells) across the epithelial barrier (into the subepithelial
dome) for immunological processing (i.e., the innate immune system). This is schematically illustrated in Figure 3.
Accordingly, these investigators tested the hypothesis (in
vitro) that macrophages that have phagocytized E. faecalis
could generate diffusible oxidation products that could
induce CIN in surrounding hybrid hamster cells containing human chromosome 11. Their results were consistent with this hypothesis: a 2.5 fold increase in CIN was
found in hamster cells co-incubated macrophages that
phagocytized E. faecalis compared to hamster cells co-

OXIDATIVE STRESS AND THE
INTESTINAL MICROBIOME
The utility of a systems biology approach to oxidative
stress and CRC is firmly illustrated when considering the
role of the intestinal microbiome. The intestinal microbiome is the community of commensal, symbiotic, and
pathogenic microorganisms sharing the space within
the intestinal lumen. CRC, in most cases, arises from the
epithelial cells of the large intestine, which have suffered
DNA damage and a subsequent loss of epithelial differentiation towards a phenotypic expression closer to
that of mesenchymal cells (the epithelial-to-mesenchymal
transition or EMT) [14]. The EMT of DNA-damaged
colonic epithelial cells is thought to promote metastasis
to other essential organs. The small intestine, despite its
name, has an epithelial surface area some 30 times larger
than the large intestine. This large difference is due to
the fact that the small intestine, unlike the large intestine,
is very convoluted and has villi. Nevertheless, cancers
of the small intestine are rare, amounting to only 2.3%
of cancers of digestive system in the United States[15]. A
complete understanding of this differential rate of cancer
incidence along the digestive track is lacking but accumulating data suggest that oxidative stress could be an
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Figure 3 Role of pro-oxidant intestinal bacteria in colorectal cancer. Enterococcus faecalis (E. faecalis) an intestinal bacteria with the unique ability to generate superoxide radicals. Intestinal microfold cells (M-cells) may transport E. faecalis from the intestinal lumen to macrophages in the subepithelial dome where macrophage cyclooxygenase-2 (COX-2) and lipid peroxidation can generate 4-hydroxynonenal (4-HNE), which promotes DNA damage/chromosomal instability to nearby epithelial cells[20].

mice (IL-10-/-) colonized with superoxide producing E.
faecalis developed both inflammation and CRC[20]. IL-10-/mice develop colitis and are a model for human inflammatory bowel disease. In a parallel experiment with a
strain of E. faecalis that does not produce superoxide
(delta-men) the IL-10-/- mice showed inflammation but
not CRC [20]. Unfortunately, the investigators did not
determine if supplementation with gamma-tocopherol
prevented CRC in the animal model using the superoxide producing E. faecalis. The overall model proposed by
these investigators is provided in Figure 3. Collectively,
this work provides a very compelling hypothesis for the
etiological factors promoting CRC, i.e., M-cells transport
pro-oxidant intestinal bacteria to macrophages in the subepithelial dome and through the action of macrophage
COX-2 and lipid peroxidation on pro-inflammatory n-6
n-6 polyunsaturated fatty acid (PUFA) generate 4-HNE
which diffuses to nearby epithelial cells inducing genotoxicity eventually resulting in CRC. This is a powerful
model and does much to explain the interconnections between the known risk factors for CRC and their relationship to the oxidative stress (Figure 1).

incubated with macrophages not having phagocytized E.
faecalis. Control experiments using Escherichia coli, which
generates only low levels of superoxide, elicited only a
modest degree of mammalian cell CIN in their model.

GAMMA-TOCOPHEROL BUT NOT
ALPHA-TOCOPHEROL INHIBITS
CHROMOSOMAL INSTABILITY IN
MAMMALIAN CELLS INDUCED BY
ENTEROCOCCUS FAECALIS
Quite interestingly, Wang and Huyche[19] found that 200
μmol gamma-tocopherol, but not alpha-tocopherol, was
able to completely inhibit the CIN inflicted on hamster cells
when co-incubated with macrophages having phagocytized
E. faecalis. Moreover, cyclooxygenase-2 (COX-2) overexpression was found in the macrophages having phagocytized E faecalis and COX-2 inhibitors (as well as superoxide
dismutase) blocked the induced CIN in hamster cells.
In a logical follow-up to this in vitro work, these investigators provided convincing evidence that the diffusible product of oxidative stress induced by E. faecalis was
4-hydroxy-2-nonenal (4-HNE), which is a well-known
aldehyde by-product arising from the lipid peroxidation
of omega-6 polyunsaturated fatty acids (e.g., arachidonic
acid)[20] (Figure 4). As mentioned below, arachidonic acid
is a proinflammatory dietary fatty acid and dietary arachidonic acid is a risk factor for CRC. Moreover, silencing
glutathione-S-transferase alpha4 (GST-alpha4) in colonic
epithelial cells increased their susceptibility to 4-HNE
CIN. GST-alpha4 detoxifies 4-HNE by covalently complexing it with GSH. Similarly, silencing COX-2 decreased
4-HNE production by E. faecalis infected macrophages
and depleting GSH (the primary intracellular antioxidant)
increased 4-HNE production[21].
In an outstanding pre-clinical in vivo experiment, these
investigators also found that interleukin-10 knockout

WCGO|www.wjgnet.com

DYSFUNCTION OF THE INTESTINAL
MICROBIOME, INFLAMMATORY BOWL
DISEASE AND OXIDATIVE STRESS
It is becoming increasingly clear that dysfunction of the
intestinal microbiome is very much related to inflammatory bowl disease(s) such as Crohn’s disease and ulcerative
colitis. Inflammatory bowel diseases (IBDs) are known to
increase the risk of CRC and inflammation (in general)
is also accompanied by increased oxidative stress[20]. With
rapid technical advances it will soon be routinely possible for individuals to have their exomes sequenced in
an effort to identify markers for cancer susceptibility. For
most types of cancer, exome sequencing alone should be
sufficient but CRC might be an exception. The collective
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CRC mutations fall into two general categories: (1) those
with mutations accompanied by microsatellite instability
(MSI) in which there is a defective DNA mismatch repair
(MMR) mechanism during DNA replication (about 15%
of all CRC); (2) those with mutations accompanied by
microsatellite stability (MSS) but with chromosomal instability[23]. Microsatellites are repeating sequences of 2-6
base pairs of DNA.
MSI CRC is associated with a very large number of
non-synonymous mutations yet has a better prognosis
than MSS CRC [23,24]. A high frequency form of MSI
(MSI-H), where over 40% of the assayed microsatellites
are mutated, is associated with germline mutations in the
protein complexes forming the MMR system or with epigenetic silencing of MMR protein expression by DNA
hypermethylation[25]. A second, low frequency form of
MSI (MSI-L) also occurs in which less than 20% of the
assayed microsatellites are mutated[25]. Quite curiously,
10%-20% of sporadic CRC of the MSI-L variety show
no evidence of mutations in MMR proteins and are only
rarely associated with epigenetic silencing of MMR protein expression by DNA hypermethylation[25]. MSL-L is,
however, found in CRC associated with ulcerative colitis,
a long lasting inflammatory bowel disease with well-documented evidence of oxidative stress[25,26]. Chang et al[25]
have shown that oxidative stress can inactivate the MMR
system leading to the suggestion that this mechanism
could be responsible for the MSI-L seen in CRC associated with chronic inflammation such as ulcerative colitis
and/or smoking and/or high alcohol consumption which
are all oxidative stressor factors (see below).
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OXIDATIVE STRESS CAN INACTIVATE
THE DNA MISMATCH REPAIR
MECHANISM SYSTEM IN CRC
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Figure 4 Lipid peroxidation and mutagens. Lipids containing PUFA (LH) are
oxidized to form damaging lipid peroxy radicals (LOO.). These radicals can generate mutagenic aldehydes such as malondialdehyde (MDA) and 4-hydroxy2-nonenal (4-HNE) from n-6 PUFAs. Lipid peroxidation can be initiated by the
formation of highly reactive hydroxyl radicals (.OH) arising from the Fenton
reaction.

genomes of the intestinal microbiome is estimated to
be about 100 times that of the human genome and is of
direct significance to CRC. Although beyond the scope
of this review, it is now clear that that there are complex
interactions between the intestinal microbiome, IBD and
metabolic processes in the large intestine[22]. Of particular
interest, however, is the model proposed by Morgan et al[22]
which suggests that IBD could be accompanied by a shift
in the normal microbiome to microbes utilizing mucin
as a primary energy source and thereby compromise the
barrier function of mucin in protecting colonic epithelial
cells from contact with microbes. Mucin is rich in the sulfur-containing amino acids needed to synthesize glutathione (GSH), which is a key intracellular antioxidant. The
loss (or thinning) of the mucin barrier would, in turn,
result in increased inflammation and oxidative stress that
could then select for those microbes efficient at using
GSH to survive in an oxidatively stressed environment.

WHAT DO OBSERVATIONAL STUDIES
TELL US ABOUT THE INCIDENCE OF CRC
AND ENVIRONMENTAL ANTIOXIDANTS
AND PRO-OXIDANT FACTORS?

THE GENETIC CHARACTERISTICS OF
CRC AND OXIDATIVE STRESS
The types of mutations that occur in CRC are of interest since this information is relevant to etiological factors
and their origin. The lung, the esophagus and the colon,
unlike most other internal organs, are directly exposed
to a wide variety of environmental mutagens and, not
unexpectedly, have a large number of non-synonymous
mutations per tumor compared with other adult solid
tumors[23]. Nonsynonymous mutations are those that
alter the encoded sequence of a protein. Lung cancer is
thought to be largely (about 90%) due to mutagens in
cigarette smoke. Cigarette smoking is a major oxidative
stressor and it is reasonable to suggest that smoke derived carcinogens and oxidants in tobacco tar could make
their way to the colon.

WCGO|www.wjgnet.com

Observational studies are fraught with limitations and do
not directly speak to causality. Nevertheless, such studies
are often all that is available and have the advantage that
very large subject populations can be studied over very
long time periods at a reasonable cost. Observational
studies are very useful for hypothesis building, particularly when combined with pre-clinical data from cell and
animal models. The genetic data, summarized above, suggests that environmental mutagens contribute to CRC.
As detailed below, a strong case can be made that many
of the environmental factors known to contribute to
CRC incidence are also sources of oxidative stress and
genotoxicity.
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level of aromatic DNA adducts[37]. Benzo[a]pyrene (BaP)
is a major and potent PAH carcinogen found in cooked
meats and tobacco smoke. It has long been known that
the activation of BaP to its ultimate carcinogen can be
promoted by the process of lipid peroxidation[38]. DNA
adducts of carcinogenic BaP metabolites have been
found in human colon mucosa[39].
Recent work now suggests (Figure 5) that lipid hydroperoxides support the cytochrome P450 mediated activation of benzo[a]pyrene-trans-7,8-dihydrodiol (BaP-7,8diol) into the highly mutagenic the highly mutagenic and
carcinogenic benzo[a]pyrene-r-7,t-8-dihydrodiol-t-9,10epoxide (BaP-diol-t-epoxide) [40]. Cytochrome P450s
(CYPs) are a superfamily of enzymes that catalyze the
oxidation of xenobiotic organic substances such PAHs
as well as a variety of endogenous compounds. CYP2S1
is the particular cytochrome P450 that effectively activates BaP-7,8-diol[40]. It is very relevant, therefore, that
the P450 profile of CRC has been determined and CRC
tissues show a higher level of CYP2S1 expression compared to normal CR tissue[41]. Moreover, a higher CRC
expression of CYP2S1 was associated with poor prognosis[41]. Collectively, the above suggests that smoking
induced oxidative stress, and increased exposure to BaP,
could result in lipid peroxidation driven production of
carcinogenic BaP-diol-t-epoxide with increased CCR incidence and poor prognosis.

Lipid peroxidation + BaP (from cigarette smoke)

Bioactivation by cytochrome p 450 2S1

BaP-diol-t-epoxide

Mutations

Figure 5 Lipid peroxidation, smoking and the activation of benzo[a]pyrene.
Lipid peroxidation and cytochrome P450 2S1 (CYP2S1) can activate
benzo[a]pyrene (BaP) to the potent mutagen, benzo[a]pyrene-r-7,t-8-dihydrodiol-t-9,10-epoxide (BaP-diol-t-epoxide). A high expression of CYP2S1 is associated with colorectal cancer and a poor prognosis (see text).

CIGARETTE SMOKE AS AN
ENVIRONMENTAL SOURCE OF
OXIDATIVE STRESS AND
GAMMA-TOCOPHEROL AS A
DIETARY ANTIOXIDANT
Cigarette smoking and is thought to contribute to about
12% CRC incidence[1]. For reasons that are not clear,
the increased risk of CRC due to smoking appears to
be greater in women than in men[27]. Smoking is a major source of free radicals in both the gaseous and tar
phases[28,29] and is a major contributor to in vivo oxidative stress. Overwhelming evidence shows that smoking
increases many systemic biomarkers for oxidative stress
such as breath pentane[30], plasma protein carbonyls[31],
F2 isoprostanes[32] and also causes an increased vitamin
E consumption through an oxidative stress pathway[33-35].
Cigarette smoke contains a significant amount of reactive nitrogen species (RNS) as well as ROS[36]. Gammatocopherol (the main dietary form of vitamin E) has a
unique ability to react with RNS to form 5-nitro-gammatocopherol (NGT) and levels of NGT are about two fold
higher in smokers compared to nonsmokers[36]. We do
not yet know if supplementation with gamma-tocopherol
would reduce the genotoxic effects of RNS cigarette
smoke and thereby reduce CRC or cancer in general.

DIETARY ARACHIDONIC ACID INTAKE
AS A PRO-OXIDANT STRESSOR
Some observational studies suggest that the dietary consumption of arachidonic acid, a proinflammatory and
pro-oxidant (as detailed below) PUFA is associated with
an increased risk of CRC[42,43]. In contrast n-3 PUFAs
(primarily from marine sources) are generally considered
to be anti-inflammatory and have anti-neoplastic properties, at least in animal and human cell models[44]. A recent
large-scale study of over 73000 Chinese women suggests
that the ratio of dietary total n-6 to n-3 PUFA ratio is
strongly associated with the incidence of CRC: compared
to women in the lowest quintile, the relative risk of CRC
was 1.95 for women in the highest total n-6 to n-3 PUFA
quintile[44].

COX-2 OVEREXPRESSION, OXIDATIVE
STRESS AND CRC

CIGARETTE SMOKE, MUTAGENIC
POLYCYCLIC AROMATIC
HYDROCARBONS AND LIPID
PEROXIDATION

The cyclooxygenase enzymes catalyze the rate-limiting
step of prostaglandin formation from arachidonic acid.
There are two known isoforms of cyclooxygenase:
cyclooxygenase-1 (COX-1) and COX-2. COX-1 has a
constitutive promoter and is expressed in many tissues
to maintain normal physiological functions such as the
maintenance of renal blood flow, gastric mucosa, and
platelet aggregation. COX-2 has an inducible promoter
that contains a number of active regulatory elements
including: FOXM1, cyclic AMP response element bind-

Cigarette smoke (and the high temperature cooking of
meat) is also a source of polycyclic aromatic hydrocarbons (PAHs), which are subsequently activated to potent
mutagens. A recent case-cohort study suggests that a
57% increase in CCR is associated with a doubling of the
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ing protein (CREB), NFkappaB, AP-1, p53, and PPAR
gamma[45,46]. COX-2 overexpression is strongly associated
with a number of cancers[47]. A large amount of evidence
supports the view that a constitutive expression of the
COX-2 enzyme is a contributing factor in the promotion of colon carcinogenesis as well as other cancers[48,49].
COX-2 overexpression is an unfavorable prognostic factor for numerous cancers including CRC[47-49] while silencing COX-2 reduces the tumorigenesis of CRC as well as
the metastatic potential of CRC and other cancers[50,51].
COX-2 activation can occur through numerous signals,
which contribute to the fact that the mechanism behind
COX-2 activation has not been fully elucidated. Inflammation, viral and bacterial infections, phorbol esters, lipopolysaccharides, transforming growth factor beta, UVB
exposure, gamma-irradiation, and mechanical shear stress
can all be responsible for the activation of COX-2[52,53].
In HT-29 human colon cancer cells nontoxic doses
of hydrogen peroxide (10 μmol) results in cancer cell
proliferation, but toxic doses of 1000 μmol induce apoptosis[54]. The stimulation of cell proliferation was accompanied by an increase in COX-2 and apoptosis from the
high-dose hydrogen peroxide was negatively correlated
with COX-2 expression[54]. These data suggests that the
balance of proliferation and apoptosis of cancer cells is
dependent upon the concentration of ROS and can be
correlated with COX-2 expression[54].
However, the roles COX-2 activation and suppression
have on pro-oxidants, ROS, and antioxidants in carcinogenesis are not clear. In some studies COX-2 expression
has led to increased oxidative stress, while in other studies increased oxidative stress has occurred through the
inhibition of COX-2. For example, COX-2 mediated
arachidonic acid metabolism was identified as a potential
source of ROS in human intestinal epithelial cells (FHs
74 Int) exposed to monohaloacetic acids[55]. Viral induction of COX-2 has led to increased oxidative stress[56].
In a study examining the effects of nitric oxide-releasing
non-steroidal antin flammatory drugs (NO-NSAIDs),
treatment of human colon cancer cells lines with NONSAIDs produced a cytotoxic effect in all cell lines tested
and an increased COX-2 activity was observed with concomitant oxidative stress[57].
There are examples of chemotherapy agents that
enhance the expression of COX-2. For example, oral
mucosal staining following cytotoxic chemotherapy (with
various chemotherapeutic regimens including: doxorubicin/docetaxel/cyclophosphamide/methotrexate/5-fluorouracil; cyclophosphamide/methotrexate/5-fluorouracil;
docetaxel alone; 5FU/folinic acid; and 5FU/leucovorin)
demonstrate an increase COX-2 expression[58]. Colorectal
tissues from patients treated with preoperative radiotherapy demonstrated increased expression of COX-2[59].
While the above data suggests that expression of COX-2
induces oxidative stress, there is a balanced amount of
evidence showing that inhibition of COX-2 induces oxidative stress. For example, inhibition of aldose reductase
(AR), an enzyme that catalyzes the reduction of lipid
aldehydes and their glutathione conjugates, results in a
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growth reduction of human colon cancer cell through
the inhibition of TNF-alpha induced activation of
PKC and NFkappaB, which results in the abrogation of
COX-2 mRNA and protein expression[60]. AR inhibition
results in suppression of oxidative stress in inflammatory disorders[61]. Further, inhibition of phorbol estermediated induction of COX-2 in colon carcinoma cells
by 15-deoxy-delta(12,14)-prostaglandin J(2) (15d-PGJ(2))
results in intracellular oxidative stress through the inhibition of AP-1 activation[62].
The chemical treatment of animals with azoxymethane (AOM) is a commonly accepted model for carcinogenesis, which results in the formation of aberrant crypt
foci (ACF), precursor lesions to colon cancer. Pterostilbene (PS) had been reported to prevent chemical-induced
colon carcinogenesis by anti-inflammatory and pro-apoptotic properties[63]. In a study examining the effects of PS
on AOM-induced colon tumorigenesis, it was discovered
that PS reduced AOM-induced tumor formation, ACF,
as well as lymphoid nodules. In addition, PS treatment
resulted in reducing the expression of oxidative inflammatory markers NFkappaB, inducible nitric oxide synthase, COX-2 and AR, while enhancing the expression of
antioxidant enzymes such as hemeoxygenase-1 and glutathione reductase via NF-E2 related factor 2 signaling[63].
While it is not clear what conditions lead to oxidative
stress through COX-2 signaling, these data suggest that
the role of COX-2 in carcinogenesis is correlated with
antioxidant signaling/pro-oxidant signaling and that more
investigation is needed to understand these mechanisms
in CRC.

HEAVY ALCOHOL CONSUMPTION AS A
PRO-OXIDANT STRESSOR
Heavy alcohol consumption has been linked to an increase CRC risk as well well as an increased incidence of
tumors in the distal colon[1]. Individuals with a family history of CRC are particularly at risk, with a relative risk of
2.8 compared to nondrinking individuals with no family
history of CRC[64]. Similarly, patients with chronic alcohol
dependence also show an increased level of oxidative
stress biomarkers such as plasma protein carbonyl levels[65]. Alcohol is, however, likely to be procarcinogenic by
multiple mechanisms. Alcohol is metabolized to acetaldehyde, which is a highly toxic mutagen causing point mutations[66,67]. Alcohol metabolized by the cytochrome P450
system of the endoplasmic reticulum leads to the production of both acetaldehyde and ROS[67]. ROS can directly
cause DNA damage and can also lead to increased lipid
peroxidation with the generation of genotoxic aldehydes,
e.g., MDA and 4-HNE.

ANTIOXIDANT ENVIRONMENTAL
FACTORS
Fruit and vegetables
Fruit and vegetables have a relatively high content of
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antioxidant compounds and many observational studies
have shown that their frequent consumption is associated with a decreased risk of CRC. Nevertheless, a very
large scale and well-conducted study in 2000 found “high
consumption of fruit and vegetables did not appear to be
protective against cancers of the colon and rectum in our
large United States cohorts”[68]. Recent results from the
Shanghai Men’s Health Study showed that the consumption of fruits but not vegetables was associated with a
reduced risk of CRC in middle-aged and older Chinese
men[69]. In the United States, folate added to many common foods items and present in most multivitamins may
be preventing colon cancer and negating the need to get
this vitamin from fruits and vegetables[68].
The Iowa Women’s health study (35000 women)
found that a high intake of vitamin E was associated with
a reduced risk of CRC[70]. Most of the vitamin E intake
in this study was from multivitamin supplements and the
form of vitamin E (see below) was not specified. Moreover, during the time period (1986-1990) for this study,
most multivitamin supplements had very high levels of
iron which is a quite potent pro-oxidant that can promote
lipid peroxidation[71].

(SELECT) was a $130 million trial that concluded that
“vitamin E” did not prevent prostate cancer, colon cancer, or any other cancer[76]. In a more ominous note, a
follow up to the SELECT trial concluded that “Dietary
supplementation with vitamin E significantly increased
the risk of prostate cancer among healthy men”[77]. Vitamin E is the major in vivo lipid soluble antioxidant and it
quenches the lipid peroxyl radicals that propagate during
lipid peroxidation (c.f.[78]). As is often the case in biomedical research, there are many “devils” in the details of
the SELECT study that are worthy of notice. An oftenoverlooked detail lies in the particular form of vitamin
E used in the study. For the SELECT trial this was allracemic-alpha-tocopheryl acetate at a dose of 400 IU/d
taken over a period of about 5.5 years in men who were
50-55 or older at the start of the study. As it happens,
“vitamin E” is not a single-organic compound and there
are at least eight natural forms, i.e., alpha-, beta-, gammaand delta-tocopherols as well as the corresponding four
tocotrienols (c.f.[79,80]). To make matters more complicated,
vitamin E isoforms have asymmetric carbons where each
such carbon is attached to four different groups of other
atoms. Tocopherols, for example, have three asymmetric
carbons, each of which could have an R- or S-stereoconfiguration.
All naturally occurring forms of tocopherols have the
R-stereo-configuration. The form of vitamin E used in
the SELECT study was “synthetic” where the configuration at each of the asymmetric carbons is an equimolar
mixture of both the R- and S-stereoisomers (at each of
the three asymmetric carbons): this is the form of vitamin E found in most commercial supplements although
it is sometimes mistakenly labeled dl-alpha-tocopheryl
acetate. All-racemic alpha-tocopheryl acetate is an equimolar mixture of eight stereoisomers with only one
eighth of which is the naturally occurring RRR-alphatocopherol. The other seven stereoisomers are essentially
xenobiotics whose detailed biochemical properties (and
potential modulation of signal transduction pathways)
are largely unstudied. Moreover, the bioavailability of allracemic-alpha-tocopheryl acetate is about half that of
RRR-alpha-tocopheryl acetate. Nevertheless, the ability
of R- or S-vitamin E isomers to quench free radicals (lipid
peroxyl radicals) and prevent lipid peroxidation is very
similar.

ASPIRIN, AN ANTIOXIDANT
CHEMOPREVENTIVE FACTOR
It has long been known that the daily consumption of aspirin is associated with a significant decrease in CRC risk.
Aspirin is a direct quencher of the genotoxic hydroxyl
radical and the formation of hydroxylated aspirin derivatives (2,3- and 2,5-dihydroxybenzoic acid) has long been
utilized as very sensitive in vivo biomarker for oxidative
stress[72]. Most relevant to this review is the well-documented ability of aspirin to inhibit COX-1 and COX-2[73].
Data from two large studies now suggests that aspirin’
s protective effect can be modified by the BRAF gene[74]
which codes for a protein called serine/threonine-protein
kinase B-Raf (a member of the Raf kinase family). Constitutive activation of the Ras-mitogen-activated protein
kinase (MAPK) kinase pathway is of major importance
in CRC and this can occur by oncogenic mutations in
BRAF that upregulate the Ras-MAPK kinase pathway
resulting (among many other important cancer related
events) in an overexpression of COX-2[75]. Nishihara et
al[74] found that aspirin use reduced the risk of CRC in individuals with wild type BRAF but not in individuals with
oncogenic mutated BRAF. As also mentioned above,
these data emphasize the potential interconnections between COX-2, CRC and oxidative stress.

ARE DIETARY ANTIOXIDANTS USELESS
AS CHEMOPREVENTIVE AGENTS?
The SELECT study certainly suggests, that in healthy
middle aged men, taking a potent lipid soluble antioxidant
for half a decade or more did nothing to prevent prostate cancer, colon cancer or any other cancer diagnosed
in this study. Does this mean that dietary antioxidants
are useless as chemoprevention agents? Using a strictly
evidenced based approach the answer is “we cannot
be sure.” CRC is very much a disease of aging with the
incidence markedly increasing after the age of 50. This

LARGE SCALE CLINICAL TRIALS OF
VITAMIN E AND CANCER
PREVENTION-THE MANY DETAILS AND
THE MANY DEVILS
The Selenium and Vitamin E Cancer Prevention Trial
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suggests that many of the driver mutations responsible
for CRC have already accumulated by mid-age. For any
antioxidant to be effective as a chemopreventive agent
that blocks free radical mediate genotoxicity it is reasonable to suggest that it must be consumed at an effective
level starting at an early age. By mid-life too many oncogenic driver mutations may already be in play and a fiveyear period may also be too short. It may also be that the
particular chemical form of the antioxidant is of critical
importance since this is likely to play a role: (1) in its bioavailability; (2) what ROS/RNS are being modulated; (3)
what organs/tissues is the antioxidant being delivered to;
(4) the cellular and subcellular distribution of the antioxidant; and (5) does the antioxidant have any other relevant
anticancer properties unrelated to its ability to function
as an antioxidant (e.g., modulate carcinogenic signal transduction pathways).

sults from a single form (such as all-rac-alpha-tocopheryl
acetate) as was done in the SELECT study and in much
of the “web” literature.

CONCLUSION
The evidence presented in this review presents a compelling case supporting the view that environmental oxidative stressors are causally related to the development of
CRC. Moreover, the molecular and cellular details whereby oxidative environmental stress is translated into genotoxic damage to the epithelial cells of the large intestine
are becoming increasingly clear as detailed above. The
intestinal microbiome can be a source of oxidative environmental stress and can, via intestinal M-cells, transmit
oxidative stress to macrophages in the subepithelial dome
where subsequent genotoxic damage to colonic epithelial
cells is likely.

WAS THE RIGHT FORM OF VITAMIN E
USED IN THE SELECT TRAIL?
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Core tip: In this review, we will report recent data,
including ours, on 17β-estradiol (E2) action in colon
health and disease discussing on how environmental
chemicals with endocrine disrupting activities could impact on these E2 effects in colon cancer. In particular,
two plant-derived flavonoids (i.e. , naringenin, Nar, and
quercetin, Que) and one synthetic food-contaminant
bisphenol A will be reported as prototype molecules to
evaluate how xenoestrogens can impact on cell proliferation/apoptosis balance, the critical physiological
function of E2 in colon.

Abstract
Several epidemiological, cellular, and molecular studies
demonstrate the role of environmental chemicals with
endocrine disrupting activities, typical of Westernized
societies, in the pathogenesis of numerous diseases including cancer. Nonetheless this information, the design
and execution of studies on endocrine disruptors are
not yet cognizant that the specific actions of individual
hormones often change with development and ageing,
they may be different in males and females and may be
mediated by different receptors isoforms expressed in
different tissues or at different life stages. These statements are particularly true when assessing the hazard
of endocrine disruptors against 17β-estradiol (E2) actions in that this hormone is crucial determinant of sexrelated differences in anatomical, physiological, and
behavioral traits which characterize male and female
physiology. Moreover, E2 is also involved in carcinogenesis. The oncogenic effects of E2 have been investigated extensively in breast and ovarian cancers where
hormone-receptor modulators are now an integral part
of targeted treatment. Little is known about the E2
preventive signalling in colorectal cancer, although this
disease is more common in men than women, the difference being more striking amongst pre-menopausal
women and age-matched men. This review aims to dissect the role and action mechanisms of E2 in colorectal
cancer evaluating the ability of estrogen disruptors
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INTRODUCTION
Since many years it was believed that the primary function of 17β-estradiol (E2) was in the development of
female secondary sexual characteristics and subsequent
regulation of reproductive function. However, this has
been recognised as an over-simplification and now it is
well known that this sex steroid hormone elicits a myriad
of biological responses directed towards profoundly
changing male and female physiology [1]. As a consequence, it is not surprising that E2 is also involved in
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diseases including carcinogenesis. The oncogenic effects
of E2 have been investigated extensively in breast[2] and
ovarian[3] cancers where hormone-receptor modulators
are now an integral part of targeted treatment. Little is
known about the E2 preventive signalling in colorectal
cancer although women are less susceptible to this cancer than men[4].
Both physiological and the contradictory pathologic
actions of E2 are mediated by two receptor subtypes (i.e.,
ERα and ERβ) members of the nuclear receptor superfamily which are defined as ligand-activated transcriptional factors. ERα and ERβ are localized in the cytoplasm
and in the nucleus of E2-target cells where they are associated, in the resting state, to heat shock proteins. A small
pool of these receptors is palmitoylated and localized at
the plasma membrane in association with caveolin-1[5].
E2 binding to the cytosolic ER population (both ERα
and ERβ) induces conformational changes that facilitate
ER homo/heterodimerization, nuclear translocation, and
binding to specific DNA recognition sequences (i.e., estrogen responsive elements; ERE)[1]. In this classical/genomic mode of action, ERα and ERβ promote E2-sensitive gene transcription, ERβ being approximately 30%
less efficient than ERα[6]. It is well established that the
main role of the plasma membrane-localized ER population is to generate rapid/extranuclear signal transduction
pathways that culminate in the activation of the protein
kinase cascade[7]. The nature of these pathways as well as
the role played in cell functions differs between ERα and
ERβ[6]. In particular, rapid signals generated from the E2ERα complex drive cells into the cell cycle and represent
the main determinant for the E2 proliferative/survival
effects[8,9]. By contrast, rapid effects generated by the E2ERβ complex drive cells out of the cell cycle[10,11], representing the key to understanding the E2-induced antiproliferative effects working both during differentiative
processes and in colon adenocarcinoma[11-17].
ERs are relatively promiscuous nuclear receptors
with the ability to recognize, besides E2, different exogenous substances[18]. Several of these substances such
as bisphenol A (BPA), diethyl hexyl phthalate, and the
plant-derived polyphenols show estrogenic activity, thus
they are collectively called xenoestrogens. Besides other
impairment of E2 actions, the possible contribution of
xenoestrogens in the incidence of E2-related cancers has
only fairly recently received attention. In particular, only
a few studies addressed the putative association between
increased risk of colon cancer and environmental and
occupational exposures to xenoestrogens have been reported[19].
In this review, we will report recent data, including
ours, on E2 action in colon health and disease discussing
on how xenoestrogens could impact on these E2 effects
in colon cancer. In particular, two plant-derived flavonoids (i.e., naringenin, Nar, and quercetin, Que) and one
synthetic food-contaminant bisphenol A (BPA) will be
reported as prototype molecules to evaluate how xenoestrogens can impact on cell proliferation/apoptosis balance, the critical physiological function of E2 in colon.
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EFFECT OF 17β-ESTRADIOL IN COLON
Although the colon might not be considered one of
“conventional” E2 target tissue, this pleiotropic hormone
exerts various actions on the organs which assemble gastrointestinal apparatus. Whereas the role of E2 in colon
malignancies is well established[20] (see below), less information are available on physiological functions of E2
in the colon[21]. The impact of E2 on colon physiology
became evident when considering that several gastrointestinal disorders show considerable gender-specific incidence. As an example, the predominance of constipation
in women is frequently reported with a female/male ratio
approximately of 9:1. Also, the prevalence of irritable
bowel syndrome is higher in women compared to men
suggesting the involvement of E2 in the regulation of
colon motility. This evidence is also supported by studies reporting delayed gastrointestinal transit time during
pregnancy, characterized by high E2 and progesterone
levels[22]. Both ERα and ERβ are present in enteric nerve
cells[23] and in colonic smooth muscle cells[24] sustaining
the E2 potential function as intestinal motility regulator.
In addition, E2 also exerts profound actions on epithelial
cells of intestinal wall. An E2-dependent up-regulation
of sodium/hydrogen exchanger-3 in the plasma membrane of epithelial cells of the proximal colon has been
reported in pregnant mice[21,25].
Knockout experiments targeting ER genes in mice
have been useful in understanding the role played by
ERα and ERβ in colon. Indeed, targeted disruption of
ERβ in mice[26] and further investigation of tissue expression, have revealed that ERβ is the predominant ER
expressed in colonic tissues[27-29] and that its expression is
selectively lost in human malignant colon tissue[6,30-32].
To better understand the physiological role of ERβ
in colonic tissue, Wada-Hiraike et al[33] compared morphology, proliferation, and differentiation of colonic
epithelium in ERβ-/- mice and wild-type (wt) littermates.
BrdUrd labeling revealed that the number of proliferating cells was higher in ERβ-/- mice and that the migration
of labeled cells toward the luminal surface was faster in
ERβ-/- mice than in wt littermates. Additionally, in the
absence of ERβ, there was a decrease in apoptosis and
in the expression of the differentiation markers. Finally,
ERβ-/- mice display disrupted tight junction formation
and abnormal colonic architecture[33]. As a whole, the loss
of ERβ leads to hyperproliferation, loss of differentiation, and decreased apoptosis in the epithelium of colon
suggesting a pivotal role for ERβ in the organization and
architectural maintenance of the colon[32].

EFFECT OF 17β-ESTRADIOL IN
COLORECTAL CANCER
Colorectal cancer is thought to develop as a sequence
from aberrant crypt proliferation or benign hyperplasia
to benign adenoma and then in most cases to adenocarcinoma. Epidemiological studies ascertained that this
cancer is the second to fourth most common fatal malig-
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nancy in industrialized countries[33-37]. Although colorectal
cancer is a common malignancy in both sexes[38], several
sex-related differences in incidence, certain molecular
characteristics and response to chemotherapy have been
reported. In particular, the difference between sexes are
more striking amongst premenopausal women and agematched men [29,38,39]. Based on a meta-analysis of 18
epidemiologic studies, the use of hormone replacement
therapy by postmenopausal women was associated with
a 20% decrease in colon cancer risk[40,41]. Other studies
also demonstrated that women with a history of current
or past hormone replacement therapy had a significantly
decreased risk of colorectal cancer and showed that there
are gender differences regarding cancer location and type
within the colon[4,42].
These findings suggested that exposure to E2 and/or
estrogenic compounds may underlie the differences between sexes leading many investigators to search for the
ER subtype involved in this form of protection exerted
by E2 against colorectal cancer. Since ERα is reported
to be minimally expressed in normal colon mucosa and
colon cancer cells[27,43], the effects of estrogen on colon
cancer susceptibility could be mediated by ERβ[13]. ERβ1,
2 and 5 have been demonstrated in normal colorectal
mucosa and at much higher levels than ERα[27,30]. Using
semi-quantitative reverse transcription-polymerase chain
reaction, Campbell-Thompson et al[27] showed that ERβ
is the predominant ER subtype in the human colon,
and that decreased ERβ1 (ERβwt) and ERβ2 (ERβcx)
mRNA levels are associated with colonic tumorigenesis
in women. In accordance, other authors[28,30] showed that
ERβ expression was significantly lower in colon cancer
cells than in normal colonic epithelium, and that there
was a progressive decline in ERβ expression, which paralleled the loss of malignant colon cell dedifferentiation.
A model of mice bearing germline mutations in murine
Adenomatosis polyposis coli (APC) develops multiple intestinal tumors. In this model, E2-induced prevention of APC
associated tumor formation was correlated with an increase
in ERβ protein and a decrease in ERα expression[13,44].
Beside the previous models, also human colon cancer
cell lines have been found to express primarily ERβ[45,46],
where E2 stimulation (10-1000 nmol/L) consistently
induced apoptosis in a dose-dependent manner[16,17,41,46].
Altogether, these results strongly suggest that the presence of ERβ could justify the E2 effects against colon
carcinogenesis.

sion of Cdk inhibitor p21Cip1 and p27Kip1, which leads to
a G2 cell cycle arrest. These findings suggested a possible role for ERβ as tumor suppressor in breast cancer,
impairing ERα-mediated proliferative effects of E2[14,15].
But in colon mucosa and colon cancer cells only ERβ is
expressed[27,43], so the protective effects of estrogen on
this tissue should be mediated by specific ERβ-activated
signal transduction pathways.
To test this hypothesis, we used DLD-1 colon adenocarcinoma cancer cells in which only ERβ1 isoform
is present. In these cells ERβ undergoes palmitoyl acyl
transferase-dependent S-palmitoylation which allows to a
small ERβ pool to localize at the plasma membrane and
associate to caveolin-1 and the p38 member of mitogen
activated protein kinase (MAPK) family[16]. Upon E2
stimulation, ERβ undergoes de-palmitoylation paralleled
by an increased association of receptor to caveolin-1 and
to p38. The physical association ERβ-caveolin-1 and p38
increase ERβ level at the plasma membrane, impairing its
association to other signaling proteins which characterize
E2-induced ERα-mediated cell survival and proliferation
[i.e., Src, extracellular regulated kinase/mitogen activated
protein kinase (ERK/MAPK), and phosphatidyl inositol
3 kinase/serine-threonine protein kinase Akt (PI3K/
AKT)][16]. On the other hand, the E2-induced ERβ association to p38 strongly impacts on DLD-1 colon cancer
cells growth. In fact, p38 activation is required for the
activation of downstream pro-apoptotic cascade involving the cleavage of caspase-3 and of its main substrate
the poly-(ADP-ribose) polymerase (PARP). Further study
of DLD-1 cells, revealed that ERβ activation of the p38MAPK pathway leads to increased expression of ERβ
itself by both genomic and nongenomic means[17] leading
to a self-perpetuating cycle increasing its protective effect.
As a whole, the membrane-starting signal due to the
presence of ER β at the plasma membrane seems to
be mainly involved in protective effects of E2 against
colorectal cancer. In fact, the treatment of these cells
with the palmitoylation inhibitor 2-Bromopalmitate (2Br)
completely remove ERβ from the plasma membrane
impairing p38 activation. This condition prevents the
pro-apoptotic cascade activation without interfering with
ERβ transcriptional activity which, indeed, is still able to
promote ERE-dependent gene transcription[17].
Furthermore, experimental studies with nitric oxide
(NO) support the E2 rapid signal involvement in protective effects of E2 mediated by ERβ against colon cancer.
NO is a diatomic molecule whose presence, modulated
by several hormones including E2, is important for
gastrointestinal motility. NO mainly acts through S-nitrosylation of cysteine (Cys) residues in target proteins
modulating their activity[47-49]. Among proteins regulated
by NO, modulation of ERs has been demonstrated. This
molecule is able to link to ER’s zinc finger impairing their
transcriptional activity without interfering with rapid signal pathways. S-nitrosylation seems to selectively modulate the bioactivity of ER, shifting the receptor from its
role as a transcription factor toward rapid functions. For
instance, in DLD-1 colon cancer cells, in the occurrence

17β -estradiol action mechanism in colorectal cancer
The first mechanism in anti-proliferative action of ERβ
was suggested by the papers of Paruthiyil et al[14] and
Ström et al[15]. They showed that introducing ERβ into
breast cancer cell line (MCF-7 and T47D), which also expresses ERα, caused an inhibition of proliferation in vitro
and prevented tumor formation in a mouse xenograft
model in response to E2. ERβ inhibited proliferation by
repressing components of the cell cycle which are associated with proliferation, such as c-myc, cyclin D1, and
cyclin A gene transcription, and by increasing the expres-
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GLOBOCAN[36]. The researchers evidenced that the incidences for colorectal cancer, as well as most other cancers, were highest in Australia, Canada, Western Europe,
Japan, and the United States, while the lowest incidences
were reflected for the majority of the African continent
(except for South Africa), India, the Middle East, and
South American countries surrounding the Amazon basin[54]. Although the reduced risks of cancer and other
chronic diseases reported in people from these lowincome countries could be attributable in some ways to
genetic disposition, it could be also related with environmental factors arising from their retention of preventive
dietary and lifestyle practices. Thus, they concluded that
the correlation between modernization, acculturation,
and increased risk for chronic diseases such as colorectal
cancer exists[54].
Recently, two Scientific Statement of The Endocrine
Society focused on a demanding need to understand
the basic mechanisms of action and the physiological
consequences of endocrine disruptors. In particular,
among other scientific recommendations for research,
it is imperative to perform basic in vitro molecular studies to identify pathways for xenoestrogens influence on
endocrine tissues[51,52]. Given the diverse repertoire of xenoestrogens present in the environment, it should not be
surprising that these molecules exert their effects through
several mechanisms. Indeed, xenoestrogens act directly
via steroid hormone receptors or indirectly through nonsteroid receptors (e.g., neurotransmitter receptors such as
the serotonin receptor, dopamine receptor, norepinephrine receptor), orphan receptors (e.g., aryl hydrocarbon
receptor AhR), and on enzymatic pathways involved in
steroid biosynthesis and/or metabolism[53]. Therefore,
such considerable structure heterogeneity and diverse potential mechanism of action make the characterization of
the effects of these substances quite hard. Nonetheless,
many xenoestrogens often have a phenolic moiety that
mimics E2 enabling them to interact with ERs as agonists
or antagonists[18]. However, xenoestrogens have been often, if not exclusively, tested for their ability to influence
the ERs nuclear activities while xenoestrogens ability to
participate in the extranuclear activities of the ERs has
been rarely evaluated. It has been reported that BPA, a
well known xenoestrogen, binds to ERα and ERβ with a
lower affinity than E2 (i.e., 10 μmol BPA vs 10 nmol E2)
inducing E2-responsive gene expression. Interestingly,
the set of genes induced by BPA and E2 seems to be
quite different, most of them being unique for BPA[55-57].
Moreover, our recent experiments in colon cancer cells
expressing only ERβ subtype indicates that BPA acts as
a full E2 antagonist by blocking both genomic and extranuclear ERβ activities which drive colon cancer cells to
apoptosis[57].
The plant-derived flavonoids represent a singular
class of xenoestrogens. Indeed, over several decades, a
combination of epidemiological and experimental indications has shown that these compounds have a protective potential on human health[58-61]. This evidence led
to a substantial increase in flavonoid usage as dietary

of NO concentration in micromolar range, normally
present during peristalsis, transcriptional activity of ERβ
is inhibited, but ERβ maintains its capability to mediate
pro-apoptotic effects of E2 inducing caspase-3 activation and the PARP cleavage. When over produced (e.g.,
during inflammation processes) NO worsens its effects.
Although the ERβ-dependent phosphorylation of p38/
MAPK is still present, NO inhibits the caspase-3 catalytic
activity by nitrosylation of enzyme’s Cys residues[48].
Thus, besides its role as negative modulator of ERα
activities above reported and its ability to decrease the
transcription of anti-apoptotic genes[50], these findings
indicate that ERβ triggers specific rapid signal cascade
mainly involved in protective effect of E2 in colorectal
cancer.

XENOESTROGEN EFFECT IN
COLORECTAL CANCER
Xenoestrogens, like other endocrine disrupting substances, could interfere with the synthesis, secretion, transport,
metabolism, binding, action or elimination of E2[51,52]. All
these actions could affect the homeostasis maintenance,
reproduction, and developmental processes regulated by
this hormone in all organs and tissues including colon.
Currently quite lot chemicals, containing halogen groups
have been identified as xenoestrogens. They include: (1)
synthetic chemicals used in industry, agriculture, and consumer products; (2) synthetic chemicals used as prescription drugs; and (3) chemical components of human and
animal food. Xenoestrogens have very low water solubility, extremely high lipid solubility, and long environmental
half-life resulting in a continue increase of their global
concentration in the environment even at great distances
from where they are produced, used or released. Exposure to xenoestrogens can occur from a number of different sources: water, air, food, soil or even in the workplace[53].
In a review embracing environmental and occupational causes of cancer, Clapp et al[19] identified only a
few studies that found increased risk of colon cancer associated with environmental and occupational exposures.
The researchers reported a study in a nested case-control
study of female textile workers in Shanghai showing that
long-term exposure (20 years or longer) to dye and dye
metabolites resulted in nearly 4-fold elevation in colon
cancer risk. In a cohort of aerospace workers exposed to
hydrazine, a component of rocket fuels, colon cancer was
elevated when exposures were lagged 20 years and risk
significantly increased with increasing dose. Lastly, a significant increase in colon cancer risk was reported among
pesticide applicators with increasing level of exposure
to the herbicide dicamba. Although these limited studies
indicate a positive correlation between colon cancer incidence and environmental pollutants, no information on
the estrogenicity of these compounds was reported[19].
In a recent and very interesting review, Sokolosky
and Wargovich[54] reported and commented the data by
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Here, we explored the idea that the increased incidence of diseases such as colorectal cancer could be the
result of physiological and molecular imbalances of E2
signals. Flavonoid-deprived diets combined with low-dose
exposures to xenoestrogens could be linked to increasing
incidences of this type of cancer in Westernized societies
and developing countries. In order to address a disease
multi-factorial, case-specific, and remarkably adaptive as
colorectal cancer, research must focus on its root causes
in order to elucidate the molecular mechanisms by which
they can be prevented or counteracted via plant-derived
compounds such as naringenin and quercetin. As a
whole, the research on the impact of xenoestrogens on
E2-induced protection against colorectal cancer represents an area that requires further investigation.
At the present, a huge amount of literature assembles
tissue culture, animal studies (in vivo and ex vivo), and epidemiological data only on the effect of xenoestrogens on
gynaecological cancers (i.e., breast, ovary, and endometrial
cancers) whereas only few address the role of these compounds on colorectal cancer. In addition, data on xenoestrogen action mechanisms in colorectal cancer are still
unclear and confused. Molecular studies in vitro and with
in vivo animal models are needed to identify pathways for
xenoestrogen influence on this E2 target tissue. In addition, studies on xenoestrogens on gastrointestinal and
colon are much underrepresented, and these fields need
to be expanded.

components, even if the estrogen-like or the estrogen
antagonistic effects are not yet fully clarified. Intriguingly,
flavonoids are considered potentially able to exert also a
protective role against the development of E2-dependent
tumours by binding to ERα and ERβ[59,62-65]. Among others, nutritionally relevant concentrations of naringenin
(5,7,4’-trihydroxyflavone, Nar), especially abundant in
oranges and tomatoes, or of quercetin (2-(3,4-dihydroxyphenyl-3,5,7-trihydroxy-4H-1-benzopyran-4-one, Que)
present in apples, onions, and other vegetables induce
apoptosis in different cancer cell lines containing ERα or
ERβ (e.g., colon, breast, and uterus cancer cell lines)[62-64].
As an example, quercetin, at nutritionally relevant concentrations, mimic E2-induced apoptotic effect in ERβcontaining DLD-1 colon cancer cell lines by inducing
the activation of p38/MAPK. In turn, p38 activation is
responsible for the pro-apoptotic activation of caspase-3
and the cleavage of PARP. Notably, no inactivation or
downregulation of the survival kinases (i.e., PI3K/AKT
and ERK/MAPK) or the antiapoptotic protein Bcl-2 was
observed after quercetin stimulation[64]. On the contrary,
quercetin acted similarly to E2 by increasing the levels
of the oncosuppressor protein PTEN and by impeding
ERβ-dependent cyclin D1 promoter activity, which subsequently resulted in the transcription of the estrogenresponsive element remaining unchanged[64]. As a whole,
these data indicate that flavonoids mimic the E2 effects
in the presence of ERβ1, thus maintaining the E2 anticarcinogenic potential against colorectal cancer. Intriguingly, even in the presence of BPA naringenin impairs
cancer cell proliferation by activating caspase-3-dependent apoptosis, at least in E2-dependent breast cancer
cell lines expressing ERα[66]. If similar mechanisms are
working also in colorectal cancer cell lines is unknown at
the present.
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CONCLUSION
The increase in non-communicable diseases in humans
and wildlife over the past 40 years indicates an important role of the modernization and its resulting life style
trends in disease etiology. Over the years this concern
grew with the advancement of biochemical, biomedical,
and biotechnological industries and with the increasing
possibility of bioterrorism and chemical-warfare. The
man-made chemicals and, in particular xenoestrogens, are
nowadays found abundantly in the environment on residential buildings, cars, furniture, plastics, products such as
baby feeding bottles, lining, tin-food containers, and even
in children’s toys. Thus, xenoestrogens are important
component of the environmental influences on disease,
along with nutrition and other factors. This sentence is
sustained by data obtained from epidemiologic evidence,
in vivo, and in vitro studies which give us an alarming
picture of the wide effect of xenoestrogens on human
health[47,48,62]. In particular, the literature demonstrates a
role of these substances in the pathogenesis of obesity,
diabetes mellitus, cardiovascular disease, and cancer the
major epidemics of the modern world[67-69].
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Use of blood-based biomarkers for early diagnosis and
surveillance of colorectal cancer
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appealing alternative as it is non-invasive and poses
minimal risk to patients. It is easy to perform, can be
repeated at shorter intervals, and therefore would likely lead to a much higher participation rate. This review
surveys various blood-based test strategies currently
under investigation, discusses the potency of what is
available, and assesses how new technology may contribute to future test design.
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Core tip: Current colorectal cancer screening modalities
are severely inadequate for global application because
of high costs and a low participation rate. The alternative is to develop a blood-based screening test based
on biomarkers which can replace colonoscopy as a
first-line screening tool. The blood-based test should
identify the high risk population, which will then be followed by colonoscopy as a secondary test. This review
surveys the various experimental approaches and latest
research into ideal biomarkers for the initial screening
test, the pros and cons of each method and their potential to lead to a future screening test.

Abstract
Early screening for colorectal cancer (CRC) holds the
key to combat and control the increasing global burden of CRC morbidity and mortality. However, the
current available screening modalities are severely inadequate because of their high cost and cumbersome
preparatory procedures that ultimately lead to a low
participation rate. People simply do not like to have
colonoscopies. It would be ideal, therefore, to develop
an alternative modality based on blood biomarkers as
the first line screening test. This will allow for the differentiation of the general population from high risk
individuals. Colonoscopy would then become the secondary test, to further screen the high risk segment
of the population. This will encourage participation
and therefore help to reach the goal of early detection
and thereby reduce the anticipated increasing global
CRC incidence rate. A blood-based screening test is an
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sized. Clearly, these numbers demonstrate that screening
and early detection would lead to better survival, prognosis, treatment options, and hence quality of life. In
1980, the American Cancer Society (ACS) issued a formal
guideline for CRC screening in average-risk adults, including an annual digital rectal exam and stool guaiac slide
test in addition to the performance of a sigmoidoscopy
every three to five years[7]. Since the guideline was issued,
the cancer morbidity and mortality rates, which peaked
around 1985 in the United States, have been in steady
decline[6]. It is conceivable that the decline of CRC rates
is at least partially attributable to the implementation of
early screening and surveillance programs[8].
As of 2008, the basic screening modalities remain remarkably similar to those used in 1980 when the original
guideline was issued, even when taking into account the
development of newer technology in subsequent years[8].
In general, ACS, American College of Radiology (ACR),
and the United States Preventive Services Task Force
(USPSTF)[9] all agree on and emphasize the importance
of CRC screening[8,10-12]. The recommended CRC screening modalities can be roughly divided into two different
categories: fecal tests and direct structural exams.
The fecal tests are essentially “blood in the stool”
tests. They can be performed using either a hemoglobin
test [the guaiac-based Fecal Occult Blood Test (gFOBT)]
or a newer and more sensitive version of an antibodybased globin test, known as the immunochemical FOBT
or Fecal Immunochemical Test (FIT)[13]. In general, the
gFOBT test is a non-invasive, inexpensive and easily applicable screening test which patients can readily perform
in the comfort of their own home. Specimens from a
FIT must be submitted to a laboratory for testing. The fecal tests help to reduce the risk of CRC death but has no
effect on all-cause mortality[14]. They are not specific tests
for CRC markers, and if found positive, the presence of
CRC must still be confirmed by a direct structural exam
such as colonoscopy or imaging procedures[15]. The fecal
tests have high false positive rate for detecting CRC as
gastrointestinal bleeding may occur in other conditions
like colitis and hemorrhoids[16-18]. This, therefore, increases the burden of unnecessary colonoscopies and anxiety
among patients[19]. It also may not detect precancerous
lesions or early stage adenomas as bleeding may not be
readily detectable in the presence of these conditions[20,21].
Regarding the fecal tests in general, the opportunity for
CRC prevention is both limited and incidental and they
are therefore not recommended as the solo screening test
for CRC[8].
Direct structural exams include endoscopic procedures, such as flexible sigmoidoscopy and colonoscopy,
and imaging procedures, such as double-contrast barium
enema and computed tomographic colonography. In
general, both flexible sigmoidoscopy and colonoscopy
are invasive procedures using a colonoscope. Sigmoidoscopy is a small-scale colonoscopy which can be performed with a simple preparation without sedation, and

INTRODUCTION
Colorectal cancer (CRC) is the third most common
cancer and fourth most common cause of cancer death
in the world[1]. It is anticipated that as global communities become more developed and the world population
ages, the morbidity and mortality rates due to CRC will
increase substantially[2]. Although a number of early detection screening modalities have been used extensively
in developed nations to lower the incidence and mortality rate, their overall high cost and low participation rate
render them to be ineffective in controlling CRC on the
global scale. Therefore, an alternative first line screening modality that has high sensitivity, high specificity, is
relatively inexpensive and easily implemented, is urgently
needed to help reduce the expected increase in global
CRC burden. The main purpose of this review is to
investigate the potential application of blood-based biomarkers in early diagnosis and surveillance of CRC cases.

URGENT NEED FOR A NEW CRC
SCREENING MODALITY
Cancer is the leading cause of death in countries with a
very high human development index and is poised to become a major cause of morbidity and mortality in every
region of the world in the next few decades[3]. The United Nations has forecasted that the global population will
reach 7.2 billion by July 2013, but population growth will
slow in the next few decades, reaching 9.6 billion in 2050
and 10.9 billion in 2100 according to the medium-variant
projection[4]. The United Nations report further delineated that the population growth will trend toward a balance
between declining fertility rate and increasing population
longevity. The increase in the aged population is expected
to translate into an increasing global burden of cancer
incidence[3,5]. In particular, it is anticipated that when the
global population as a whole becomes more developed
through rapid societal and economic changes, infectionrelated cancers (i.e., cervical, stomach and liver cancers)
will continue to decline but will be replaced with an increasing number of cancers associated with reproductive,
dietary, and hormonal factors (i.e., breast, colorectal, lung,
and prostate cancers) as is typically found in high human
development index regions.
Therefore, it is crucial to develop an early diagnostic
modality for CRC that can be adaptable, economical, and
implemented en masse by the global community.
Current screening options and their pros and cons
In the United States, CRC is the third most common
cancer diagnosed among men and women and the second leading cause of cancer death with the estimation of
142280 new cases and 50830 deaths in 2013[6]. The fiveyear survival rate is 90% for cancer found localized or
confined to the bowel wall, 70% for cancer with lymph
node involvement, and 10% for cancer that has metasta-

WCGO|www.wjgnet.com

2484

February 8, 2015|First Edition|

Ganepola GAP et al . Blood-based biomarkers for colorectal cancer

is used to examine the lower half of the colon lumen as
opposed to the entire colon. The complete colonoscopy
allows direct mucosal inspection of the entire colon from
the appendiceal orifice to the dentate line. Same-session
biopsy sampling or definitive treatment by polypectomy
in the case of precancerous polyps and some early-stage
cancers can also be performed. The double-contrast
barium enema and computed tomographic colonography
are both imaging examinations of the colon in its entirety
and are either noninvasive or minimally invasive. However, although they allow for complete examination of the
colon, there is no opportunity for biopsy or polypectomy
and must therefore be followed up by therapeutic colonoscopy when polyps are found.

bidity, and augment patient participation for that disease
process-all at a very low risk and cost. To this end, the
current CRC screening modality based on colonoscopy
is severely inadequate. Despite all of the benefits that
colonoscopy can offer as a screening procedure for CRC,
concerns about its cost, risks, cumbersome preparatory
procedure, and willingness of the general public to participate seriously compromise its effect in undermining
the global CRC burden[35-37].
In an ideal world, the first line screening should be
performed to identify a high risk segment of the population and then use a more extensive test (colonoscopy) on
this sub group to reduce incidence of advanced diseases.
In other words, it is crucial for the first line screening
program to separate the following three entities: the general population (average risk), high risk group, and cancer
group. Despite its non-specific nature, the simple FIT,
when coupled with colonoscopy, has helped to dramatically reduce cancer incidence and number of deaths - In
100000 average risk patients, this screening has helped
to reduce the number of cancer cases from 4875 to
1393, and number of cancer deaths from 1782 to 457[38].
Therefore, a more effective and sensitive blood-based
biomarker test, supported by evidence from larger studies
with solid results, can readily replace the stool-based test.
In order to establish a screening test, it must be
evaluated for the following elements: frequency of performance, risk of complications, limitations, and false
positive and negative rates. A blood-based test could be
ideally used as a first line screening if all these elements
were reliably determined and optimized. Colonoscopy
would then become the secondary test, not the primary
one. There will be greater willingness, by physicians and
patients alike, to perform a blood test every several years
than to justify the bowel preparation and complications
of colonoscopy every 5-10 years.

Inadequacy of colonoscopy
In the United States, colonoscopy has become the gold
standard of CRC screening. It is one of the critical
screening procedures recommended by ACS, ACR, and
USPSTF, and it is also recommended by the American
College of Gastroenterology as the preferred screening test[22]. The principal benefit of colonoscopy is that
it allows for a full structural examination of the colon
and rectum in a single session and for the detection of
colorectal polyps and cancers accompanied by biopsy
or polypectomy. Therefore, it has been performed with
much higher frequency than all other procedures[23].
However, even in the United States where the technology and procedure are widely available, the colorectal
screening participation is still low among average-risk
adults in the range of 29.8% to 55.2%[24]. The participation rate is also surprisingly low at 40% for people at
increased risk of CRC[25,26]. The majority of United States
adults are not receiving regular age- and risk-appropriate
screening due to concerns of cost, risk, and the discomfort and cumbersome preparation associated with the
procedure[27-29]. The same is true in other European and
Asian nations[2,30-32].
Although colonoscopy is the most effective screening
method for CRC, there are various reported risks associated with the procedure, including bleeding (1.64 per
1000 patients), perforation (0.85 per 1000), death (0.074
per 1000), missed adenoma (6%-12%), and missed cancer
(5%)[33]. The observed rate of missed polyps and/or cancer are largely due to variations in polyp size and other
factors such as sub-optimal bowel preparation, experience
of the endoscopists, and patient anatomical variations[34].
When it is taken into consideration that the guideline for
the average-risk adult is to undergo colonoscopy every
10 years beginning at age 50[8,22] coupled with the rate of
missed polyps being between 6% and 12%, there is still
risk of developing CRC even when regular colonoscopy
screening guidelines are followed.

BLOOD-BASED BIOMARKER FOR
SCREENING CRC
Blood vessels are the human body’s internal superhighways, for transporting nutrients to all cells in the body
and carrying away waste products to avoid toxin buildup.
Furthermore, they are also the body’s chief communication channel into which signaling molecules such as hormones and cytokines are secreted and released in order
to regulate a cascade of effector cell functions on distant
sites. It would be ideal, therefore, to take advantage of
this superhighway, with all of its abundant signaling molecules, to gauge a patient’s health status.
The idea of a blood-based molecular test is appealing
because the specimens can be obtained readily in a noninvasive manner, and it can be easily performed for any
patient with minimal risk. If it were available, a bloodbased test for CRC would reduce the overall cost, risk,
and low patient participation issues that are typically associated with colonoscopy[39]. The key to developing a

Importance of an alternative screening method for CRC
The goals of any test are to detect disease early, improve
duration and quality of life, reduce mortality and/or mor-
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ColonSentry as CRC screening or risk-assessment test?
Marshall et al[63] from GeneNews Ltd. developed a bloodbased test using a seven-gene biomarker panel (ANXA3,
CLEC4D, LMNB1, PRRG4, TNFAIP6, VNN1 and
IL2RB) testing RNA extracted from peripheral blood
cells. This seven-gene panel was derived from a 196-gene
expression profile using 112 CRC patients (including
those with stage Ⅰ, Ⅱ, Ⅲ, and Ⅳ disease) and 120 controls. The panel was confirmed using 202 CRC patients
(from all stages) and 208 controls, all from the Canadian
population. They reported a sensitivity of 72% and specificity of 70% for this initial study. Then, they validated
the seven-gene profile using 99 CRC patients (presumably from all stages) and 111 controls from the Malaysian
population and reported 61% sensitivity and 77% specificity[64]. The researchers further validated their panel with
an even larger population of 314 CRC patients (from all
stages) and 328 controls from Canada and the United
States, and they reported a sensitivity of 78% and specificity of 66%[65]. GeneNews now offers the ColonSentry
test, presumably based on this seven-gene profile, as the
world’s first commercially available blood test for colon
cancer screening, which is licensed to Enzo Clinical Labs
of Enzo Biochem for the United States market. The test
has recently been approved by the New York State Department of Health as a test to determine a person’s risk
of having CRC[66].
The ColonSentry molecular diagnostic test is marketed as a risk assessment tool rather than a cancer detection
test. Although the experimental design for this sevengene profile appeared to focus on identifying a pan-CRC
marker panel when it profiled and validated a total of
727 CRC patients from all stages (estimated to be 30%
stage Ⅰ, 30% stage Ⅱ, 30% stage Ⅲ, and 10% stage Ⅳ),
there is no mention of any study on high risk individuals,
advanced adenomas (AA), or patients with colon polyps
that ultimately turned cancerous. It is therefore unclear
how a set of pan-CRC markers for all CRC stages can be
marketed as a risk assessment test. In any case, the test is
considered experimental and investigational with many
independent experts still questioning its effectiveness.

useful blood-based molecular test is to find specific molecular indicators in the blood that are sensitive and specific for the detection of CRC. These indicators can be
present in plasma or serum, and any form of molecules,
including RNA, DNA, and protein[40-44].
Recent advances in the development of molecular
diagnostic technology have allowed an expanding list of
potential new screening modalities based on blood specimens to emerge. The available technologies, their current
status, and their potential application will be discussed in
further detail below.
Circulating RNA markers
RNA was originally thought to be highly labile, easily
degradable, and therefore not likely to be stable or detectable outside of the protective cellular environment.
However, numerous recent studies have shown that RNA
are actually stable outside of cells[45,46], and all species of
RNA, including both coding messenger RNA (mRNA)[47]
and non-coding RNA, which includes microRNA (miRNA) and long non-coding RNA (lncRNA)[48,49], can be
extracted and detected in the circulating blood plasma,
serum, and other bodily fluids[50-52]. Furthermore, RNA
expression is highly regulated in normal state but becomes increasingly dysregulated in a pathological state
such as cancer[48,53]. Therefore, numerous studies have
focused on profiling RNA expression, which may correspond to cancer state, and finding the indicator biomarkers for cancers[54-57].
mRNA markers
Various research groups have investigated the potential
use of circulating mRNA as markers for cancer. The
general experimental strategy is to employ microarray
technology for mRNA expression profiling, which is then
followed by validation using real time quantitative reverse
transcription polymerase chain reaction (RT-qPCR). The
specimens used are either mRNA extracted directly from
blood serum/plasma or from peripheral blood cells[58].
Kopreski et al[47] demonstrated the possibility of detecting tumor mRNA, tyrosinase, in the serum of malignant
melanoma patients although the result remains controversial[59]. Tsouma et al[60] extracted RNA from peripheral
blood cells and used the multiplex RT-qPCR technology
to determine the expression of three transcripts (carcinoembryonic antigen, cytokeratin 20 and epidermal growth
factor receptor) to determine the disease stage and overall
survival of CRC patients. DePrimo et al[61] and Twine et
al[62] performed microarray-based mRNA expression profiling in peripheral blood mononuclear cells in 2003 and
proposed some potential markers. However, this research
generally remained at a proof-of-concept or pilot study
stage, and further follow-up study has been sparse as the
strategy they originally employed is now gradually being
replaced by the new technology of Next Generation Sequencing (NGS), which will be discussed in more detail
later.
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MiRNA as blood-based cancer markers
MiRNA are small non-coding RNA about 18-25 nucleotides in size[67]. A large body of publications indicates that
miRNA regulate gene expression at the post-translational
level in almost every biological event and play important
roles in tumorigenesis, cancer development, migration
and metastasis[68]. The differential expression of miRNA
has been related to various cancers[69], and efforts have
been made to profile the global and circulating miRNA
expression patterns associated with various cancers, including breast cancer[70], lung cancer[71], lymphoma[72],
ovarian cancer[73], and pancreatic cancer[74,75].
For CRC, studies have accumulated over the past five
years that focus on profiling circulating blood plasma or
serum miRNA and validating the findings with RT-qP-
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CR. Ng et al[76] was the first group to profile 95 miRNA
using a real-time PCR-based array on 5 CRC patients
and 5 controls (presumably from the Chinese population
in Hong Kong) and to validate the results with 90 CRC
patients and 50 healthy controls. They identified miR17-3p and miR-92 to be elevated significantly in CRC
patients with 89% sensitivity and 70% specificity. Wang et
al[77] profiled 742 miRNA using a miRNA microarray on
10 CRC patients and 10 normal controls from the Chinese population and validated the results with 90 CRC
patients, 43 AA patients, and 58 healthy donors. They
found miR-601 and miR-760 to be decreased in both
CRC and AA patients when compared to healthy controls
with 83.3% sensitivity and 69.1% specificity. Giráldez et
al[78] performed a genome-wide profiling of 743 miRNA
using a miRNA microarray on 21 CRC patients, 20 AA
patients, and 20 healthy controls from the Spanish population, and they validated the findings using RT-qPCR
with 42 CRC patients, 40 AA patients, and 53 controls.
They identified a six-miRNA panel (miR-15b, miR-18a,
miR-19a, miR-19b, miR-29a, and miR-335) as being able
to differentiate CRC patients from healthy individuals
with 78.57% sensitivity and 79.25% specificity, and miR18a could also differentiate AA patients from healthy
individuals with both 80% sensitivity and specificity.
Luo et al[79] used a TaqMan MiRNA array to profile 667
miRNAs on 50 CRC patients and 50 controls from the
German population and validated the results with new
cohorts of 80 CRC patients compared to 144 controls
and 50 AA patients compared to 50 controls. They identified nine miRNA (miR-18a, miR-20a, miR-21, miR-29a,
miR-92a, miR-106b, miR-133a, miR-143, and miR145) to
be differentially expressed in CRC patients and controls
with the area under the accompanying receiver operating
characteristic curve reported to be 0.745. The panel of
miRNA did not, however, differentiate AA patients from
the controls. Kanaan et al[80] screened for 380 miRNA using microfluidic TaqMan array technology on 20 CRC patients, 9 AA patients (referred to as colorectal adenomas),
and 12 healthy donors of mixed racial background in
the United States. They then validated the findings with
a new cohort of 45 CRC patients, 16 AA patients, and
26 healthy controls; they derived an eight-miRNA panel
(miR-15b, miR-17, miR-142-3p, miR-195, miR-331, miR532-5p and 532-3p, and miR-652) that can distinguish
AA patients from controls with 88% sensitivity and 64%
specificity, and a three-miRNA panel (miR-431, miR-15b,
and miR-139-3p) to differentiate stage Ⅳ CRC patients
from controls with 93% sensitivity and 74% specificity.
Ahmed et al[81] performed a profiling using miRNA microarray chips covering miRNA based on the published
miRBase v17 list (presumed to be 1733 human miRNA)
and validated their results using TaqMan RT-qPCR to
analyze a panel of miRNA expression both in CRC patient plasma and tissues. They found nine miRNA (miR-7,
miR-17-3p, miR-20a, miR-21, miR-92a, miR-96, miR-183,
miR-196a and miR-214) to have increased expression and
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six miRNA (miR-124, miR-127-3p, miR-138, miR-143,
miR-146a, and miR-222) to have reduced expression in
both CRC patient plasma and tissues with 90% sensitivity
and 95% specificity.
A few studies selected their miRNA markers based on
published literature and re-confirmed the results with RTqPCR assays. Huang et al[82] measured the levels of twelve
miRNAs (miR-17-3p, -25, -29a, -92a, -134, -146a, -181d,
-191, -221, -222, -223, and -320a) studied in the literature
in 120 CRC patients, 37 AA patients, and 59 healthy controls from the Chinese population, and they confirmed
miR-29a and miR-92a as potential indicators for CRC
with 83% sensitivity and 84.7% specificity. Similarly, Liu
et al[83] measured the levels of five miRNAs (miR-18a,
-21, -31, -92a, and -106a) in serum samples from 200
CRC patients, 50 AA patients, and 80 healthy controls
from the Chinese population and identified miR-92a
along with miR-21 to be both significantly higher in CRC
patients with 68% sensitivity and 91.2% specificity. Pu et
al[84] measured miRNA expression levels of three target
miRNAs (miR-21, -221, and -222) in 103 CRC patients
and 37 controls from the Chinese population and found
elevated expression of miR-221 in CRC patients with
86% sensitivity and 41% specificity. Wang et al[85] screened
three miRNAs (miR-29a, -92a, and -17-3p) in 38 metastatic CRC and 36 primary CRC patients, assumed to be
from the Chinese population, but did not utilize healthy
controls. They found miR-29a to be higher in CRC patients with liver metastases than in primary CRC patients
with sensitivity and specificity of 75%, and hence miR29a may be useful in discriminating metastatic from nonmetastatic CRC patients. Cheng et al[86] screened three
miRNAs (miR-21, -92, and -141) using a cohort of 102
CRC patients and an age-matched cohort of healthy
donors of mixed racial background from the United
States population, validated their findings using 156 CRC
patients and matched controls from the Chinese population, and found miR-141 to be higher in cases of advanced CRC (stage Ⅳ) with 90.9% sensitivity and 77.1%
specificity.
As summarized in Table 1, there are a total of 38
miRNA that have been studied and proposed as potential
biomarkers for CRC in the publications discussed above.
In general, most of these studies focused on early stage
CRC patients while some also included borderline AA
patients. When pooling from all the studies mentioned
here, sensitivities in the range of 68%-91% were reported, but the majority (in 9 out of 12 cases) observed
sensitivities in the 83%-91% range. Reported specificities
were in the range of 41%-95%, but the majority (also
in 9 out of 12 cases) were in the 70%-95% range. Some
miRNA, including miR-15b, miR-17-3p, miR-18a, miR20a, miR-21, miR-29a, and miR-92a, have been proposed
by more than one group of investigators. One unique
miRNA, miR-21, might actually be a useful pan-cancer
marker as it is similarly up regulated in other cancers[87].
However, most of these studies have not yet been evalu-
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the 38 candidate miRNA markers together can be further
investigated using currently available technology, such as
the TaqMan RT-qPCR profile platform already utilized by
some of the research groups. It is possible, therefore, to
coordinate a multicenter clinical trial involving different
research groups and incorporating patient populations
from a wide variety of backgrounds. It would be critical
to synchronize specimen collection, processing procedures, and storage conditions for the collected specimens.
The experimental design should also be based on a coordinated and synchronized set of experimental procedures
and instrumentation that utilize the same endogenous
control(s). The validity of each of the 38 miRNA markers as a tool for diagnosing CRC can then be evaluated
for their potential future application.

Table 1 Potential blood microRNA markers
MiRNA

AA?

Upregulated in primary CRC
miR-7
miR-15b
√
miR-17-5p
√
miR-17-3p
miR-18a
√
miR-19a
miR-19b
miR-20a
miR-21
miR-29a
miR-92a
miR-96
miR-106b
miR-133a
miR-142-3p
√
miR-143
miR-145
miR-183
miR-195
√
miR-196a
miR-214
miR-221
miR-331
√
miR-335
miR-532-5p
√
miR-532-3p
√
miR-652
√
miR-1246
Upregulated in metastatic CRC
miR-15b
√
miR-29a
miR-139-3p
miR-141
miR-431
Downregulated in primary CRC
miR-124
miR-127-3p
miR-138
miR-143
miR-146a
miR-222
miR-601
√
miR-760
√

Ref.
[81]
[78,80]
[80]
[76,81]
[78,79]
[78]
[78]
[79,81]
[79,81,83,87,160-163]
[78,79,82]
[76,79,81-83]
[81]
[79]
[79]
[80]
[79]
[79]
[81]
[80]
[81]
[81]
[84]
[80]
[78]
[80]
[80]
[80]
[164]

NEXT GENERATION SEQUENCING
Since the first drafts of the human genome were published in 2001, sequencing technology has advanced at an
ever rapid pace[89]. The cost of sequencing has decreased
from about $1000 per megabase of DNA sequence when
the first generation Sanger-based sequencing machine
was used in 2001, down to $0.1 per megabase of DNA
sequence using the next generation sequencing machine in
2013[90,91]. The cost for personal whole-genome sequencing has dropped from $100000000 in 2001 to $4000 (sequencing offered by Illumina, Inc.) in 2013, and it could
possibly be driven further down to $1000 in the imminent
future[92]. The availability of the NGS has revolutionized
biomarker studies[93]. It is now possible to perform direct
RNA sequencing (RNA-seq)[94] to sequence the whole
transcriptome, which includes the entire set of all RNA
molecules-coding RNA (mRNA, rRNA, tRNA) and noncoding RNA (miRNA, lncRNA, and other small RNA
species)[94,95].
RNA-seq is very versatile and has been used to analyze tissue RNA biomarkers in breast cancer[96], hepatocellular carcinoma[97], lymphoma[98,99], melanoma[100,101],
and prostate cancer[100]. RNA-seq has also been used to
analyze gene expression signatures associated with survival[100], smoking status[102], and altered expression associated with KRAS mutation[103] in lung cancer. In terms of
CRC, Wu et al[104] have performed transcriptome profiling
comparing CRC, adjacent normal, and distant normal tissues and have identified 5 differentially expressed genes,
including ITGB5, COL1A1, FN1, SPP1, and COL3A1,
as well as alternative splicing, isoforms, and gene fusion
events. It is anticipated that with the ability to extract
and sequence RNA from blood plasma, more studies on
blood-based RNA markers, based on RNA-seq technology, will soon emerge.

[80]
[85]
[80]
[86]
[80]
[81]
[81]
[81]
[81]
[81]
[81]
[77]
[77]

AA: Able to differentiate advanced adenoma; CRC: Colorectal cancer;
MiRNA: MicroRNA.

ated beyond the proof-of-principle and pilot stage, and
not all miRNA markers were subsequently studied and
confirmed by other groups. For example, Faltejskova et
al[88] was not able to confirm the potency of miR-17-3p,
miR-29a, miR-92a, and miR-135b as biomarkers for CRC.
Luo et al[79] and Ahmed et al[81] found differential miR-143
expression in their respective studies. Other potential
markers such as miR-17-3p, miR-18a, miR-21, miR-92,
and miR-221 were not confirmed in follow-up studies by
other groups[82-84,86].
Clearly, it is comprehensible that different experimental designs, procedures and methods, endogenous
controls, patient populations, instrumentation and lab
personnel could contribute to the seemingly contradicting
results that have been published thus far. Nevertheless,
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lncRNA markers
Given the increased availability of RNA-seq technology, it is now possible to study the lncRNA, which was
dismissed as “junk” in the past but has now been found
to regulate gene expression and cellular functions[105].
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propriate gene silencing and therefore lead to cancer[124].
In general, DNA methylation is thought to be associated
with an early event in tumorigenesis and has therefore
been proposed as a potential early cancer detection
marker[123,125]. The research strategy typically focuses on
using methylation specific PCR (MSP) to study hypermethylation of methylation sites, in CpG dinucleotides
or in CpG islands, in the promoters of tumor suppressor
genes[124,126]. In the context of CRC, Nakayama et al[127]
and Lecomte et al[128] both monitored the hypermethylation of the promoter of tumor suppressor gene p16
and found the plasma in 21 of 31 (68%) patients and 31
of 45 (69%) patients, respectively, to be positive. Grady
et al[129] found aberrant hypermethylation of the human
MutL homolog 1 (hMLH1) promoter in the sera of 9
out of 19 (47%) cases of CRC. Leung et al[130] monitored
promoter hypermethylation in three genes, adenomatous
polyposis coli (APC), hMLH1, and helicase-like transcription factor, and found at least one of the three genes with
methylated promoter DNA in the sera of 28 out of 49
(57%) CRC patients. Additional genes monitored for
tumor-related promoter hypermethylation, including the
putative metastasis suppressor gene death-associated protein
kinase, the detoxification gene glutathione S-transferase P1,
the DNA repair gene O6-methylguanine-DNA-methyltransferase, and p14-ARF in other cancers exhibit a detection
rate that is generally in the range of 42% to 73%[131-133].
It is conceivable that NGS technology can be coupled
with MSP to identify a pool of tumor suppressing genes
silenced in association with early stage CRC and AA, test
their corresponding promoter methylation, and generate
a set of candidate markers based on epigenetic changes
as a screening panel for CRC in the future.

LncRNA, like its miRNA counterpart, plays major roles
in tumor suppression and oncogenic functions and has
been found to be dysregulated in human cancers[106].
Therefore, its potential role as biomarkers for cancer and
other diseases has been investigated extensively[107,108]. As
an example, Prostate cancer antigen (PCA3, also known
as DD3) is a non-coding RNA that is highly sensitive and
now used as a biomarker for the urine diagnostic test of
prostate cancer[109-111].
In terms of CRC, research is currently focused on the
role of lncRNA as tissue biomarkers. Ge et al[112] found
that Prostate cancer-associated ncRNA transcripts 1 was
upregulated in CRC tissue but not in adjacent normal tissue. Zhai et al[113] found that long intergenic noncoding
RNA-p21 was upregulated in CRC tissue, and the expression level seemingly correlated with tumor progression
(higher expression in later stages). Ling et al[114] showed a
novel lncRNA-CCAT2 was highly overexpressed in CRC,
and it was shown to be promoting tumor growth, metastasis and chromosomal instability. Kogo et al[115] demonstrated that expression of lncRNA-HOTAIR, which is
known to reprogram chromatin organization and promote
breast cancer metastasis[116], is also higher in stage Ⅳ CRC
patients with liver metastases. Xu et al[117] found the lncRNA-human metastasis associated lung adenocarcinoma
transcript 1 (MALAT-1) to be dysregulated in cancer, and
the mutation on the 3’ end of MALAT-1 is apparently
tumorigenic. It is conceivable that RNA-seq technology can help facilitate further investigation into lncRNA
functions and exploration of blood-circulating lncRNA
as potential biomarkers for CRC and other cancers in the
future.

BLOOD-BASED CIRCULATING DNA
MARKERS

Aberrant tumor DNA mutation markers
The NGS technology has been employed for somatic
mutation analysis in CRC [134], particularly on several
high mutation frequency genes, such as K-RAS[128,135,136],
TP53[137], and APC[138]. However, the percentage of circulating tumor DNA is relatively low when compared to
wild-type DNA[139]. For example, Diehl et al[138] has shown
that in advanced CRC, the mutated APC DNA fragment
is found to be in the range of 1.9% to 27% of cfDNA
but only 0.01% to 0.12% in early stage CRC. Even with
direct sequencing technology, it does not allow reliable
detection of less than 25% mutant signal in a background
of wild-type DNA[140]. Furthermore, the tumor-associated mutations are often unique with each patient[141,142],
and therefore, based on the current available technology,
it is less likely to develop a low cost and highly sensitive
comprehensive test to cover all somatic mutations for
early cancer detection.

The presence of tumor DNA in circulating blood (plasma
or serum) has been documented dating back to 1977[118].
Cell-free DNA (cfDNA) was thought to be released
from either apoptotic or necrotic cancer cells, from direct secretion or as a byproduct of phagocytosis from
macrophages or other scavenger cells[119,120]. Originally, it
received little attention, but with recent advances in next
generation sequencing (NGS) technology, it has been explored extensively for the potential application to cancer
detection[121]. In general, the studies of cfDNA as cancer
biomarkers focus on monitoring the presence of promoter hypermethylation, aberrant tumor DNA mutation,
microsatellite alternations, and mitochondria DNA in
blood circulation. The validity of each approach will be
discussed below.
Aberrant DNA methylation as markers
Aberrant DNA methylation has been associated with tumorigenesis as a consequence of the alteration it causes
in gene expression[122,123]. For example, hypermethylation
of tumor suppressor promoter genes would cause inap-
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Microsatellite alterations, which include microsatellite
instability (MSI) and loss of heterozygosity (LOH), are
known to be associated with tumorigenesis and cancer
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progression and therefore were proposed as potential
tumor markers detectable in cfDNA[143]. MSI analysis
focuses on measuring the specific polymorphic tetranucleotide repeat and/or dinucleotide markers that are
located in regions frequently shifted or altered in cancer,
and LOH analysis focuses on the loss of specific chromosomal regions bearing tumor suppressors. Hibi et
al[141] examined microsatellite alterations and found LOH
or microsatellite shift of at least one locus (18a, 17p, and
8p) in 35 of 44 (80%) primary CRC tumors, but none
of the LOH or microsatellite shifts were detected in
the corresponding serum DNA. Several other groups
focused on different cancers with most success in metastatic cancers[143,144]. In general, microsatellite alteration
analysis exhibits relatively low sensitivity and specificity
in detecting early stage cancer.

based on these technologies.
However, the application of these technologies
remains research-oriented. The potency of their translational capability in clinical and diagnostic application
requires further investigation[159].

CONCLUSION
Early screening of CRC is clearly the most effective
way to combat the anticipated increase of global CRC
morbidity and mortality. Despite all recent technological advances, the currently available screening modalities
remain archaically similar to 33 years ago. The most effective screening modality today is through the invasive
procedure of colonoscopy. However, even in the United
States, where the procedure is widely available and publicized, covered by most medical insurance plans, and
recommended by medical professionals and practitioners,
the participation rate is still pathetically low. It is conceivable that the participation rate would not fare better even
if it were widely available on a global scale. Clearly, a new
first line CRC screening procedure that is inexpensive,
low risk, highly sensitive, and does not require cumbersome preparation is desirable.
A blood-based screening test for CRC would be an
attractive alternative to colonoscopy if it were available
because it is essentially non-invasive and relatively painless to the patient. Ideally, a blood-based test can be a
useful first line screening tool for the general population
at average risk, thereby separating out high risk and CRC
patient groups. However, for patients with known high
risk factors, including family history of CRC, familial adenomatous polyposis, hereditary nonpolyposis CRC, inflammatory bowel disease, history of polyps, or previous
CRC, colonoscopy should still be the primary method
of screening and follow-up starting at age 50, although
a blood-based test can still be used for screening these
patients earlier at age 40. In short, circumstances under
which a blood-based screening test is used should be
determined based on the sensitivity and specificity of the
methodology developed in the future.
The key to establishing a good blood-based test is to
find highly sensitive and specific biomarkers in the blood.
As discussed in this review, various types of biomarkers have been proposed and explored by many research
groups to varying degrees. Table 2 summarizes the sensitivity, specificity, and estimated cost for the types of
stool-based tests, structural exams, and potential bloodbased tests as discussed in this review. The ColonSentry®
seven-gene mRNA biomarker panel is the first commercially available blood test that is supposed to determine
the risk of developing CRC. The sensitivity and specificity for this “risk assessment” are 78% and 66% respectively. As shown in Table 2, among all the biomarker
types, the miRNA markers demonstrated the greatest
potential because most publications reported a relatively
high sensitivity (83%-91%) and specificity (70%-95%)
rate, utilized mostly AA and early stage CRC patient, and

Circulating mitochondrial DNA as markers
There are generally a few hundreds of copies of mitochondrial DNA in each cell[145]. Due to its multi-copy
nature, mtDNA is frequently found to be heteroplasmic,
with a heterogeneous mixture of polymorphic variants.
In cancer cells, mtDNA harbor further heteroplasmic
alterations associated specifically with cancer, especially
in the highly variable D-loop (displacement loop) region.
With the NGS, the approaches generally focused on either differential copy number of mtDNA versus gDNA,
or mtDNA alteration and tumor-associated mtDNA
mutations[146]. For CRC, Hibi et al[147] has studied mtDNA
alternation in early CRC patients and found that 7 out of
77 (9%) CRC tissues contained true somatic mutations in
the D-loop region, but only one out of these 7 positive
patients (14%) were noted to have mtDNA alterations in
their serum DNA. Due to of the relatively low detection
rate of early stage cancer, most studies therefore focused
on its potential application in metastatic cancers[148-153].

IDENTIFICATION OF BLOOD-BASED
PROTEIN MARKERS
The study of blood-based protein markers in general
focuses on proteins secreted, shed or leaking from cancer
cells into the blood stream. This is generally referred to
as “cancer secretome”[154]. The cancer secretome can be
studied comprehensively by several mass spectrometric
technologies. Matrix-assisted laser desorption/ionization
mass spectrometry (MALDI-MS) and HPLC-electrospray
ionization mass spectrometry (ESI-MS) analyze biomolecules in biological fluids[155,156]. Surface-enhanced laser
desorption ionization-time of flight mass spectrometry
(SELDI-TOF MS) can be used as a serum protein profiler to identify new biomarkers[157]. Liquid chromatography
coupled with tandem mass spectrometry (LC-MS/MS)
can fractionate and identify the specific molecules of
interest[154]. There is also an Aptamer proteomic technology that can be used to identify biomarkers for cancer[158].
Many candidate protein biomarkers have been generated
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Table 2 Comparison of colorectal cancer screening tests
Test name
gFOBT
iFOBT/FIT
Fx. Sigmoidoscopy
Colonoscopy
DCBE
CTC
Blood-based test
ColonSentry®
MiRNA (5-gene)
LncRNA (1-gene)
DNA methylation

Cost

Procedure type

Sensitivity

Specificity

Note

$53
$223
$500-$7503
$800-$16003
$250-$5003
$400-$8003

Stool test
Stool test
Invasive
Invasive
X-ray
CT-scan

Prep?
Yes1
Yes1
Yes
Yes
Yes
Yes

12%2 and 40%
22%2 and 70%
95%2 and 95%
95%2 and 98%
48%2
59%2

98%
95%
92%
90%
90%
96%

Hemoccult Ⅱ

$350
Est. $2504
$385.005
Est. $2504

blood-test
blood-test
blood-test
blood-test

No
No
No
No

78%
Est. 83%-91%
N/A
Est. 42%-73%

66%
Est. 70%-95%
N/A
Est. 42%-73%

Not recommended by USPSTF
Not recommended by USPSTF
GeneNews/Enzo Biochem

Ref.
[165]
[165]
[165]
[165,166]
[166]
[166]
[66]

1

Required to clean colon; 2For detecting advanced adenoma at ≥ 10 mm; 3Cost estimated from Colon Cancer Alliance website (http://www.ccalliance.
org/index.html); 4Cost estimated based on The Valley Hospital Histology Lab charge; 5Cost estimated based on PCA3 test offered by GD Specialized
Diagnostics. Fx. Sigmoidoscopy: Flexible Sigmoidoscopy; DCBE: Double-contrast barium enema; CTC: Computed tomographic colonography; USPSTF:
United States Preventive Services Task Force; gFOBT: Guaiac-based Fecal Occult Blood Test; iFOBT: Immunochemical Fecal Occult Blood Test; FIT: Fecal
Immunochemical Test; MiRNA: MicroRNA; LncRNA: Long non-coding RNA; CT: Computed tomography; N/A: Data not available; PCA3: Prostate cancer
antigen 3.

studied a wide variety of patient populations. Therefore,
a multi-center clinical trial with synchronized experimental procedures that tested all 38 miRNA listed in Table
1 could be considered. On the other hand, the aberrant
DNA methylation analyses on promoters of tumor suppressors also demonstrated a high potential to be developed into a cancer screening test. With available NGS
technology and MSP showing relatively high sensitivity
and specificity (42%-73%), it is now possible to explore
more tumor-specific promoters, which might have higher
sensitivity and specificity and eventually be developed
into a screening test.
On the other hand, although research studies of lncRNA markers using NGS are still at the early stage, it
has a great potential to be developed into a CRC screening test as well. It is especially encouraging to see one of
the lncRNA, PCA3, is now used routinely as a prognostic
marker for prostate cancer. With the wider availability of
NGS, it is anticipated that more studies will be undertaken to generate new candidate genes and biomarkers,
which would possibly lead to a future diagnostic test for
CRC.

3

4
5

6
7
8

9
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quences of follow-up itself, and the downstream impact
of false positive or false negative tests. Accordingly,
the potential survival benefits of CRC follow-up must be
weighed against these potential negatives. The present
review compares the benefits and side effects of CRC
follow-up, and we propose future areas for research.
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Core tip: Most western countries have a national followup program for colorectal cancer (CRC) survivors. The
reported reduction in absolute mortality from intensive
follow-up is 5%-10%, though recent data from the
follow-up after colorectal surgery randomized trial call
this effect into question. There exists limited evidence
of improved quality of life (QoL) due to participation in
a follow-up program, and the impact of false positive
tests on QoL might be considerable. Several national
experts advocate for low-cost, low-intensity CRC followup programs.
Original sources: Augestad KM, Rose J, Crawshaw B, Cooper G,
Delaney C. Do the benefits outweigh the side effects of colorectal
cancer surveillance? A systematic review. World J Gastrointest
Oncol 2014; 6(5): 104-111 Available from: URL: http://www.
wjgnet.com/1948-5204/full/v6/i5/104.htm DOI: http://dx.doi.
org/10.4251/wjgo.v6.i5.104

Abstract
Most patients treated with curative intent for colorectal cancer (CRC) are included in a follow-up program
involving periodic evaluations. The survival benefits of
a follow-up program are well delineated, and previous meta-analyses have suggested an overall survival
improvement of 5%-10% by intensive follow-up. However, in a recent randomized trial, there was no survival
benefit when a minimal vs an intensive follow-up program was compared. Less is known about the potential
side effects of follow-up. Well-known side effects of
preventive programs are those of somatic complications caused by testing, negative psychological conse-
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INTRODUCTION
Colorectal cancer (CRC) is the third most common cancer in the western world, and surgery is the only curative
treatment. Approximately one-third of those surgically
resected will experience recurrent disease with an expected survival of less than two years[1]. Patients treated
with curative intent are usually included in some form of
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75

Harms
Percentage

Benefits

Overall survival colon cancer dukes A-D

100

Table 1 Benefits and side effects of colorectal cancer
surveillance

Reassurance of surveillance Impact of false positive tests
For the CRC survivor
Over diagnoses
For spouses and family
Complications related to the screening tests
Improved survival
Labeled as sick or at high risk
Control of treatment effects False assurance of disease free status
Is the societal harm-to benefit ratio acceptable?

50
2007-2010
2004-2006
2001-2003
1998-2000
1993-1997

25

CRC: Colorectal cancer.

0
0

preventive follow-up program involving periodic evaluations. Reviews comparing various follow-up programs
have suggested that more intensive follow-up strategies
tend to increase the five-year survival rate by 5%-10%[2,3].
Most national follow-up programs recommend intensive follow-up. However, there exist controversies on
how to define an “intensive” follow-up program. This is
mirrored in the fact that two identical national follow-up
programs do not exist. In general, an intensive follow-up
program consists of regular testing (usually every 3 mo
the first two years) and consultations, whereas a low intensive follow up program is defined as no regular testing
and consultations. In addition, most national follow-up
programs make a distinction between rectal cancer and
colon cancer surveillance, which is reflected in the difference of recommended radiological test modalities.
However, all preventive programs have the potential
to harm patients[4-6]. The potential survival benefits of a
follow-up program for CRC cancer patients have been
well described, but much less is known about the potential negative effects accruing to patients and their families[2,3]. Patients surgically treated for CRC have to decide
in partnership with the treating surgeon or family physician, whether they should participate in a CRC follow-up
program. In making this personal decision, it is important
to know not only the magnitude of potential benefits,
but also the magnitude and likelihood of the potential
adverse and unintended effects[5].
Firstly the survival benefits of intensive CRC followup must be delineated. In general, the benefits of preventive programs can be described as: (1) relative reduction
of mortality rate; (2) absolute reduction of mortality; (3)
the number of patients needed to prevent one adverse
event; (4) evaluation of treatment effect; (5) reassurance
by follow-up leading to improved quality of life (QoL);
and (6) detection of other diseases[4]. In this paper we will
further elaborate these terms.
Secondly, the side effects of CRC follow-up must be
compared to the survival benefits. Well-known side effects of preventive programs are (1) over-diagnosis; (2)
somatic complications caused by testing; (3) negative
psychological consequences of follow-up; and (4) impact
of a false positive (leading the patient to believe that he
or she has recurrent disease) or false negative (leading to
a potential diagnostic delay) tests.
Thirdly, the net benefits of follow-up must be con-
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[48.0%
[47.9%
[44.3%
[44.4%
[41.2%

(47.1%-48.9%)]
(46.7%-49.1%)]
(43.0%-45.5%)]
(43.2%-45.7%)]
(40.2%-42.2%)]

2
3
Years after diagnoses

4

5

Figure 1 Overall survival of colon cancer dukes A-D. Eighty percent of the
recurrences occur within the 3 first years after initial treatment, which is used
as an argument to perform intensive surveillance the first 3 years. After 5 years,
the survival curve is steady with few deaths caused by colon cancer. Courtesy
of the Norwegian Cancer Registry (http://www.kreftregisteret.no/en/).

sidered in light of the associated economic costs. The
United Kingdom’s National Institute for Health and Clinical Excellence (http://www.nice.org.uk) has proposed a
societal willingness-to-pay of £40000 per life year gained,
but this upper limit is controversial. In the case of CRC
follow-up, it means that the long-term benefits of a follow-up program (i.e., the attempted curative resection of
recurrent disease and resulting gains in survival) have to
be balanced against society’s willingness to pay for such
a service. To our knowledge, a systematic comparison
of the benefits vs side effects of CRC follow-up has not
been performed. Thus, the objective of this paper is to
summarize the existing evidence regarding the benefits
and side effects of CRC follow-up. An overview of the
potential benefits and harms of CRC follow-up is provided in Table 1.

RESEARCH
We performed a systematic PubMed search with the
medical subject heading (MeSH) keywords “colorectal”
in combination with the keywords “follow-up”, “surveillance”, “cancer recurrence”; “risk benefit assessment”
and “false positive reactions”. Inclusion of papers was
decided by discussion among authors. All reference lists
of included publications were searched for relevant publications. Finally we identified relevant publications from
the author’s personal databases. This resulted in 60 publications included in the review.
Benefits of colorectal follow-up
Benefit: Improved survival: The recurrence rate in
CRC has been reported to be 30%-40% within 5 years
(Figure 1)[1]. This means that all follow-up programs must
focus on the early detection of recurrent cancers, aiming
to offer curative metastases surgery to as many patients
as possible.
Two contemporary meta-analyses revealed that intensive and less intensive follow-up led to detection of
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a similar number of recurrences but that detection occurred between 5.91 mo (95%CI: 3.09-8.74) and 6.75
mo (95%CI: 2.44-11.06) earlier with intensive follow-up.
Both analyses also found that curative reoperation for
metastasis was significantly more likely in those subjects
who were followed up intensively (Tjandra et al[2]: OR =
2.41, 95%CI: 1.63, 3.54. Jeffery et al[3]: OR = 2.81, 95%CI:
1.65-4.79). The survival benefits of intensive CRC followup has been reported to be a 5%-10% reduction in the
total cohort mortality rate. The increased overall survival,
earlier detection of recurrence, and higher reoperation
rates observed provide only circumstantial evidence that
intensive follow-up extends life by making cure of recurrent disease more likely. Neither meta-analyses found that
cancer specific survival was improved by intensive followup.
However, there exists limited data regarding the relative reduction in mortality or number of patients who
must be followed intensively in order to save one life
from recurrent cancer death. Factors other than intensive follow-up have been postulated to contribute to the
mortality reduction associated with CRC follow-up. Some
combination of increased psychological well-being, improved health behavior, and improved treatment of coincidental disease may contribute to the mortality benefit.
This issue represents an important direction for future
studies[7].
Recently, the results from the follow-up after colorectal surgery (FACS) trial were reported[8,9]. The factorial
randomized trial design, with independent allocation
to the carcinoembryonic antigen (CEA) and computed
tomography (CT) interventions, meant that patients
received 1 of 4 types of follow-up: (1) CEA follow-up:
measurement of blood CEA every 3 mo for 2 years,
then every 6 mo for 3 years, with a single chest, abdomen, and pelvis CT scan at 12 to 18 mo if requested
at study entry by hospital clinician; (2) CT follow-up:
CT of the chest, abdomen, and pelvis every 6 mo for 2
years, then annually for 3 years; (3) CEA and CT followup: both blood CEA measurement and CT imaging as
above; and (4) Minimum follow-up: no scheduled follow-up except a single CT scan of the chest, abdomen,
and pelvis at 12 to 18 mo if requested at study entry by
the hospital clinician.
Interestingly, there were no differences seen in overall
or cancer-specific mortality between any of the intensive
arms and the minimum follow-up group. Most patients
with recurrence suffered from incurable disease. In fact,
only 71 (5.9%) of 1202 patients followed were suitable
for potentially curative treatment. Significantly more patients were treated with curative intent in the intensive
follow up groups compared to minimalist follow-up, but
there were no difference in the number of total deaths in
the two groups. These data argue against very intensive
follow-up schedules.
In conclusion, although two meta-analyses have reported a 5%-10% reduction in overall mortality among
patients undergoing intensive follow-up, the existing
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evidence of any benefit in terms of cancer-specific survival is limited. The results from the FACS trial did not
show any compelling evidence of a significant survival
benefit of CRC follow-up. Hopefully, the final results of
the ongoing COLOFOL trial will help answer the debate
regarding which follow program enables the highest survival[10]. A summary of randomized controlled trails and
their potential survival benefit is provided in Table 2.
Benefit: Control of treatment effects: There exist several international controversies around treatment (drains
vs no drains, laparoscopic technique vs open technique
among others) and follow-up of patients with CRC[11,12].
There are for instance no similarly designed followup program at an international level[13-16]. It is therefore
imperative for improved CRC treatment quality that the
effects of radio-chemotherapy, surgical technique and
postoperative follow-up are continuously evaluated, and a
structured follow-up program might be a way to perform
such a quality control[17,18].
Benefit: Reassurance of follow-up: There is no existing evidence that participation in a follow-up program
leads to increased personal well-being. Some researchers have investigated the psychological effects of CRC
follow-up[19-22]. None of the resulting studies have found
improvement in the patient QoL with follow-up.
Harms of CRC follow-up
Harm: False positive tests: Table 3 summarizes the
false positive rates of the most commonly used CRC
follow-up tests. As an illustration, consider a patient followed according to the most recent United States followup recommendations from the National Comprehensive
Cancer Network[16]. Based on the most optimistic estimates in Table 3 the annual probability of at least one
false positive test for a patient with no actual recurrence
would be 41% in each of years one and two, and 28% in
each of years three, four, and five. Over the entire fiveyear period, the probability of at least one false positive
would be 87%.
Given their high likelihood, it is important to consider
the possible consequences of false positive follow-up
tests. Primarily, these can come in the form of economic
costs and psychological impact. None of the prospective
studies or economic models focusing on CRC recurrence have reported the economic costs of false positive
follow-up tests, but quantifying these costs could provide
important perspective.
While no studies appear to have specifically addressed
the psychological or quality-of-life impact of false positive follow-up tests in colorectal or other types of cancer, a small number of investigators have examined the
quality-of-life impact of false positive cancer screening
tests. In general, these studies have shown increased anxiety following false positive screening results for as long as
18[23] to 24[24] mo after the false positive result[23,25,26]. This
data comes from populations who have not previously
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Table 2 Comparison of randomized trials assessing follow-up after colorectal cancer curative surgery n (%)
Trial

Cancer stage included Enrolled Recurrences Time to cancer
(n )

Ohlsson 1995
Total
Intensive
Control
Makela 1995
Total

Intensive
Control
Pietra 1998
Total

Dukes A, B, C

Dukes A, B, C

Dukes B, C

Intensive
Control
Rodriegez-Moranta 2006
Total
Intensive

TNM Ⅱ and Ⅲ

Control
Secco 2001
Risk adapted intensive
Low risk vs high risk
Risk adapted low intensive
Minimal follow-up: High risk
Minimal follow-up: Low risk

Disease free

Survival after

detection (mo) surgeries (n ) 5-yr survival 5-yr survival

Metastases

Overall

met surgery

107
53
54

35 (33)
17 (32)
18 (33)

106

43 (41)

52
54

22 (42)
21 (39)

207

82 (39)

104
103

41 (39)
41 (40)

10.3 (mean)
20.2 (mean)

21
6

73
58

68
53

259
127

69 (26)
35 (27)

39 (mean)

18

75

NA

132

34 (26)

38 (mean)

10

73

108
84
84
61

74 (68)
27 (32)
58 (69)
25 (40)

Total
13.5 (mean)

31

48
82
35
60

20 (median)
24 (median)

10 (mean)
15 (mean)

5
3

75
67

8

58

5
3

59
54

78
71

29% 5 yr
22% 5 yr
Overall 3 pts
mean 26 mo
survival

Overall 8 pts
mean 29 mo
survival

NA

13

NA

NA

NA: Not available.

metachronous CRC’s (normally representing between
1.6% and 7.4% of CRC recurrences) or adenomas with
advanced features[2,32,33]. The relatively invasive procedure
has sensitivity of 95% and specificity of 100% for detecting high-risk polyps or tumours, however the major complication rate has been reported as 0.2%-1.2%[34-36].
To date, no trial has reported increased survival associated with colonoscopy follow-up after CRC resection.
Because of the unproven benefit and non-trivial risk,
some have argued against routine endoscopic follow-up
after curative CRC resection[37-39]. Further study is needed
to explore whether CT Colonography may eventually
provide a better balance of risks and benefits[38].

Table 3 Probability of false positive test results (1-specificity)
for commonly used colorectal cancer follow-up tests
Test

False positive rate

Ref.

(1-specificity)
Serum CEA
CT-hepatic metastases
CT-other abdominal metastases
Contrast enhanced ultrasound-liver
Ultrasound-liver
CT-lungs
Colonoscopy

10%
5%-28%1
2%
4%-33%2
50%
4%
0%

[54]
[55-58]
[58]
[56,57,59]
[59]
[58]
[32]

1

Based on specificity estimates from individual studies of 89%[55] (n = 24),
95%[58] (n = 115), 72%[56] (n = 87), and 91%[57] (n = 100); 2Based on specificity
estimates from individual studies of 96%[60] (n = 68), 96%[57] (n = 99), and
67%[59] (n = 56) subjects. The last was the only to employ intraoperative confirmation of hepatic metastases. The annual probability of at least one false
positive test for a patient with no actual recurrence would be 41% in each
of year one and two, and 28% in each of year three, four, and five. Over the
entire five-year period, the probability of at least one false positive would
be 87%. CT: Computed tomography; CEA: Carcinoembryonic antigen.

Harm: QoL implications: There is limited evidence
showing that enrolment in a follow-up program improves
QoL among CRC survivors. In fact, available data from
breast follow-up trails could be used to support the opposite viewpoint: such follow-up programs and tests
might negatively influence QoL[40-42]. It is often claimedand some evidence corroborates[22]-that follow-up tests
can be reassuring for patients, and this may be true if all
of the tests are completely normal every time. However,
equivocal test results such as a slightly elevated CEA
level, or questionable shadows on CT are quite common,
and they commonly spur additional testing. This period
between initial suggestive test result and subsequent conclusive work-up can be a stressful one for patients[21].
Some researchers have investigated the psychological effects of CRC follow-up[19-22]. None of the resulting
studies have found improvement in the patient QoL with

been diagnosed with and treated for cancer, so the results
are difficult to extrapolate to CRC survivors.
Harm: Somatic complications caused by tests: Aside
from any unlikely negative sequelae of CT radiation
exposure, colonoscopy related colonic perforation and
post-procedure bleeding represent the most likely serious
complications arising from CRC follow-up. Endoscopic
follow-up is endorsed in most comprehensive follow-up
recommendations[16,27-31] primarily as a means to detect
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Detection of
asymptomatic but
incurable recurrences

of cancer, with high associated morbidity or mortality;
Effective treatment, capable of reducing morbidity and
mortality, should be available; Test procedures should be
acceptable, safe, and relatively inexpensive.
In CRC follow-up these principles are fulfilled: (1)
CRC is the third most common cancer disease, and the
risk of recurrence is as high as 30 to 40 percent; (2) if
successful, metastasectomy can be curative (i.e., R0 resections); and (3) the tests in most programs are acceptable,
relatively safe and relatively inexpensive. However, as
discussed, there are several potential side effects of CRC
follow-up; future research much be directed at further
exploring these harms and weighing them against the
expected survival benefit. Recently, a survey published in
British Medical Journal found that the harms of screening and preventive programs were poorly reported[49].
Healthcare decision makers, surgeons, and patients therefore cannot make informed choices.
Personalized medicine is defined as a medical model
that proposes the customization of healthcare, with
medical decisions, practices and tests being tailored to the
individual patient. To our knowledge there exist no individual risk stratification in the different national colorectal follow-up guidelines, and this is an area of future
research.
Firstly we believe that genetic testing and biological
determinants of tumor recurrence will gain increasingly
importance[50,51]. The individualization of cancer care
requires a deep understanding of tumor biology and
the identification of tumor subsets that offer targets for
tumor specific treatment. Of specific interest for CRC
follow-up programs, are the promising results of the
12-gene recurrence score (RS), which is a quantitative
assay integrating stromal response and cell cycle gene
expression. It is shown that the 12-gene RS predicts
recurrence in stage Ⅱ colon cancer. This tool appears
promising as a means to inform decision making around
adjuvant chemotherapy following resection of stage Ⅱ
colon cancer. The use of the tool in planning post-treatment follow-up does not appear to have been explored,
however[52].
Secondly, test intensity, test modality and the risk of
false positive events has to be discussed in details with
the patient. As shown in Table 3, the probability of at
least one false positive event during a five-year followup program might be as high as 87%. High-test intensity
programs should be offered to patients with a high probability of recurrent cancers, but this must be weighed
against the patient’s preferences of experiencing a false
positive test.
Finally, research must be aimed to identify the optimal
combination of test, blood samples and clinical examinations that creates the highest possible overall follow-up
sensitivity and specificity.

Reassurance
of follow-up

Labelled as sick
or at high risk

False postive
tests
Quality of life in
CRC survivorship

Figure 2 Factors influencing quality of life among colorectal cancer survivors enrolled in a follow-up program. CRC: Colorectal cancer.

follow-up. In a recent published randomized trial comparing general practitioner vs surgeon-organized followup, there were no differences between the two groups in
QoL measured by ERTOC-QLQ C30 and EQ-5D[21]. In
fact, both groups had similar QoL levels as the general
United Kingdom population at baseline (1 mo postoperatively). Results from a similar 2006 trial by Wattchow
et al[19] told a similar story. There, study patients remained
in the normal range for depression and anxiety with no
difference between the two groups at either 12 or 24
mo[19,20]. In recent meta-analyses, it has been shown that
anxiety rather than depression was a major problem
among long-term cancer survivors. It is however unknown what impact an organized cancer follow-up program has on anxiety[43]. It has been shown that 46 percent
of patients reported physiological distress while awaiting
the results of a potential cancer diagnosis[44]. This and
other trials suggest that tests recommended by a cancer
screening or preventive program cause harm in terms of
physiological distress[44-46].
The only survey showing a slight improvement in
QoL among CRC survivors with intensive follow-up was
published in 1997[47]. This survey included 350 Danish
participants who reported a small but significant increase
in QoL associated with more frequent follow-up, as measured by the Nottingham Health Profile.
In conclusion, there exists very limited evidence that
CRC follow-up improves QoL among CRC survivors.
Further research is needed, in particular, to address the
impact of a false positive follow-up test on QoL among
CRC survivors. From breast cancer follow-up trials, there
is compelling evidence that postoperative follow-up does
not improve QoL and that follow-up testing might cause
physiological distress[48]. Factors that may impact QoL in
a positive or negative way among colon cancer survivors
enrolled in a follow-up program are shown in Figure 2.

DIRECTION OF FUTURE RESEARCH
According to the World Health Organisation, the success
of preventive programs depends on three fundamental
principles (www.who.int/cancer/detection/variouscancer/en/): The target disease should be a common form
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CONCLUSION
Any survival benefit (or lack of benefit) of the CRC fol-
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low-up must be considered along with the views of the
patients to ensure that follow-up programs are accessible
and acceptable, and that they address all patient needs
and concerns. However, the problem of postoperative
cancer follow-up is that a vast majority of patients must
undergo a large number of tests without any benefit, or
even with some harm, to identify a small number of patients with curable recurrence. Patients with asymptomatic but incurable disease (10%-20% of all recurrences)
likely represent the group with the most potential to be
harmed by follow-up[21,53].
In conclusion, little is known about the potential
harms of CRC follow-up, especially when it comes to
the impact of false positive tests. Tailored follow-up programs based on the individual’s risk of cancer recurrence
and likely metastatic spread pattern must be developed.
Further research is needed to settle these controversies,
and new methods of decision-analytic modeling in combination with the emerging data from COLOFOL must
be applied[9,10].
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Modulators affecting the immune dialogue between human
immune and colon cancer cells
Meir Djaldetti, Hanna Bessler
factor-α, Interleukin (IL)-6, IL-10, IL-12, IL-17, IL-23
have been reported to be involved in human cancer development. Some cytokines, namely IL-5, IL-6, IL-10,
IL-22 and growth factors promote tumor development
and metastasis, and inhibit apoptosis via activation of
signal transducer activator transcription-3 transcription
factor. Colon cancer environment comprises mesenchymal, endothelial and immune cells. Assessment of the
interaction between components in the tumor environment and malignant cells requires a reconsideration of
a few topics elucidating the role of chronic inflammation in carcinogenesis, the function of the immune cells
expressed by inflammatory cytokine production, the
immunomodulation of cancer cells and the existence of
a cross-talk between immune and malignant cells leading to a balance in cytokine production. It is conceivable that the prevalence of anti-inflammatory cytokine
production by PBMC in the affected colonic mucosa will
contribute to the delay, or even to halt down malignant
expansion. Targeting the interplay between immune
and cancer cells by mediators capable to alter cytokine
secretion toward increased anti-inflammatory cytokine
release by PBMC and tumor associated macrophages,
may serve as an additional strategy for treatment of
malignant diseases. This review will focus on the inflammatory events preceding tumorigenesis in general,
and on a number of modulators capable to affect colon
cancer cell-induced production of inflammatory cytokines by PBMC through alteration of the immune crosstalk between PBMC and cancer cells.
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Abstract
The link between chronic inflammation and colorectal
cancer has been well established. The events proceeding along tumorigenesis are complicated and involve
cells activated at the cancer microenvironment, tumor
infiltrating polymorphonuclears, immune cells including lymphocyte subtypes and peripheral blood mononuclear cells (PBMC), as well as tumor-associated
macrophages. The immune cells generate inflammatory cytokines, several of them playing a crucial role
in tumorigenesis. Additional factors, such as gene expression regulated by cytokines, assembling of tumor
growth- and transforming factors, accelerated angiogenesis, delayed apoptosis, contribute all to initiation,
development and migration of tumor cells. Oxygen
radical species originating from the inflammatory area
promote cell mutation and cancer proliferation. Tumor
cells may over-express pro-inflammatory mediators
that in turn activate immune cells for inflammatory cytokines production. Consequently, an immune dialogue
emerges between immune and cancer cells orchestrated through a number of activated molecular pathways.
Cytokines, encompassing migration inhibitory factor,
transforming growth factor beta 1, tumor necrosis
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Core tip: The substantial number of studies that soundly demonstrated the close relationship between chronic
inflammation and colon carcinogenesis has encouraged
researchers to investigate the pathways interrelated
with this process. The results point-out to various fac-
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cells. The activated stem cells from their part produce factors building a microenvironment ready to facilitate tumor
growth and spreading. The connection between the immune activity of mononuclear cells and inflammation has
been demonstrated by Leung et al[8] who have examined
interleukin (IL)-12A and IL-22 cytokine production and
the number of T helper cells from colon of patients with
ulcerative colitis and Crohn’s disease. The results showed
an increased release of IL-17+ and an elevated number
of CD4+ cells in patients with Crohn’s disease compared
to healthy individuals and patients with ulcerative colitis.
On the other hand, patients with ulcerative colitis had
decreased number of IL-22+ cells. The role of bacteria
in colon cancer etiology has been considered. Based on
the fact that colonic mucosal cells from colorectal carcinoma are colonized by intracellular Escherichia coli (E. coli)
and that the DNA repair gene MUTYH being blamed
for cancer development is a homologue of E. coli gene
mutY, Khan et al[9] have suggested that mutY gene and E.
coli themselves might be involved in colorectal carcinoma
development. Aggarwal et al[10] have reviewed in detail
the links that build the chain of events leading to cancer
and consist of pro-inflammatory substances that suppress apoptosis, enhance neovascularization and promote
an increased activity of the immune system with a subsequent generation of pro-inflammatory cytokines. As
for the relationship between chronic inflammation and
carcinogenesis Basnet et al[11] divide the pro-inflammatory
factors in two groups i.e., external, that include pollutants, viruses, bacteria and even foods, as well as internal,
comprising free radicals and the cytokines IL-1β, tumor
necrosis factor (TNF)-α, NF-κB and NSAID-activated
gene-1. It should be emphasized that cancer-associated
inflammation plays not only an etiological role, but has
also a therapeutic and even a prognostic potential. Thus,
Laird et al[12] have shown that an inflammation score
based on C-reactive protein level and albumin concentration on one hand and patient’s performance status on the
other hand, predicts fairly well the survival of patients
with advanced stage cancer. A review on the relationship between innate immunity, inflammation and cancer,
detailing the function of inflammatory cytokines as mediators of inflammation-related carcinogenesis has been
reported by Lin et al[13].

tors, molecules and genes that may jointly enhance or
inhibit tumor development. The close linkage between
immune and colon cancer cells resulting in a cross-talk
between them with a consequent equilibrium in inflammatory cytokines release opens a new window for understanding the complicated stages of cancer initiation
and progression. Moreover, the capability of emerging
modulators to target the dialogue between immune
and cancer cells indicates that immunomodulation may
serve as a promising addition to the drug armamentarium for colorectal cancer.
Original sources: Djaldetti M, Bessler H. Modulators affecting
the immune dialogue between human immune and colon cancer
cells. World J Gastrointest Oncol 2014; 6(5): 129-138 Available
from: URL: http://www.wjgnet.com/1948-5204/full/v6/i5/129.htm
DOI: http://dx.doi.org/10.4251/wjgo.v6.i5.129

INFLAMMATION AND CANCER
Colon cancer is one of the common malignancies observed in clinical practice and it is one of the frequent
causes of human death. No wonder therefore, that extensive efforts have been made, and are still carried on
to enlighten the grounds providing suitable conditions
for initiation, development, proliferation and spreading
of this malignant process. Therefore, to mention even a
part of the studies on the subject is beyond the scope of
the present review. However, it seems reasonable to focus
on a topic that has gained a wide interest, i.e., the relation
between chronic inflammation and cancer in general and
colorectal malignant tumors in particular. Clinical observations based on the increased rate of colorectal cancer in
patients with chronic colitis and Crohn’s disease support
this concept[1,2]. According to Rogler[3], thirty five percent
of the patients suffering from ulcerative colitis for more
than 35 years are at an increased risk for development of
colorectal cancer, although population based studies point
toward a lower risk. Factors, such as enhanced activation
of the inflammatory cells by malignant cells and by the tumor microenvironment may initiate, and further promote
cancer development[1,4]. Nguyen et al[5] have reported data
suggesting that incitement of epithelial signal transducer
activator transcription-3 (STAT3) in the inflamed colon
plays a significant role in tumor progression by increasing mobilization and infiltration with CD8+ lymphocyte
population in the large intestine. Furthermore, according
to the authors, activated STAT3 restrains the recruitment
of regulatory Treg lymphocytes that possess the ability to
suppress host immune responses with a subsequent enhancement of tumor progression. To make the issue more
complicated, there are suggestions supporting the possibility of cancer-related inflammation, i.e., the prospect that
alterations inflicted by the tumor itself are those to provoke the inflammatory process[6]. Shigdar et al[7] emphasize
the role of tumor associated immune cells that secrete cytokines capable to promote development of tumor stem
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PERIPHERAL BLOOD MONONUCLEAR
CELLS AND CYTOKINE PRODUCTION
In regard to the link between chronic inflammation and
carcinogenesis, the mononuclear cells appear to be persuasive warriors expressing a vivid phagocytic capacity[14],
to encompass Toll-like receptors able to recognize pathogen molecules and to be capable to modulate both innate
and adoptive immune responses[15-17]. Studies have shown
that the number of Th1 and Th17 cells is increased in
patients with inflammatory bowel disease and correlates
well with its severity[18], whereas the number of CD14+
and CCL11+ mononuclear cells has been found to be
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increased in colonic biopsies from patients with ulcerative colitis[19]. According to van Dooren et al[20] there is a
difference between cytokine production by whole blood
with CCL11, IL-23 and IL-12p40 solely presented, and
lipopolysaccharide (LPS) stimulated peripheral blood
mononuclear cells (PBMC) producing IL-20, vascular endothelial growth factor (VEGF) and GM-colony stimulating factor (CSF). Endogenous type interferon 1 (IFN-1)
released by colon mononuclear cells in mice with T-cell
colitis has been demonstrated to be essential for stimulated production of the anti-inflammatory cytokines IL-10,
IL-1ra and IL-27[21]. Inflammasomes are closely related
to chronic inflammation since they act as activators of
IL-1β and IL-18 release by PBMC[22,23]. Moreover, activation of inflammasomes may stimulate cancer development[24]. The ability of PBMC to produce inflammatory
cytokines plays a major role in the modulation of chronic
inflammatory responses associated with carcinogenesis.
This particular function is promoted by various factors,
such as amorphous silica particles capable to increase IL1β and IL-8 production[25], and cortisol that have been
shown to suppress secretion of IL-1β, IL-6, IL-17 and
G-CSF[26]. Recently, Veinalde et al[27] have reported that
double stranded RNA has the capacity to induce PBMC
to produce a considerable number of both pro- and antiinflammatory cytokines. Metal particles, such as titanium
and stainless steel originating in patients with implanted
medical devices have been shown to enhance increased
production of IL-6 and IL-1 by PBMC, but to lower the
level of TNF-α[28]. Even mental conditions, such as posttraumatic stress disorders, may affect the immune activity
of PBMC causing an increased spontaneous release of
the pro-inflammatory cytokines IL-1β and TNF-α[29]. Finally, it should be noted that there is no obligatory correlation between the level and type of cytokines produced
by PBMC and those in the whole blood[20].

both cancer-and recruited immune cells, including those
at the tumor environment. TNF-α, IL-6, IL-12 and IL-23
from the group of pro-inflammatory cytokines are of
particular importance, since they are involved not only in
maintaining the inflammatory process, but they promote
tumor cell survival by exerting an anti-apoptotic activity,
induce angiogenesis and are crucial for further tumor development and tumor cell migration.

IMMUNE CROSS-TALK BETWEEN PBMC
AND CANCER CELLS
Accepting the presumption that carcinogenesis is closely
linked to chronic inflammation, it is conceivable that immune, stromal and mast cells mobilized to an affected
area will interfere with tumor cells and will establish an
immune dialogue resulting in a prompt release of a number of inflammatory cytokines, as it is graphically shown
in Figure 1. It has been reported that unstimulated PBMC
release a small amount of inflammatory cytokines[31]. On
the other hand, PBMC exposed to HT-29 or RKO cells
from human colon cancer lines or their supernatants were
able to release both pro-and anti-inflammatory cytokines,
in some cases in a dose-dependent matter. However,
the release of the pro-inflammatory cytokines TNF-α,
IL-1β and IFNγ was more pronounced[31]. It is notable
that direct exposure of PBMC to cancer cells resulted
in higher cytokine secretion compared to cytokine levels
released by PBMC incubated with cancer cells’ supernatants, a finding similar to that observed by Ma et al[32] in
co-cultures of PBMC with gastric cancer cells. In their
hands the release of transforming growth factor (TGF)-β
by PBMC was markedly increased when they were cocultured with gastric carcinoma cells. Cytokines secreted
during immune-cancer cells communication may affect
the process of carcinogenesis. Combination of the proinflammatory cytokines IL-32 and TNF-α restrained the
growth of HCT116 and SW620 human colon cancer cells
by inhibition of TNF-α dependent DNA synthesis[33].
PBMC co-cultured with cells from an AGS human gastric epithelial line expressed a decreased TGF-β1 and an
increased TGF-β2 cytokine secretion. On the other hand,
incubation of PBMC with cells from a gastric cancer line
(MKN45) caused enhancement in TGF-β1 production,
a cytokine known to move forward cancer development.
It is of interest that cancer cells incubated with PBMC
showed an increase in TGF-β1 mRNA level up to 3-fold
higher than cancer cells cultured alone[32]. The way PBMC
and cancer cells create an immune dialogue is intriguing.
Studies have shown that intercellular communication
between tumor-associated leukocytes and malignant cells
proceeds through exosomes released from tumor cells
and results in enhanced production of pro-inflammatory
cytokines and metalloproteinases[34]. Redzic et al[35] have
underlined the capacity of extracellular vesicles purified from various cancer cell lines to stimulate PBMC to
release a number of tumor promoting factors including
IL-6. The role of autophagy in inflection of both innate

COLON CANCER CELLS AND CYTOKINE
PRODUCTION
Concerning the role of chronic inflammatory process
as a basis for carcinogenesis, the question if colon cancer cells possess the capacity for cytokine production
comes up. In that sense the reports in the literature are
rather scarce. It is our experience that HT-29 and RKO
cells from human colon cancer lines do not produce
cytokines unless they are exposed to various stimuli. Yoshimoto et al[30] have shown that HT-29 carcinoma cells
stimulated with LPS, IFNγ and epithelial growth factor
(EGF) expressed a modulation of the Hedgehog (Hh)
pathway signaling. Hh agonists exerted a decrease of
IL-8 and monocytic chemotactic protein-1, compared to
its antagonists such as dopamine, LPS, IFNγ and EGF.
The connection between chronic inflammation, cytokine
release and colon cancer has been reviewed by Klampfer
et al[4] and by Lin et al[13]. According to the authors, the inflammatory process is initiated and further driven to carcinogenesis by soluble factors and cytokines released by
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A

B

PBMC

Cancer cell

PBMC

Cancer cell

Figure 1 Interrelationship between peripheral blood mononuclear cells and human colon cancer cells. A: Unstimulated peripheral blood mononuclear cells
(PBMC) do not release significant amount of inflammatory cytokines. B: Following direct contact with cancer cells PBMC are stimulated for pro-inflammatory (red dots)
and anti-inflammatory (yellow dots) cytokine production.

to exert anti-cancerous effect via various pathways. Relying on observations that immune cells maintain chronic
inflammatory processes by cytokine release, and the ability of cancer cells to alter the type and level of cytokine
production following direct cell contact, the question
arises if intercellular communication may be directed by
immune modulators in a way capable to increase production of anti-inflammatory cytokines, as schematically
presented in Figure 2. Table 1 summarizes our experience
and findings with modulators that target the communication between immune and cancer cells.

and adaptive immunity is gaining importance. Autophagy
modulates production of the pro-inflammatory cytokines
IL-1β and IL-18 that consecutively enhance the functional expression of B and T lymphocytes, as well as that
of the IL-2 receptor[36]. Reduced expression of IL-1β,
IL-18 and IL-21 in mice with colitis-associated cancer resulted in achievement of a higher clinical score[37,38]. Conversely, cytokines released by immune cells participated in
regulation of autophagy. Thus, IFNγ being a Th1 helper
cytokine induced enhanced autophagy in macrophages,
whereas IL-4 and IL-13, which are Th2 cytokines, exerted
an inhibitory effect[39]. Similar findings have been reported by Schmeisser et al[40] who have shown that IFNγ and
TGF-β enhance autophagy in human cancer lines derived
from uterus cervix, breast, glioblastoma and alveolar carcinoma. The role of autophagy in regulation of immune
responses has been described in details by Valdor et al[39].

Aspirin
It is conceivable that anti-inflammatory drugs may play a
major role in both abolishing inflammation and restraining cancer development. Indeed, a substantial number
of experimental data indicates that non-steroidal antiinflammatory drugs (NSAID) may inhibit colon cancer
development. The anticancer activity of most of them is
based on their selective inhibitory effect on cyclooxygenase-2 (COX-2) activities, that play a crucial role in colon
cancer development and progress[42]. In that sense, aspirin has drawn particular attention since it expresses an
inhibitory activity on both COX-1 and COX-2 enzymes.
However, studies have showed that NSAID anti-cancer
properties may proceed also through COX-independent
pathways, such as inappropriately Delta1/Notch1 signal
transduction pathway, and upregulation of NAG-1 gene
that is a member of the TGF-β superfamily[42-44]. Bergman et al[45] have found that addition of aspirin to PBMC

MODULATORS OF THE CROSS-TALK
BETWEEN IMMUNE AND COLON
CANCER CELLS
It has been shown that during the inflammatory process,
the vicinity of the tumor comprises tumor-associated
macrophages and a significant number of white blood
cells producing various cytotoxic mediators, enzymes
linked with tumor development and cytokines, such as
IL-1, IL-6, IL-8 and IFNs[41]. A considerable number of
drugs, vitamins, nutrients and spices have been shown
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Figure 2 Schematic presentation of the way
immune modulators modify the cross-talk
between peripheral blood mononuclear
cells and cancer cells. Following alteration
of the immune dialogue between these two
cell types, the modulators inhibit cancer cellstimulated peripheral blood mononuclear cells
(PBMC) to generate pro-inflammatory cytokine
(red dots), acting as cancer promoters.

Modulators

PBMC

Cancer cell

Table 1 Modulators acting on cross talk-induced cytokine secretion
Ref.
PBMC + colon cancer cells
Modulator
Aspirin
Colchicine
Statins
Caffeine
Resveratrol
Curcumin
Vit. D3

Pro-inflammatory cytokines

Anti-inflammatory cytokines

IL-1β

IL-6

TNFα

IFNγ

IL-1ra

IL-10

Bessler et al[31] (2010)

↑↑

↑↑

↑↑

↑↑

↑↑

↑↑

Bergman et al[45] (2011)
(Submitted for publication)
Bergman et al[66] (2011)
Bessler et al[75] (2012)
Bergman et al[82] (2013)
Bessler et al[92] (2012)
Bessler et al[99] (2012)

↑ slightly
↑
↓
0
↓
↓
↓

↓
0/↑1
0
0
↑ /01
↓
0

ND
↓
ND
↓
↓
↓
↓

↓/↑1
ND
↓
↓
↓
ND
ND

0/↓1
0
↓
↓
↓
↓
0

↓
↓/↑1
↓
↓
↓
↓
↓

1

Respresents results for HT-29-induced/RKO-induced cytokine secretion by PBMC. ND: Not determined; 0: No change in cytokine secretion; PBMC: Peripheral blood mononuclear cells; IFN: Interferon; TNFα: Tumor necrosis factor-α; IL-6: Interleukin-6; Vit. D3: Vitamin D3.

co-cultured with HT-29 or RKO cells from human colon
cancer lines, affected the immune equilibrium between
immune and cancer cells by inducing inhibited production of the pro-inflammatory cytokines IFNγ and IL-6.
Notably, the secretion of anti-inflammatory cytokines
was somewhat depressed. Skeen et al[46] have stressed
the role of the cross-talk between the anti-inflammatory
cytokine TGF-β1 and factors critical for colorectal tumorigenesis. A decreased TGF-β1 expression is linked to
both increased inflammation and colorectal cancer evolution. The expansion of colon-cancer is closely related
to the pro-inflammatory cytokines IL-6, IL-8, TNF-α,
and VEGF. Aspirin has been shown to reduce the proinflammatory IL-6 expression with a subsequent reduction of CRP, an important protein for the maintenance
of chronic inflammation[47]. Since cancer cells’ apoptosis and death are mediated through TNF-α and IL-1induced transcription factor NF-κB activation, aspirin
may increase the apoptotic rate of the malignant cells by
inhibited expression of these cytokines[48]. On the other
hand, NF-κB activation can promote production of proinflammatory cytokines in colon cancer cells and particularly IL-8 with a further enhancement of the gastrointestinal inflammation that may explain the undesirable
effect of aspirin on the alimentary system[49]. Lang et al[50]
have found that monocytes incubated with supernatants
from human carcinoma cell lines showed a down-regulation of the chemokine receptor CCR5, and beta 2-integrin Mac-1, resulting in impaired monocyte migration
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and adhesion, functions important for exertion of their
anti-cancer activity. The authors have observed that administration of a selective COX-2 inhibitor, rofecoxib, to
cancer patients improved markedly their reduced monocyte CCR5 levels and migration capacities. Using SW480
colorectal cells, Lai et al[51] have reported that aspirin, in
a concentration-dependent manner, was able to inhibit
their proliferation and promote cancer cell apoptosis and
necrosis by cell arrest at the G0/G1 phase. The proportions of cells at the S- and G2/M phases was decreased.
Colchicine
Colchicine is an anti-inflammatory agent, known since
long as the drug of choice for management of gout. It is
gaining increased interest for treatment of other conditions, such as familial Mediterranean fever and Behçet
disease. It has been shown that its anti-inflammatory effect proceeds via inhibition of the pro-inflammatory cytokines IL-1 and IL-1β release[52]. Moreover, by restrain of
the NF-κB pathway and blocking cell mitosis, colchicine
may exert an inhibitory effect on tumorigenesis. Addition
of colchicine to human LPS stimulated PBMC exerted a
disruptive effect on cellular microtubules with a consequent increased IL-1β and a decreased TNF-α release[53].
In a recent study it has been shown that colchicine added
to co-cultures of PBMC with either HT-29 or RKO human colon cancer cells promoted cancer cells-stimulated
PBMC to produce IL-1β and to inhibit the release of
TNF-α and IL-10[54]. It is conceivable that colchicine may
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erties on health and their carcino-preventive capacities[67].
The number of studies on the potential inhibitory activity of these substances on colorectal cancer development
is rapidly mounting; hence to encompass the mechanisms
by which all of them influence tumorigenesis is beyond
the scope of the present review. Having a personal experience with a few of them, we therefore will concentrate
on phytochemicals and nutrients with substantiated antiinflammatory and anti-cancer activities.

act on tumor development by modulation of the immune
balance between immune and cancer cells with a subsequent interference in production of inflammatory cytokines by cancer cells-activated PBMC. A similar tumor
cell-macrophage cross-talk has been observed in other
studies. TNF-α released from colon cancer cells stimulated TNF-α and CSF-1 production by mouse macrophages
indicating the existence of an immune intercellular communication between these cell types[55]. Furthermore, it
has been shown that monocytes interacting with cancer
cells differentiate into tumor-associated macrophages that
may be associated with angiogenesis and metastasis[56].

Caffeine
The xanthine alkaloid caffeine is the main compound
of coffee, one of the most popular beverages renowned
for its long history. Apart from its beneficial effect on a
lengthy list of diseases[68], studies demonstrate that coffee
possesses anti-cancer properties. Clinical studies indicate
that prolonged coffee consumption abolishes the risk for
colorectal cancer[69,70]. The ways caffeine exerts its carcino-preventive effect have been reviewed in details[71,72].
It is noteworthy that caffeine is involved in modulation
of the immune system. It has been reported that addition of caffeine to concanavalin A-stimulated mouse
lymphocytes inhibited the generation of TNF-α, IFNγ
and IL-2[73]. Caffeine, being a potent adenosine receptor
antagonist, has been found to be able to decrease TNF-α
release from LPS stimulated cord blood monocytes[74].
Due to its inhibitory activity on adenosine receptors caffeine has been capable to alter the stability of hypoxiainducible factor 1-alpha, VEGF and IL-8 expression
in tumor cells[72]. Bessler et al[75] have suggested an additional mechanism based on the capacity of caffeine to
alter the immune balance between PBMC and HT-29 or
RKO cells derived from human colon cancer lines. The
authors have observed that caffeine inhibited secretion
of the pro-inflammatory cytokines TNF-α and IFNγ
by PBMC stimulated for cytokine production through a
direct contact with cancer cells. The fact that caffeine did
not enhance cytokine production by PBMC co-cultured
with both types of cancer cells and that supernatants
derived from cancer cells incubated with caffeine did not
affect this activity, brought the authors to the conclusion
that caffeine, at least in vitro, exerts its anti-inflammatory
and anti-cancer effects via increasing anti-inflammatory
cytokine production by PBMC, but only subsequent to a
direct contact between immune and cancer cells.

Statins
Although statins, branded as 3-hydroxy-methylglutaryl
coenzyme (HMG-CoA) reductase inhibitors, have been
introduced as potent anti-cholesterol agents in cardiovascular diseases, a substantial number of studies indicate
that these drugs possess additional attributes including
anti-inflammatory[57,58] and anti-cancer activities[59,60]. It
is notable that statins enhance cytokine production by
acting directly on PBMC. The hydrophobic statins lovastatin and simvastatin increased the production of IL-1β
and decreased IL-2 and IFNγ secretion[61]. Simvastatin,
atorvastatin, fluvastatin and pravastatin reduced IL-6 production by human PBMC co-cultured with human vascular smooth muscle cells by 53%, 50%, 64% and 60%
respectively[62]. Simvastatin induced increased production
of IL-18, TNF-α and IFNγ by human PBMC[63]. Bessler
et al[64] have shown that the effect of statins on malignant
cell proliferation depends on their dosage, physiochemical
properties and the type of cancer cells. Both hydrophilic
and hydrophobic statins inhibited proliferation, but not
apoptosis in cells from HuCC human colon carcinoma
line. However, this effect differed when statins were incubated with EHEB, K562 and Raji-cells (B chronic lymphocytic leukemia, human erythroleukemia, and Burkitt
lymphoma cell lines, respectively). EHEB and K562 cell
proliferation was inhibited by hydrophobic but not by
hydrophilic statins. The hydrophobic statins enhanced
cell apoptosis in the hematological lines. Similar observations have been reported by Kato et al[60] who have found
that hydrophobic, but not hydrophilic statins, induced
apoptosis in cells from gynecological cancers expressing
high levels of HMG-CoA reductase. Simvastatin caused
a decreased release of IL-6 and IL-8 from HT-29 and
Caco-2 cells derived from colorectal cancer lines[65]. The
capacity of statins to modulate inflammation-induced colon cancer proliferation by alteration of the equilibrium
between pro- and anti-inflammatory cytokines secreted
by tumor cells-stimulated PBMC is of particular interest.
Statins added to PBMC stimulated for cytokine secretion
by direct contact with HT-29 or RKO cells from human
colon carcinoma lines induced a decreased expression of
the anti-inflammatory cytokines IL-1ra and IL-10[64,66].

Resveratrol
Resveratrol, a phenolic compound present in grapes and
their seeds has been shown to exert a favorable effect on
a number of diseases[76]. Moreover, studies have shown
that it may act as an inhibitor of cancer development[77-79].
The mechanisms explaining resveratrol’s anti-inflammatory properties have been reviewed by de la Lastra et al[80].
According to Richard et al[81] resveratrol added to stimulated PBMC brought to an impaired early expression of
IL-8 and TNF-α. Bergman et al[82] have reported that
resveratrol, while added to non-stimulated PBMC expressed a minimal activity for cytokine production, it did
not enhance cytokine release by HT-29 and RKO human

Nutrients
Nutrients and naturally-occurring phytochemicals are
gaining positive reputation based on their beneficial prop-
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colorectal cells. However, resveratrol added to PBMC cocultured with cancer cells inhibited the release of IL-1β,
IL-6, TNF-α, IFNγ, IL-1ra and IL-10. Here again, this is
an example of the way a modulator targets the immune
dialogue between immune and cancer cells by affecting
inflammatory cytokine production with a consequent
impact on tumorigenesis. It should be stressed that a substantial number of dietary polyphenols have been found
to express anti-inflammatory and anti-cancer properties.
Thus, ellagic acid present in pomegranates was shown
to reduce the expression of NF-κB, COX2, TNF-α and
IL-6 and to exert both anti-inflammatory and carcinopreventive effects[83,84]. Polyphenol-rich apple diet administered to rats inhibited TNF-α, iNOS, IL-1β and IL-6
mRNA expression in the colon and diminished the number of CD68 cells[85]. Diet supplemented with cocoa polyphenols feed to rats with experimentally induced colon
inflammation decreased the level of the nuclear NF-κB
and of the pro-inflammatory enzyme COX-2[86]. The role
of natural products and their phytochemicals in modulation of molecular pathways involved at various stages of
tumorigenesis has been summarized by Rajamanickam et
al[87].

curcumin for augmentation the possibilities for colon
cancer therapy[93].
1α , 25-Dihydroxyvitamin D3
Recently, a number of studies indicate that vitamin D
(vit. D) exerts a protective action against colon cancer
by several mechanisms, such as modifying cancer angiogenesis, cell differentiation, and proliferation, as well
as apoptosis[94]. Moreover, due to presence of vit. D
receptors in the PBMC the vitamin plays a significant
role as an immune system regulator[95]. Mice lacking vit.
D receptors developed inflammatory bowel disease and
their CD4+ cells produced more IFNγ and less IL-2, IL-4
and IL-5 compared to cells from wild type animals[96].
Mice that spontaneously developed symptoms of inflammatory bowel disease due to IL-2 deficiency showed
reduced mortality after vit. D supplementation[97]. It
should be stressed however, that IL-6 and TNF-α, two
pro-inflammatory cytokines that are crucial for development of inflammatory bowel disease and colorectal
cancer, may impair the anti-inflammatory activity of vit.
D[98]. The prospect that vit. D may affect carcinogenesis
by interfering with the immune relationship between immune and cancer cells has been examined by Bessler et
al[99]. Incubation of PBMC with either HT-29 or RKO
cells induced a marked enhancement of both pro- and
anti-inflammatory cytokine production. Vit. D added to
the incubation mixture containing PBMC and cells from
both colon carcinoma lines caused a significant inhibition
of TNF-α and IL-6 generation and to a lesser extent of
the IL-10. In view of the key role of both TNF-α and
IL-6 in maintaining chronic inflammation and promoting colorectal tumorigenesis, these findings suggest the
existence of an additional mechanism for explaining the
beneficial role of vit. D as an anti-cancer agent.
It should be underscored that the above-mentioned
compounds illustrate a list of potential anti-cancer drugs,
nutrients and spices that are gaining increased appreciation as modulators of the immune interaction between
PBMC and cancer cells, and offer therefore an additional
therapeutic opportunity for malignant diseases.

Curcumin
The natural spice curcumin, extracted from the Curcuma
longa plant has been recognized as an effective antiinflammatory and anti-cancer agent[11,88]. As an inhibitor of tumorigenesis, curcumin acts as an anti-oxidant,
apoptotic promoter and by expressing antifungal and
immunomodulatory activities. As an immunomodulator curcumin is capable to modify T and B cell activities
and to downregulate the release of the pro-inflammatory
cytokines TNF, IL-1, IL-2, IL-6, IL-8, and IL-12 via NF[89]
κB inactivation . It has been reported that curcumin
modulates DNA methylation in HCT116, HT-29 and
RKO colorectal cancer lines [90]. Curcumin enhances
the differentiation of myeloid-derived suppressor cells
that are actively involved in tumor angiogenesis, tumor
growth and metastasis[91]. Administration of curcumin to
a mouse-colon cancer allograft model resulted in a decreased percentage of myeloid-derived suppressor cells in
the peripheral blood and organs, reduced IL-6 levels and
significantly inhibition of tumor growth. Similar findings
were obtained when curcumin was added to myeloidderived suppressor cells co-cultured with cancer cells.
Bessler et al[92] have reported that curcumin caused a dosedependent inhibition of the pro-inflammatory cytokines
TNF-α, IL-1β and IL-6 produced by HT-29 or RKO
stimulated human PBMC. The generation of IL-1ra,
IL-10 and the proliferation of the cancer cells from both
lines were also inhibited. These results were observed
after co-culture of immune and cancer cells, indicating
the likelihood of a direct interaction between immune
and cancer cells, a plausible mechanism for explaining the
inhibitory effect of curcumin on tumorigenesis. It is not
wonder therefore, that efforts are ventured to synthesize
compounds that are more efficient and less toxic than
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Primary tumor resection in colorectal cancer with
unresectable synchronous metastases: A review
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tal cancer (CRC) present with synchronous metastases,
which are unresectable in the majority of patients.
Whether primary tumor resection (PTR) followed by
chemotherapy or immediate chemotherapy without
PTR is the best therapeutic option in patients with
asymptomatic CRC and unresectable metastases is a
major issue, although unanswered to date. The aim of
this study was to review all published data on whether
PTR should be performed in patients with CRC and
unresectable synchronous metastases. All aspects of
the management of CRC were taken into account, especially prognostic factors in patients with CRC and unresectable metastases. The impact of PTR on survival
and quality of life were reviewed, in addition to the
characteristics of patients that could benefit from PTR
and the possible underlying mechanisms. The risks of
both approaches are reported. As no randomized study
has been performed to date, we finally discussed how
a therapeutic strategy’s trial should be designed to provide answer to this issue.
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Core tip: The present review aimed to analyze all published data on whether primary tumor resection should
be performed before chemotherapy administration in
patients with colorectal cancer and unresectable synchronous metastases.
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Abstract
At the time of diagnosis, 25% of patients with colorec-
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evaluated. Finally, the relative low post-operative morbidity rates reported after laparoscopic resection in stage Ⅳ
CRC[23-25] and the progress in perioperative management
of these patients, have reinforced the debate between the
two strategies (PTR vs no PTR). While waiting for a randomized study, the objective of the present work was to
review the state of the art on the management of CRC
patients with unresectable synchronous metastases, with
particular focus on PTR.

dx.doi.org/10.4251/wjgo.v6.i6.156

INTRODUCTION
With nearly 150000 new cases in the United States annually (about 1 million in developed countries) and 55000
annual deaths (about 500000 in developed countries),
colorectal cancer (CRC) stands as the second leading
cause of cancer death in Western countries and a significant public health issue[1]. In approximately 20% of
patients, distant metastases are already present at the time
of diagnosis[2]. The liver is the most common metastatic
site. Surgery plays an important role in the treatment of
patients with limited metastatic disease with 20%-50%
rates of cure and long-term survival after complete R0
resection[3]. However, for the majority (75%-90%) of
these CRC patients with synchronous liver metastases
(SLM), there are no curative options, but a significant
benefit in median overall survival (OS) and quality of
life can be achieved with palliative systemic treatment,
namely effective chemotherapy regimens and targeted
biotherapies[4,5].
Patients with CRC and unresectable SLM may present with a variable degree of symptoms of their primary
tumor. The indication of palliative primary tumor resection (PTR) prior to the initiation of systemic treatment is
obvious in patients with primary tumor-related symptoms
or complications (obstruction, bleeding, or perforation).
However, in asymptomatic CRC patients with unresectable SLM, the indication of PTR as initial management
remains questionable and its effect on survival and quality of life is uncertain. No randomized trial has answered
to these questions to date[6-13].
Historically, many surgeons have advocated PTR,
mainly to avoid potential related complications such as
bleeding, perforation or obstruction and because it allows precise tumor staging[14,15]. However, during the
past decade, several highly active systemic agents have
become available for the treatment of metastatic CRC
patients. These agents have increased the median survival duration from 9 to 12 mo with 5-fluorouracil alone,
to 24 mo with the addition of modern cytotoxic and
targeted agents[16-20]. Owing to the increased efficacy of
chemotherapy on metastatic CRC as well as on primary
tumor[21], complications from unresected primary tumor
have become relatively infrequent. Therefore, there is a
tendency among surgeons not to perform PTR in case
of unresectable metastases. The possible influence of
PTR on survival of patients with CRC and unresectable
SLM has never been assessed properly. It has been suggested that PTR, in the setting of unresectable metastatic
disease, was related to prolonged survival on multivariate
analysis in the majority of these series[6-10,12,13,22]. Nevertheless, most studies reporting an association between
PTR and prolonged survival have been limited by numerous selection biases. In addition, whether these two
strategies impact patient’s quality of life has never been

WCGO|www.wjgnet.com

TREATMENT OF METASTATIC
COLORECTAL CANCER
When metastases of CRC patients are restricted to the
liver, possible curative treatment can be obtained by
surgical resection of the metastases. Patients with oligometastases restricted to the lungs may also be candidates
for surgical resection. Complete surgical resection of
metastatic lesions substantially improves overall survival
rates to around 35%-60% in selected patients[3]. Even
extra-hepatic disease is no longer a contraindication for
surgery in selected patients[26]. Hyperthermic intraperitoneal chemotherapy is a promising treatment in selected
patients with limited peritoneal carcinomatosis and long
term survival can be achieved[27]. In all other cases, CRC
patients with unresectable metastases are treated with
systemic combination chemotherapy regimens. Most
common combinations are oxaliplatin or irinotecan in
addition to a fluoropyrimidine (capecitabine or 5-fluorouracil). Since the last decade, targeted biotherapies have
been possibly administered in addition, such as antiangiogenic therapy (i.e., bevacizumab) and anti-epidermal
growth factor receptor antibodies (i.e., panitumumab and
cetuximab) in the setting of KRAS wild-type tumors.
These systemic chemotherapeutic combinations have
raised response rates to 40%-75% resulting in a median
overall survival rate of approximately 24 mo[5,19,28,29]. With
current chemotherapy regimens, around 20% of the tumors initially judged unresectable have been converted
to resectable, leading to secondary curative surgery and
similar prognosis than in patients who underwent surgery
for initially resectable liver metastases[3,30].

IMPACT OF PRIMARY TUMOR
RESECTION ON THE SURVIVAL OF
PATIENTS WITH COLORECTAL CANCER
AND UNRESECTABLE SYNCHRONOUS
LIVER METASTASES
In patients with asymptomatic primary tumor and unresectable SLM, PTR prior to the initiation of systemic
treatment is questioned. Its effects on survival and quality
of life are uncertain[6-18,31,32]. No randomized control trial
has been conducted to date.
Several studies have been performed to analyze the
survival in patients with unresectable stage Ⅳ CRC un-
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resected patients in the vast majority of studies.
Our group recently reported a 10-year retrospective
experience of the management of metastatic colonic
cancer in chemotherapy-eligible patients, managed in 6
Parisian university hospitals[33]. The primary aim of this
study was to compare outcomes, including survival, in
208 patients with unresectable distant metastases undergoing either PTR (n = 85) or systemic chemotherapy (n
= 123) as their initial treatment. Most patients had not
received targeted therapy as first-line treatment. Median
OS was nearly 9 mo longer after PTR than after initial
systemic chemotherapy (30.7 mo vs 21.9 mo, adjusted
HR= 0.56; P = 0.031). In this series, the 2 groups were
different with respect to baseline carcinoembryonic antigen (CEA) level, which was lower in the colectomy group
(P = 0.008), suggesting a lower disease burden[33]. Despite
similar rates of chemotherapy administration, the secondary curative resection rate was higher in the PTR group
than in patients treated with initial chemotherapy (32.9%
vs 20.3%; P = 0.04), suggesting a lower metastatic burden
and other potential unmeasured differences contributing to a greater response to chemotherapy. In an effort
to take into account these differences, a propensity score
was performed and used for adjustment. On multivariate
analysis, first-intent PTR, secondary curative resection,
well-differentiated primary tumor, liver-only metastases
and addition of targeted therapy were independently associated with survival. After adjusting on the propensity
score quartiles, as well as for the quantitative value of this
score, these five factors were still independently associated with survival[33].
A recent meta-analysis of 8 retrospective comparative
studies including 1062 patients has reported an improvement in the survival of those with palliative PTR, with an
estimated median gain of 6 mo (standardized HR = 0.55;
95%CI: 0.29-0.82; P < 0.001)[8]. The initial heterogeneity between the studies was amended after excluding one
study[34], in which survival was not the primary endpoint.
The authors also reported that PTR was not associated
with increased secondary resectability of metastases following chemotherapy, in comparison with patients treated
with chemotherapy alone (HR = 0.85; 95%CI: 0.4-1.8, P
= 0.66)[8].
Venderbosch et al[12] performed a retrospective analysis of two phase Ⅲ studies (CAIRO and CAIRO2),
investigating the prognostic and predictive value of PTR
in patients with synchronous stage Ⅳ CRC treated with
systemic therapy. In the CAIRO study, 258 patients underwent PTR (vs 141 who did not) and showed increased
median OS (16.7 mo vs 11.4 mo, respectively; HR = 0.61;
P < 0.0001) and progression-free survival (PFS) (6.7 mo
vs 5.9 mo, respectively; HR = 0.74; P = 0.004). Similarly,
in the CAIRO2 study, 289 patients underwent PTR (vs
159 who did not) and showed increased median OS (20.7
vs 13.4 mo; HR = 0.65; P < 0.0001) and PFS (10.5 mo vs 7.8
mo; HR = 0.78; P = 0.014)[12]. A major limitation of these
results consisted in the fact that the decision of PTR was
made prior to study inclusion. Besides, no information
about the reasons for non-resection were provided, such
as absence of symptoms, unresectability of the primary

Table 1 Median survival (mo) in patients with unresectable
metastatic colorectal cancer, according to whether primary
tumor resection was performed or not
Ref.

Study
period

Scoggins et al[82]

1985-1997

Tebbutt et al[34]

1990-1999

Ruo et al[44]

1996-1999

Michel et al[90]

1996-1999

Law et al[35]

1996-1999

Benoist et al[79]

1997-2002

Stelzner et al[45]

1995-2001

Konyalian et al[36] 1991-2002
Costi et al[91]

1994-2003

Yun et al[37]

1994-2004

Kaufman et al[92] 1998-2003
Galizia et al[38]

1995-2005

Evans et al[70]

1999-2006

Bajwa et al[39]

1999-2005

Mik et al[40]

1996-2000

Frago et al[93]

2004-2008

Aslam et al[41]

1998-2007

Chan et al[11]

2000-2002

Seo et al[94]

2001-2008

Karoui et al[33]

1998-2007

Ferrand et al[22]

1997-2001

Resection/
No.of
No resection patients
Resection
No resection
Resection
No resection
Resection
No resection
Resection
No resection
Resection
No resection
Resection
No resection
Resection
No resection
Resection
No resection
Resection
No resection
Resection
No resection
Resection
No resection
Resection
No resection
Resection
No resection
Resection
No resection
Resection
No resection
Resection
No resection
Resection
No resection
Resection
No resection
Resection
No resection
Resection
No resection
Resection
No resection

66
23
280
82
127
103
31
23
150
30
32
27
128
58
62
47
83
47
283
93
115
69
42
23
45
57
32
35
52
82
12
43
366
281
286
125
114
83
128
85
156
60

OS
(mo)
14.5
16.6
14
8.2
16
9
21
14
7
3
23
22
11.4
4.6
13
5
9
4
15.3
5.3
22
3
15.2
12.3
11
2
14
6
21
14
23.7
4.4
14.5
5.83
14
6
22
14
30.7
21.9
16.3
9.5

P value
0.59
0.08
< 0.001
0.718
< 0.001
NS
< 0.0001
< 0.0001
< 0.001
< 0.001
< 0.0001
0.03
< 0.0001
0.005
NS
0.008
< 0.005
< 0.001
0.076
0.031
< 0.0001

OS: Overall survival.

dergoing PTR, in comparison with those who did not
(Table 1). All were non-randomized and most were single-center and retrospective. In addition, the major drawback of these studies is that patients with a better World
Health Organization performance status (WHO-PS) and
better prognosis at baseline (less metastatic sites involved)
were more likely to undergo surgery. Conversely, patients
with extensive disease were more likely to be offered chemotherapy rather than surgery thus standing as a major
selection bias. Similarly, only patients with good WHOPS were able to tolerate a complete course of potentially
toxic chemotherapeutic agents such as irinotecan and
oxaliplatin. Another limitation is that reported data on
the use of systemic therapy are scarce, which hardens the
assessment of the influence of PTR on outcome. Despite these limitations, the median OS was improved in
WCGO|www.wjgnet.com
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Table 2 Prognostic factors associated with overall survival in patients with unresectable metastatic colorectal cancer, according to
whether primary tumor resection was performed or not
Resection/No No. of
resection
patients

Tebbutt et al[34]

Resection
No resection
Resection
No resection
Resection
No resection

280
82
150
30
128
58

14
0.08
8.2
7
< 0.001
3
11.4 < 0.0001
4.6

Resection
No resection
Resection
No resection
Resection
No resection
Resection
No resection
Resection
No resection
Resection
No resection
Resection
No resection

62
47
283
93
42
23
32
35
52
82
366
281
128
85

13
< 0.0001
5
15.3 < 0.001
5.3
15.2
0.03
12.3
14
0.005
6
21
NS
14
14.5 < 0.005
5.83
30.7
0.031
21.9
-

HR = 0.3 (0.2–0.6)
P < 0.00013
HR = 0.53 (0.38–0.73)
P < 0.001
OR = 3.91 (2.83-4.99)
0.26 (0.20-0.35)1 P = 0.001
OR = 0.26 (0.13-0.52)
P = 0.0001
HR = 0.58 (0.36–0.82)1
P = 0.004
P < 0.001

Resection
No resection
Resection
No resection
Resection

243
70
286
125
156

14
< 0.001
6
16.3 < 0.0001

HR = 0.51 (0.37–0.69)
P = 0.0001
HR = 0.73 (0.58-0.93)
P = 0.01
HR = 0.42 (0.30-0.60)
P < 0.0001

No resection

60

Law et al[35]
Stelzner et al[45]

Konyalian et al[36]
Yun et al[37]
Galizia et al[38]
Bajwa et al[39]
Mik et al[40]
Aslam et al[41]
Karoui et al[33]

Platell et al[83]
Venderbosch et al[12]
Ferrand et al[22]

OS
(mo)

P value

Ref.

PTR on multivariate
analysis [95%CI]

Other independent prognostic factors

No

WHO-PS < 2, no peritoneal dissemination, low
phosphatase alkaline and serum albumin levels
Unilobar LM involvement, no ascites, no
chemotherapy
No chemotherapy, ASA score < 3, WHO-PS < 2,
CEA level, age < 75 yr, extent of metastases, extent of
primary tumor
Liver involvement < 50%

OR = 0.42 (0.27–0.66)1
P < 0.001
HR = 0.50 (0.27–0.90)
P = 0.0212

HR = 0.56 (0.38–0.83)1
P = 0.004

9.5

Metastatic site ≤ 1, high CEA level, chemotherapy,
well-differentiated primary tumor
WHO-PS < 2, liver involvement < 50%
Left sided primary tumor, unique primary tumor
Unilobar LM involvement
Age < 80 yr, non-locally advanced primary tumor, N
+ stage
Secondary curative resection, well-differentiated
primary tumor, anti-VEGF treatment, no extrahepatic metastases
Chemotherapy, radiotherapy, ASA score < 3
WHO-PS < 2, distal colon or rectal primary tumor,
one metastatic site and alkaline phosphatase
≤ 300 UI/L

1

For readability of the Table, some ORs and HRs have been recalculated with “ No resection” as reference for the multivariate analysis of survival; 2excluding postoperative mortality and complicated primary tumor; 3PTR was independently associated with increased survival probability, while adjusting on
patient’s age, sex and degree of hepatic tumor involvement. OS: Overall survival; PTR: Primary tumor resection; OR: Odds ratio; HR: Hazard ratio; LM:
Liver metastases; ASA: American society of anesthesiology; CEA: Carcinoembryonic antigen; VEGF: Vascular-endothelial growth factor; WHO-PS: World
health organization performance status; NS: Not significant.

tumor, poor patient condition and/or symptomatic metastases requiring rapid initiation of systemic treatment.
Obviously, many differences were likely to stand between
patients undergoing PTR or not. However, on multivariate
analysis, PTR remained a significant prognostic factor in
the CAIRO2 study and in the subgroup of patients with
one metastatic site in the CAIRO study[12].
Finaly, Ferrand et al[22] recently performed an analysis
of 260 patients included in the Fédération Francophone
de Cancérologie Digestive 9601 phase Ⅲ trial, which
compared different first-line single-agent chemotherapy
regimens in patients with stage Ⅳ CRC. Two-year OS
and 6-mo PFS were significantly better in the resection
group than in the non-resection group (24% vs 10%; P
< 0.0001 and 38% vs 22%; P = 0.001, respectively). The
gain of OS was 6.8 mo. These results remained significant even after exclusion of the 49 patients with rectal
cancer. In multivariate analysis, PTR was the most significant prognostic factor (HR = 0.42; 95%CI: 0.30-0.60, P
< 0.0001). In this study, 4 factors were associated with a
decreased survival: poor WHO-PS, multiple metastatic
sites, proximal colonic primary tumor and high baseline
alkaline phosphatase level.
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WHICH PATIENTS WITH COLORECTAL
CANCER AND UNRESECTABLE
SYNCHRONOUS LIVER METASTASES
ARE LIKELY TO BENEFIT FROM PRIMARY
TUMOR RESECTION?
Some comparative studies conducted multivariate analysis
to determine which clinical, tumor and therapy variables
were associated with survival between patients managed
by primary surgery or immediate chemotherapy[10] (Table
2). In addition to PTR, several factors were found to have
independent prognostic influence: age, American society
of anesthesiology (ASA) score, WHO-PS, preoperative
CEA levels, primary tumor location, size and differentiation, extent of metastatic liver spread, peritoneal dissemination and extra-hepatic metastases. Other independent
factors have been less frequently reported, such as serum
albumin, alkaline phosphatase levels, lymph node involvement, ascites, number of metastatic sites and the administration of targeted therapy. Some works also emphasized
that tumor burden (primary tumor and/or metastatic
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Table 3 Prognostic factors after primary tumor resection on multivariate analyzes
Ref.
Rosen et al[43]
Ruo et al[44]
Stelzner et al[45]
Vibert et al[47]
Yun et al[37]
Kleespies et al[46]
Costi et al[48]
Stillwell et al[31]

Metastatic spread

No. of patients

Prognostic factors or predictive factors of postoperative morbimortality

Liver, Peritoneum
Liver, peritoneum, retroperitoneal
lymph nodes, lung, bone, brain
Mainly liver
Liver
Liver, peritoneum, lung
Mainly liver, lung,
peritoneum
Mainly liver, peritoneum
Liver and extra-hepatic

125
123

Age < 65 yr, limited LM, no peritoneal carcinomatosis
Liver involvement < 25%

186
80
503
233

WHO-PS, ASA grade, low CEA level, metastatic load, chemotherapy
Serum AST level < 50 IU/l, age < 75 yr
CEA level, well-differentiated primary tumor, chemotherapy
Liver involvement < 50%, chemotherapy, pT4 and/or N+ stage

71
379

Age < 80 yr, nodal stage
Nodal stage < N2, well-differentiated primary tumor, no postoperative
complications, no apical lymph-node

LM: Liver metastases; ASA: American society of anesthesiology; CEA: Carcinoembryonic antigen; WHO-PS: World health organization performance status.

disease) was significantly related to survival[22,33-42]. Bilobar
liver metastases were associated with decreased survival
compared to unilobar location, the risk of cancer-related
death being five-fold increase in case of > 50% liver involvement[35,36,38,40]. Similarly, peritoneal and omental metastases are significantly related to poorer survival[34].
Furthermore, several studies reported multivariate
analysis of predictive factors affecting outcome after PTR
in patients with CRC and unresectable SLM. The main
factors influencing outcome were the extent of liver disease[42-46], age[43,47,48] and tumor differentiation[31,37] (Table 3).
The results of the study by Vibert et al[47] suggested that
patients older than 70 years with elevated aspartate aminotransferase enzymes may not benefit from palliative PTR
and could be offered chemotherapy if suitable. A retrospective review of 503 palliative PTR found that predictors of
survival included serum CEA level, degree of differentiation
of the tumor, successful PTR and the use of chemotherapy[37]. In another study, age > 65, the presence of carcinomatosis and extensive bilobar liver involvement were not
only associated with decreased survival after PTR, but with
increased morbidity and mortality as well[43]. Kuo et al[49]
suggested that patients older than 65 with multiple-site metastases, intestinal obstruction, preoperative CEA levels >
500 ng/mL, lactate dehydrogenase > 350 units/L, hemoglobin < 10 g/dL, or liver tumor burden > 25% exhibited
worse survival following surgery than those without.
To summarize, most of studies suggested that liver
burden > 50% and extra-hepatic metastatic disease
(peritoneal carcinomatosis, lung metastases) were poor
prognostic factors in patients with CRC and unresectable
SLM, as well as advanced age and poor WHO-PS. Interestingly, this appears to have remained unchanged with
time despite the advances in the surgery and systemic
therapy. Thus, patient selection is a critical issue, and the
decision for PTR should take into account these prognostic factors.

patients with CRC and unresectable metastases are still
unclear. The improvement in survival following PTR may
be attributed to a better response to chemotherapy after
reduction of tumor burden. This has been demonstrated
by the proven benefit of resecting primary renal and
ovarian tumors in the presence of metastatic disease[50,51].
Survival of resected patients might also be improved
because they are less likely to develop obstruction and
perforation, complications known to carry heavy operative mortality and morbidity[8]. Besides, surgical removal
of primary tumor may restore immunocompetence, even
at a metastatic stage, as shown in a murine model xenografted with 4T1 mammary carcinoma[52].
It has been suggested that the interaction between
primary tumor and target organs of metastasis dictates
the progression from micro- to macrometastases [53].
Indeed, the primary tumor may induce, in these distant
organs, a prosperous environment to enhance the growth
of metastatic deposit (seed and soil theory). Vascular endothelial growth factor receptor 2 (VEGFR-2) expressing
circulating tumor cells settle in the pre-metastatic niches,
previously colonized by hematopoietic cells expressing
VEGFR-1[54]. The recent study by van der Wal et al[55]
suggested that PTR could prevent the liver parenchyma
from soiling from micrometastases. Indeed, the authors
demonstrated that the expression levels of angiogenetic
markers (CD31, VEGF-A, VEGFR-1, VEGFR-2, Placental Growth Factor, Hypoxia-induced Factor 1 alpha,
Angiopoietin-2 and its receptor Tie-2, all assessed using
reverse transcription-polymerase chain reaction) were
higher in the liver parenchyma adjacent to metastases,
both in patients with simultaneous resection of both their
primary tumor and liver metastases, and in those who
underwent metastases removal several months after PTR.
Moreover, the simultaneous resection group showed the
highest Ang-2/Ang-1 (proangiogenic) ratio both in the
metastases and the adjacent liver. These results suggested
that in the presence of the primary tumor, the liver parenchyma adjacent to metastases provided an angiogenic
prosperous soil for metastatic tumor growth and may
explain the association of PTR with improved survival[55].
These results are also in concordance with the prognostic
role of anti-VEGF based treatment we found on multivariate analysis in our series[33].

UNDERLYING HYPOTHESES FOR
INCREASED SURVIVAL IN PATIENTS
UNDERGOING PTR
Reasons why PTR is associated with better outcomes in
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In contrast, several studies based on PET-scan and
histology showed an increased growth of liver metastases
following PTR, as determined by an increased vascular
density, proliferation rate, and metabolic growth rate[56-59].
These data suggest that the outgrowth of metastatic disease may, at least partly, be downregulated by the primary
tumor, notably by inhibiting metastatic angiogenesis.
In mouse models, pulmonary metastases showed rapid
progression after PTR, which was considered to be the
result of depletion of the antiangiogenic compound
angiostatin produced by the primary tumor[53,56,60]. After
PTR, antiangiogenic effects disappear, and metastases
undergo an “angiogenic switch”, leading to angiogenesis
and enhanced tumor growth[60]. In addition, major surgery induces a transient immunodepression which may
promote tumor growth[61,62]. Romano et al[63] reported that
29% of CRC patients had lymphocytopenia at baseline.
In comparison, 14 d after surgery, values below normal
range for total lymphocyte count and helper T-cells were
found in 44% and 53% of cases, respectively. Recovery
of postoperative surgery-related lymphocytopenia occurred late only in patients with normal count at baseline.
In a rat model, perioperative restoration of lymphocyte
proliferation levels either by levamisole or maleic anhydride-divinyl ether-2 resulted in fewer hepatic metastases,
suggesting the critical role of immunomodulation in the
development of metastases[64,65]. Notably, perioperative
blood transfusions have been shown to exert an immunosuppressive effect on patients with CRC and are independently associated with a poor prognosis[66,67].
However, these pro-tumoral effects seem to be counterbalanced by previously described anti-tumoral effects
of PTR, as most studies have reported an association
between PTR an improved outcome. Overall, it seems
ethically relevant to perform a clinical trial comparing
PTR to conservative strategy, as data remains controversial regarding PTR consequences on tumor evolution.
Indeed, influence of primary tumor on angiogenesis of
metastases are based on experimental studies, which does
not necessarily translate clinically into a modification of
patient survival. Studies that showed an advantage of
PTR had such selection bias that interpretation of their
findings are difficult, even with the use of multivariate
analyzes or propensity scores. Definitive response regarding the interest of PTR in stage Ⅳ CRC patients could
only be obtained with a randomized trial with selective
inclusion criteria and comparable arms.

life would help clinicians and patients deciding the most
adapted primary strategy. Primary-related symptoms or
complications, postoperative morbidity following PTR
(either electively or for complications), total length of
hospital stay and tolerability of chemotherapy (according to the presence or absence of the primary tumor)
may all contribute to impact quality of life. They should
thus stand as secondary endpoints in a future prospective
randomized study evaluating the impact of PTR in CRC
patients with unresectable synchronous metastases. Quality of life could be assessed in both arms with the use of
validated questionnaires such as the european organization for research and treatment of cancer quality of life
questionnaire core 30 (EORTC QLQ-C30) and EORTCCR29, at baseline and after initiation of treatment (surgery
or chemotherapy) with longitudinal follow-up.

WHAT ARE THE RISKS OF
UNRESECTED PRIMARY TUMORRELATED COMPLICATIONS UNDER
CHEMOTHERAPY?
PTR has been traditionally advocated in the setting of
metastatic CRC, to prevent symptoms and complications
linked to primary tumor, such as obstruction, perforation or bleeding. Emergency surgery is associated with
high morbidity and even mortality[45,68-70]. The risk of
local complications related to tumor left in situ, during
initial chemotherapy, varied from 8.5% to 30% and was
dominated by the risk of obstruction (6%-29%) (Table 4).
These results require cautious interpretation, as they came
from old retrospective series that involved few patients
supported for long periods with heterogeneous chemotherapy regimens. In addition, many of these series have
included patients with primary tumor-related symptoms
or complications at initial presentation[33,44,71].
With recent advances in systemic chemotherapy, the
risks and benefits of immediate or deferred surgical strategy
have changed. In contrast to the response rates of approximately 15% to 5-fluorouracil, combinations with modern
chemotherapy regimens, such as infusional 5-fluorouracil/leucovorin with oxaliplatin or irinotecan, have yielded
response rates of 50% and disease control rates of 85% in
prospective clinical trials[72,73]. Furthermore, the addition of
the targeted agents bevacizumab or cetuximab to the above
combinations has provided clinically significant improvement in response rates[5,28,29,74]. In the setting of these effective chemotherapy regimens, the risk of primary tumorrelated complications and the need of subsequent urgent
intervention are low, less than 15% in most series (Table 4).
In series in which patients were mainly treated with
effective chemotherapy (oxaliplatin, irinotecan, targeted
agents) and had asymptomatic or uncomplicated primary
tumor at presentation, the risk of complications was inferior to 10%, which can be explained by the significant
tumor response to chemotherapy[21,75,76]. In addition, the
risk of emergency colectomy for complications varies
from 2% to 29%, with a rate of less than 7% in the two

IMPACT OF PRIMARY TUMOR
RESECTION ON QUALITY OF LIFE OF
PATIENTS WITH COLORECTAL CANCER
AND UNRESECTABLE SYNCHRONOUS
LIVER METASTASES
The effect of PTR and chemotherapy on quality of life
has never been specifically evaluated. In the palliative
care setting, determining the effect of PTR on quality of
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Table 4 Complications related to in situ tumor in patients with unresectable stage IV colorectal cancer treated with chemotherapy
as initial management n (%)
Ref.

No. of patients

Scoggins et al[82]
Sarela et al[71]
Ruo et al[44]
Tebbut et al[34]
Michel et al[90]
Benoist et al[79]
Muratore et al[75]
Galizia et al[38]
Evans et al[70]
Poultsides et al[76]
Karoui et al[33]
McCahill et al[77]

23
24
103
82
23
27
35
23
52
233
123
86

Primary tumor-related
complications (%)

Type of complication during chemotherapy

9
29
29
23
22
15
8.5
30
23
11
19
16

most recent series. In a series reporting 233 consecutive
patients treated with primary chemotherapy, 26 (11%)
patients developed a complication related to the primary
tumor: colonic obstruction in 18 cases (9 effectively
treated with a colonic stent), perforation in 5 cases, and
pelvic pain in 3 patients with rectal cancer[76]. Among the
26 patients with a complication, only 16 (7%) required an
intervention. In this series, no factor was correlated with
the risk of primary tumor-related complication requiring
an intervention under chemotherapy.
Lastly, in a phase Ⅱ trial, McCahill et al[77] recently reported a major morbidity rate of 16.3% (14 patients) in 86
patients with an intact primary tumor, receiving a chemotherapy by FOLFOX and bevacizumab. Primary tumorrelated complications occurred in the first 12 mo following
inclusion in 83.3% of cases. It consisted in 10 surgical
interventions for primary tumor-related symptoms and two
deaths attributed to complications of the intact primary.
Among these 10 surgeries, indications were colonic obstruction in eight, perforation in one and abdominal pain in one.
Six interventions were performed in emergency, three implicated performing definitive stoma and one postoperative
death occurred. Four more patients had primary-relatedcomplications, including two cases of bowel obstruction,
which were managed without surgery, accounting for minor
morbidity. In balance, 27 (31.4%) patients suffered from
chemotherapy-related events and eight patients underwent
a surgical resection with curative intent[77].
Although the expected risk is low, primary tumorrelated complications may require urgent colonic stenting,
or surgery with stoma creation, and may delay or even
preclude chemotherapy administration. These risks should
be clearly explained to patients before choosing between
first-intention PTR or chemotherapy; and close follow-up
performed to minimize their eventual proper consequences.

Bleeding

Perforation

Surgery required for
complication (%)

2 (9)
4 (17)
30 (29)
11 (13)
5 (22)
4 (15)
2 (6)
4 (17)
3 (6)
18 (8)
21 (17)
10 (12)

0
0
0
3 (4%)
0
0
1 (3%)
1 (4%)
9 (17%)
0
0
0

0
0
0
5 (6)
0
0
0
2 (9)
0
5 (2)
2 (2)
1 (1)

9
21
29
10
22
15
3
17
2
7
12
12

or absence of the primary tumor could influence chemotherapy tolerance and safety. In the EORTC phase Ⅲ
study[78], comparing perioperative FOLFOX chemotherapy with surgery alone, in patients with initially resectable
liver metastases (≤ 4 metastases), no increased toxicity
was reported in patients (34%) who had the primary tumor in place at the time of randomization. In several retrospective studies, no difference in chemotherapy-related
toxicity was reported, regardless of whether the PT was
in place or not[6,39,79].
Bevacizumab has been associated with a 1%-2% gastrointestinal perforation in prospective clinical trials[17,80].
Most bevacizumab-related perforations were observed
in the first 3 mo of treatment, especially within the first
month. It may occur throughout the entire gastrointestinal tract, including the site of the primary tumor. In the
study reported by Poultsides et al[76] 48% of the patients
received bevacizumab. Only two of the five perforations
observed (all at the site of the primary tumor) occurred
during bevacizumab therapy and one patient experienced
perforation 6 mo after the last administration of bevacizumab, whereas two had never received it. Although the
small number of patients who developed this complication may have precluded definitive conclusions, bevacizumab have not appeared to significantly increase the rate
of perforation. Our group has reported similar results
in a retrospective multicentric study[33]. In a recent study,
among 86 patients receiving FOLFOX + bevacizumab
without PTR, 23 (27%) had serious adverse events, including 4 (5%) chemotherapy-related deaths and 6 lifethreatening toxicities[77]. Although not reported as serious
adverse events but as primary tumor-related major morbidities, two patients had a bowel perforation, which was
likely to be facilitated by bevacizumab.
For patients with KRAS wild-type tumor, anti-EGFR
antibodies are also a possibility, although no study has
yet examined the effect of these antibodies in metastatic
CRC patients with the primary tumor in place[5]. Accordingly, in the particular case of colon cancer with unresectable SLM and a primary tumor in place, the literature
does not currently justify a strategy different from that
for CRC in general[81].

IS CHEMOTHERAPY-RELATED TOXICITY
INCREASED IN THE PRESENCE OF THE
PRIMARY TUMOR?
No specific studies have explored whether the presence
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hospital stay and delay or even precludes chemotherapy
administration[8].
In a recent large monocentric series, this same group
analyzed the postoperative outcomes in 379 CRC patients
with unresectable synchronous metastases undergoing PTR[31]. In the postoperative period, mortality and
morbidity rates were 9.2% and 48.3%, respectively. Postoperative surgical and medical complication rates were
35.6% and 25.3%, respectively. Among these patients, 33
required one or more reinterventions in the same admission to manage these complications. The most common
surgical complications included wound infections and the
most common medical complications comprised respiratory events followed by cardiac events. However, 45% of
patients were aged of more than 70 years in this series,
60% had a locally advanced primary tumor and nearly
30% had rectal cancer[31].
These results need to be interpreted with caution as
these studies suffered from several limitations. Firstly,
morbidity rates were not always separated between minor
and severe complications. Secondly, inclusion periods
were very long and progresses in surgery and postoperative care have not been taken into account. In a recent
series of 313 patients treated for unresectable synchronous
stage IV CRC over different time periods, Platell et al[83] reported that the 30-d postoperative mortality (12.6% vs
2.7%, P = 0.036) and the duration of hospital stay (13
d vs 9 d, P = 0.026) have decreased significantly from
1996-2002 to 2003-2009 periods, despite increased numbers (28% vs 46.4%, P = 0.001) of patients with severe
comorbidity (i.e., ASA score 3 or 4). Another limitation
resides in the heterogeneity of populations, as studied
patients included those with symptomatic or locally
advanced primary tumor, patients with rectal primary,
patients with advanced age and severe comorbities, those
with extensive and extra-hepatic metastatic spread or
patients with poor general condition[8,31]. Fourthly, in all
but two studies[31,46], there was no mention of the use of
laparoscopy in patients electively undergoing PTR, which
has been convinced to decrease postoperative morbidity compared to laparotomy. Indeed, in several phase Ⅲ
trials, overall surgical morbidity following elective colectomy for cancer was 0.7%-3% and 20%-28%, in patients
operated with laparoscopy and laparotomy, respectively[84]. Finally, one should note that in all series reporting
the postoperative outcome after PTR in stage Ⅳ CRC
patients, there was no mention of the use of perioperative immunonutrition which has also been demonstrated
to improve postoperative outcomes in patients operated
for various types of digestive cancers[85].
Few studies have performed a multivariate logistic
regression analysis to determine independent factors associated with postoperative mortality and morbidity in
patients with stage IV CRC. In the series reported by
Stelzner et al[45] postoperative mortality (11.7%) was not
associated with PTR but was significantly related to ASA
score IV (ASA score III, 7% vs ASA score IV, 26.4%,
P = 0.002), higher age (≤ 75 years, 7.6% vs > 75 years,
20%, P = 0.015) and emergency operations (27.8%, vs elec-

Table 5 Postoperative outcome after primary tumor resection
in patients with unresectable stage IV colorectal cancer
Ref.

Study
period

Scoggins et al[82]
Rosen et al[43]
Tebbutt et al[34]
Ruo et al[44]
Michel et al[90]
Benoist et al[79]
Stelzner et al[45]
Galizia et al[38]
Evans et al[70]
Bajwa et al[39]
Kleespies et al[46]
Mik et al[40]
Costi et al[48]
Stillwell et al[31]

1985-1997
1984-1998
1990-1999
1996-1999
1996-1999
1997-2002
1995-2001
1995-2005
1999-2006
1999-2005
1996-2002
1996-2000
1994-2003
1984-2004

No.
Mortality Morbidity
of patients
(%)
(%)
66
120
280
127
31
32
128
42
45
32
233
52
71
379

5
6
NM
2
0
0
11.7
0
16
3
4.7
7.7
8.5
9.2

30
22.5
13
21
NM
19
21
NM
22
46
40
24
48.3

NM: Not mentioned.

Overall, no data suggest that the presence of the
primary tumor increases the toxicity of chemotherapy.
Chemotherapy modalities, combined or not with targeted
agents, should be the same as in the metachronous setting.

WHAT IS THE RISK OF COMPLICATIONS
AFTER PALLIATIVE PRIMARY TUMOR
RESECTION IN THE METASTATIC
SETTING?
Several studies suggested that PTR was associated with
high postoperative morbidity and mortality rates in the
presence of metastases[12,45,82] (Table 5). One study reported that 15 of 128 patients (11.7%) patients died within 30
d postoperatively[45]. However, in this study many patients
were symptomatic and underwent emergency surgery.
The same series found a 27.8% mortality rate in patients
who had emergency surgery vs only 7.3% mortality rate
with elective procedure (P = 0.002)[45]. The high postoperative mortality rate of 5% reported by Scoggins et al[82]
included patients who were symptomatic at the time of
resection and the patient who died after surgery were
noted to have severe carcinomatosis.
These mortality rates were higher that noted in the
recently published meta-analysis where collectively, perioperative mortality was 1.7% (95%CI: 0.7-3.9)[8]. This
lower mortality rate can be accounted for the preeminent
number of patients that were asymptomatic and managed electively. In this meta-analysis, postoperative morbidity occurred in 23% (95%CI: 18.5-21.8) of patients.
The most frequent complication was wound infection
and could be mostly managed conservatively; however,
in some instances, major complication arose whereby patients required additional surgery as management. Anastomotic leakage, occurring in 1.7% of patients, is more
commonly a significant complication of rectal cancer
resection. It often leads to sepsis, significantly prolongs
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tive, 7.3%, P = 0.002). In the largest series of 379 resected
patients with an unresectable stage Ⅳ CRC, Stillwell et al[31]
found that at multivariate analysis, 30-d postoperative
mortality was independently associated with medical
complications (P < 0.001), emergency interventions (P =
0.001) and age (≥ 70 years, P = 0.007). Conversely, patients with liver-only metastases were less likely to die in
the postoperative period than those with advanced local
disease and/or extra-hepatic disease (P = 0.004). In this
large series, emergency interventions were also linked to
morbidity, a fact that is well established in literature[45,68-70].
In another series, independent determinants of an increased postoperative morbidity (total rate of 46%) were
primary rectal cancer, hepatic tumor involvement > 50%,
and comorbidity > 1 organ[46].
To summarize, after palliative PTR in metastatic patients, most studies suggested that baseline characteristics
(age, WHO-PS, comorbidity, ASA score), advanced local
and metastatic disease and rectal primary tumor to be
related to postoperative morbidity and mortality. Taken
together, these findings suggest that one issue for a phase
Ⅲ study would be to assume that the acceptable risks
of postoperative mortality and severe morbidity rates
would be less than 10% and 30%, respectively. These
rates could be even lower with the use of laparoscopic
approach, which is known to improve short-term outcomes, including postoperative morbidity, compared
to open surgery[23-25,86]. Besides, perioperative nutrition
should be systematically recommended. Finally, these anticipated morbidity and mortality rates are those expected
in a population of selected patients, constituted after the
exclusion of patients which would not be likely to benefit
from PTR (patients in poor general condition, with severe comorbidities, rectal cancer, extra-hepatic metastatic
disease, complicated primary tumor).

tumor may represent an attractive therapeutic option for
the following reasons: surgery (with or without neoadjuvant treatment) is avoided in patients with rapidly progressive metastatic disease which should be regarded as
a biological marker for poor prognosis and an indication
for administering second-line treatment. In a retrospective study of 22 patients with rectal cancer and unresectable synchronous metastases, Stelzner et al[88] reported
that, in patients without progression under first-line
chemotherapy, median OS was significantly increased in
patients who underwent PTR compared to those with
the primary tumor left in place (27.2 mo vs 12.4 mo, P =
0.017). In addition, systemic chemotherapy has also an
effect on primary tumor in rectal carcinoma. In a phase 2
trial evaluating neoadjuvant capecitabine and oxaliplatin
before chemoradiotherapy and total mesorectal excision in 105 patients with locally advanced rectal cancer,
Chua et al[89] emphasized that morphological reevaluation
after neoadjuvant chemotherapy showed an objective
response in 78 patients (74%). Based on these results,
patients could receive short-course RT or even no RT
at all before rectal surgery in case of partial or complete
radiological response after neoadjuvant chemotherapy. In
conclusion, for patients with rectal cancer and unresectable SLM, it seems relevant that chemotherapy should be
the first treatment and surgery should only be proposed
when there is no progression during preoperative chemotherapy. Patients with a poor prognosis due to progressive
metastatic disease are thereby spared the risks of major
rectal surgery with a long hospital stay and unnecessary
surgical complications.

DISCUSSION: WHAT DESIGN FOR A
STUDY ATTEMPTING TO ANSWER THIS
ISSUE?

SPECIFIC ISSUES OF RECTAL CANCER

Whether PTR should be performed prior chemotherapy
administration in unresectable stage Ⅳ CRC patients
remains unknown. When the primary tumor is not resected and uncomplicated (asymptomatic) and the patient has started with palliative chemotherapy, the rate
of unplanned or emergency surgery is relatively low and
therefore does not warrant surgery of the primary in
future patients. This relative low rate of primary tumorrelated complications under chemotherapy may be partly
explained by the effectiveness of chemotherapy regimens
and targeted agents. With regard to survival, most retrospective studies favor PTR, but results are likely to be influenced by selection biases. These studies suggested that
liver burden > 50%-75%, extra-hepatic metastatic disease
(peritoneal carcinomatosis, lung metastases), advanced
age and poor WHO-PS were poor prognostic factors in
CRC patients with unresectable SLM even for those who
undergo PTR. These factors, in addition to rectal primary
location, have also been reported to be associated with
high postoperative mortality and morbidity following
PTR. In summary, data from the literature highlight that
patient selection taking into account all the above men-

By its particular location in the pelvis, rectal cancer differs
from colon cancer on several points: first, unresected rectal tumors can lead to disabling symptoms (pelvic pain,
rectal syndrome) and local related complications such as
urinary obstruction, perforation with pelvic abscess or
recto vaginal fistula that can be disastrous and difficult to
manage; secondly, for locally advanced mid and/or low
rectal tumors (i.e., staged cT3, T4 and/or cN-positive disease) neoadjuvant treatment (short-course radiotherapy
(RT) or long-course chemoradiotherapy) has been demonstrated to decrease the risk of local recurrence with
no effect on survival; finally rectal resection with total
mesorectal excision is a demanding surgery with high
postoperative complications rates (which may delay or
even preclude chemotherapy administration), risk of
long-term functional disorders (digestive, sexual, urinary)
that can negatively impact on quality of life and lead to
permanent stoma in up to 20% of operated patients[87].
In patients with rectal cancer and synchronous unresectable metastases, up-front chemotherapy administration before considering the need to resect the primary
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tioned factors is a critical issue for a future randomized
trial aiming to determine whether OS is improved by PTR
in patients with CRC and unresectable liver metastastic.
Definition of metastases unresectability is also a critical issue. Among patients with CRC liver metastases, no
consensual precise definition of resectability or unresectability has been reached to date[3]. The resectability of
liver metastases may differ from one hospital to another,
depending on the available equipment and the level of
surgical expertise. The definition also depends, understandably, on patient-specific data, such as general health,
comorbidities, nutritional status, and more specifically, the
presence of a possible underlying liver disease. For these
reasons and to provide a rigorous framework, a relevant
definition of liver metastases unresectability would be the
inability to achieve a macroscopically complete resection
(with clear margins) of all metastases, in one- or twostage, without compromising postoperative liver function
because of the insufficiency of either the remaining liver
volume or biliary and venous vascularization and drainage. Unresectability of liver metastases would have to be
assessed on a helical or multi-slice abdominal CT-scan
with contrast enhancement, or liver MRI if CT is impossible (kidney failure, allergy to iodine) or insufficient
to characterize lesions[81]. Radiological criteria for liver
metastases unresectability would gather involvement of
all hepatic veins, or both portal branches, or one portal
branch and the controlateral hepatic vein(s), and a predictable post-hepatectomy liver volume < 25%-30%.
Then, all eligible patients would be randomized to undergo either PTR followed by chemotherapy ± targeted
agent or chemotherapy ± targeted agent without PTR.
Randomization would be stratified according to the study
center and the metastatic liver involvement (≤ 50% vs >
50%) as determined by the pretreatment CT-scan or liver
MRI staging.
The primary endpoint would be the difference in OS
between the two treatment arms. Secondary endpoints
would be quality of life, rate of primary tumor-related
complications in the arm with chemotherapy alone and
postoperative morbidity in the PTR arm. Besides, the
tolerability of chemotherapy, objective tumor response,
PFS, time to metastatic progression and the rate of secondary curative resection (R0) of both the primary and
metastases should be assessed in both treatment arms.
No randomized study has been performed yet. The
entire international community wishes to answer this
question. One should emphasized that since 2010 until
today, 14 papers on the present subject have been published including 9 individual series, 5 reviews or metaanalyses, 1 editorial and 1 guidelines from the French
authorities. In all these publications, the need to perform
a randomized trial evaluating the impact of PTR on survival in patients with CRC and unresectable metastases is
underlined.

life are improved in patients with asymptomatic unresectable metastatic CRC treated with surgery followed by
chemotherapy vs chemotherapy alone with the primary
in place. Reported data from the literature support the
view that PTR should be discussed and validated by a
phase III trial in selected patients: asymptomatic primary
tumor, age ≤ 70 years, WHO-PS < 2, no extra-hepatic
metastatic disease, liver burden of less than 50%. In these
patients, PTR, when performed laparoscopically and after
preoperative immuno-nutrition, may lead to an increased
OS. In all other cases, reported postoperative mortality
and morbidity rates related to PTR are high and up-front
chemotherapy with the primary tumor left in place may
represent the more reasonable option.
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Core tip: The ideal monoclonal antibody to be employed
in cancer management is one targeting an immunogenic protein expressed in a specific cancer system. Those
presently employed in cancer management, target a
growth factor or carbohydrate antigen seen in both
cancer and normal tissue. Their value as such is limited.
The monoclonals described herein are directed against
colon cancer tumor associated antigen and have value
in both diagnostic and therapeutic uses for controlling
this disease.

Abstract

Original sources: Arlen M, Arlen P, Coppa G, Crawford J, Wang
X, Saric O, Dubeykovskiy A, Molmenti E. Monoclonal antibodies that target the immunogenic proteins expressed in colorectal
cancer. World J Gastrointest Oncol 2014; 6(6): 170-176 Available
from: URL: http://www.wjgnet.com/1948-5204/full/v6/i6/170.htm
DOI: http://dx.doi.org/10.4251/wjgo.v6.i6.170

In an attempt to improve upon the end results obtained
in treating colorectal cancer it was apparent that the
earlier the diagnosis that could be obtained, the better
the chance for obtaining desired results. In the case of
more advanced tumors typified by later stage colorectal
cancer, surgical debulking is an important part of the
treatment strategy. Here the use of additional therapeutic modalities including chemotherapy and present day
immunotherapy has failed to accomplish the desired improvements that have been sought after. Adjuvant therapy, has offered little to the overall survival. The concept
of early detection is now recognized as the initial step in
reaching proper end results and can readily be demonstrated from colorectal cancer studies. Here survival has
been found to be a reflection of the stage at which the
tumor is first identified and treated. When specific monoclonals targeting colorectal cancer are employed diagnostically, we have been able to demonstrate detection of
colorectal cancer at its inception as a premalignant lesion,
such that genotypic features can be identified before the
phenotypic appearance of cancer can be noted.

WCGO|www.wjgnet.com

INTRODUCTION
For most malignancies such as colorectal cancer, the earlier the diagnosis the better the chance for offering the
patient the opportunity to be cured[1-5]. The addition of
additional methods to help improve survival, especially in
the post operative period, have offered little to achieve a
better response[6-9]. In order to define methods for earlier
intervention, we began to look at behavioral patterns
seen in various stages of colorectal cancer, attempting
to define those patterns related to tumor antigen expression. We were able as such, to identify and characterize
a unique group of immunogenic proteins that appeared
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to be expressed in all colorectal carcinomas that were examined. These tumor (associated) antigens were found to
be present in all stages of colorectal tumor development,
from inception to metastasis. Following the separation
of these proteins from pooled tumor cell membranes,
monoclonal antibodies targeting these proteins were
developed. Hybridomas were produced by injection of
BALBc mice with the antigens/proteins so obtained.
By employing those monoclonal antibodies derived
against the tumor proteins, it appeared that the antigen,
noted to be expressed in the earliest stages of tumor
development, continued to be present throughout later
stages of progression of tumor growth. As a result, we
were able to define the appearance of genetic alterations
occurring in normal appearing cells that first characterized the transformation process. This initial pattern of
cellular transformation was typified by the expression of
immunogenic tumor proteins in the earliest stages of genotypic transformation when phenotypic features still appeared normal by standard HE. As with the invasive cell
which sheds its antigen into the serum, the premalignant
cell similarly sheds antigen into the stool which can easily
be identified by a stool enzyme-linked immunosorbent
assay (ELISA). Tissue biopsies studied by immunohistochemistry to define cells expressing tumor antigen and examination of stool for the presence of tumor antigen can
now offer the asymptomatic patient the opportunity for
proper screening. As a result one can now offer a practical process for early detection of a developing malignancy
when optimum results can almost always be anticipated.
We now believe that it is possible to define the presence or absence of colon cancer during the screening
process of the asymptomatic patient. If validated by our
studies, the need to employ colonoscopy would be markedly reduced and relegated to those patients where there
is a high likely hood for defining an early malignancy or
when biopsy is required for confirmation of as well as
staging of the disease process.
As noted above, the early premalignant cells undergoing transformation, as well as polypoid tumors and larger
malignancies do shed tumor antigen into the stool where
they can be detected by stool ELISA using our colon tumor monoclonals. This procedure can be used as a confirmatory measure to determine whether colonoscopy is
or is not indicated as a follow up in post op patients in
order to detect early developing lesions as well as possible
anastomotic recurrences.
These same antibodies, used for detecting colon specific tumor associated antigens, also have therapeutic efficacy. Should the clinical work up of a malignant lesion
demonstrate spread of tumor, the monoclonals that were
employed for diagnosis of the tumor marker, can now
be delivered intravenously to target those cells producing
tumor antigen and destroy them through the process of
antibody dependent cell cytotoxicity (ADCC).

ployed commercially for tumor detection and diagnosis
are non specific. Those clinically available, best serve
to monitor the response to the therapy being employed
rather than to detect and diagnose the presence of a lesion. Those markers that appear in the serum are mostly
derived from carbohydrate antigens that are shed into
the serum. They are not only expressed by the tumor,
but also by adjacent normal tissue that may have been effected by an ongoing inflammatory process[10-12].
In order to detect the presence of colon tumors at
the ideal time, it is important to be able to define a specific marker or family of markers on the tumor when
clinical symptoms were minimal if not totally absent.
Such markers have been shown to best be represented by
one or several immunogenic proteins or glycoproteins expressed on the cell surface membrane and found to shed
into the serum as well as surrounding tissue. Those immunogenic proteins that characterize colon cancer have
been isolated and characterized by our group at Precision
Biologics. Pooled allogeneic specimens of colon cancer
were used to retrieve tumor membrane proteins, separate
them by molecular weight and then skin test the patient
to define that specific group of proteins producing
delayed cutaneous sensitivity. Further separation by isoelectrophoresis yielded three distinct glycoproteins that
proved to represent oncofetal proteins first expressed in
the fetus and later in a mutated form, representing specific colon cancer proteins that help induce a mild immune
response. The failure to achieve a full immune response
proved to be due to minimal expression of antigen in the
tumor that was necessary to induce a proper immune response.
Using monoclonal antibodies developed against these
immunogens, a serum ELISA was also developed that is
capable of identifying shed markers with a high degree
of sensitivity and specificity[13]. The monoclonal antibodies that specifically target these tumor proteins, have
demonstrated that these proteins serve both as diagnostic
markers and a therapeutic targets[14].
It is well known that of the many methods being developed to control the more aggressive colon lesions, not
only does one rely on newer chemotherapeutic agents,
but additionally through enhancement of the immune
system. This can be accomplished by combining chemotherapy with a monoclonal antibody such as the one
directed against the epidermal growth factor 1[15]. The
process of adding an immunotherapeutic agent to standard chemotherapeutic drugs does rely on the nature of
the antigen expressed by the tumor. This of course can
be accomplished by immunohistochemical analysis of the
tumor. The same effective monoclonal antibody that detected the presence of the tumor antigen/marker in the
biopsy specimen can then be used intravenously along
with chemotherapy, to attack the marker as a therapeutic
target. In such combinations, the chemotherapeutic agent
may serve to minimize the presence of any shed blocking
material from the tumor to secondarily enhancing the immune response. Such enhancement in immune reactivity
frequently helps the host defense mechanisms to control

DISCUSSION
At the present time, most of the tumor markers em-
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cervix cancer. When such a tumor protein, functioning
as a marker, could be detected by a monoclonal antibody,
the clinical course of the disease would be altered in favor of an almost guaranteed cure. Larry Norton of the
Sloan Kettering Cancer Center emphasized that if the
tumor markers that Hartwell was hoping to find were
immunogenic, then the monoclonal antibody that could
determine the presence of the malignant lesion would be
the same monoclonal that when delivered intravenously,
would hunt, seek and destroy any cell in the metastatic
setting that presented with such a marker. Essentially
the presence of immunogenic tumor associated antigens
(TAA’s) on the cell surface membrane serve to illustrate
the tumor in the form of a coin displaying two sides.
On the reverse side of the coin, the proper monoclonal
can detect the tumor antigen as a diagnostic marker. The
antigen on the opposite (head) side of the coin would
now act as a therapeutic target for tumor destruction by
utilizing the same monoclonal antibody delivered intravenously (Figure 2).
Such tumor immunogenic proteins (TAA’s) were isolated from a number of different malignancies including
colon cancer and later characterized at Precision Biologics. The monoclonals that were derived from colon cancer antigen and later used to immunize BALBc mice for
hybridoma production, are presently being tested clinically for both diagnostic and therapeutic efficacy. They
have been found to be capable of detecting the earliest
lesion in a manner illustrated by Figure 2. These colon
tumor specific monoclonals are capable of functioning to
diagnose the presence of the colon malignancy by both
immuno-histochemistry of the resected specimen as well
as serum ELISA. Should the tumor have invaded the
blood stream, the metastatic lesions resulting from such
invasion can now be effectively targeted. Extrapolating
from animal studies with colon cancer transplants, metastatic foci from of these tumors can now be approached
thru intravenous infusion of the monoclonal antibody
with doses of the IgG1 delivered Ⅳ at 4-5 mg/kg. Phase
ⅡB studies are now in progress with these antibodies.
When Ariel Hollinshead (1985)[22] employed pooled
allogeneic tumor membrane antigen for treating a variety
of malignant lesions, it became apparent that when the
antigen was delivered at threshold levels and specifically
for the malignancy expressing suboptimal levels of innate antigen, that the immune system could be shifted
from one of performing immune-surveillance to that
of providing a therapeutic mechanism for attacking and
destroying the tumor, resulting in improvement in survival[23,24].
Clinical studies employing pooled allogeneic tumor
antigen in the form of a vaccine, defined by its ability to
turn on both cell and humoral immunity, resulted in improved survival over those where patients underwent surgery alone. In order to achieve an optimum response, the
antigen had to be delivered at doses of between 750 and
1000 µg in 3 divided doses, given along with an oil based
adjuvant. This allowed the now homogenized antigen to
remain at the site of delivery for an extended period of
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Figure 1 Correlating the extent of local tumor progression with survival in
colorectal cancer.

disease progression[16-19].
When a primary colon tumor is confined to the mucosa of the bowel, cure is just about guaranteed by surgical removal. However, when the tumor is found to penetrate into the muscular layers of the bowel, or invades
the serosal surface with regional nodes possibly being
involved, the opportunity for cure diminishes (Figure 1).
Here additional modalities of therapy are essential if improvement in survival is to be accomplished.
The size of a tumor mass becomes part of the overall
picture of how the lesion is viewed regarding its management. A greater host immune response is required in the
more advanced cases as typified by bulky disease. This
almost always necessitates surgical debulking to eliminate
the larger number of tumor cells that are required to be
brought under control. The presence of bulky tumor is
in addition, frequently associated with a source of inhibitory surface molecules. When shed from the tumor cell
membrane into the serum, these molecules function to
inhibit those immunosurveillance mechanisms needed for
helping to eliminate existing tumor cells that may have
remained in the region of surgical resection or among
those cells having entered the circulation[20]. As a consequence, a greater host immune response is required in the
more advanced cases which is usually typified by bulky
disease. There is little disagreement as such, that the ability to achieve an improved cure rate depends on early
diagnosis and when possible, complete removal of the
existing tumor.
The concept for achieving the early diagnosis of a
malignant lesion was espoused by Lee Hartwell of the
Fred Hutchinson Cancer Center, who evaluated procedures for achieving such early diagnosis as the more effective way of curing cancer. He looked at later stages of
disease in solid tumor malignancies, where chemotherapy
was employed to help improve survival. In such situations he found that this approach rarely resulted in cure,
especially when the primary lesion had undergone the
process of metastasis[21].
Hartwell stressed the need for finding a tumor protein expressed early in the onset of disease, functioning
in a manner that the Pap smear had accomplished for
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Cancer diagnosis and treatment:

Two sides of the same coin

TAA

Cancer cell

Diagnosis:
Blood test/ELISA
Biopsy/IHC
Imaging
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Dx

Figure 2 Depicts the ideal monoclonal antibody that
can define the presence of a tumor associated antigen
for diagnosis by Immunohistochemistry and then when
delivered Ⅳ, can hunt and destroy the tumor which contains the diagnostic marker. IHC: Immunohistochemistry;
TAA: Tumor associated antigen; ELISA: Enzyme-linked immunosorbent assay.

Tx

mAb

time.
To define the nature of the tumor protein or proteins
capable of inducing enhancement in tumor recognition,
monoclonals were developed in BALBc mice. Three of
the antibodies obtained from the fusion and subsequent
hybridoma development showed specificity for colon
cancer. There was minimal if any evidence of cross reactivity of these antibodies to the surrounding normal
colonic tissue. When employed for therapy, first chimeric
and then the humanized or human version of the antibodies were produced.
In reviewing the nature of the clinical response obtained following the initial trials employing pooled colon
cancer antigen, all patients immunized had a strong delayed cutaneous hypersensitivity response as previously
noted. This was response was associated with enhancement in cellular immunity as well a strong humoral
response in most patients, with resulting high serum
titers of an IgG1 targeting the antigen expressed on the
tumor cells[25]. Those among the 10%-20% of patients
showing signs of recurrent disease after immunization,
were found to be unable to mount the needed humoral
response needed to control the tumor. The cell lmediated
immunity almost appeared to function in a bystander
manner. The monoclonals described above that were
developed from the original Hollinshead tumor antigen
were then specifically produced GMP for initiation of
food and drug administration (FDA) clinical trails. The
IgG1 format developed for the trials was found to function in the same manner as those antibodies found in
the host circulation in response to administration of the
tumor vaccine.
A detailed analysis of the monoclonals so produced
against the colon antigen revealed each to be capable
of inducing a strong ADCC response. Similarly, these
mAbs showed effectiveness in a serum ELISA with a
high degree of sensitivity and specificity. Using Immunohistochemistry (IHC) to define expression of antigen in
the tissue under examination, cells that have undergone
the initial genotypic changes can now be clearly defined
even though the phenotypic features of cancer are not
yet available for recognition by the pathologist. Studies
to date have suggested that the colonocytes adjacent to a
malignant lesion, have for the most part undergone genotypic transformation (Figure 3). It appears that this pro-
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cess of malignant transformation occurs several months
before phenotypic features of cancer can be detected[26].
Obviously during resection of a primary colon lesion by
colectomy, it is essential for the pathologist to guarantee
that transformed colonocytes not be left behind in the
margins of resection that are to be re-anastomosed. This
appears to be best achieved by employing IHC with the
monoclonal antibodies targeting colon tumor antigen.
Along with the standard HE protocol. We plan to have
antibody kits available in the OR so that frozen sections
taken from margins of bowel following colectomy can be
obtained for IHC.
Tumor antigen structure was analyzed, defined and
characterized following immunoprecipitation of the
pooled allogeneic colon cancer membrane material that
had been used as a vaccine. Mass spectroscopy indicated
that there were three separate antigens, seen alone and in
combination in various colon cancers, each representing
an oncofetal protein needed in the development of the
human GI tract. These proteins were usually turned off
as the fetus matured by re: methylation of the gene. In
the adult, the onset of malignant transformation of the
cell occurs via an oncogenic mutation. This appears to
result in a modification of the protein structure through
a mutation in the synthetic pathway or possibly thru a
post translational modification of the oncofetal protein.
The resulting tumor protein was found then to be immunogenic and serves to characterize the tumor system in
which it is expressed. The immunogenic proteins that we
identified were shown to be related to MUC5ac, A33, and
CEAcam 5,6. While our monoclonals clearly define these
proteins on Immunohistochemistry, commercial monoclonals used to define the known non modified antigens
(oncofetal proteins) failed to recognize expression of the
modified antigen in the malignant system.
All of the monoclonals that we have developed fit into
a unique class of IgG’s that are both diagnostic as well as
therapeutic in solid tumor malignancies. Mutated MUC5c
antigen is defined by monoclonal Neo-101 and its newer
version Neo 102, CEAcam5,6 by monoclonal 16C3/Neo
201 and altered A33 by monoclonal 31.1. To date no other
anti-tumor IgG monoclonals have been found capable of
performing in a similar fashion. The epidermal antibodies
targeting epidermal growth factor Ⅰ and II all have corresponding targets in normal tissue.

2533

February 8, 2015|First Edition|

Arlen M et al . Monoclonal antibodies targeting colorectal cancer
Normal appearing colonocytes at the margin of a colon cancer resection
H and E of normal adjacent to
colon ca case #1

NPC1-C 5 μg/mL on case #1
which was read as benign

Figure 3 Reveals expression of tumor antigen in those colonocytes adjacent to the malignant lesion where the colonocytes appear normal by H and E.

of the animals were found to have a marked reduction in
size the tumor mass. This can be seen at 10-15 d after immunization. The dosage of intraperitoneal IgG delivered
along with human effector cells to assure an optimum
ADCC response, was found to require approximately 400
µg in the animal model or an equivalent of approximately
400 mg in a 70 kg patient, this represents about 4-5 mg/
kg of monoclonal antibody delivered at about 1 mg/min.
Considering the lack of toxicity following Ⅳ administration of our monoclonals in phase Ⅰ FDA therapeutic
trial, we began phase Ⅱ studies. One of the problems
encountered in the original GMP antibody preparation
for FDA was that NEO-101 mAb was expressed at low
levels and therefore not suitable for commercial production. Using a newer expression system, we are now able
to produce the new monoclonal at a significantly higher
level. Of interest was that while the sequence of the newly produced antibody, NEO-102 was virtually unchanged,
we did see an approximate a definite improvement in
ADCC as well as improvement in the quality of staining
where background staining was virtually eliminated. This
new version of the mAb, NEO-102 is being utilized in
phase Ⅱ and is being tested in escalating doses. Phase
Ⅱ b has been designed to test the optimum dose of
NEO-102 in combination with chemotherapy[27].
As mentioned above, the antibodies developed at
Precision Biologics have their clinical efficacy in their
capability of defining the tumor marker expressed in
the tumor cell as a target for tumor detection as well
as destruction. In tracing the pattern of expression of
these markers, it became readily apparent that they were
expressed not only in the later stages of tumor development where they could serve as an ideal therapeutic
target, but at a time when genotypic changes were taking
place in the normal but transforming cell, as noted above,
and where the features of malignancy could not be readily recognized by the pathologist. We are now looking at
the issue of Field Effect with regard to the genetic alterations occurring at the time of tumor induction. As such
we are attempting to define the extent of premalignant

mAb-induced anti-tumor efficacy on established tumors
Chimeric antibody administered
after ten days of tumor growth

Top mouse treated as a
control with non-specific
antibody

Bottom mouse treated with
the NPC anti-colon cancerspecific mAb

Figure 4 Animal models (nude mice) growing human malignancy to compare untreated and treated animals. The upper model received a control mAb
while the lower animal model having had a much smaller tumor mass at 10 d
received mAb NPC-1.

Knowing that the targeted antigen in colorectal cancer
can result in tumor destruction, animal studies prior to
initiation of clinical trials using therapeutic monoclonals,
were devised to demonstrate in vivo tumor destruction
Figure 4.
The ADCC response for most of the Precision
monoclonals, range from 50%-70% tumor destruction in
a 6-8 h. period of time, at an effector to tumor (E:T) ratio of 80-100:1 to over 90% with monoclonal 31.1. When
these antibodies are delivered intraperitoneally in the
animal model following establishment of tumor growth
10 d after subcutaneous administration of 10-20 million
tumor cells in the thigh of nude mice, more than 50%
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alterations surrounding the primary lesion[28].
In terms of colon cancer, the mechanism for tumor
induction whether by virus or carcinogen, probably effects an area in the bowel resulting in a pattern of genotypically altered colonocytes expressing tumor antigen,
the so called Field Effect as noted above. Within this
Field, further mutations lead to the eventual appearance
of the early polypoid changes that may suppress the genotypically altered surrounding colonocytes. This polypoid lesion then continues with further mutational changes
leading to the eventual appearance of an infiltrating colonocytic lesion. Resection of the polypoid lesion, leaving
the altered colonocytic field intact, could then result in
further progression of cellular changes in the premalignant cells. Such a concept, if proven correct as per an
ongoing study at North Shore University Hospital and
Precision Biologics will assist the pathologist, at the time
of bowel resection, to define the extent of the Field Effect by immuno histochemistry.
In our ongoing therapeutic trials, phase Ⅱb is in the
process of initiation with the addition of chemotherapy
to the therapeutic monoclonals being employed. It is
generally agreed upon that Immunochemotherapy can
be more effective than either chemotherapy or immunotherapy when employed alone. In general chemotherapy
can diminish the immune inhibitory effect derived
from the tumor and enhances the overall therapeutic
response[29,30]. Finally we have prepared an alpha particle
labeled NEO-102 monoclonal antibody to be introduced
at a later date as part of the overall therapeutic approach
to tumor control.
The availability of monoclonals targeting an immunogenic protein expressed in all phases of colon cancer
development should be useful for both diagnosis and
therapy and should have a major impact on how colon
cancer is treated and the outcome that can be expected.
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Core tip: Treatment of locally advanced rectal cancer
stage Ⅱ and Ⅲ includes neoadjuvant chemo-radiation
followed by surgery if clinically feasible. A strategy
of observing patients without an operation has been
proposed by some surgeons, but this is still the center
of much debate. Moreover, the therapeutic effect of
ionizing radiation in treatment of rectal cancer varies
significantly from one person to another. This has led
investigators to identify the molecular targets and pathways in rectal tumors resistant to ionizing radiation in
a bid to improve the therapeutic effect of radiation by
advanced biomedical and genetic engineering.
Original sources: Ramzan Z, Nassri AB, Huerta S. Genotypic
characteristics of resistant tumors to pre-operative ionizing radiation in rectal cancer. World J Gastrointest Oncol 2014; 6(7):
194-210 Available from: URL: http://www.wjgnet.com/1948-5204/
full/v6/i7/194.htm DOI: http://dx.doi.org/10.4251/wjgo.v6.i7.194

Abstract
Due to a wide range of clinical response in patients undergoing neo-adjuvant chemoradiation for rectal cancer
it is essential to understand molecular factors that lead
to the broad response observed in patients receiving
the same form of treatment. Despite extensive research
in this field, the exact mechanisms still remain elusive.
Data raging from DNA-repair to specific molecules leading to cell survival as well as resistance to apoptosis
have been investigated. Individually, or in combination,
there is no single pathway that has become clinically
applicable to date. In the following review, we describe
the current status of various pathways that might lead
to resistance to the therapeutic applications of ionizing
radiation in rectal cancer.

INTRODUCTION
There are approximately 40340 patients diagnosed with
rectal cancer annually in United States[1]. Cancer of the
colon and rectum combined claimed 51690 deaths in
2012[1]. Rectal cancer, though staged similarly to colon
cancer, is managed differently due to the pelvic location
of the rectum. The rectum is in close proximity to the
urogenital organs and anal sphincters. Hence, surgery
for rectal cancer is associated with complications ranging from 15% to 70%[2]. Moreover, many patients will
have local as well as distant metastasis during post-op
surveillance[3,4]. Hence, careful and methodical planning

© 2015 Baishideng Publishing Group Inc. All rights reserved.
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vise methods by which we can personalize treatment for
rectal cancer, such that the most effective therapy with
the least side effect profile can be offered consistently to
patients affected by rectal cancer. In order to achieve this
objective, extensive research has been performed over
the last few decades to identify biological markers and genetic phenotypes that can predict successful response to
radiation and translate into improved survival. We present
a review of the current status of these markers.

IR

70

Ku70/80

DNA-PKcs

80

THE THERAPEUTIC EFFECTS OF IR

DNA-PKcs

P

P

DNA end
processing

The NHEJ pathway of DNA repair
The therapeutic effect of IR is largely the result of double stranded DNA breaks that result from IR-induced
DNA damage. DNA breaks are difficult to repair and
typically result in apoptosis. DNA double-strand break
(DSB) can be repaired by one of the following three
pathways: homologous recombination[18], non-homologous end-joining (NHEJ) pathway, or an alternate NHEJ
pathway (characterized by larger deletions and translocations)[19]. The details behind the selection and execution
of these pathways are not entirely clear, but it seems that
NHEJ is the major pathway as it is the only one that occurs in all stages of cell cycle.
The NHEJ pathway is essential for DSB repair and is
also important for V (D) J recombination during T and
B cell lymphocyte development. The catalytic subunit of
DNA-dependent protein kinase (DNA-PKcs) is an integral part of the NHEJ pathway. The actual mechanism
of this pathway is rather complex (Figure 1), but can be
broadly classified into three steps. In the first phase, Ku
70/80 heterodimer identifies DSB, facilitates the activation and recruitment of DNA-PKcs, and then ties the
DNA ends in a synaptic complex[20]. The next step involves enzymatic processing of the DNA ends followed
by ligation (by DNA ligase Ⅳ) in the last phase. The
order and timing of this sequence of events is not well
defined; however, it is widely regarded that Ku 70/80
protein is the most important and integral part of this
sequence as it recruits DNA-PKcs as well as interacts
with a host of other important proteins. Moreover, Ku
has lyase activity allowing it to process DNA ends during
NHEJ[21].
Following successful DNA repair, the cell might
undergo back to the normal cell cycle. If some error occurs during the repair, the cell might undergo genomic
instability and if the cell is unable to repair the radiationinduced damage, it undergoes apoptosis (Figure 2)[22].
Thus, a logical place to begin investigating marker of
radioresistance is by interrogating the NHEJ pathway of
DNA repair in cancer cells.

LIG4
XRCC4
XLF

DNA repair

Figure 1 Schematic representations of double-strand break repair by
non-homologous end-joining mechanism. The KU proteins are the initial
participants in this process as they rapidly bind to broken DNA segments. Another major function of the KU proteins is the active recruitment of DNA-PKcs.
DNA-PK activation assists with the recruitment of other proteins involved in the
limited DNAend-processing (Artemis, pol m, pol l, and TDK) required to generate ligatable DNA ends. Ligation is mediated by the LIG4/XRCC4 complex and
is assisted by the ligation mediator XLF. Once this process is completed, DNA
integrity is maintained.

is required to avoid unnecessary surgery with potential
short and long term complications. Recent studies have
underscored the importance of ionizing radiation (as
neoadjuvant therapy) in patients with stage Ⅱ and Ⅲ
rectal cancer. There are many benefits to the use of IR in
the neoadjuvant compared to the adjuvant setting[5]. Additionally, in some cases, this approach allows the tumors
to be down-staged resulting in complete pathological
response (pCR, i.e., complete obliteration of the tumor
following preoperative chemoradiation at laparotomy) or
complete clinical response (cCR, i.e., complete obliteration of the tumor following preoperative chemoradiation
during repeat colonoscopy or other diagnostic modalities
such as MRI).
However, the benefit from preoperative radiation
varies significantly in trials with a substantially wide pCR
(9%-37%)[6-10]. Patients who achieve a pCR have better
outcomes compared to patients who do not[11]. Some
surgeons have elected a watchful waiting approach for
patients who achieve cCR[12-17].
The logical clinical and pre-clinical question is to de-
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Role of DNA-PKcs
DNA-PKcs has multiple roles in DNA repair and carcinogenesis. DNA-PKcs facilitates DSB repair, thus
ensuring stability and integrity of genetic chromosomes.
Hence, low levels of DNA-PKcs might result in muta-
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esophageal and early breast cancer but not in nasopharyngeal cancer[36-38]. On the other hand, studies have revealed
increased levels of DNA-PKcs and Ku proteins in residual tumors after radiation treatment, suggesting a means
of survival and a marker of radioresistance in recurrent
tumors[39].
While the cellular status of the DNA-PKcs as a predictor of IR remains to be investigated, DNA-PKcs
inhibition might have a therapeutic role in rectal cancer.
Pre-clinical studies showed that pharmacological inhibition of DNA-PKcs led to substantial chemo- and radiosensitization[27,40-42]. The effect of DNA- PKcs inhibitors
has been examined in mouse xenograft tumor models
with favorable results. There has been significant tumor
growth delay and improved survival in mice treated with
combined DNA-PKcs inhibition and ionizing radiation.
The combination treatment reduces levels of cell proliferation marker Ki67 and increases activity of certain proteins known for its anti-tumor properties[43,44].
Inhibitors of DNA-PKcs have been shown to have
a synergistic effect along with cisplatinum/platinum
based drugs in treatment of ovarian, colon, and breast
cancer[45-47]. Multiple DNA-PKcs kinase activity inhibitors are not only in various stages of development but a
few are being tested in clinical trials (Table 2). Similarly,
new in vivo substrates of DNA-dependent protein kinase
(Akt1/PKBa, Hsp90a, NR4A[48-52]), which can be induced
by ionizing radiation have been identified.
Furthermore, additional DNA-PKcs inhibitors have
been developed such as anti-DNA-PKcs ScFv 18-2 (derived from an existing anti-DNA PKcs monoclonal antibody)[53], and anti-DPK3-scFv (selected from a humanized semi-synthetic scFV library)[44]. These anti-DNA
PKcs sensitize cells to radiation induced injury[44,54,55]
in a similar fashion to RNA inhibition of DNA-PKcs
transcripts[56-58].
The interaction between epidermal growth factor
receptor (EGFR) and the DNA-PKcs has also been explored. This interaction is required for radiation induced
nuclear AKT phosphorylation and cell survival[52,59,60].
Similarly, blockage of EGFR signaling pathway with a
monoclonal antibody can inhibit DNA-PKcs activation
and thereby decrease DNA repair capacity. This could
enhance sensitization and susceptibility of cells to ionizing radiation[61,62].
Clinically, deficiency in DNA-PK activity led to sensitivity to nitrogen mustards in patients with chronic
lymphocytic leukemia[25]. The drug 2-N-morpholino8-dibenzothiophenyl-chromen-4-one (NU7441) is a potent and specific DNA-PK inhibitor[63]. Treatment with
NU7441 and topoisomerase inhibitors combined with
IR caused potent chemo-radio sensitization in SW620
colorectal cancer cells as well as xenografts[27]. The various mechanisms by which DNA-PKcs inhibitors facilitate radiation induced death include apoptosis[64,65], acceleration of senescence, induction of mitotic catastrophe,
and autophagy[43,66,67].
Studies evaluating expression of DNA-PKcs in pe-

IR

DNA damage sensing and signaling

M

Check point
Cell cycle

G2

G1
DNA repair

S

Back to normal
or
Genome instability

Apoptosis

Figure 2 Schematic representation of the events that occur following IRinduced DNA damage. Sensing mechanisms and signaling first stop the cell
cycle that allows the cell to repair the DNA damage. If unsuccessful, apoptosis
ensues. If the repair is nearly complete, the cell might continue to replicate with
genome instability.

tions promulgating the cascade of carcinogenesis. A cell
with low levels of DNA-PKcs might be unable to repair
the DNA damage incurred by IR and destine the cell
for apoptosis. In this scenario, low levels of DNA-PKcs
should be a surrogate for radiosensitivity.
On the other hand, cancer cells might contain higher
DNA-PKcs levels induced by the rapid cell turnover. In
this scenario, increases in DNA-PKcs activity will enhance cancer cell resistance and decrease susceptibility to
chemotherapy and ionizing radiation[23-26].
Pre-clinical studies have demonstrated that DNAPKcs deficient Chinese hamster ovary cells showed profound cell death following treatment with IR compared
to the DNA-PKcs complimented V3-YAC cells[27]. Colon
cancer HCT-116 DNA-PKcs-/- cells and xenografts were
exquisitely sensitive to IR[28,29]. Unfortunately, the role of
DNA-PKcs activity in development of various cancers
has been investigated in multiple studies and has shown
conflicting results in carcinogenesis as well as being a
poor predictor of a response to IR, but more data is
needed in this area (Table 1).
Significant increases of DNA-PKcs activity have been
observed in certain gastrointestinal cancers such as colorectal cancer[30,31], esophageal cancer[32], nasopharyngeal cancer, and non-small cell lung cancer[33]. Conversely, loss of
DNA-PKcs expression has been linked to gastric tumors
correlating with signs of invasion and poor survival[34,35].
Levels of DNA-PKcs in cancer cells before treatment (radiation or chemotherapy) has been compared
to levels after treatment, and have shown mixed results.
The expression of DNA-PKcs was noted to be directly
proportional to a favorable response with radiation in
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Table 1 Association between DNA-PKcs activity and cancer development from clinical investigations
Tumor type

Assay

Specimen

Sample size

DNA-PKcs activity

Interpretation

Nasopharyngeal
cancer
Nasopharyngeal
cancer
Esophageal cancer

IHC

Tumor

66

IHC

Tumor

223

Tumor,
normal
Tumor

13 paired

No association with locoregional control and
survival
Overexpression associated with advanced stage and
poor survival
NA

Gastric cancer

IHC, IB, Kinase
activity
IHC

↑ in 70% of tumor
tissue
↑ in 37% of tumor
tissue
↑ in tumor tissue

279

↑ in 73% of tumor
tissue

Gastric cancer

IHC

Tumor,
normal

791

↑ in 80% of tumor
tissue

RT-PCR, IB,
kinase activity
IHC, IB

Tumor,
normal
Tumor,
normal

12 paired

↑ in tumor tissue

Loss of expression associated with lymphatic
invasion, lymph node metastasis, advanced
pathological stage, and poor survival
Loss of expression associated with intratumoral
neutrophils, microsatellite instability, mutations in
DNA-PKcs and poor survival
NA

359 (35 paired)

↑ in 64% of tumor
tissue

IHC

Tumor

113

IHC

Tumor

86

RT-PCR

Tumor,
normal
Tumor,
normal
Tumor
Tumor,
normal
Lymphoid
tissue

140 paired

↑ in 89% of tumor
tissue
↑ in 87% of tumor
tissue
↑ in tumor tissue

Colorectal cancer
Colorectal cancer

Non-small cell lung
cancer
Non-small cell lung
cancer
Non-small cell lung
cancer
Non-small cell lung
cancer
Glioma
Ovarian cancer
ALL, CLL, lymphoma,
multiple myeloma

B-cell CLL

IHC
Kinase activity
IHC
IHC, IB

116 (12 paired)
36
100
86

IB, kinase
activity
RT-PCR
Kinase activity

Lukemia cells

54

Lukemia cells
PBLs

50
167

IHC

Tumor

67

Oral squamous cell
carcinoma
Cervical cancer

IHC

Tumor

42

IHC

Tumor

22

Breast cancer

IHC

Tumor

224

Kinase activity

PBLs

Breast, cervix, head Kinase activity
and neck, esophagus
and lymphoma

PBLs

Cancer 41/healthy
41
Cancer 93/healthy
41

B-cell CLL
Cancer of breast,
cervix, head and
neck esophageal and
lymphoma
Radiation response
Esophageal cancer

Cancer risk
Lung cancer

Overexpression associated with clinical stage,
lymphatic invasion, distant metastasis and poor
survival
Overexpression associated with tumor grade
No association with clinical characteristics or
outcome
Overexpression associated with poor survival

↑ in 75% of tumor
No association with clinical characteristics or
tissue
outcome
↑ in tumor tissue
Hyperactivity correlates with rumor grading
↓ in 40% of tumor loss of expression associated with tumor progression,
tissue
advanced clincal stage, and lymph node metastasis
↑ During lymphoid Overexpression associated with higher lymphoma
development
grading and degree of maturation in lymphoid
and in lymphoid
malignancies other than multiple myeloma
malignancies
↑ in del(17p) and
Overexpression associated with shorter treatment
del(11q)
free interval
↑ in del(17p)
Overexpression associated with poor survival
↓ in advanced stage
Hypoactivity associated with advanced stage and
distant metastasis

↑ in 54% of tumor
tissue
↑ in residual tumor
after RT
↑ in residual tumor
after RT
↑ in 43% of tumor
tissue

Overexpression predicts better response to
chemoradiation
Not predictive of radiation response
No association with clinical characteristics
Overexpression predicts better locoregional control
of radiation alone versus chemotherapy alone in
early stage

↓ in cancer patients

Hypoactivity associated with cancer of the lung

↓ in cancer patients

Hypoactivity associated with chromosomal
instability and cancer of breast and cervix

Adapted with permission[148]. ALL: Acute lymphocytic leukemia; CLL: Chronic lymphocytic leukemia; IHC: Immunohistochemistry; PBLs: Peripheral blood
lymphocytes; RT-PCR: Reverse transcription polymerase chain reaction; ↑: Indicates increase activity; ↓: Indicates decrease activity.

in PBLs[23,68,69], suggesting impaired ability to recognize
cancer cells leading to a poor prognosis. Whether this
is mediated by activation of natural killer (NK) cells or
release of pro-inflammatory cytokines is not clearly understood[70]. Destruction of NK cells leading to increases

ripheral blood lymphocytes (PBLs) as a marker of host
immunity and cancer development have shown an additional role in cancer development as it relates to host
immunity. Data from multiple studies demonstrated that
cancer patients have a lower level of DNA-PKcs activity
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Table 2 Non-homologous end-joining inhibitors
Inhibitor

Mechanism/comments

A12B4C3
BTW3
KU0060648
NU7441/KU57788
ScFv 18-2
ZSTK474
CC-115
CC-122

PNKP inhibitor, sensitizes cells to camptothecin
A small peptide DNA-PK inhibitor, proposed to compete for DNA-PKcs autophosphorylation
DNA-PK and P13K inhibitor
DNA-PK inhibitor, competitive with ATP
An antibody-derived DNA-PK inhibitor that can bind to an epitope unique to DNA-PKcs
DNA-PK and P13K inhibitor, competitive with ATP; in phase 1 clinical trials (NCT01280487 and NCT01682473)
Dual inhibitor of DNA-PKcs and mTOR, in phase 1 clinical trials
DNA-PK inhibitor, in phase 1 clinical trials

Reprinted with permission from Elsevier[149]. P13K: Phosphatidyl inositol 3 kinase.

in spontaneous tumor development in mouse models[71]
leans in favor to the former hypothesis. Moreover, an
inverse association between DNA-PKcs activity in PBLs
and stage of cancer was also observed in patients who
were treated with radiotherapy for advanced cancer, displaying poorer prognosis and higher frequency of distant
metastasis[68].
In addition to its role in NHEJ pathway, DNA-PKcs
regulates the DNA damage repair mechanisms by a variety of mechanisms. These include DNA interstrand
crosslink (ICL) repair[72,73], AKT activation, EGFR nuclear translocation, or activation/mobilization of chromatin
remodeling factor structure-specific recognition protein
1 (SSRP1) from nucleolus[60,74,75]. Biomedical engineering aiming to mimic some of the activities of the DNAPKcs has been instrumental in developing novel agents
that might be useful for cancer therapeutics.
It is clear that the status of the DNA-PKcs plays
a fundamental role in ionizing radiation-induced cell
death. Many aspects of its role in cancer therapeutics are
currently under investigation. In rectal cancer, the role
of DNA-PKcs is still in its infancy. As markers of a response to ionizing radiation, the role of the DNA-PKcs
is complicated by the fact that there is paucity of high
quality data. In rectal cancer, our group demonstrated
counter-intuitive results with regards to the role of DNAPKcs in the response to IR (discussed below). In prostate
cancer, nuclear positivity for DNA-PKcs was associated
with chemical recurrence[76]. Further studies are required
to shed more light into these issues.

during NHEJ using the 5’-deoxyribose-5-phosphate
(5’-dRP)/AP lyase activity[21]. Ku also excises abasic sites
near DSBs suggesting a potential role in repairing damage by IR[21].
Intuitively, tumors that express high levels of Ku
proteins should be able to repair the damage induced by
IR more efficiently and thus become more resistant to
therapy. In vitro studies have failed to show an association
between the Ku proteins and radiosensitivity[84]. Ex vivo
studies have also interrogated the role of the Ku proteins
as surrogates of a response to IR.
Lack of Ku70 immunoreactivity correlated with radiosensitivity in patients with carcinoma of the cervix.
In these patients, survival was better in tumors that had
lower nuclear expression of Ku70[84]. In squamous cell
carcinoma of the head and neck, Ku80 over expression
was an independent predictor of regional recurrence
and mortality in patient treated with IR[85]. Similarly, in
rectal cancer low levels of Ku70 and Ku80 were associated with pCR. Ku70 was associated with down-staging.
Disease free survival was 42% in patients with high Ku70
expression compared to 78% in patients with low expression of the same protein. Similar results were observed
for Ku80[86]. Elevated levels of Ku proteins occur in
high grade lymphoid malignancies[87]. The Ku70/Ku80
heterodimer DNA end-binding activity was 2- to 3-fold
higher in the resistant B-CLL cell subset compared with
the sensitive B-CLL cell subset[88], highlighting a possible
mechanism behind increased DNA-PKcs activity in resistant CLL cells. The authors showed that novel DNAdependent protein kinase (DNA-PK) inhibitor, NU7026
(2-(morpholin-4-yl)-benzo[h]chomen-4-one), and the
phosphatidylinositol 3 (PI-3) kinase inhibitor, wortmannin, restored sensitivity to DNA damage-induced apoptosis of otherwise resistant cells.
Ku proteins can be upregulated after radiation treatment[39,89]. In one such study, expression of DNA-PK
complex proteins (including Ku 70 proteins) increased
after radiation treatment in residual tumors, and the
increased values correlated with the tumor radiation resistance[89]. Various mechanisms have been postulated behind the role of Ku proteins in radioresistance. A distinct
cell-interdependent signal is conveyed through gap junctions during chemotherapy with cisplatin, mediated by

The Ku proteins
Ku70 and Ku80 proteins are essential components of
the NHEJ pathway. These proteins serve as a medium
by which multiple other DNA-repair proteins can be attached to the pathway cascade[77]. Importantly, the Ku
proteins have a high affinity for broken DNA strands
and rapidly bind to them. This initial process also recruits
DNA-PKcs for DNA repair, though the exact mechanism is still unknown [78,79]. Additionally, Ku proteins
play a major role in recruitment of XRCC4[80,81], XLF[82],
APLF (APTX and PNK-like factor)[83] to DSBs helping
with the repair process and promoting NHEJ. Moreover,
Ku has the ability to enzymatically process DNA ends
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Surviving fraction

1.0

line was derived from a 53-year-old Caucasian male with
rectal cancer. HCT-116 cells were cultured from an adult
male with colon cancer. HT-29 cells were derived from a
44-year-old Caucasian woman with colorectal adenocarcinoma. All of these cells have mutations of the p53 gene,
except for HCT-116 cells (p53-Wt). HT-29 cell have
mutations of both alleles of the p53 gene (p53-null)[92].
HCT-116 cells display microsatellite instability.
These cells have been extensively studied and a number of properties are known. Analysis of these factors
and a response to IR has not yielded any uniform patter
of predictability that could be surrogate markers in ex
vivo studies. For instance, the inhibitor of apoptosis, survivin, has been shown to play a significant role in resistance to IR (discussed below)[93]. Analysis of this model
of rectal cancer in vitro (Figure 3) has not consistently
corroborated this finding. For instance, survivin was
expressed in higher levels in the radiosensitive SW620
compared to the relative more radioresistant SW480 cell
line. Interestingly, these two cells originated from the
same patient one at the time of stage Ⅱ colon cancer
(SW480) and the second one from a lymph node metastasis (SW620) such that these two cell lines contain similar genetic background.
Analysis of these cell lines is representative of the response that was observed in 117 patients who were treated
with preoperative ionizing radiation and underwent surgical resection (Figure 4). A pivotal question is to determine
what causes these differences in patients and cell lines
receiving the same treatment. A simple approach in the
laboratory is to take the more radioresistant and the more
radiosensitive cells and analyze specific differences. This
approach has been undertaken in vitro and in vivo. HCT-116
cell and xenografts are substantially more sensitive to IR
compared to HT-29 cells and xenografts (Figure 5).

HT29
DLD-1
SW480
SW837
SW620
HCT116

0.1

0.0
0.0

2.0

4.0

6.0

Ionizing radiation [Gy]

Figure 3 Response to ionizing radiation in several colorectal cancer cell
lines subjected to various doses of ionizing radiation. There is a variable
response to the same doses or ionizing radiation (Gy).

the kinase function of Ku70, Ku80 and DNA-dependent
protein kinase complex. This communication may explain the resistance to cisplatin-induced death of cancer
cells[90]. It is also possible that the role of Ku proteins
and DNA-PKcs in DNA damage repair depends upon
the extent and complexity of damage by IR. Studies have
revealed that simple DSBs induced by laser irradiation are
repaired rapidly involving Ku70/80 and XRCC4/Ligase
IV/XLF. In contrast, DSBs with greater chemical complexity are repaired slowly and requires additional use of
DNA-PKcs[91].
While these data seem compelling, more research is
required prior to establishing the role of the Ku proteins
in a response to radiation in rectal cancer. Current data
on this subject, while promising, is currently limited and
not clinically available. In rectal cancer, our group demonstrated counter-intuitive results with regards to the role
of DNA-PKcs in the response to IR (discussed below).

DNA repair in this model
Analysis of DNA induced damage (by γH2AX) indicated that the radioresistant HCT-116 cells suffer more
DNA damage when exposed to IR and that this damage
persists over time indicating a poor ability of the cells
to repair the DNA affected by IR (Figure 6)[94]. Predictably, HT-29 cells should be able to repair DNA more
effectively and should have increased levels of DNAPKcs and Ku proteins. In fact, the opposite results have
been observed in our studies. Our results showed that
compared to HCT-116 cells, HT-29 cells expressed lower
levels of DNA-PKcs and Ku proteins[95].

ANALYSIS OF GENOTYPIC ORIGINS OF
RADIORESISTANCE IN VITRO AND IN
VIVO MODELS OF RECTAL CANCER
Examination of factors leading to radioresistance can
practically be approached in vitro. Analysis of five colon
cancer cell lines (HT29, DLD-1, SW480, SW620, and
HCT116) as well as one rectal cancer cell line (SW837)
have demonstrated a similar pattern of response to a
group of patients treated for rectal cancer with pre-operative IR (Figure 3)[92]. The cell lines that have been treated
with IR and examined originate from patients with different characteristics.
SW480 cells were derived from a primary Duke’s
stage B colon adenocarcinoma from a 50-year-old Caucasian male, while the SW620 cell line was cultured from
a lymph node metastasis from the same patient at a later
time. The DLD-1 cell line was established from an adult
male with adenocarcinoma of the colon. The SW837 cell
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Cell cycle kinetics in this model
Examination of cell cycle kinetics demonstrates that the
radiosensitive HCT-116 cells substantially accumulate
in the G-2 phase of the cell cycle. HT-29 cells proceed
through the cell cycle in spite of receiving the same dose
of IR (Figure 7)[22,28,92,94,96,97]. According to these observations, there should be differences in cell cycle regulators
and apoptotic factors that could be used to predict a response to IR.
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Figure 4 There is a high variability of a response to ionizing radiation in rectal cancer patients treated with pre-operative ionizing radiation. Each bar on the
X-axis represents an individual patient. The Y-axis represents the clinical response to pre-operative ionizing radiation. Nearly one fourth of patients achieve a pCR, but
close to another fourth do not respond to the same form of treatment, while the rest of patients have achieve a partial response.
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Figure 5 Analysis of the most radiosensitive (HCT116) and the most radioresistant (HT29) cells (A), a similar response has been noted in cells implanted
in immune compromised mice bearing xenografts of these cells (B).
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Figure 6 Analysis of DNA-induced damaged by ionizing radiation as determined by gH2AX. HCT116 cells undergo more pronounced damage when
treated with the same dose of ionizing radiation compared to HT29 cells. The
damage induced in HCT116 cells persists over time. aP < 0.05 vs HCT116.

Figure 7 Cell cycle kinetics of HCT116 and HT29 cells treated with 2.0
Gy ionizing radiation. There is a pronounced accumulation of cells in G2 in
HCT116 cells. HT29 cells continue through the cell cycle in spite of receiving
the same dose of ionizing radiation.

Apoptosis in this model
Analysis of this model with regards to the central mediators of apoptosis (as depicted in Figure 8) has demonstrated the following in HCT116 (vs HT29 cells): marked
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over expression of p21, decreased expression of p53,
Bax, Bcl-2 and survivin[92]. Examination of these findings
is intuitive in some areas while counterintuitive in oth-
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Figure 8 Schematic representation of molecular events following the
cellular response to ionizing radiation-induced damage. Ionizing radiation
causes an up-regulation of p53. p53 then directly activates the cyclin dependent
kinase inhibitor p21. Cell cycle progression stops until the cell repairs the damaged induced by ionizing radiation. If the cell is unable to repair itself, it undergoes apoptosis. Bcl-2 inhibits p53 up-regulation, while p53 inhibits the inhibitor
of apoptosis: survivin.

Figure 9 Orthotopic model for the study of rectal cancer. This model has
the following characteristics: (1) cecal transplantation of tumors with a known
response to ionizing radiation; (2) attachment of the cecum to the lateral abdominal wall with a permanent suture for the administration of ionizing radiation;
and (3) transfection of cells with luciferase before tumor implantation for the
assessment of the chemoradiotherapeutic interventions over time by bioluminescence imaging before the end of the study. This technique allows targeted
delivery of ionizing radiation in an intraperitoneal tumor.

ers. For instance, p21 elevation in response to IR is an
expected response of these radiosensitive cells. This was
associated with an appropriate response of p53 leading
to activation of p21 culminating in apoptosis as demonstrated by an elevation of the cleaved PARP-1. In HT29
cells, on the other hand, p53 was markedly elevated. This
is the result of the mutated status of p53 in HT29 cells.
However, the results with regards to Bax and survivin are
not clear in these experiments as a decrease in survivin
and Bax was expected in these radioresistant cells.
In separate in vitro studies, analysis with colorectal
cancer cells with stable knock out (KO) of genes responsible for apoptosis from IR-induced injury was undertaken. This demonstrated that the p21 and the Bax KO
genotypes were associated with radiosensitivity rather
than radioresistance (Figure 6)[28]. The results with regards
to p21 have been previously reported and indicate that
it is mitotic catastrophe that leads these cells to undergo
cellular death rather than becoming more radioresistant.
The Bax KO genotype leading to a more radiosensitive
phenotype as opposed to radioresistance was partly mediated by apoptosis inducing factor (AIF) and not to caspase mediated apoptosis[28]. AIF is an important mediator
of cellular death that requires further studies as a predictor of a response to IR in rectal cancer[98].
These observations in vitro have been noted in vivo
models of rectal cancer as well. However, one of the
limitations of the studies in vivo is that these studies have
relied on xenograft models of rectal cancer. We have
previously described an orthotropic model in which
cells have been implanted in the cecum and then the
cecum was secured to the abdominal wall for targeted
IR. Because these cells can be labeled with luciferase, the
response to IR can be followed over time by biluminenscence imaging (Figure 9). However, this model requires
further validation[97].
In summary, observations from these studies demonstrate that there are good models for the study of
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rectal cancer in response to IR in vitro and in vivo. We have
identified some molecules that can be used to predict a
response to IR in HT-29 and HCT-116 cells. Application
of these factors to the rest of the cells as depicted in Figure 3 has yielded mixed results. There is no unifying pathway that has been identified to date. Moreover, identification of predictors for a response to IR remain at large.
For instance, many inhibitors of apoptosis examined
(IAPs; survivin, XIAP, cIAP 1/2) were all increased in the
more radiosensitive SW620 cells compared to the SW480
cells. Survivin, in response IR in colorectal cancer cells
(0, 2, 4, and 6 Gy) was expressed in the following order
in several cells: SW620 > HT-29 > HCT-116. Apoptosis
was interrogated by PARP-1 cleavage and demonstrated
that apoptosis in response to IR occurred in the following pattern: DLD-1 > HCT-116 > SW480 > HT-29 >
SW480. p27 demonstrated the following pattern: HT-29
> HCT-116 > SW480. There was no particular pattern
of expression of these factors nor was there a correlation
to a response to IR noted. Thus, there is further need for
identification of a unifying pathway that could be used to
determine a response to IR.
The additional advantage of the current in vitro and
in vivo models is that they can be utilized for the study of
radiosensitizing agents and some of these have demonstrated promising results[92,94]. The effects of the radiosensitizing agents on specific pathways can also be explored
in this fashion.
We then proceeded with a review of literature to determine how these observations compared to other studies. The result of this review have been previously documented to some extent and are presented and updated in
the following discussion[22,99].

2544

February 8, 2015|First Edition|

Ramzan Z et al . Radiation resistance in rectal cancer
HCT116 colon cancer cells

Surviving fraction

1.00

HCT116
HCT116
HCT116
HCT116

tissues[107]. Nuclear expression of p53 in rectal cancers
predicted treatment failure and signified resistance to
preoperative IR[96]. Other studies have demonstrated no
usefulness of p53 as a marker of a response to IR[108,109].
To date, ex vivo studies have failed to provide usefulness
as a marker of a response to IR. This might be the result
of the low number of subjects included in the studies,
the wide range of techniques utilized to detect p53, or
the ability of the antibody to recognize the mutated vs the
wild-type form of p53[22].
Cell cycle factors such as p53 and the cyclin dependent kinase inhibitors (CDKIs) (p21 and p27) have been
studied as possible candidates to predict a response to
ionizing radiation in rectal cancer. p21 is the classical
CDKI and is activated by p53[110,111]. Irradiated colon
cancer DLD-1 cells expressed low levels of p21[112]. The
expected response to IR in cells and tumors deficient of
p21 would be a radioresistant phenotype. Recent studies have shown that HCT-116 cell deficient of p21 are,
in fact, more sensitive to ionizing radiation compared to
wild-type HCT-116 cells[28,113]. Tumor xenografts deficient
of p21 demonstrated more tumor regression compared
to the wild-type genotype treated with the same dose of
ionizing radiation[28].
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Figure 10 Analysis of HCT116 cells with stable KO genotypes for p53,
p21, and Bax compared to wild-type. Cells deficient in p53 are more radioresistant, while p21 and Bax deficient cells are more radiosensitive compared to
wild-type.

FACTORS THAT LEAD TO A RESPONSE
TO IR: A REVIEW OF THE LITERATURE
Apoptosis
If cells are unable to repair the damage induced by IR,
the cell is destined to undergo programmed cell death.
In the classical pathway, the stressed cell leads to an upregulation of p53, which then stops the cell cycle via
induction of the cyclin depended kinase inhibitor p21.
Failure to repair the damage causes BAX to induce apoptosis[22,100] (Figure 8).
It is conceivable that defects in any of these molecules (apoptotic or cell cycle proteins) alone or in combination could serve as a surrogate to predict a response
to IR in rectal cancer. In vitro studies with colon cancer
cells exposed to radiation have been in agreement with
the classical response to apoptosis with p53, but not uniformly with p21 and BAX (as discussed in the previous
section)[28] (Figure 8).

p21: Ex vivo studies demonstrated the p21 positive
tumors had a good response to IR[114]. Another study
showed that p21 expression correlated with good pathological response and tumor radiosensitivity[115]. Similarly,
a reduction by 50% in post-irradiated rectal tissue compared to pre-irradiated one was associated with radioresistance[116]. Another study did not find p21 useful as a
predictor of a response to IR[117].
p27: This study found that p27 positive tumors had a
better response to IR with an OR of 3.3[117]. Similarly, the
absence of p53 and p27 prior to treatment was associated
with poor response to IR in rectal tumors[118].
Bax: Bax is a pro-apoptotic protein that leads to the
release of cytochrome c from the intermitochondrial
membrane[100]. It may be anticipated that Bax deficiency
would be associated with radioresistance. In vitro and in
vivo studies have demonstrated the opposite phenotype
to IR (Figure 10)[28]. While a few studies demonstrate
that Bax deficient cells are resistant to chemotherapeutic
agents[119-121], evidence indicating the response of Bax
deficient colorectal cancer cells to IR in pre-clinical studies is lacking. Limited ex vivo studies have shown that Bax
tumor expression had a positive response to chemoradiation in patients treated for rectal cancer[122,123].
Bcl-2 inhibits cellular apoptosis and is overexpressed
in many colorectal tumors[124]. BAX is the apoptogenic
counter part of Bcl-2. Current studies have failed to demonstrate the association of Bcl-2 as a marker of response
to IR[22,123,125].

Apoptotic proteins: p53, p21, BAX, Bcl-2, survivin, and
SMAC/Diablo
p53: In vitro, HCT-116 cells deficient of p53 are more
radioresistant compared to HCT-116 wild-type cells. Tumor xenografts derived from the same cells demonstrated
a similar effect[28]. These results have been mirrored in
models of colorectal cancer in vitro and in vivo[101,102], but
in disagreement with others[103-105]. Other studies have
suggested that p53 mutations may render cells more radiosensitive owing to a reduction in p53-dependent DNA
repair mechanisms[106]. Thus, in vitro and in vivo studies
with regards to p53 have shown mixed results. In vitro,
data indicates that lack of p53 leads to radioresistance.
However, the mutational status of p53 is important to
consider in all analyses examining p53[22].
Ex vivo studies have demonstrated a number of heterogeneous findings as well. Some studies have shown
that mutated p53 leads to radioresistance in rectal cancer
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Hypoxia and angiogenic factors
Hypoxia: Lack of oxygen supply to cancer cells has
been linked to poor response to radiation. This premise
was tested in patients undergoing neoadjuvant therapy
for rectal cancer with the assistance of positron emission tomography using the copper-60-diacetyl-bis (N4methylthiosemicarbazone (60Cu-ATSM), an agent that
accumulates in tissues lacking adequate oxygenation.
Tumors with higher baseline tumor-muscle activity ratios
(suggesting hypoxia) in the pre-treatment PET scan were
shown to have a poor response to radiation[133]. Other
agents tested in different studies have been less useful
probably as a result of technical limitations[134].
Further evidence of the role of hypoxia in response
to IR was demonstrated by the fact that higher levels
of HIF-1 (hypoxia inducible protein factor 1, a protein
that increases in oxygen deprived tissues) predicts poor
response to neoadjuvant chemotherapy in patients with
rectal cancer [135]. Additionally, HIF-1 correlates with
increased levels of pro-angiogenic vascular endothelial
growth factor (VEGF), a marker of angiogenesis for tumor growth[136].

sis (IAPs) that are generated via induction of NFκB[100].
Survivin binds and inactivates caspases 3, 7 and 9[100]. In
vitro and in vivo data showed that the NFκB-IAPs axis
is a predictor of a poor response to IR when over expressed[22]. Ex vivo data supports the role of survivin in
raidoresistance[93]. Furthermore, the five year survival of
patients with survivin positive stage Ⅱ colon cancer tumors was 41% lower than patients with survivin negative
tumors[126]. The role of other r IAPs (i.e., XIAP, cIAP, etc.)
and a response to IR remains at large.
The role of the IAPs in response to IR has been further interrogated by directly inhibiting the inhibition of
the IAPs via augmentation of an antagonistic factor to
the IAPs: SMAC/Diablo.
SMAC/Diablo: Pro-apoptotic molecules with the ability to reduce the functional activity of the inhibitors of
apoptosis might have potential therapeutic applications.
Compounds that mimic the action of SMAC/Diablo
(Smac-mimetics) are under study for their ability to
chemo- and radiosensitize tumor cells[127]. The Smac mimetic JP-1201 radiosensitized HT-29 colorectal cancer
cells and xenografts by a marked augmentation in apoptosis, which was associated with a reduction in the levels
of the IAP XIAP[94].
Proliferation markers and mitotic index as markers: A
few studies have reported high Ki-67 staining correlated
with a positive response to IR[128,129]. In contrast, most
studies have demonstrated that proliferating nuclear antigen labeling index does not correlate with response to
IR[115,125,130].
Apoptotic index: Evaluation of apoptosis in cancer
cells has shown that patients with higher pre-radiation
level of apoptosis (apoptotic index) had lower rate of recurrence and longer disease free period after radiation[131].
Logically, tumors that have an intact machinery to
undergo apoptosis should respond better to ionizing radiation rather that those with mutation of one or more
pro-apoptotic factors or activation of anti-apoptotic
factors. Caspase mediated apoptosis has been shown to
play a promising role in predicting a response to IR. A
high spontaneous apoptotic index in pretreated tumor
tissue was associated with a superior rate of response
to radiation[132]. Furthermore, in a large study including
465 pre-irradiated biopsies tumors underwent immunohistochemistry staining against the active form of
caspase 3. This study showed that tumors with a high
apoptotic index had less recurrence and a higher disease
free survival[131].
While these results seem promising, uniformity across
studies has not been established nor substantial reproducibility or adoption to clinical practice. The practical
usefulness of this approach is limited by the dynamic
process of apoptosis and by the wide variety of measurements and laboratory standardizations. The individual
evaluation of specific molecules in the process of apoptosis either as a single factor or in combination with others seems to suffer from the same issues.
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VEGF: Low levels of VEGF have been associated
with improved response to radiation[135,137,138], and vice
versa[135,137-139]. Therefore, VEGF inhibition with the antibody bevacizumab has shown beneficial effects in treating cancers with neoadjuvant chemoradiotherapy[137,140,141].
Various mechanisms by which VEGF inhibition causes
this effect may include reducing vascular density within
a tumor, decreasing interstitial tumor pressures, improving global oxygenation status, vascular normalization and
thus increasing responsiveness of endothelial cells to radiation[137,141,142]. It seems logical that if bevacizumab were
to be used as a neoadjuvant agent in combination with
IR for the treatment of patients with rectal cancer, these
should have a higher rate of pCR compared to standard
treatments. However, this observation has not been validated in clinical trials[143].
EGFR signaling: Initial reports revealed that combination of radiation and EGFR inhibition exerted a synergistic cytotoxic effect and hence raised interest in developing
EGFR inhibitors. Hence, multiple EGFR inhibitors (e.g.,
cetuximab and panitumumab) were developed and tested
and have demonstrated promise in patients with KRAS
wild-type tumors. However, with regards to the usefulness in EGFR signaling as a predictor of a response to
IR, the data is lacking. Similarly, data pertaining to the
usefulness of inhibiting the EGFR signaling pathway as
a radiosensitizing modality has also demonstrated disappointing results[144].
High-throughput analyses
Microarray analysis: Single molecules as independent
factors or in combination with other molecules of specific pathways (i.e., apoptosis or angiogenesis) have not
provided to be clinically useful to date. A major limita-
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dot represents a patient), six had a pCR and seven did not respond to treatment; B: The differences in various tumor markers comparing these two groups. IHC: Immunohistochemistry; SEM: Scanning electron microscope.

tion of examining a specific pathway had to do with the
dynamics of the process and the particular point in time
at which it is being measured. Further, many tumors are
heterogeneous in terms of mutations and alterations.
Thus, interrogating several genes or proteins simultaneously is a logical approach in terms of elucidating origins
of radioresistance in rectal cancer. In the era of personalized care, these tumor “fingerprints” not only make
sense, but is the direction of the future.
Unfortunately, as appealing as it might seem, current
efforts have been unsuccessful. Two studies have independently performed RNA arrays to analyze radioresistant and radiosensitive tumors. These studies have had
limited genes and have had different results[145,146].

subjected rectal cancer tissue to tissue microarray and
tested eight different antibodies. MIB was the only independent predictor of a response to chemoradiation[8]. In
our analysis, we examined tissue microarray in 48 patients
who were treated with preoperative IR. We then divided
all of these patients in two groups: patients who achieved
a pCR (n = 6) compared to those who did not respond to
IR or patients who experienced tumor growth (n = 7) in
spite of pre-operative chemoradiation. We stained the tissue microarrays with seven antibodies and demonstrated
no particular protein that could be used to differentiate
these groups (Figure 11)[8].

Tissue microarray: Tissue microarray is another technique to assess multiple proteins with a single experiment
with tissues handled in a similar fashion. In one study,
tissue microarray was performed with the goal of predicting survival and recurrence in patients treated with
chemoradiation. In this study, Cox-2 emerged as a potential predictor of survival[147]. In a second study, our group

Rectal cancer is the ideal clinical problem where personalized treatment could be investigated. This theory stems
from the fact that a select patient population obtains
an excellent response from the same form of chemoradiation, while others do not. Despite putting forward
multiple mechanisms of tumor death from ionizing radiation and various possible causes of radioresistance, there
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has not been a unifying pathway that can reliably predict
a response to IR in vitro, in vivo or ex vivo. It is difficult to
explain the reasons behind a clear discrepancy in the current observations in the literature. However, differences
in tumor biology, genotypic profiling or phenotypic characteristics are some of these factors. There are currently
good in vitro, in vivo, and ex vivo models for the study of
rectal cancer and the trend seems optimistic in developing a predictive finger print for patients with rectal cancer
that might respond well to IR. Recent data has shown
that DNA-PKcs and Ku proteins (as vital players in
NHEJ pathway allowing DSB repair) may have a central
role in radiation induced cell death. Nevertheless many
facets of its function in conjunction with the complex
and intricate details of the pathway are still under investigation. More data is required before we can formulate
one unified explanation for the heterogeneity noted in
therapeutic effect of ionizing radiation. Until then, the
hope of developing novel therapies for rectal cancer and
improving the therapeutic yield of ionizing radiation with
radiosensitizers remains a challenging clinical problem.
The findings so far should not be viewed in a pessimistic
fashion. There are several pathways that have provided
potential targets for chemoradiotherapeutic interventions.
We need to continue to investigate potential molecules
predictive of a response to IR. As we dwell into the future, we need to remember that markers predictive of an
aggressive behavior are currently in clinical practice such
as testing for BRCA or RET proto-oncogene mutations.
A view into the future also includes investigating base
line characteristics of patient’s genotypic background in
normal tissue compared to tumor tissue after IR. It is
important to determine if a patient starts with high levels
at base line, but a particular gene is not activated then
the base line levels are not as predictive. In the opposite
scenario, we might have a patient with a molecule that at
base line is low, but it is activated substantially with IR. In
that scenario, we might consider those features as more
predictive. The future, therefore, should be viewed with
optimism.
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solid evidence to support each decision. In addition,
progress never stops and new agents are continuously
tested. For these reason this review will try to summarize all the clinical trials that constitute the theoretical
framework that support our daily practice but will also
procure the reader with rational answers to common
clinical dilemmas by critically appraising the current
literature. Lastly, we will provide with a compilation of
promising new agents that may soon become our next
line of defense against this deadly disease.
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Core tip: This manuscript is a comprehensive review,
with the most updated information up to 2014, regarding metastatic colon cancer. It summarizes all those relevant clinical trials that constitute the theoretical framework to support our daily practice and provides rational
answers to common clinical dilemmas. Additionally, it
gives the reader a compilation of potential new agents
that are currently being tested and may soon become
the next step in the battle against this disease.

Abstract
During the last decade we have witnessed an unprecedented outburst of new treatment approaches for the
management of metastatic colon cancer. Anti-angiogenic drugs, epidermal growth factor receptor blockers
and multi-kinase inhibitors have all resulted in small but
consistent improvement in clinical outcomes. However,
this progress has paradoxically leaded us into new challenges. In many cases the clinical development was
done in parallel and the lack of head-to-head comparison evolved into circumstances where several valid new
“standards of care” are available. Even though desirable in essence, the availability of many options as well
as different possible combinations frequently leaves
the busy clinician in the difficult situation of having to
choose between one or the other, sometimes without

WCGO|www.wjgnet.com

Original sources: Recondo G Jr, Díaz-Cantón E, de la Vega
M, Greco M, Recondo G Sr, Valsecchi ME. Advances and new
perspectives in the treatment of metastatic colon cancer. World
J Gastrointest Oncol 2014; 6(7): 211-224 Available from: URL:
http://www.wjgnet.com/1948-5204/full/v6/i7/211.htm DOI: http://
dx.doi.org/10.4251/wjgo.v6.i7.211

INTRODUCTION
Colon cancer is the second leading cause of cancer-
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related mortality in the United States and 1.2 millions of
new cases are yearly diagnosed worldwide[1]. From the
clinical perspective colon cancer could be categorized
into the early stages (Ⅰ - Ⅲ ) and the more advanced
and usually lethal metastatic disease. Notably, since the
publication of the MOSAIC trial almost ten years ago,
no other groundbreaking development in the treatment
of resectable colon cancer became available[2]. On the
contrary, during the last decade we have witnessed an unprecedented outburst of new treatment approaches for
the management of stage Ⅳ colon cancer that ultimately
evolved into the approval of five new drugs. For simplification purposes, we can subdivide these new drugs into
three categories: anti-angiogenic, epidermal growth factor
receptor (EGFR) blockers and multi-kinase inhibitors. All
of them represent important advances in the fight against
this deadly disease. Nonetheless, some issues deserve
further attention. First, these new agents were generally
combined with at least some of the previously effective
chemotherapy regimens (fluoropyrimidines and/or oxaliplatin and/or irinotecan). Also, the clinical development
was done in parallel instead of following a rational stepwise approach where each new drug was tested against
the new standard of care. This lack of head-to-head
comparison resulted in several valid new “standards of
care”. Lastly, new combinations are continuously tested
making extremely difficult for the busy clinician to keep
up with the most updated information.
For the reasons mentioned before, this manuscript
will pursue three clear objectives. First summarize all
those relevant clinical trials that constitute the theoretical
framework to support our daily practice. Second try to
provide rational answers to common clinical dilemmas by
critically appraising the current literature. Finally, provide
the reader with a compilation of potential new agents
that are currently being tested and may soon become the
next step in the battle against this disease.

for metastatic colon cancer. It prevents the binding of
VEGF-A to the VEGFR and, consequently, inhibits angiogenesis, tumor growth and metastatic development.
It was first approved on February 2004 by the FDA as
first-line treatment for patients with metastatic colon
cancer. Today, almost 10 years later, a substantial body of
evidence has accumulated to help clinicians in the judicious use of this molecule. Table 1 summarizes the most
relevant clinical trial of the anti-angiogenic drugs.
The first practice-changing, double blind, randomized phase Ⅲ trial that was published compared the use
of irinotecan, bolus 5-FU and leucovorin (IFL) with or
without bevacizumab in metastatic, previously untreated
patients[8]. The primary endpoint of the study was overall
survival (OS); disease-free survival (DFS) and overall response rate (ORR) were secondary endpoints. OS (20.3
mo vs 15.6 mo; P < 0.001) and PFS (10.6 mo vs 6.2 mo;
P < 0.001) and ORR (45% vs 35%) were all significantly
improved with bevacizumab. Importantly, patients in
the IFL group were not allowed to crossover. Similar
results were obtained in the ARTIST trial using a modified version of IFL (5-FU was infused over 6-8 h) plus
bevacizumab in metastatic colon cancer, chemotherapy
naïve, Chinese patients, confirming that results obtained
in Caucasians were also applicable in Asian population[9].
Subsequently, in 2007 results from the BICC-C trial were
released showing that bevacizumab combined with the
classical bolus and 46-h infusional 5-FU plus leucovorin
and irinotecan (FOLFIRI) was superior to a shorter version of IFL as upfront therapy[10]. In the original trial
design patients were randomly assigned to receive FOLFIRI, IFL or irinotecan plus capecitabine (CapeIRI) with
or without celecoxib. However, after the FDA-approval
of bevacizumab the protocol was amended and additional 117 patients were randomized to receive bevacizumab
with FOLFIRI (FOLFIRI-B) or IFL (IFL-B); due to excessive toxicity the CapeIRI arm was discontinued. With
an updated median follow-up of 34.4 mo, OS was longer
in the FOLFIRI-B arm (28.0 mo vs 19.2 mo; P = 0.037)[11].
Thus, infusional 5-FU regimens should be preferred over
bolus 5-FU when combined with bevacizumab.
After the initial success with irinotecan combinations,
bevacizumab was soon studied in oxaliplatin-based regimens. The first evidence of its synergistic effect came
from the ECOG-3200 study that investigated the role of
bevacizumab in the second line treatment[12]. In this study
patients who had progressed to irinotecan and fluoropyrimidine therapies but who had not received oxaliplatin
or bevacizumab were randomized to FOLFOX-4 (control
arm), FOLFOX-4 plus bevacizumab (FOLFOX-B) or
single agent bevacizumab. With a median follow-up of
28-mo, a modest but statistically significant improvement
in OS was shown for the FOLFOX-B arm (12.9 mo vs
10.8 mo, P = 0.0024). Single agent bevacizumab showed
virtually no effect. Immediately after the release of this
study, and in spite of the lack of evidence in the front
line therapy setting, FOLFOX-B was rapidly accepted in
the oncology community as a valid front line option for
stage Ⅳ colon cancer. Evidence to support this practice

ANTI-ANGIOGENESIS AS A TARGET
Angiogenesis consists in a complex multistep process of
new vessel formation. The vascular endothelial growth
factor (VEGF) and its receptor (VEGFR) play a crucial
role in the tumor transition from the “avascular” to the
“vascular” phase, acquiring metastatic potential[3,4]. It
also stimulates tumor growth, migration and metastasis
through mechanisms not entirely related to tumor angiogenesis[5]. Moreover, tissue interstitial pressure is a key
factor in chemotherapy delivery and in some tumors this
could be up to 15 times higher than the normal counterparts[6]. There is solid evidence that VEGFR inhibition
partially restores interstitial fluid pressure and reduces
abnormal vasculature with improvement of drug delivery
and enhancement of chemotherapy efficacy[7].
Bevacizumab
Bevacizumab (Avastin®, Genentech Inc.), a recombinant
humanized monoclonal IgG-1 antibody against soluble
VEGF-A, was the first anti-angiogenic drug approved
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MAX trial

AVEX trial
TRIBE trial
ML 18147

Ziv-Aflibercept
VELOUR trial

Tebbutt et al[17] 2010

Cunningham et al[18] 2013
Falcone et al[21] 2013
Bennouna et al[66] 2013

Van Cutsem et al[29] 2012

No. of patients

RCT, 2nd line post oxaliplatin
and/or bevacizumab 1st line

RCT, elder population, 1st line
RCT, 1st line
RCT, open label, 2nd line post
chemo + B
1226

280
508
409

RCT, 1st line
813 (ITT)
RCT, 1st line
117 (2nd period)
RCT, 2nd line post irinotecan
820 (ITT)
1st line
RCT, phase 3, 1st line, factorial
1401
2x2
RCT, open label, 1st line
471

Study description

FOLFIRI + aflibercept vs FOLFIRI
+ placebo

IFL + B vs IFL
FOLFIRI + B vs mIFL + B
FOLFOX-4 + B vs FOLFOX-4 vs B
alone
FOLFOX-4 or XELOX + B vs
FOLFOX-4 or XELOX
Cape alone vs Cape + B vs Cape +
B + mitomycin
Cape alone vs Cape + B
FOLFOXIRI-B vs FOLFIRI-B
2nd line chemotherapy + B vs 2nd
line chemotherapy

Comparison

13.5 vs 12.0

18.9 vs
16.4
20.7 vs 16.8
31.0 vs 25.8
11.2 vs 9.8

18.9

20.3 vs 15.6
28 vs 19
12.9 vs 10.8 vs
10.2
21.3 vs 19.9

ORR

6.9 vs 4.7

9.1 vs 5.1
12.1 vs 9.7
5.7 vs 4.1

5.7 vs 8.5 vs 8.4

9.4 vs 8.0

56% vs 50%

74% vs 44%
Not reported
Not reported
(approximately 50% vs 40%)

Not reported

Not reported

74% vs 63%
87% vs 61%
56% vs 43% vs 44%

1-yr survival

finally materialized in 2008. The NO16966 study was a non-inferiority trial evaluating the use of XELOX and FOLFOX with or without bevacizumab in a factorial design[13].
The primary analysis demonstrated a statistically significant benefit in terms of progression-free survival (PFS) (9.4 mo vs 8.0 mo; P = 0.002) in patients receiving bevacizumab,
irrespectively of the chemotherapy backbone used, but there was no difference in terms of OS and ORR in the final analysis. Moreover, the TREE studies evaluated the use
of three different oxaliplatin-based chemotherapies with bevacizumab[14]. A total of 150 patients were randomly assigned to mFOLFOX-6, bFOL (bolus FU and low-dose LV
with oxaliplatin) or CapeOx in the TREE-1 cohort and 223 patients were randomized to the same regimens with bevacizumab in the TREE-2 cohort. ORR was superior in
each arm with the addition of bevacizumab and, although not statistically significant, it was highest with mFOLFOX-6 and bevacizumab (52%). Additionally, the BEAT study
was designed to evaluate the safety and efficacy of several regimens containing bevacizumab used in the daily community practice but outside the formalities of a clinical trial
and in a no-comparative fashion[15]. Consistent with previous studies, improved PFS and OS were seen in patients receiving doublet regimens compared to single agent chemotherapy.
A very relevant issue, however, for the daily practice is the fact that many patients with metastatic colon cancer are not suitable (e.g., elder population or poor performance
status) to receive multi-agents regimen such as FOLFOX or FOLFIRI. A common practice in these cases is to use single agent fluoropyrimidine (e.g., weekly bolus 5-FU).
Even in this situation, there is enough evidence to support the use of bevacizumab. At least one phase Ⅱ clinical trial proved that the addition of bevacizumab to single agent
5-FU resulted in better PFS (9.2 mo vs 5.5 mo, P < 0.001) when used as first line option[16]. Importantly, the mean age of the participants was more than 70 years old. Further
evidence supporting the efficacy of this combination, especially in fragile patients, came from the MAX study where capecitabine and bevacizumab resulted in longer PFS compared to single agent capecitabine (8.5 mo vs 5.7 mo; P < 0.001)[17]. This was confirmed by the AVEX Trial that enrolled elder patients (> 70 years) who were not candidates for
treatment with oxaliplatin or irinotecan and randomized them to capecitabine alone or in combination with bevacizumab[18]. With a mean follow up close to 2 years, the median
PFS was almost double with bevacizumab (9.1 mo vs 5.1 mo; P < 0.001). ORR was also superior but the study was underpowered to detect a benefit in OS. However, the reader
should be aware that the addition of bevacizumab in these three trials resulted in an absolute increment of grade 3-4 toxicity of about 15%-20% with none of them showing a
statistically benefit in OS.
A classical paradigm that has been recently called into challenge is the one that discourage the use of multi-agents regimens combining oxaliplatin and irinotecan at the same

20% vs 11%

19% vs 10%
65% vs 53%
5.5% vs 4%

30% vs 38% vs 46%

47% vs 49%

10.6 vs 6.2
45% vs 35%
11 vs 8
58% vs 53%
7.3 vs 4.7 vs 2.7 23% vs 8.6% vs 3.3%

Median OS (mo) Median TTP/PFS
(mo)

RCT: Randomized controlled trial; OS: Overall survival; TTP: Time to progression; PFS: Progression free survival; ITT: Intention to treat; ORR: Overall response rate.

NO16966 trial

Bevacizumab (B
AVF2107g trial
BICC-C trial
ECOG 3200 trial

Drug and study name

Saltz et al[13] 2008

Hurwitz et al[8] 2004
Fuchs et al[10] 2007
Giantonio et al[12] 2007

Ref.

Table 1 Selected phase 3 clinical trials involving anti-angiogenic drugs in combination with conventional chemotherapy
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time. This presumption was based on the results of the
N9741 study where the IROX (oxaliplatin + irinotecan)
arm showed worse TTP, ORR and OS compare to FOLFOX[19]. However, treatment with the combination of 48-h
infusional 5-FU, oxaliplatin and irinotecan (FOLFOXIRI)
proved to be superior to FOLFIRI, which is believed to
be similar to FOLFOX, in terms of OS, PFS and ORR
in patients with mCC[20]. Recently, the results of a phase 3
TRIBE trial that compared FOLFOXIRI and FOLFIRI
with the addition of bevacizumab were presented[21].
Both treatments were administered for a maximum of 12
cycles followed by 5-FU + bevacizumab until progression. With a mean follow-up of 26.6 mo, significantly
increased PFS was observed in the FOLFOXIRI-B arm
(9.7 mo vs 12.2 mo, P = 0.001). As expected, greater neutropenia, diarrhea, stomatitis and neurotoxicity were seen
in the FOLFOXIRI arm. Interesting, similar results were
obtained in a recent randomized phase Ⅱ study (OLIVIA)
where FOLFOXIRI-B showed better ORR and conversion to R0 resections compared to FOLFOX-B[22]. Data
is still immature, but this combination could be a feasible
option for fit patients.
To summarize we should emphasize some useful
concepts. First, single agent bevacizumab has almost no
activity. Second, the best evidence comes from its usage
as upfront first line therapy in combination with either
FOLFOX or FOLFIRI and perhaps FOLFOXIRI. In all
cases, bevacizumab has persistently showed to improve
PFS. For second line treatment the ideal scenario would
be in patient who did not receive bevacizumab as a first
line option. Lastly, continuation beyond progression is
also feasible (see below).

BLOCKING EGFR AND OTHER KINASES
Cetuximab and panitumumab
In addition of blocking the angiogenesis pathway, another line of investigation that lead to practice-changing
outcomes was the one advocated to jamming the EGFR.
Once activated, the EGFR triggers a series of downstream phenomenon that ultimately result in tumor
growth and survival[30]. It is then simple to understand
that blocking EGFR could potentially halt tumor progression. Nevertheless, this basic principle is not always
applicable. An overwhelming body of evidence confirmed the futility of blocking the EGFR when downstream molecules are anarchically activated. The strongest
evidence comes from the presence of KRAS codons 12
and 13 mutations in exon 2 which virtually turns antiEGFR strategies useless[31]. But, recent investigations
have broadened the number of negative predictive mutations found in the RAS genes family to exons 3 and 4 of
KRAS and exons 2, 3 and 4 of NRAS genes[32]. In that
sense, testing for KRAS/NRAS mutations could exclude
50% of the patients from an ineffective but potentially
harmful therapy. BRAF mutations carry a considerable
poor prognosis, but its predictive role is somehow controversial. However, and in spite of this obvious limitation, anti-EGFR therapies have found their place in the
treatment of stage Ⅳ colon cancer. Two compounds, cetuximab (Erbitux®, Bristol-Myers) a chimeric monoclonal
IgG-1 antibody against EGFR, and panitumumab (Vertibix®, Amgen) a fully humanized monoclonal IgG-2 antibody also directed against EGFR, have received FDAapproval for this indication. Table 2 summarizes the most
relevant clinical trials related to these agents.
As part of the pre-clinical investigation, cetuximab
was tested in tumor xenografts models and found to have
marked synergistic activity with irinotecan, even in previously considered irinotecan-resistant cell lines[33]. This
observation was the based for a couple of phase 2 clinical trials which confirmed the clinical utility of cetuximab
single agent (approximately 10% ORR) and in combination with irinotecan. However, the first convincing evidence of its clinical utility came from the BOND study
where 329 patients with irinotecan-resistant metastatic
colon cancer were randomly assigned to either single
agent cetuximab (ORR 11%, TTP 1.5 mo) or cetuximab
plus irinotecan (ORR 23%, TTP 4.1 mo)[34]. No difference in OS was seen but crossover was allowed. As in the
case of cetuximab, single agent panitumumab showed
10% ORR in heavily pretreated patients who formerly received 5-FU, irinotecan and/or oxaliplatin[35,36]. Given the
encouraging results as second and third line therapies, it
did not take much time until both molecules were tested
as first line options. In the CRYSTAL trial, 1217 patients
were randomly assigned to FOLFIRI alone or FOLFIRI
plus cetuximab as first line treatment[37]. The primary
endpoint was PFS and it was statistically prolonged in
the cetuximab group, albeit by a modest 1 mo (8.0 mo vs
8.9 mo in the whole population and 8.7 mo vs 9.9 mo in
the KRAS wild-type patients). Cetuximab also resulted in

Ziv-aflibercept
Ziv-aflibercept (Zaltrap®, Regeneron Pharmaceuticals) is
a recombinant fusion protein consisting of the extracellular domains of human VEGFR-1 and 2 fused to the
Fc portion of human IgG-1[23]. The decoy protein binds
tightly PIGF, VEGF-A and VEGF-B preventing the
activation of VEGFR-1 and 2 by these ligands. This is a
significant difference with bevacizumab which exclusively
blocks the VEGF-A[24]. Pre-clinical studies confirmed
that when combined with cytotoxic drugs, ziv-aflibercept
exerted considerable inhibition of angiogenesis[25-27]. In
2006, 38 patients were enrolled in a phase Ⅰ clinical trial
were 2, 4, 5 and 6 mg/kg escalating doses of ziv-aflibercept were explored in combination with irinotecan, 5-FU
and leucovorin[28]. In the phase 3 VELOUR trial, patients
with metastatic colon cancer but previously treated with
oxaliplatin-containing regimens were randomly assigned
to receive FOLFIRI with or without ziv-aflibercept every 2 wk[29]. Patients could not have received irinotecan
before but up to 30% of them received bevacizumab as
front line therapy. The ORR (11.1% vs 19.8%, P < 0.001),
PFS (6.9 mo vs 4.6 mo, P < 0.001) and OS (13.5 mo vs
12.1 mo, P = 0.003) were all improved in ziv-aflibercept
and were not influenced by the prior use of bevacizumab
(stratifying variable). However, the absolute benefit was a
modest 1.4 mo in OS.
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NORDIC Ⅶ trial

Tveit et al[60] 2011

1198

329

No. of patients

Irinotecan + C vs
irinotecan
FOLFIRI + C vs FOLFIRI

Comparison

Regorafenib (R)
CORRECT trial
RCT, phase 3, 3rd line
Cetuximab (C) vs Bevacizumab (B)
FIRE-3trial
RCT, phase 3, 1st line

RCT, phase 3, 1st line

592

760

1183

FOLFIRI + C vs
FOLFIRI + B

Regorafenib vs placebo

FOLFOX-4 + P vs
FOLFOX-4

729
Oxaliplatin-based chemo
(KRAS wild type)
+ C vs chemo alone
RCT, open label, 1st line
571
FLOX + C vs intermittent
FLOX + C vs FLOX

RCT, phase 3, 1st line

RCT, phase 2, 2nd line
irinotecan-refractory
RCT, 1st line

Study description

28.7 vs 25

6.4 vs 5.0

24 vs 20 (WT) 15 vs 19
(MT)

19.7 vs 20.3 vs 20.4

17 vs 17.9

20 vs 18.5 and (25 vs 21)

8.6 vs 6.9

Median OS (mo)

49% vs 47% vs 41%

47% vs 39%
(59 vs 43%)
64% vs 57%

23% vs 11%

ORR

10 vs 10.3

1.9 vs 1.7

2558

Not reported

24.3% vs 20.0%

Approximately 75% both
(WT) approximately 60% vs
75% (MT)

Not reported
(approximately 70%)

Not reported
(approximately 35% vs 25%)
Not reported

29% vs 32%

1-yr survival

Regorafenib
The last drug to receive FDA-approval was regorafenib (Stivarga®, Bayer). The compound is an orally available multi-kinase inhibitor with activity against multiple targets in-

an absolute 8% improvement in ORR (all partial responses) but no benefit in OS was observed. Similar results were reported in a randomized, phase 2 study using FOLFOX
instead of FOLFIRI[38]. In this case the ORR was improved by 25% in wild-type patients as it was PFS, but only by 15 d (7.2 mo vs 7.7 mo). Interesting, in KRAS mutated patients PFS was actually 3-mo worse in the cetuximab arm. Similarly, in the phase 3 PRIME study, investigators used FOLFOX-4 as the backbone to randomized patients in a
1:1 fashion to panitumumab or placebo[39]. As expected, in the wild-type population ORR (48% vs 55%) and PFS (8.0 mo vs 9.6 mo) was better with anti-EGFR therapy but in
KRAS mutated cases the effect was neutral or even worse.
An important point to mention at this moment is in reference to the solid evidence against the presumption that combining both anti-angiogenic and anti-EGFR molecules
at the same time would results in a synergistic effect. At least two large, randomized, phase 3 clinical trials consistently showed that combining bevacizumab with EGFR inhibitors is actually deleterious. The first of them (PACCE trial) randomly assigned 1053 patients to either oxaliplatin- or irinotecan-based chemotherapy plus bevacizumab but with
and without panitumumab as first line treatment for metastatic colon cancer[40]. The primary objective for the oxaliplatin-based arm was extension of PFS and in the irinotecan
group was safety analysis. Secondary end points for both groups were ORR, OS and safety. A planned interim analysis for safety and efficacy was conducted at 50% of the
events and panitumumab was removed due to significantly decreased PFS [hazzd ratio (HR), 1.44; P = 0.004] and increase toxicity independently of the KRAS status. Grade 3
or more adverse events were present in 90% of patients treated with panitumumab. The CAIRO-2 trial reported similar detrimental results of adding cetuximab to oxaliplatin,
capecitabine and bevacizumab[41]. The addition of cetuximab significantly decreased median PFS (10.7 vs 9.4, P = 0.01). A total of 88% of patients discontinued the study, 45%
due to tumor progression and 24.5% due to adverse events. A third study, the CALGB 80405, was initially designed to evaluate the use of FOLFOX or FOLFIRI with bevacizumab, cetuximab, or both agents together. In base of the results of the previous studies, the arm combining cetuximab and bevacizumab was closed (NCT00265850).

62 % vs 58%

1.0% vs 0.4%

9.6 vs 8 (WT) 55 vs 48% (WT) 40 vs
7.3 vs 8.8 (MT)
40% (MT)

8.3 vs 7.3 vs 7.9

9 vs 8 and
(10 vs 8.7)
8.6 vs 8.6

4.1 vs 1.5

Median TTP/
PFS (mo)

RCT: Randomized controlled trial; OS: Overall survival; TTP: Time to progression; PFS: Progression free survival; ITT: Intention to treat; ORR: Overall response rate.

Stintzing et al[63] 2013

Grothey et al[47] 2013

Panitumumab (P)
PRIME trial

COIN trial

Maughan et al[59] 2011

Douillard et al[39] 2010

CRYSTAL trial

Cetuximab (C)
BOND trial

Drug and study name

Van Cutsem et al[37] 2009

Cunningham et al[34] 2004

Ref.

Table 2 Selected clinical trials involving anti-epidermal growth factor receptor, regorafenib or anti-epidermal growth factor receptor vs anti-epidermal growth factor receptor receptor agents
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Figure 1 Schematic representation of the recent advances in the treatment of metastatic colon cancer.

cluding KIT, PDGFR and VEGFR among others. It
is structurally related to sorafenib and the most usual
adverse events are hand-foot skin reaction, mucositis, hypertension and diarrhea[42-45]. In an expanded phase I trial
with 27 evaluable patients, 74% achieved disease control
with 1 patient obtaining partial response and 19 stable
disease[46]. Globally, regorafenib was well tolerated and
adverse events were clinically manageable leading to a
multi-centric phase 3 trial. The CORRECT study enrolled
patients who had already received all the approved standard therapies and who had progressed during or within
3 mo after the last therapy[47]. Seven hundred and sixty
participants were randomized in a 2:1 ratio to regorafenib
or placebo. Median OS was 6.4 mo in the regorafenib
group vs 5.0 mo in the placebo group (P = 0.005). The
most frequent grade 3 or 4 adverse events were handfoot skin reaction (17%), fatigue (10%), diarrhea (7%),
hypertension (7%), and skin desquamation (6%).

appropriate discussion between the medical and surgical
oncologists[48]. For those who are considered resectable
common practice is to give them at least 6 mo of chemotherapy. The most solid evidence for this action comes
from the EORTC 40983 trial where 364 patients, with
one to four resectable liver metastases, were randomly
assigned to surgery alone or 6 doses of FOLFOX-4 preand post-surgery[49]. The study was positive for its primary
endpoint, PFS (20.9 vs 12.5; P = 0.035, per protocol population) and it gained rapid acceptance within the medical
community. Oncologist extrapolated these results to the
completely neo-adjuvant or adjuvant (stage Ⅳ in NED
status) setting, albeit with no evidence to support this approach. OS was not improved in the EORTC 40983 but
the enrollment of patients was less than originally expected and its statistical power was called into question. Two
other studies were reported in the adjuvant setting after
complete resection of liver metastases[50]. They were also
underpowered and employed outdated chemotherapy
(5-FU bolus). The poor accrual in these clinical trials is
most likely related to the oncologists’ reluctance to enroll
patients in studies that involved a surgery only arm. One
single institution, single arm study showed 73% ORR (9%
complete pathological response) in 56 patients treated
with XELOX + bevacizumab in a peri-operative setting
(6 doses pre- and 6 other post-surgery)[51]. The use of
biological agents in the post-surgical period, when the
patient is NED, is very controversial. Based on the results
from adjuvant studies this practice should be discouraged.
However, formal studies addressing this issue are missing. Other relevant issue with upfront resectable disease
is the fact that chemotherapy could result in liver damage
(e.g., steatohepatitis) which could jeopardize patient’s only
curative chance.
A different scenario presents when the patient has
liver-limited but unresectable metastases. Some of these
patients (e.g., low volume but abutting critical structures)
have borderline disease, potentially amenable to be converted. In these cases, clinician should choose the best
possible regimen to obtain maximal response rate. Before

COMMON CLINICAL DILEMMAS
We have witnessed an exponential growth in the number
of clinical trials dedicated to metastatic colon cancer which
eventually resulted in small but consistent improvement in
clinical outcomes (Figure 1). However, this progress has
paradoxically leaded us into new challenges. We have arbitrarily chosen 3 topics that in our own opinion are probably the more relevant clinical dilemmas. The reader should
be aware, though, that the opinions expressed below come
from our own assessment of the literature and they should
be considered only as the authors’ point of view.
Is there any role for peri-operative chemotherapy
in potentially resectable liver metastases? Can the
new biological agents improve the resectability rate
on patients with borderline or unresectable liver
metastases? Which regimen to chose?
The first point to consider is whether the patient has
upfront resectable disease or not. A set of criteria have
been proposed, however in any case this decision require
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the advent of the anti-EGFR and bevacizumab, conventional chemotherapy agents had already proven to enable
surgical resection in a proportion of patients. Regimens
such as FOLFOX or FOLFIRI have a conversion rate
close to 40% and this could be improved with FOLFOXIRI[20,52,53]. The obvious question then is how much bevacizumab or the anti-EGFR drugs add to this and which
one to use. A practical consideration is the fact that bevacizumab, which is the only option in KRAS mutant cases,
has to be stopped at least 6-wk before surgery. For wildtype tumors, evidence may be slightly stronger for antiEGFR drugs.
In the Germanic CELIM phase 2 study, 114 patients
were randomly assigned to FOLFOX-6 or FOLFIRI,
both regimens with cetuximab[54]. Patients required having technically unresectable liver metastases or more than
five lesions. From a 106 evaluable patients, 36 of them
(34%) had R0 resection but this proportion reached 60%
in the wild-type KRAS population (41/68). Similar results
were obtained in retrospective series. Even stronger evidence supporting the use of anti-EGFR in this particular
setting came from a recently published Chinese study[55].
This phase 2, randomized study compared the efficacy of
conventional chemotherapy (FOLFOX-6 or FOLFIRI)
with or without cetuximab. Conversion to resection was
the main outcome and after randomizing 138 patients
the arm with cetuximab duplicated the proportion of
patients deemed eligible for resection (13% vs 29%) and
triplicated the R0 rates (7.4% vs 25.7%). Based on these
reports chemotherapy plus cetuximab should be strongly
considered for patients with wild-type KRAS and liver
only metastases. Detractors of this posture may argue,
though, that in a fresh head-to-head comparison between
cetuximab and bevacizumab, ORR was not different
(FIRE-3; see below).
Data supporting the use of bevacizumab in this scenario is somehow controversial. The most vigorous argument against its use comes from the previously mentioned
NO16966 study[14]. There was no difference in ORR and
there was similar proportion of patients attempted to
have curative metastatectomies (8.4% vs 6.0%). However,
the study was not designed to test this hypothesis. On
the other hand, small phase 2 and retrospective studies
brought up to 40% conversion rates and pathological
responses when bevacizumab is added to XELOX, representing the fundaments for its use especially in KRAS mutant patients[56,57]. In that regards, the possibility of adding
a stronger chemotherapy, such as FOLFOXIRI, should be
seriously considered for fit patients.

FOLFOX, XELOX, and FOLFIRI appear to be similar
in efficacy but with different toxicity profile. XELIRI is
harder to endure. Most patients tolerate a chemotherapy
doublet, but probably not all of them need it as showed
by the frequently forgotten Dutch study (CAIRO-1)[58].
The addition of biologics has improved outcomes, but
not as much as we hoped. When KRAS is mutated, the
chemotherapy chosen must be accompanied with bevacizumab. The dilemma starts with the K-RAS wild type
patients. There are clinical trials showing benefit for both
approaches: anti-VEGFR and anti-EGFR. The question
is which patient would benefit from one or the other
schema.
As previously mentioned, in the NO16966 study bevacizumab extended PFS by 1.4 mo, with a more profound
effect seen in the XELOX arm[13]. But, why bevacizumab
had such a discrete effect on PFS? Was this due to no
synergistic or additive effect with FOLFOX/XELOX?
The answer is NO, since FOLXOX + bevacizumab is
active, even in second line with significant prolongation
of OS[12]. Some authors advocate the idea of failure due
to the “OPTIMOX” effect, meaning when neurotoxicity
occurred oxaliplatin was stopped and fluoropyrimidine
plus bevacizumab was continued until progression. This
could be the case, since when we observe the difference
in PFS of the patients on treatment, this is much more
important. It is also feasible that bevacizumab works better with “inferior chemotherapies” such as IFL and have
less to offer with “superior chemotherapies” such as XELOX or FOLFOX.
Regarding the anti-EGFR therapies, the earlier cited
CRYSTAL and PRIME studies are the foundations
for its use in the frontline treatment[40,41]. Nonetheless,
in 2011 the COIN study was published[59]. With 2445
KRAS wild-type patients randomized to XELOX or
FOLFOX +/- cetuximab, the COIN study represents
the biggest trial ever conducted in this population. The
results were disappointing. No difference in PFS was
seen. Shortly thereafter, the results of the NORDIC
[60]
Ⅶ were released . Patients were randomly assigned to
either standard Nordic FLOX or cetuximab + FLOX or
cetuximab + intermittent FLOX. The median PFS was
7.9, 8.3, and 7.3 mo respectively and was not significantly different. In patients with KRAS wild-type tumors,
cetuximab did not provide any additional benefit but
in patients with KRAS mutations a trend toward worsening PFS was observed. The authors concluded that
cetuximab did not add significant benefit to the Nordic
FLOX regimen as first-line treatment. Additionally, the
randomized, phase 2, PEAK study was presented in the
2013 ASCO GI Meeting[61]. This study enrolled 285 patients and evaluated the use of first-line mFOLFOX-6 +
panitumumab vs bevacizumab. Again, no difference was
observed. It is confusing how to interpret the actual role
of anti-EGFR and chemotherapy since COIN, the largest phase 3 randomized trial, was negative. The NORDIC was a negative trial as well, but in the scenario of
5-FU given by bolus, a seldom used strategy nowadays.

Which is the ideal chemotherapy mate of the current
monoclonal antibodies? And in patients with wild-type
KRAS which strategy we should choose? Anti-VEGFR
or Anti-EGFR?
Doublet chemotherapy is often used as upfront systemic
treatment for advanced CC. It is unclear to these days
which doublet is better for each patient and this has to
be individualized according to toxicity and comorbidities.
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It is possible that irinotecan-based chemotherapy would
be necessary when anti-EGFR is considered in the treatment of metastatic disease. It is also curious that the
hazard ratios for PFS with anti-EGFR antibodies tend
to become more significant as the number of previously
used lines of treatment upsurges. For instance, these
agents are useless in the adjuvant setting and grow more
active as disease progresses (e.g., 3rd line).
Lastly, the FIRE-3 trial was presented in June 2013[62].
This was a randomized multicenter trial comparing the
efficacy of FOLFIRI + cetuximab vs FOLFIRI + bevacizumab in patients with wild-type KRAS metastatic
colon cancer. The primary endpoint was ORR and 592
patients were included. The study was negative for its
primary end-point, with comparable ORR (62% vs 58%,
P = 0.183). Significantly better PFS and OS were seen
in the FOLFIRI + cetuximab arm (28.8 mo vs 25.0 mo;
P = 0.016) although this was a secondary endpoint. A
preplanned analysis of the FIRE-3 was presented at the
European Cancer Congress 2013, aimed to investigate
the effect of several other mutations beyond the exon 2
as well as BRAF (V600E)[63]. About 15% of patients were
found to have these extra mutations. This sub-analysis incorporated 342 KRAS wild-type patients and 178 KRAS
mutant patients (113 with exon 2 mutations plus the 65
newly identified patients). The subgroups were compared
for ORR, PFS, and OS. Wild-type patients had 33.1 mo
OS with FOLFIRI + cetuximab in comparison to 25.6
mo with FOLFIRI + bevacizumab (HR = 0.70; P =
0.011). In KRAS-mutant patients, this difference was not
observed. No difference in PFS was seen in the KRAS
wild-type group (P = 0.54), but interestingly for KRASmutated patients PFS was better in the bevacizumab arm
(12.2 mo vs 6.1 mo; P = 0.004). ORR was similar between
the arms, irrespective of KRAS status. It is difficult to
understand why a treatment that does not improve ORR
and PFS could show such an impact on OS.
In conclusion, in 2014 we have only one approach
for KRAS mutated tumors which is chemotherapy plus
bevacizumab. For KRAS wild type we can use either chemotherapy plus anti-EGFR antibodies OR chemotherapy
plus bevacizumab. Going deeply into this last category,
at least one clinical trial suggested cetuximab + FOLFIRI as the possible best option. However, head-to-head
comparison with FOLFOX+B is lacking and this still
represents a valid option. We disfavor oxaliplatin-based
chemotherapy with cetuximab based on the MRC COIN
study.

from the BRiTE study. In this large, observational cohort
study patients were classified according to the treatment
received once they progressed to first line bevacizumab
containing regimens. Three groups were identified; those
with no post-progression treatment, those who received
no-bevacizumab related treatment and those who continued bevacizumab beyond progression. When adjusted
for other variables, bevacizumab beyond progression was
associated with longer survival (P < 0.001). Based on the
hypothesis generated by the BRiTE investigators, a randomized phase Ⅲ study-ML18147 trial-was launched[66].
The investigators assessed continuation bevacizumab plus
second-line chemotherapy (no anti-EGFR) after standard
first-line bevacizumab-based treatment. Bevacizumab
lead to a 1.4 mo longer OS (11.2 mo vs 9.8 mo; P = 0.006).
At the present time is unclear how to proceed in patients who are treated with bevacizumab-containing chemotherapy who progress. In the KRAS/NRAS mutated
patients the concept is to maintain the anti-angiogenic
status in a similar strategy as the one employed in HER-2/
Neu positive breast cancers[67]. This could be achieved
either by keeping bevacizumab and changing the chemotherapy regimen or by switching to ziv-aflibercept and
irinotecan containing regimen. For wild type tumors, the
same options applied but anti-EGFR monoclonal antibodies should be strongly considered because it is important
to emphasize that independently of the biological agent
chosen first, once progressed patients with wild type tumor
should be able to receive all agents sequentially[68].

NEW TARGETS
In the previous sections we have focused on the evidence
behind what is currently considered the state of the art
treatment of metastatic colon cancer. However, since this
field is quite dynamic and the frontiers are in continuous
expansion, it will be appropriate to discuss some of the
new strategies that are currently being investigated. For
description purposes, we will subdivide them based on its
main mechanism of action.
Intracellular anti-EGFR therapies
Monoclonal antibodies block the extracellular domain of
EGFR. Tyrosine kinase inhibitors (e.g., erlotinib or gefitinib) target the intracellular domain of the receptor. Unlike lung cancer, EGFR mutations are rarely found in colon cancer and are usually not associated with response[69].
Moreover, positive EGFR protein expression does not
predict response to treatment[70]. Results have been generally disappointing with no objective responses seen with
erlotinib and no improvement in OS with the combination of gefitinib and FOLFIRI[71,72]. However, and after
many previous unsatisfactory attempts, a positive study
was finally published. Tournigand and colleagues recently
presented the results of the phase 3 DREAM trial (OPTIMOX Ⅲ) showing that the addition of erlotinib to bevacizumab maintenance therapy after induction with chemotherapy + bevacizumab resulted in a small, but statistically

Which is the best strategy after progression
with bevacizumab-containing regimen? Switch
chemotherapy and keep anti-VEGFR or switch to antiEGFR antibodies?
Preclinical data showed that continuous VEGF inhibition prevents tumor regression[64]. However, risk-benefit
ratio associated with continuing bevacizumab use after initial progressive disease was unknown. In 2008,
Grothey et al[65] reported a novel observation gathered
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significant improvement in PFS from 4.6 to 5.8 mo (P =
0.005)[73]. Remarkably, KRAS mutation status was not a
determinant of efficacy and patients with KRAS mutated
had even better results. Some clinical trials are currently
assessing the role of dual EGFR blocking (panitumumab
+ erlotinib) with or without chemotherapy in patients
with progressed KRAS wild type tumors (NCT00940316).
This approach is attractive especially in patients with poor
performance status. Nonetheless, it will be at least 1 or 2
years before results become available.

anti-angiogenic drugs have been evaluated with mixed results. Cediranib, a VEGFR inhibitor, showed comparable
efficacy to bevacizumab but was associated with increased
toxicity[83]. A dual EGFR and VEGFR inhibitor, vandetanib, was ineffective[84]. Ramucirumab, an anti-VEGFR-2
monoclonal antibody, is currently under evaluation in a
phase 3 (NCT01183780) following promising results in
a phase 2 study[85]. Since there is no real validated marker
to predict response to anti-angiogenic drugs, it may take
some time before any other anti-angiogenic compound
make it to the market.

BRAF inhibitors
Vemurafenib targets the BRAF V600E mutation and was
proved to be effective in advanced melanomas. Unfortunately, results have been elusive in stage Ⅳ colon cancer.
In a small phase Ⅰ study in patients with BRAF mutant
metastatic disease, only 1 of 19 patients had a partial
response with single agent vemurafenib[74]. Apparently,
blocking the BRAF pathway causes a reflective hyperactivation of the EGFR pathway. For that reason, there
seems to be some rationale in combining BRAF and
EGFR inhibitors and in preclinical studies a synergistic
effect was found[75]. An ongoing trial is evaluating the
combination of vemurafenib and cetuximab (EUDRACT
# 2011-004426-10).

Insulin growth factor axis
The insulin growth factor (IGF) cascade activates a number of intracellular signaling pathways, including the Ras/
Raf/MAPK pathway and the PI3K/Akt pathway[86]. Consequently, it is a potential target for a number of drugs.
The main drugs developed as IGF inhibitors have been
monoclonal antibodies. Dalotuzumab failed at an interim
analysis of a phase 2/3 trial but pre-specified biomarker
analysis suggested that patients with higher levels of
IGF-1 may be a small subgroup who would potentially
benefit from this treatment. Consequently, this hypothesis is being evaluated in a phase 2 study (NCT01609231).
Immunotherapy
In spite of the tremendous excitement raised by innovative immune-therapies in other solid tumors the scenario
in metastatic colon cancer has been quite frustrating. No
responses were seen in early phase trials with ipilimumab[87]. The same occurred with anti-PD-1 antibodies[88].
Currently, some investigators are testing the use of vaccines (NCT01322815). However, colon cancer seems to
remain indifferent against this immunological “rush” or
“fever” that we are living at this moment.

Pi3K pathway
PTEN loss has been associated with worse survival outcomes in colon cancer[76]. Some studies have also shown
that PIK3CA mutations and PTEN loss are associated
with an absence of response to anti-EGFR therapies[77].
Aspirin seems to be able to block the PI3K pathway. In
a recent retrospective study only patients with PIK3CA
mutant but not wild-type colorectal cancers who took
daily aspirin had better cancer-specific and OS than those
who did not take aspirin[78]. A phase 2 trial combined
capecitabine plus perifosine (an inhibitor of the PI3K/
Akt/mTOR pathway) with promising activity; however
the phase 3 was negative[79]. Additionally, the combination
of MEK and PI3K/mTOR inhibitors is currently being
evaluated in a phase 1 trial (NCT 01390818) and Hochster
et al[80] recently reported stimulating results with the combination of selumetinib (MEK inhibitor) and irinotecan.

CONCLUSION
In conclusion we can affirm that over the last couple of
years we have made some small but consistent progress
against colon cancer. Anti-angiogenic and anti-EGFR
strategies have given dividends by prolonging PFS and to
a lesser extend prolonging life in patients with metastatic
disease. We are still learning how to use them and it may
take time before we discover the best sequence and combination. We also expect that in the near future better
biomarkers lead us to the deeply desire but still evasive
personalized medicine. But beyond these small victories,
new horizons are envisioned. For example, half of the
patients have KRAS/NRAS mutant tumors, though
there are few drugs that target RAS directly. However,
bypassing agents such as MEK inhibitors either alone or
in combination with PI3K inhibitors may show promising results. It is impossible to predict the future, but it is
expectable and even desirable that soon this review will
become obsolete. That is human nature. That is progress.
And that is why we must force ourselves to keep us continuously updated.

HER-2 pathway
Few studies, with inconsistent results, investigated the
role of HER-2 gene amplification as a potential predictive factor for anti-HER2 therapy. Some reported that
HER-2 amplification was associated with resistance to
cetuximab and worse PFS or OS; others found neither
predictive nor prognostic value in HER-2[81-82]. A phase
2 study evaluating the combination of FOLFOX and
trastuzumab in patients who have progressed after 5-FU
and/or irinotecan-containing therapy was recently concluded; results are pending (NCT00006015).
Antiangiogenics
In addition to bevacizumab and ziv-aflibercept, other
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Core tip: Epidemiological studies suggest that deficiency of vitamin D increases the incidence of colon cancer
and also has a negative impact on the survival of colon
cancer patients. The ability of 1,25D3 to interfere with
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Abstract
Calcitriol, 1α, 25-dihydroxyvitamin D3 (1,25 (OH)2D3),
the most active form of vitamin D, is a pleotropic hormone with a wide range of biological activities. Due
to its ability to regulate calcium and phosphate metabolism, 1,25D3 plays a major role in bone health. In
addition, 1,25D3 binds to the vitamin D receptor and
thereby regulates the expression of a number of genes
which control growth, differentiation and survival of
cancer cells. In agreement, the levels of vitamin D3
appear to be an essential determinant for the development and progression of colon cancer and supplementation with vitamin D3 is effective in suppressing
intestinal tumorigenesis in animal models. Vitamin D3
has been estimated to lower the incidence of colorectal
cancer by 50%, which is consistent with the inverse
correlation between dietary vitamin D3 intake or sunlight exposure and human colorectal cancer. Several
studies confirmed that increasing vitamin D3 lowers
colon cancer incidence, reduces polyp recurrence, and
that sufficient levels of vitamin D3 are associated with
better overall survival of colon cancer patients. Vitamin
D regulates the homeostasis of intestinal epithelium by
modulating the oncogenic Wnt signaling pathway and
by inhibiting tumor-promoting inflammation. Both activities contribute to the ability of 1,25D3 to prevent the
development and progression of colon cancer.

INTRODUCTION
The biologically active form of vitamin D3,1α,25(OH)2D3
(1,25D3), is obtained by 25-hydroxylation of vitamin D3
in the liver and 1α-hydroxylation in the kidney, liver or
other tissues. Hydroxylation of 25(OH)D3 by CYP27B1
yields the hormonally active form 1,25(OH)2D3, which
is metabolized to less active metabolites by CYP24A1
(reviewed in[1]). While the levels of CYP21B1 have been
shown to be reduced in some cancers, the levels of CYP24A1 are increased in cancer cells, which may contribute to the resistance of some tumors to 1,25D3[2].
1,25D3 exerts most of its biological activity through
binding to a specific vitamin D3 receptor (VDR), a member of the nuclear receptor superfamily[1]. VDR binds to
retinoid X receptor (RXR), and the VDR-RXR heterodimers bind to a vitamin D response element (VDRE),
activating or repressing gene expression, which contribute to the anti-neoplastic activity of vitamin D. VDR
associates with other transcription factors, such as SP1
and β-catenin[3] and thereby also regulates the expression
of genes that do not harbor the consensus VDRE. A
number of cancer cell lines, including colon cancer cell
lines tested in our laboratory, display a limited response
to vitamin D3 in vitro[4] and the expression of VDR is
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tamin D in colon cancer, however the beneficial effects
of vitamin D have been noted in other malignancies. Reduced serum levels of vitamin D were found in stage Ⅳ
melanoma patients and it has been shown that melanoma
patients with low serum levels of vitamin D developed
metastasis earlier than patients with high levels of vitamin
D[7]. Similarly, chemopreventive activity of vitamin D has
been observed in breast, ovarian, pancreatic and prostate
cancer patients[8].
In addition to its chemopreventive activity, 1,25D3 or
its analogues have been tested for their ability to improve
the response to anticancer agents. Vitamin D and its
derivatives have been shown to enhance the anticancer
activity of 5FU, irinotecan and oxaliplatin both in vitro
and in vivo[9,10]. Although the therapeutic use of 1,25D3
is restricted by its hypercalcemic activity, several 1,25D3
analogues that retain the antitumor activity while being devoid of hypercalcemic effects, are currently being
tested in clinical trials for a variety of malignancies.

8.0
7.5
7.0
6.5
6.0
5.5
5.0
4.5
4.0
3.5
3.0
2.5
2.0
1.5
1.0
0.5
0.0
1.5

0

1

2

Snail1

1.0

0.5

0.0

VITAMIN D AND COLON CANCER
Recent case-controlled studies have established that there
is an inverse correlation between serum levels of vitamin
D and the incidence of polyps and adenomas in the colon[11-13], consistent with the inverse correlation between
dietary vitamin D3 intake or sunlight exposure and human colorectal cancer[14-17]. This is significant because
a large segment of the human population suffers from
vitamin D3 insufficiency or deficiency[18], which is particularly prevalent among colon cancer patients. Indeed,
numerous studies have suggested that higher vitamin D3
levels are associated with lower colon cancer incidence,
reduced polyp recurrence and better overall survival of
colon cancer patients[19-22].
Vitamin D and its analogues reduce the growth of colon cancer xenografts and inhibit tumorigenesis in several
genetic models of intestinal cancer. In agreement, dietary
initiation of colon cancer in rodents, a model of sporadic
colon cancer, has been shown to be prevented by supplementation with vitamin D3 and Ca[23,24].
Despite the established chemopreventive activity of
vitamin D3, its targets and the molecular basis for its
antitumor activity remain poorly understood. 1,25D3
inhibits growth of tumor cells by inducing the expression of cyclin-dependent kinase inhibitors, such as p21,
p27, and cystatin D, and by inhibiting the expression of
pro-proliferative genes, including c-my and cyclin D1. In
addition, 1,25D3 has been shown to upregulate miR-627,
which targets the histone demethylase jumonji domain
containing protein 1A, and thereby inhibits proliferation
of colon cancer cells in vitro and in vivo through epigenetic regulation[25]. By increasing the expression of alkaline phosphatase, maltase, E-cadherin and cell adhesion
proteins, vitamin D promotes differentiation. In a celltype specific manner, vitamin D promotes apoptosis by
regulating the expression of B-cell lymphoma 2 family
members. Thus, due to its ability to affect multiple signaling pathways and to regulate many target genes, 1,25D3
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Figure 1 The expression levels of IL-1β and Snail are increased and the
levels of vitamin D receptor decreased in colon cancer patients (Skrypziack, PLOS ONE 2010[71]). VDR: Vitamin D receptor.

downregulated in late stages of colon cancer[5] (Figure 1),
suggesting that vitamin D3 may exert some of its biological activities in a VDR-independent manner, or that it
targets cells in the tumor microenvironment. VDR-/- mice
display hyper-proliferation and have elevated levels of
c-myc in both skin and colon, and VDR suppresses c-myc
expression in vitro and in vivo in the absence of 1,25D3[6].
However, 1,25D3 triggers association of VDR with c-myc
and thereby promotes turnover of c-myc protein[6], indicating that vitamin D signaling suppresses transcription
of c-myc and also inhibits c-myc stability. In addition to
its ability to inhibit c-Myc, 1,25D3 induces the expression
of its antagonist Mxd1/Mad1, suggesting that 1,25D3 can
exert its chemopreventive activity through regulation of
the c-myc/Mxd1 network[6].
The focus of this report is to discuss the role of vi-
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Figure 2 The multiple mechanisms whereby vitamin D inhibits Wnt signaling: 1,25D3 acts on both tumor cells and
tumor-associated macrophages (and potentially on other
stromal cells). In tumor cells, 1,25D3 promotes VDR/β-catenin
binding and thus inhibits nuclear translocation of β-catenin. It
also induces the expression of E-cadherin (CDH1), Dickkopf1
(DKK1), Dickkopf4 (DKK4) and cystatin 5 (CST5), antagonizing β-catenin/TCF transcriptional activity. As a result, the
expression of several Wnt target genes, such as Snail, CD44,
Myc, Axin2 (in red) is downregulated by 1,25D3. These activities
require VDR expression in tumor cells. In addition, vitamin D
also acts on cells in the tumor microenvironment. We demonstrated that 1,25D3 inhibits STAT1 activity in tumor-associated
macrophages and prevents the release of IL-1β, which in a
paracrine manner promotes Wnt signaling in cancer cells. 1,25D3
can thereby regulate Wnt signaling in tumor cells that do not
respond directly to 1,25D3. VDR: Vitamin D receptor.
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controls a variety of biological processes. Although
1,25D3 has also been shown in preclinical studies to inhibit invasiveness of tumor cells and to reduce their ability to metastasize, clinical trials suggest that while vitamin
D is effective in early stages of cancer, it appears to have
limited activity in advanced, aggressive malignancies.
Important mechanisms whereby 1,25D 3 regulates
the homeostasis of intestinal epithelium and exerts its
anti-neoplastic activity is through its ability to interfere
with Wnt/β-catenin signaling[3,26,27] and to inhibit inflammation. Because inflammation can fuel Wnt signaling
in colon cancer cells, the two activities may be coupled,
suggesting that 1,25D3 might exert chemopreventive activity by interrupting the link between inflammation and
cancer. However, large clinical trials are required to firmly
establish the preventive and therapeutic value of vitamin
D in colon cancer. Such trials are complicated by the necessity of maintaining and monitoring vitamin D levels
as well as clinical outcome in a large number of patients
over a long period of time.

the nucleus, where it acts as a co-activator of LEF/TCF
and regulates the expression of a variety of genes. Wnt/
β-catenin signaling activates genes, such as c-myc and cyclin D and thereby promotes proliferation of tumor cells.
Activation of Wnt signaling also induces the expression
of COX2 and survivin which increases the survival of
intestinal epithelial cells. Wnt signaling has been shown
to promote transcription, protein stability and to regulate
nuclear localization of Snail, a transcription factor that
mediates epithelial mesenchymal transition[31,32]. In turn,
Snail interacts with β-catenin and increases the expression
of Wnt target genes[33]. We showed that inflammationinduced stabilization of Snail contributes to Wnt signaling in colon cancer cells and creates a positive feedback
loop initiated, and propagated, by macrophage-derived
IL-1β[34]. IL-1β was sufficient to increase the levels of
Snail in colon cancer cells[35], and the levels of both IL1β
and Snail are increased in colon cancer patients (Figure 1).
Importantly, Snail1 and Slug (Snail2) have been shown to
inhibit the expression of VDR and to inhibit the activity
of 1,25D3[5,36-38]. Wnt-dependent stabilization of Snail is
likely to contribute to reduced expression of VDR in colon cancer patients (Figure 1).
1,25D3 has been shown, in a VDR-dependent manner, to antagonize Wnt signaling through a variety of
mechanisms. These include sequestration of β-catenin
through a direct VDR/β-catenin interaction and induction of nuclear export of β-catenin. 1,25D3 also enhances
the expression of DKK1, which is an endogenous inhibitor of Wnt signaling. Furthermore, cystatin D, whose expression is strongly upregulated by 1,25D3, inhibits Wnt
signaling and the expression of its target genes, including
Snail (Figure 2). Cystatin D inhibits migration and anchorage- independent growth of colon cancer cells and
its silencing abrogates the anti-proliferative activity of
1,25D3 and increases the expression of c-Myc[39]. A comprehensive review of the mechanisms whereby vitamin D
represses Wnt signaling has been published recently[40].
Wnt activity in primary human tumors is heterogeneous, and it has been demonstrated that its activity is

INHIBITION OF WNT SIGNALING BY
VITAMIN D
The Wnt/β-catenin signaling pathway regulates the intracellular levels of β-catenin and controls the expression of
β-catenin/TCF4 target genes. In normal cells, β-catenin is
sequestered in a large cytoplasmic protein complex, called
the β-catenin destruction box, which includes Axin and
Apc and the GSK3β and CK1 kinases[28,29]. Due to mutations in the tumor suppressor Apc, or less frequently in
Axin or β-catenin, the oncogenic Wnt/β-catenin signaling pathway is abnormally activated in over 90% of colon
cancers[30].
The β -catenin destruction complex promotes
β-catenin phosphorylation and its subsequent degradation. Wnt activation of its receptors, Frizzled and
LRP5/6, inhibits the destruction complex and results in
accumulation of β-catenin, both in the cytoplasm and in
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ApcMin/+ mice, inactivation of VDR in macrophages substantially reduced ApcMin/+ tumors (submitted), confirming the important role of VDR signaling in the tumor
microenvironment.
Consistent with these in vitro data and with studies
in mice, dietary supplementation with 1,25D3 decreased
the levels of β-catenin and increased the expression of
E-cadherin in normal mucosa of colon cancer patients[51].

regulated by factors from the tumor microenvironment.
Although loss of Apc occurs early in adenoma development in the colon, in vivo progression from micro-adenomas to macroscopic tumors in ApcMin/+ mice is associated
with further elevation of canonical Wnt signaling and increased expression of Wnt target genes[41]. This suggests
that enhancement of Wnt signaling beyond a threshold
level sufficient for tumor initiation may be required for
tumor progression and metastatic spread. Often factors
from the tumor microenvironment provide signals that
regulate the extent of oncogenic signaling in tumor cells.
We and others have demonstrated that tumor-associated
macrophages promote Wnt signaling in colon cancer cells
via IL-1β and TNF[34,42]. Fibroblasts have also been shown
to enhance Wnt signaling through hepatocyte growth
factor[43], confirming the role of inflammatory factors in
Wnt signaling and in maintenance of cancer stem cells
(see below). Leukotriene D4, which can be produced and
secreted by stromal cells in the local tumor microenvironment, promotes the expression and nuclear translocation
of β-catenin and thus enhances the growth of colon
cancer cells[44]. Indeed, β-catenin translocation is often
detected at the invasive front of tumors[45,46], consistent
with the interpretation that stromal tissue at the invasion
front provides signals to tumor cells that promote nuclear
translocation of β-catenin and thus drive tumor progression. It is therefore likely that 1,25D3 regulates Wnt
signaling by targeting both the tumor microenvironment
as well as the tumor cells themselves. Indeed, we have
shown that vitamin D interrupts signaling between tumor
cells and macrophages and thereby decreases the intensity
of Wnt signaling in HCT116 colon cancer cells which are
themselves unresponsive to direct effect of vitamin D[34].
We demonstrated that this mechanism involved 1,25D3
inhibition of STAT1 activity in macrophages, blocking
the release of IL-1 and thereby restoring the sensitivity
of colon cancer cells to TRAIL-induced apoptosis[35].
This is in line with the concept that the tumor microenvironment represents an important target of chemopreventive and chemotherapeutic agents[47].
The ability of vitamin D to regulate Wnt signaling
has been confirmed in animal models. Vitamin D and
its analogues reduced the number of tumors in ApcMin/+
mice[48], associated with decreased nuclear β-catenin and
reduced expression of β-catenin target genes[49]. Likewise, dietary induction of colon tumors in mice, a model
of sporadic colon cancer, accompanied by functional
enrichment of Wnt signaling, is reversed by supplementation with vitamin D and Ca[24]. ApcMin/+ mice lacking
VDR have an increased number of aberrant crypt foci
(ACF) and both ACFs and tumors in ApcMin/+/ VDR-/mice display increased nuclear β-catenin and elevated
expression of β-catenin/TCF target genes[50]. While the
number of adenomas and carcinomas was not affected
by the inactivation of VDR, tumors that developed in the
ApcMin+/VDR-/- mice were significantly larger, consistent
with increased growth dues to enhanced Wnt signaling.
We recently confirmed that while targeted inactivation of
VDR in intestinal cells did not alter tumor multiplicity in

WCGO|www.wjgnet.com

ANTI-INFLAMMATORY PROPERTIES OF
VITAMIN D
Chronic inflammation has been shown to predispose to
development of tumors, a striking example being inflammatory bowel disease, which is associated with elevated
risk of colon cancer[52]. Moreover, it appears that colon
cancers that are not linked to inflammatory bowel disease are also driven by inflammation; it has been shown
that regular use of NSAIDs lowers the mortality from
sporadic colon cancer and inhibits adenomas in FAP
patients, who inherit a mutation in the Apc gene[53]. The
mechanisms whereby anti-inflammatory agents inhibit
progression of tumors that are not associated with overt
inflammation are not fully understood. However, it has
been established that cancer and several other chronic
diseases are associated with para-inflammation, a low
grade inflammation that is coupled to a persistent activation of the DNA damage response[54] and the induction
of DNA damage-induced soluble factors, including major pro-inflammatory cytokines, chemokines and growth
factors. It is possible that anti-inflammatory agents exert
their chemopreventive activity by ameliorating the pro-tumorigenic activity of para-inflammation that is associated
with aging and that is observed in colon cancer patients.
Inflammatory bowel disease (IBD) is among the three
most prevalent high risk conditions for colon cancer[52].
The risk for colorectal cancer increases with the duration
and the extent of the disease, consistent with a direct
connection between inflammation and colon cancer development. Patients with intestinal inflammatory conditions such as ulcerative colitis (UC) and Crohn’s disease
(CD) have a high incidence of vitamin D insufficiency
and deficiency[55] and show reduced levels of VDR in intestinal epithelium[56]. Likewise, higher levels of vitamin D
have been shown to lower the risk of Crohn’s disease[57].
Overexpression of VDR in intestinal cells inhibits the
colitis-associated increase in proinflammatory cytokines,
such as TNF, IL-1 and CCL2, and protects mice from
developing colitis[56]. Finally, a vitamin D analogue has
been shown to inhibit colon carcinogensis in the azoxymethane/dextran sodium sulphate (AOM/DSS) model
of ulcerative colitis[58], suggesting that VDR signaling may
avert the conversion of the inflammatory stimuli into a
tumor promoting signal.
VDR knockout mice exhibit a proinflammatory
phenotype associated with increased NF-κB activity in
intestine, consistent with the ability of VDR signaling
to inhibit NF-κB activation[59]. TNF-α is a major proin-
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tion and survival of colon cancer cells. Among genes that
were repressed by 1,25D3 in tumor cells in a macrophagedependent manner were cyclin D1 and c-myc, consistent
with the finding that 1,25D3 prevented macrophageinduced clonogenic growth of HCT116 cells. Therefore,
1,25D3 can exert its tumor-preventive activity by normalizing the tumor microenvironment, and it can inhibit
inflammation through a variety of mechanisms.
Diet-induced obesity, a risk factor for colon cancer,
is also associated with increased expression of TNF-β
in the intestine. In this settings, TNF-β has also been
shown to be coupled to inactivation of GSK3-β and
increased expression of β-catenin and c-myc, suggesting that obesity increases the risk of colorectal cancer
by promoting inflammation[68]. Indeed, western style
diet (WSD), sufficient to initiate intestinal tumorigenesis
in mice[24], has been shown to trigger an inflammatory
response in mice, accompanied by the accumulation of
macrophages in intestinal mucosa and increased levels of
circulating proinflammatory cytokines, including IL-1β,
CCL5 and CCL2[69]. Importantly, dietary supplementation
with vitamin D and Ca prevents WSD-induced increases
in inflammatory markers and inhibits intestinal tumorigensis[24,69]. Dietary supplementation with 1,25D3 reduced
markers of inflammation, including C-reactive protein
(CRP), TNF, IL-1β, IL-6 and IL-8 also in colon cancer
patients[70], strongly suggesting that 1,25D3 protects from
colon cancer, at least in part, by decreasing inflammation.

flammatory cytokine that activates the NF-κB signaling
pathway in tumor cells and thereby regulates their growth
and survival. Human colon cancers are infiltrated by inflammatory cells which secrete a variety of proinflammatory factors, including TNF-α[60]. Likewise, polyps arising
in ApcΔ468 mice, a genetic model for intestinal cancer,
showed infiltration with mast cells, and depletion of mast
cells or anti-TNF-α treatment significantly suppressed
polyposis in ApcΔ468 mice[60]. Etanercept, a specific antagonist of TNF-α, also reduced the number and the size
of tumors in the AOM/DSS model, confirming a role
of TNF-α in inflammation-promoted intestinal tumorigenesis. More intriguing was the observation that inhibition of TNF-α blocks the accumulation of β-catenin
mutations in intestinal cells, suggesting a mutagenic role
of TNF-α[61]. Pharmacological inhibition of TNF-α by
neutralizing TNF-α antibodies is very effective in alleviating inflammation in IBD patients[62] and inhibitors of
TNF-α have also been tested as potential agents for the
treatment of colon cancer. Unfortunately, TNF-α inhibitors have been linked to a broad range of infections and
to the development of lymphomas and skin and lung
cancer, limiting their clinical utility.
An alternative approach to targeting TNF/NF-κBmediated inflammation and interrupting the link between
inflammation and cancer may be offered by vitamin D.
1,25D3 inhibits the interaction of peripheral blood mononuclear cells and colon cancer cells and inhibits the production of TNF[63] and blocks NF-κB signaling, a major
TNF signaling pathway. VDR physically interacts with
IKKβ[59] and vitamin D downregulates the expression of
NFkB target genes, such as Puma[56], which play a major
role in the survival of cancer cells. In addition, 1,25D3 has
been shown to downregulate the expression of Toll-like
receptors 2 and 4 (TLR2 and TLR4) on human monocytes, resulting in hyporesponsiveness to TLR activating
ligands[64,65]. Inhibition of TLR signaling by vitamin D3
has been suggested to reduce AOM/DSS- induced colon
cancer[66], pointing to a convergence of the chemopreventive and anti-inflammatory properties of vitamin D3.
NF-κB is not the only oncogenic signaling pathway
activated in tumor cells by inflammatory factors. We have
shown that TNF enhances Wnt signaling in β-catenin mutant colon cancer cells[34], and established that macrophagederived factors activate Wnt signaling in colon cancer cells
through NF-κB signaling[42]. Oguma et al[67] demonstrated
that TNF-β promotes Wnt signaling also in gastric cancer
cells, which was independent of NF-κB in this tissue.
The HCT116 colon cancer cells have a functional VDR,
but do not respond to 1,25D3 treatment with growth arrest,
apoptosis or differentiation. However, we demonstrated
that in the presence of macrophages, 1,25D3 reduced Wnt
signaling in these seemingly vitamin D unresponsive cells
by interrupting signaling between tumor cells and macrophages. 1,25D3 inhibits STAT1 activity and prevents
tumor cell-induced release of IL1 from macrophages and
thereby prevents inflammation-induced Wnt signaling
in colon cancer cells[34] (Figure 2). Accordingly, 1,25D3
inhibits the ability of macrophages to increase prolifera-
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CONCLUSION
Calcitriol, the most active form of vitamin D3, acts as a
potent steroid hormone that binds to VDR and thereby
alters the expression of a variety of genes that regulate
growth, differentiation and survival of epithelial cells.
Epidemiological studies suggest that deficiency of vitamin D increases the incidence of colon cancer and also
has a negative impact on the survival of colon cancer patients. The ability of 1,25D3 to interfere with Wnt signaling and to ameliorate inflammation is likely to contribute
to its anticancer activity. The optimal form and adequate
concentration of vitamin D that have cancer preventive
activity should be established, and randomized clinical
trials are needed to confirm that 1,25D3 alone, or in combination with other cytotoxic agents, offers therapeutic
benefits.
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Core tip: This editorial was planned to clarify the optimal treatment in patients with locally advanced rectal
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Abstract
Rectal carcinoma represents the 30% of all colorectal
cancers, with about 40000 new cases/years. In the
past two decades, the management of rectal cancer
has made important progress, highlighting the main
role of a multimodality strategy approach, combining
surgery, radiation therapy and chemotherapy. Nowadays, surgery remains the primary treatment and neoadjuvant chemoradiotherapy, based on fluoropyrimidine
(5-FU) continuous infusion, is considered the standard
in locally advanced rectal carcinoma. The aim is to reduce the incidence of local recurrence and to perform a
conservative surgery. To improve these purposes different drugs combination have been tested in the neo-adjuvant setting. At American Society of Clinical Oncology
2014 an important abstract was presented focusing on
the role of adding oxaliplatin to concomitant treatment,
in patients with locally advanced rectal carcinoma. Rodel et al reported on the CAO/ARO/AIO-04 randomized
phase Ⅲ trial that compared standard treatment with
5-FU and radiation therapy, to oxaliplatin plus 5-FU in

WCGO|www.wjgnet.com

In locally advanced rectal cancer, significant progress
has been made over the past few decades for improving
loco-regional control: total mesorectal excision standardization, radiotherapy dose fractionation, correct timing
of treatment modalities, integration of diverse chemotherapy agent into the chemoradiotherapy regimes[1]. The
German Rectal Cancer Study Group addressed the last
of those controversies, and in a multicentre randomised
phase Ⅲ study, the CAO/ARO/AIO-04 trial, compared
oxaliplatin (OXP) and fluoropyrimidine (5-FU) in combination with radiation vs 5-FU with radiation as neoadjuvant long-course treatment[2].
The essential function of OXP with 5-FU has been
demonstrated in colon carcinoma; survival rates, both
overall and disease-free, were significantly improved in
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patients who received OXP and 5-FU as adjuvant treatment[3]. Considering these results, several groups, despite
the absence of a randomised comparison in neoadjuvant
setting for rectal cancer, designed phase Ⅲ studies to test
the standard 5-FU-based neoadjuvant treatment vs analogous but new schedule where the monochemotherapy
was replaced by a combination of 5-FU and OXP[2,4-6].
This drugs-radiation combination have failed in increase
primary tumor response in STAR-01 study[4], ACCORD
12/0405-Prodige-2 study [5] and NSABP-R04 study[6],
whereas the results of the CAO/ARO/AIO-04 study are
intriguing[2]. The second arm in the CAO/ARO/AIO-04
study represented a “experimental” schedule, which used
a continuous venous infusion of 5-FU 200 mg/m2 and
a 2-h OXP infusion 50 mg/m2. The 5-FU was delivered
during days 1-14 and 22-35, whereas the OXP was delivered days 1, 8, 22 and 29. The primary end-point was
disease-free survival (DFS) at 3 years, with acute toxicity,
compliance and histopathological response as secondary endpoints. A total of 1265 patients were randomly
enrolled, 637 were assigned to control arm and 628 to
experimental arm. Acute treatment-related toxicity was
similar in the two arms except for 7% grade 3-4 sensory
neuropathy events in the OXP-5-FU arm - an obvious
expected result of the pharmacokinetics of OXP adsorption. The compliance, defined as full prescribed dose of
chemotherapy and full dose of radiotherapy was comparable. Pathological complete response (pCR) was gained
in 17% of patients on OXP-5-FU vs 13% on 5-FU (P
value = 0.038). With a median follow-up of 50 mo, the
3-years DFS rate was 75.9% in the OXP-5-FU arm vs
71.2% in the control (P = 0.03).
What deductions can we reach from this study? A key
observation is that compliance to “experimental” schedule is high and successful disease control is achieved. The
other published randomised trials - it is important to note
that different OXP and fluoropirimidine schedules were
used in STAR-01 study[4], ACCORD 12/0405-Prodige-2
study[5] and NSABP-R04 study[6] - used a continuous
infusion of chemotherapy during radiation therapy.
Therefore, the one week gap from the conventional administration of 5-FU and OXP is a valid option, with a
more tolerable profile. Achieve pCR is a good end-point
in rectal cancer, and could be used as prognostic factor
- pCR is correlated to excellent long-term prognosis - to
recommend a “wait and see” approach, without adjuvant
chemotherapy[7].
So where do we go from here? There is a considerable agreement in the administration of neoadjuvant chemotherapy plus radiotherapy for the treatment of locally
advanced rectal cancer. In many of the trials undertaken
and those that are ongoing, 5-FU-based chemoradiotherapy represents the cornerstone, due to fluoropyrimidine
well-established potentiating effect with radiation. OXP
should be added to influence the tumour cell sensitivity,
resulting in a higher rate of down-staging, delineating
different subgroups of patients and changing the risk of
recurrences.
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Although the addition of oxaliplatin to standard
neoadjuvant regimen appears tolerable, it is true that the
real benefit of OXP-5-FU remains unclear. The CAO/
ARO/AIO-04 study has confirmed a DFS improvement;
do we therefore conclude that OXP-5-FU combination
provides indication of survival benefit in locally advanced
rectal cancer? There are not randomized studies that have
shown a statistical benefit from adding OXP to standard
neoadjuvant chemoradiotherapy. Certainly, the results of
the CAO/ARO/AIO-04 study represent a step in the
right direction: it demonstrates the feasibility of neoadjuvant-intensified chemoradiotherapy in a multidisciplinary
treatment approach setting for rectal cancer.
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Aspirin, cyclooxygenase inhibition and colorectal cancer
Carlos Sostres, Carla Jerusalen Gargallo, Angel Lanas
limited and rapidly reversible inhibitory effect on COX-2
and/or COX-1 expressed in nucleated cells. Aspirin has
a short half-life in human circulation (about 20 minutes); nucleated cells have the ability to resynthesize
acetylated COX isozymes within a few hours, while
platelets do not. COX-independent mechanisms of aspirin have been suggested to explain its chemopreventive
effects but this concept remains to be demonstrated in
vivo at clinical doses.
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Core tip: Colorectal cancer (CRC) is a major cause of
morbidity and mortality worldwide. Currently, CRC
screening programs are not widely available and need
to be improved. New prevention strategies are therefore necessary. Daily low-dose aspirin, as given for the
prevention of cardiovascular disease events, has demonstrated benefits in clinical and basic studies in terms
of preventing adenoma recurrence and decreasing the
incidence of CRC and attributable mortality. These findings indicate that the antiplatelet action of aspirin plays
a central role in its antitumor effect. Cyclooxygenasedependent and independent mechanisms have been
suggested to explain this effect. Extensive translational
medical research is mandatory for future progress in
CRC prevention.

Abstract
Colorectal cancer (CRC) is the third most common
type of cancer worldwide. Screening measures are far
from adequate and not widely available in resourcepoor settings. Primary prevention strategies therefore
remain necessary to reduce the risk of developing CRC.
Increasing evidence from epidemiological studies, randomized clinical trials and basic science supports the
effectiveness of aspirin, as well as other non-steroidal
anti-inflammatory drugs, for chemoprevention of several types of cancer, including CRC. This includes the prevention of adenoma recurrence and reduction of CRC
incidence and mortality. The detectable benefit of daily
low-dose aspirin (at least 75 mg), as used to prevent
cardiovascular disease events, strongly suggests that
its antiplatelet action is central to explaining its antitumor efficacy. Daily low-dose aspirin achieves complete
and persistent inhibition of cyclooxygenase (COX)-1 in
platelets (in pre-systemic circulation) while causing a
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INTRODUCTION
Colorectal cancer (CRC) is the third most common can-
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cer worldwide, accounting for an estimated 9.8% of all
new cancers (1.2 million cases annually) and 8.1% of all
cancer mortality[1]. It arises through the cumulative effects
of inherited genetic predisposition and environmental
factors. Genomic instability is an integral part of the
transformation of normal colonic or rectal mucosa into
carcinoma. Three molecular pathways have been identified: chromosomal instability, microsatellite instability
and CpG island methylator phenotype pathways. These
pathways are not mutually exclusive, with some tumors
exhibiting features of multiple pathways. Germline mutations are responsible for hereditary CRC syndromes (accounting for less than 5% of all CRC), while a stepwise
accumulation of genetic and epigenetic alterations results
in sporadic CRC.
Today it is well known that screening reduces CRC
mortality and is recommended, beginning at age 50,
for average risk individuals, although compliance is far
from adequate and screening is not widely available in
resource-poor settings[2,3]. Primary prevention strategies
are therefore still necessary to reduce the risk of CRC,
especially because of the limitations of population-based
secondary prevention programs that rely on detection
and removal of adenomas.
Aspirin has demonstrated its efficacy in the prevention of adverse events related to cardiovascular disease
(CVD). It is one of the most widely used drugs in the
world. One survey suggested that over one-third of the
United States adult population use low-dose aspirin (LDA)
regularly[4]. In England in 2007, over 30 million primary
care prescriptions were issued for aspirin[5]. Hence, both
physicians and patients are largely familiar with the longterm use of aspirin for chronic disease management. In
addition, CRC and CVD share the same risk factors, such
as older age, being overweight/obesity and physical inactivity.
Today, a large body of clinical and experimental evidence indicates that aspirin can protect against different
types of cancer, in particular CRC[6]. A role of the antiplatelet effect of aspirin in its anti-cancer effect is also
supported by several studies.
In this review we will discuss clinical results related to
the impact of aspirin on the risk of CRC. Then, we will
explain the pharmacology of aspirin at low doses in order
to provide a mechanistic interpretation of aspirin action
as a chemopreventive agent for CRC, in particular the
selective inhibition of platelet cyclooxygenase (COX)-1
activity.

Table 1 Summary of the associations between regular use of
aspirin and risk of colorectal cancer in case-control and cohort
studies
Study type

Aspirin

Case-control
Any ASA
26 10464/25618
Maximum
17 1551/12659
reported
ASA
ASA ≥ 5 yr 10 971/7682
Daily ASA
4 165/1254
Daily ASA
1
66/1668
≥ 5 yr
Standard cohort
Any Aspirin 11 3791/2764414
Maximum
8 661/664475
reported ASA
ASA ≥ 5 yr
4 889/1 022192
Daily ASA
5 741/658536
Daily ASA
1 60/38302
≥ 5 yr
Nested case-control
Any ASA
6 2215/8926
Maximum
5 206/4457
reported ASA
ASA ≥ 5 yr
1
116/228
Daily ASA
1
53/165
Daily ASA
1
29/141
≥ 5 yr

Controls

OR (95%CI) P value

28300/47834 0.67 (0.60-0.74) < 0.0001
2664/18153 0.62 (0.58-0.67) < 0.0001

1534/10029 0.68 (0.63-0.75) < 0.0001
349/1523 0.49 (0.40-0.60) < 0.0001
121/1973 0.63 (0.46-0.86) 0.004

3623/2514652 0.85 (0.82-0.89) < 0.0001
1858/1374905 0.78 (0.71-0.84) < 0.0001
1311/1304760 0.76 (0.70–0.82) < 0.0001
1115/819288 0.80 (0.73-0.88) < 0.0001
420/232116 0.68 (0.52-0.90) 0.0060

65 099/109526 0.87 (0.75-1.00) 0.0700
8302/40948 0.67 (0.58-0.77) < 0.0001
23704/37935 0.62 (0.48-0.81) < 0.0001
8744/22975 0.77 (0.55-1.07) 0.1400
7274/21505 0.51 (0.34-0.76) 0.0120

Modified from Algra et al[8]. Estimates from standard cohort studies are
based on results adjusted for age and other baseline clinical characteristics.
ASA: Aspirin.

95%CI: 0.58-0.67) in regular aspirin users compared with
non-users, as well as a significant reduction in the proportion of cancers with distant metastasis at diagnosis
(OR = 0.69, 95%CI: 0.57-0.83)[8] (Table 1). An analysis
of 662424 men and women enrolled in the Cancer Prevention Study Ⅱ cohort showed that daily use of aspirin
for at least 5 years was associated with a 32% reduction
in risk of CRC[9]. Two cohort studies of United States
health professionals (47363 men and 82911 women)
showed that regular aspirin users (≥ 2 times/wk) had
21% and 23% lower risk of CRC, respectively, during
follow-up periods of 18 and 20 years respectively[10,11].
Moreover, in a separate analysis of a Nurses Health Study
cohort, regular aspirin use also reduced the risk of death
from CRC by 28% and risk of death from any type of
cancer by 12%[12].
Evidence from clinical trials
In 2010, Rothwell et al[13] obtained long-term follow-up
data on cancer outcomes from four randomised trials that
were originally designed to evaluate the effect of aspirin
on the prevention of CVD events (Table 2). These trials
studied diverse populations with CVD, including men at
low risk (n = 10,224) and men and women at high risk
(n = 3809). Dosage ranged from 75-1200 mg/d, median
treatment duration was 6 years and median follow-up was
18.3 years. Treatment with aspirin (75-500 mg/d) reduced
the 20-year risk of CRC by 24% and CRC-associated

CLINICAL EFFECTS OF ASPIRIN ON
SPORADIC CRC
Evidence from epidemiological studies
Most case-control and cohort studies have found that
regular aspirin use was associated with reduced risk of
CRC[7]. A systematic review of case-control studies published in 2012 showed a statistically significant reduction of long-term risk of developing CRC (OR = 0.62,
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Table 2 Characteristics of trials included in Rothwell et al
study and details of post-trial follow-up
UK-TIA
Thromobosis Swedish
prevention aspirin low aspirin trial
dose trial
trial
ASA comparison

Recruitment period
Median duration of
scheduled treatment in
original trial (yr)
Year post-trial
follow up extended to

Table 3 Clinical effects of aspirin on sporadic colorectal
cancer (clinical trials)

British
doctors
aspirin
trial

ASA dosage

75 mg/d vs 75 mg/d 300 mg vs 500 mg/d
placebo
vs placebo 1200 mg/d vs placebo
vs placebo
1989-1992 1984-1989 1979-1985 1978-7199
6.9
2.7
4.4
6

2009

2007

2006

Rothwell et al
meta analysis

Physician’s health Women’s health
study
study

75-1200 mg/d

325 mg per every 100 mg per every
other day
other day
10
10

Duration of
≥ 20
follow up (yr)
Relative risk of
0.76
1.03
0.97
CRC over follow (95%CI: 0.60-0.96) (95%CI: 0.83-1.28) (95%CI: 0.77-0.24)
up (HR)

Comparison of findings from meta-analysis performed by Rothwell et al[13]
and incidence data of Physician’s Health Study and Women’s Health Study
studies[13,15,16]. CRC: Colorectal cancer; ASA: Aspirin.

2002

Modified from Algra et al[8]. ASA: Aspirin.

als, the duration of follow-up was shorter and may have
been insufficient to detect the aspirin effect. Finally, in
the WHS trial, the equivalent daily dose of aspirin was 50
mg, lower than the 75 mg/d shown to be the minimum
effective dose in the Rothwell meta-analyses[13] (Table 3).
The precursors of CRC are colorectal adenomas in
most cases. It would be expected that the chemopreventive effects of aspirin should begin before the development of CRC. The long duration of aspirin treatment
required to show a preventive effect against invasive CRC
probably reflects the time required for the development
of cancer from precursor lesions (5-10 years). To date,
four randomized double-blind placebo-controlled trials with 2967 participants have evaluated aspirin versus
placebo for the secondary prevention of colorectal adenomas (in patients who had had colorectal adenomas
or CRC)[17-20]. Doses ranged from 81 to 325 mg/d and
median follow-up was 33 mo. The meta-analysis of these
randomized trials[21] showed a statistically significant 17%
reduction of the risk of developing adenoma with any
dose of aspirin vs placebo (RR = 0.83; 95%CI: 0.72-0.96).
This corresponded to a significant absolute risk reduction
of 6.7%. For any advanced lesion, a significant relative
risk reduction of 28% for aspirin at any dose was observed. This preventive effect emerged rather quickly (1
year) after the initiation of aspirin use (Table 4).

mortality by 35%. The benefit increased with longer duration of treatment and seemed to be higher for proximal
CRC compared to distal CRC. An absolute reduction of
1.76% (p = 0.001) in 20-year risk of any fatal CRC after
5 years of daily treatment with aspirin (75-300 mg) was
observed. Subsequently, the same authors published a
study that examined the effects of daily aspirin on longterm risk of death due to all cancers. They included data
from eight randomised trials (25570 patients, 674 cancer
deaths) and concluded that aspirin use reduced the risk
of death due to cancer (pooled OR = 0.79, p = 0.003),
but the benefit was only apparent after 5 years of treatment. Absolute reduction reached 7% in 20-year risk of
death due to cancer for patients aged ≥ 65 years. In the
3 trials reporting data on the specific site of cancer occurrence with treatment duration of 5 years or longer
and long-term follow-up, patients randomized to aspirin
showed a statistically significant 20 year risk reduction of
death due to CRC of 40% (HR = 0.60; 95%CI: 0.45-0.81,
p = 0.0007)[14].
Although these data are compelling, it should be taken into account that these studies were secondary analyses of CVD prevention trials and therefore they were not
originally designed to examine CRC incidence or mortality. In addition, there are two large randomized trials of
alternate-day aspirin treatment in healthy subjects: the
Physician’s Health Study (PHS)[15] and Women’s Health
Study (WHS), which showed no effect of aspirin on the
incidence of CRC over a 10-year follow-up period[16]. The
PHS determined the effect of aspirin 325 mg every other
day on CVD in 22,071 healthy male physicians. In this
study, the relative risk of CRC over a 10-year follow up
was 1.03 (95%CI: 0.83-1.28). The WHS examined the effect of 100 mg every other day in 39876 healthy women.
The relative risk of CRC was 0.97 (95%CI: 0.77-1.24).
There are several plausible explanations for the discrepancy in results between the meta-analyses performed by
Rothwell and incidence data of the PHS and WHS trials.
Firstly, both trials used alternate-day dosing regimens in
contrast to daily dosing used in the studies included in
both meta-analyses. Secondly, in the PHS and WHS tri-

WCGO|www.wjgnet.com

CLINICAL EFFECTS OF ASPIRIN IN
HIGH-RISK POPULATIONS: FAMILIAL
ADENOMATOUS POLYPOSIS AND
LYNCH SYNDROME
To date, there are two controlled randomized trials that
primarily evaluated the efficacy of aspirin in high-risk
CRC patients: the Colorectal Adenoma/Carcinoma Programme (CAPP)1[22], which included 206 young individuals with a diagnosis of familial adenomatous polyposis
(FAP), and CAPP2[23], which studied 1009 patients with
Lynch syndrome. Both studies compared aspirin (600
mg/d), with or without resistant starch or resistant starch
placebo. Data from CAPP1 patients were only analyzed
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Table 4 Clinical effects of aspirin in incidence of sporadic colorectal adenomas (clinical trials)
Study

Patients

Treatment

AFPPS trial Patients with a recent history
of histologically documented
(removed) adenomas

ASA (81 or 325 mg/d) or folic acid (1 mg/d) or
placebo for 2.7 years

CAPS trial

Patients with a histologically
documented colon or rectal cancer
with a low risk of recurrent disease
APACC trial Patients with a history of colorectal
adenomas
ukCAP trial Patients with an adenoma removed
in the 6 mo before recruitment

ASA 325 mg/d or placebo for 2.6 years

J-CAPP trial Patients with previous sporadic
colorectal tumors

ASA 100 mg/d or placebo for 2 years

ASA 160 or 300 mg/d or placebo
for 1 and 4 years
ASA (300 mg/d) plus placebo or ASA plus folic
acid (0.5 mg/d) or folic acid plus placebo or
double placebo for about 2.6 years

RR (95%CI)

Ref.

Any adenoma
0.81 (0.69-0.96), ASA 81mg vs non ASA
0.96 (0.81-1.13), ASA 325 mg vs non ASA
Advanced lesion
0.59 (0.38-0.92), ASA 81 mg vs non ASA
0.83 (0.55–1.23), ASA 325 mg vs non ASA
0.65 (0.46-0.91)

[17]

0.73 (0.52-1.04) for both doses, after 1 year
0.96 (0.75-1.22), for both doses, after 4 years
Any adenoma
0.79 (0.63-0.99), ASA vs non ASA,
Advanced adenoma
0.63 (0.43-0.91), ASA vs non ASA
Ongoing

[20]

[18]

[19]

ASA: Aspirin.

Table 5 Clinical effects of aspirin in high risk population (clinical trials)
Study

Patients

CAPP1 trial

FAP young patients (10 to
21 years of age)

CAPP2 trial

Hereditary non-polyposis
colon cancer or HNPCC

Treatment

RR or HR (95%CI)

ASA (600 mg/d) plus placebo or resistant starch (30 RR = 0.77 (0.54-1.10), ASA vs non ASA
g daily) plus placebo or double placebo for 17 years

Ref.
[22]

ASA (600 mg/d) or ASA placebo or resistant starch HR = 0.63 (0.35-1.13), for the entire post[23]
(30 g daily) or starch placebo for up to 4 years
randomization period (ASA vs placebo)
HR = 0.41 (0.19-0.86), for ≥ 2 years of treatment
(ASA vs placebo)
J-FAPP Ⅱ trial FAP patients (≥ 16 years of Placebo vs enteric coated ASA (100 mg/d ) for 6-10 Ongoing
[25]
age)
mo
ASA: Aspirin; FAP: Familial adenomatous polyposis.

if they had received treatment for at least 1 year. CAPP2
patients received aspirin for a mean of 29 mo.
The CAPP1 trial showed that the mean size of the
largest polyps was significantly reduced in aspirin users.
Despite a trend to fewer polyps in the rectum and sigmoid colon in aspirin versus non-aspirin users at the end
of intervention (from 1 to 12 years), the difference was
not significant.
CAPP2 was the first clinical trial that had cancer prevention as a primary endpoint. At the end of the intervention phase, analysis showed that aspirin treatment did
not reduce the risk of developing new adenomas (RR =
1.03; 95%CI: 0.7-1.4) or CRC. The study design involved
post-intervention follow-up[24]. Over a mean follow-up of
55.7 mo, 48 aspirin users had developed 53 primary CRC,
whereas in intention-to-treat analysis of time to first CRC
there were no differences (HR = 0.63; P = 0.12) and the
per-protocol analysis of patients completing 2 years of
intervention yielded a HR of 0.41 (0.19-0.86, P = 0.02)
(Table 5).
In Japan, two chemoprevention studies are currently
being performed: one in patients with previous sporadic
colorectal tumors [Japan Colorectal Aspirin Polyps Prevention (J-CAPP study)] and the second in patients with

WCGO|www.wjgnet.com

familial adenomatous polyposis (J-FAPP study Ⅱ). Both
are double-blind randomized controlled trials with lowdose aspirin (100 mg/d) and study the effect of aspirin in
colorectal carcinogenesis[25].

CLINICAL EFFECTS OF ASPIRIN IN
PATIENTS WITH PREVIOUS CRC
It has been suggested that aspirin may prevent recurrence
or death in CRC patients. In a placebo-controlled randomized trial of patients with a history of non-metastatic
CRC after resection, daily treatment with LDA was associated with a 35% reduction in risk of recurrent adenoma
or carcinoma at 36 mo[18]. In a cohort study of health
professionals diagnosed with stage Ⅰ-Ⅲ CRC, regular use
of aspirin after diagnosis was associated with higher CRC
specific survival compared with non-users[26].

DOSING FOR CHEMOPREVENTION
Because most aspirin-related adverse effects are dosedependent, to find the minimum effective dose required
for CRC prevention remains a critically important issue.
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Figure 1 Balancing risk-benefits for the use of
low dose aspirin. CRC: Colorectal cancer; NSAID:
Nonsteroidal anti-inflammatory drug; CV: Cardiovascular; PPI: Proton pump inhibitor; ASA: Aspirin.

Balancing risks and benefits of ASA use

PPI use
Benefits:
CV prevention
CRC prevention
All cancer prevention
Distal metastais prevention

H. pylori infection
NSAID/ other antiplatelet use
Prior peptic ulcer
RISKS:
Gastrointestinal bleeding
Bleeding events
clinically significant

CVD-related events in this population[28]. Unfortunately,
LDA use is also associated with 2-4 upper gastrointestinal
bleeding events per 1000 patients[28]. However, the risk of
adverse events differs according to patient characteristics
(gender, age, history of ulcer, etc.). It is of course possible to reduce gastrointestinal risk with proton pump
inhibitors, but we cannot reduce the risk of intracranial
bleeding. Given the risk of bleeding, clinical guidelines
(2007) recommended against the routine use of aspirin
for CRC prevention in average-risk individuals[29]. However, the accumulating evidence from randomized clinical
trials provides an exciting opportunity to reconsider the
potential role of aspirin in cancer prevention; therefore,
future practice guidelines recommendation for primary
prevention in average-risk individuals for aspirin prophylaxis may also consider the prevention of cancer and not
only the benefits of aspirin for the prevention of CVDrelated events (Figure 1).

The Rothwell meta-analysis found that daily LDA regimens for the prevention of CVD-related events (75-325
mg) were as effective as daily high-dose aspirin[13]. However, the short-term follow up data from the PHS[15]
(aspirin 325 mg every other day) and the WHS[16] (aspirin
100 mg every other day) did not show a reduction in risk
of CRC. These negative findings could be attributed to
alternate day dosage and/or short follow up and/or the
lower dose, especially in the WHS trial. The adenoma
trials (REFS) also indicate that LDA (81-325 mg/d) reduces the risk of developing adenomas and advanced
adenomas.
Although follow-up of the randomized trial of daily
aspirin in CVD prevention and adenoma prevention trials
demonstrated that daily LDA of 75-81 mg may be sufficient for CRC prevention, the results of observational
studies are controversial. Some suggested that 300-325
mg may be necessary for CRC prevention but most provided incomplete information regarding the dose and
duration of aspirin treatment[7,8,10,11,27].
Therefore, taking the clinical trial and observational
information together, there is very strong evidence that
long-term LDA (75-325 mg/d) reduces the risk of CRC.
Importantly, for the prevention of CVD-related events,
LDA (75-81 mg/d) seems to be as effective as high-dose
aspirin (300-325 mg/d) and, moreover, LDA has a better safety profile. However, daily aspirin at any dose may
show greater benefit in patients with CVD than in those
at risk of CRC.

MECHANISM OF ACTION OF ASPIRIN
Aspirin, like other nonsteroidal anti-inflammatory drugs
(NSAIDs), has the capacity to reduce prostanoid generation by inhibiting the activity of COX isozymes.
Prostanoids are biologically active derivatives of arachidonic acid (AA) released from membrane phospholipids
through the activity of different phospholipases[30,31].
There are two isoforms of COX, named COX-1 and
COX-2[32]. Both COX isozymes are differently regulated
catalytically, transcriptionally and post-transcriptionally,
but they share the same catalytic activities.
COX-1 gene is considered a “housekeeping gene” and
the protein is highly expressed in platelets where it is responsible for the generation of thromboxane A2 (TXA2),
which promotes platelet activation and aggregation, vasoconstriction and proliferation of vascular smooth muscle

BALANCING RISKS AND BENEFITS
Based on current evidence, treatment with LDA for 5
years in patients at risk of CVD-related events will probably prevent between 12 and 40 myocardial infarctions per
1000 patients treated, assuming an overall 10% risk of
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cells[31,33]. In addition, COX-1 is highly expressed in gastric epithelial cells where it plays an important role in cytoprotection through the generation of prostanoids, such
as prostaglandin E2 (PGE2)[31,33]. In contrast, COX-2
gene, a primary response one with many regulatory
sites[34], is constitutively expressed in some tissues in physiological conditions, such as the endothelium, kidney and
brain, and in pathological conditions, such as in cancer[35].
In cancer cells, the major prostanoid produced through
COX-2 is PGE2, which plays important roles in modulating motility, proliferation and resistance to apoptosis[36,37].
Unlike other NSAIDs, aspirin is able to produce an
irreversible inactivation of COX isozymes through the
acetylation of a specific serine moiety (Ser529 of COX-1
and Ser516 of COX-2)[38]. Acetylation of the allosteric
subunit of COX-1 by aspirin causes an irreversible inhibition of COX activity and, in turn, of the generation of
PGG2 from AA. Acetylated COX-2 is not able to form
PGG2 but it generates 15R-hydroxyeicosapentaenoic acid
(15R-HETE) from AA[39]. However, there is no convincing evidence that these lipid mediators triggered by aspirin are generated in vivo in humans.

selective inhibitory effect of aspirin on platelet COX-1
activity and on TXA2-dependent platelet function.
Transcriptional upregulation of the COX-2 gene has
been observed in nearly half of human colorectal adenomas and 80%-90% of CRC, probably related to the disturbed function of the APC gene. However, COX-1 gene
and protein expression are not affected[48-52] and the role
of this enzyme in CRC carcinogenesis remains unclear.
In colonic mucosa, COX-2 is localized predominantly
in tumor tissue, including epithelial cells, mononuclear
cells, endothelial and stromal cells, but not in nearby
normal tissue. Upregulation of COX-2 is associated with
increased cell adhesion, phenotypic changes, resistance
to apoptosis and tumor angiogenesis[53-57]. COX-2 expression does not always correlate with survival and/or
with Duke’s stage of the disease[58-60]. This suggests a
role of upregulated COX-2 for the initial stages of colon
carcinogenesis but not for clinical outcome at advanced
stages. The best studied consequence of upregulated
COX-2 in CRC is enhanced prostaglandin production[48].
Prostaglandin levels in CRC tissue are 3-4 fold higher
than in healthy tissue in the vicinity, with PGE2 being
the predominant product[61]. PGE2 inhibits apoptosis
and stimulates tumor growth and angiogenesis via stimulation of b-catenin/T-cell factor dependent transcription[62]. In addition, PGE2 acts as an immunosuppressant
in patients with CRC[53,63]. The clearest clinical evidence
for COX-2 as a pharmacological target for the chemopreventive action of aspirin was the finding that aspirin
reduced the risk of CRC exclusively in individuals with
elevated COX-2 expression but not in those without[64].
This was associated with a reduction in mortality[65]. Although these findings were from observational studies,
they confirmed experimental data that prostaglandins and
non-prostaglandin COX-2 products are central to the
pathogenesis of CRC. The vast majority of published
experimental studies have reported beneficial antitumor
effects for aspirin, celecoxib and non-aspirin NSAIDs in
a variety of experimental models[65-67]. These data strongly
suggest a central role of COX-2 in CRC and its inhibition
is an effective chemopreventive measure (Figure 2).
The generation of TXA2, a major product of platelet
COX-1 which promotes platelet aggregation and vasoconstriction[68], represents another important mechanism
by which platelets can affect tumorigenesis. One study
has shown that enhanced TXA2 generation into murine
colon-26 adenocarcinoma cell line (C26) stimulated tumor angiogenesis, tumor growth in vivo[69] and promoted
the interaction between metastasizing tumor cells and
the host hemostatic system[69], thus suggesting a role of
TXA2 in promoting angiogenesis and the development
of tumor metastasis[70].
In one study, the authors demonstrated PGE2 inhibition in rectal biopsies performed 1 mo after treatment
with three different doses of aspirin (81, 325 and 650
mg) versus placebo[71]. Unexpectedly, the 81 mg daily
aspirin dose suppressed PGE2 levels to the same extent
as the 650 mg dose. In another study, treatment with 81
mg of aspirin per day for 3 mo reduced mucosal PGE2

ASPIRIN PHARMACOLOGY
Aspirin has a short half-life when administered in vivo and
it is rapidly inactivated by plasma and tissue esterases into
salicylic acid, which is a weak inhibitor of COXs (in the
millimolar range)[40-42]. The inhibitory effects of aspirin
have been found to be > 100-fold more potent in inhibiting platelet COX-1 than monocyte COX-2[17-20]. Aspirin
at low doses (75-100 mg daily) is able to cause nearly
complete inhibition of the capacity of platelet COX-1
to generate TXA2[43,44]. Due to irreversible inhibition of
COX-1 and the limited capacity of platelets for de novo
protein synthesis[45], the profound inhibitory effect of
platelet function by aspirin persists throughout the dose
interval (i.e., 24 h).
The major part of the inhibitory effect of platelet
COX-1 by the oral administration of low-dose aspirin
occurs in the presystemic circulation where the drug
reaches higher concentrations[46,47]. The impact of lowdose aspirin, administered once daily, on COX-2 activity
in vivo is marginal. In summary, the pharmacokinetics and
pharmacodynamics of low-dose aspirin support the fact
that the drug acts mainly by modifying platelet function
as a consequence of COX-1 inhibition. At higher doses,
aspirin may affect COX-2 in a dose-dependent fashion.

COX-DEPENDENT MECHANISMS FOR
ANTITUMOR EFFECTS
Randomised clinical trials have shown that once daily
LDA provides a chemopreventive effect against atherothrombosis[24] and CRC[13,14]. This finding suggests that
enhanced platelet activation is involved in the development of these two pathological conditions. In fact, these
aspirin doses and dosing intervals are consistent with a
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Figure 2 Cyclooxygenase-dependent mechanisms for
antitumoral effects of low dose aspirin. CRC: Colorectal
cancer; COX: Cyclooxygenase; PGE2: Prostaglandin E2.
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and transforming growth factor-α expression in apparently normal rectal mucosa of individuals with a history
of adenomatous polyps[72]. Further studies using more
appropriate methodologies are required to definitively
clarify whether LDA affects COX-1 activity in the gastrointestinal tract.
Some investigators have proposed that both COX-1
and COX-2 pathways are involved in intestinal tumorigenesis and that they operate sequentially. This is strongly
supported by the findings of experimental animal studies in which the loss of either COX-1 or COX-2 genes
blocks intestinal polyposis in mouse models of FAP by
about 90%[66,67].

CONCLUSION
A large body of clinical evidence supports the protective action of aspirin as a chemopreventive agent for
different types of cancer, in particular CRC[6]. Also, increasing indirect evidence has led to the hypothesis that
the antiplatelet effect of aspirin is a central mechanism
for its antitumor effect[34,41]. The finding of an apparent maximum chemopreventive efficacy against cancer
and atherothrombosis by low-dose aspirin lends support
to this hypothesis[6]. At low doses every 24 h, aspirin
acts as a complete and persistent inhibitor of COX-1 in
platelets (in pre-systemic circulation)[47], while causing a
limited and rapidly reversible inhibitory effect on COX-2
and/or COX-1 expressed in nucleated cells[39]. Despite
uncertainty about the precise mechanisms that underlie
aspirin’s anticancer benefit, the evidence supporting its
effectiveness for the prevention of CRC is substantial;
daily aspirin for at least 5 years has been shown to reduce
the 20-year risk of CRC by 32% and 20-year mortality
by 43%[13]. Therefore, the potential benefit of aspirin in
both CVD and prevention of cancer at multiple sites may
favor its use for broader chronic disease prevention. It is
likely that the benefits in terms of morbidity and mortality will outweigh concerns about gastrointestinal bleeding, which is rarely life threatening, and cerebral bleeding,
which is extremely uncommon. Health authorities should
consider the possibility of extending recommendations
on the routine use of aspirin, taking into account its beneficial effects in cardiovascular disease and cancer prevention.
Extensive translational medical research is required
to confirm the hypothesis of platelet-mediated colon
tumorigenesis. Importantly, these studies will need to
address the current uncertainty concerning the optimal
aspirin dose, the dosing regimen for cancer prevention,
the possible contribution of individual genetic cancer
susceptibility to aspirin response[74] and also the target

COX-INDEPENDENT MECHANISMS OF
ANTITUMOR EFFECTS
Evidence from different lines of research indicates that
COX-2 independent mechanisms may also affect apoptosis and cell proliferation in CRC and are sensitive to
both aspirin and non-aspirin NSAIDs. Nearly but not all
human colon cancer cells express COX-2 and produce
prostaglandins[53,73]. Today, several COX-independent
mechanisms of aspirin have been reported that might
contribute to its chemopreventive effects in tumorigenesis[73]. Most of these effects have been found in vitro
using supra-therapeutic concentrations of aspirin which
cannot be obtained in systemic circulation with low doses
of the drug. However, no convincing evidence has been
obtained to demonstrate that these mechanisms are operative in vivo, particularly with low doses of aspirin which
have been associated with chemopreventive benefits in
randomised clinical trials. In any case, currently available
evidence clearly points to the existence of further cellular targets of NSAIDs, in addition to COX-2 inhibition,
which may contribute to their antitumor effects. Further
studies are needed to completely understand the mechanisms involved.
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population most likely to benefit from daily aspirin use.
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